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I. Resum

Segons la Organitzacié Mundial de la Salut (OMS), més d’un quart de la poblacié mundial
pateix algun tipus de malaltia relacionada amb el sistema circulatori’). Actualment, les
malalties cardiovasculars (CV) sén la principal causa de mort i discapacitat en els paisos
desenvolupats. Només a Espanya, I'any 2012, les malalties del sistema circulatori van ser
responsables de 122.097 morts, que representen un 33.3% del total de defuncions, seguides
dels cancers (27.5%) i de les malalties del sistema respiratori (11.7%)[l. Perd no només
son un problema de salut, siné també economic ja que suposen una despesa de 3000 milions
d’euros anuals, un 17.7% del cost de tota I’atencié hospitalaria del Sistema Nacional de Salut
espanyol 3.

La prevencid, més que el tractament, és una prioritat maxima per les agencies de salut publica,
que s’esforcen per sensibilitzar a la poblacié amb ’objectiu de trencar aquesta tendencia. El
nostre paper com a investigadors en el camp de la salut és estudiar els factors de risc d’aquestes
malalties i buscar la manera de reduir-los, per exemple, amb un canvi d’estil de vida i de
dieta.

La dieta mediterrania (DM) i altres dietes riques en fruites i hortalisses s’han considerat una
bona manera de reduir la majoria de factors de risc de malalties CV ja que sén riques en
components bioactius, vitamines i minerals, fibra, i acids grassos mono i poliinsaturats. En
aquest estudi ens hem focalitzat en els polifenols, un grup de compostos que ens aporten la
major part d’antioxidant de la dieta i que s’ha demostrat que tenen efectes beneficiosos per
a la salut ja que milloren alguns factors de risc com ara l'aterosclerosi, la resistencia a la
insulina, els biomarcadors d’inflamacié, o la pressié arterial, entre d’altres.

Els polifenols sén un grup de compostos molt heterogeni i nombrds: hi ha centenars de
molecules descrites en diferents aliments i begudes. Aquesta varietat és un problema a ’hora
d’estudiar-ne ’efecte, la biodisponibilitat o els mecanismes que expliquen els seus beneficis
i, sovint, s’opta per escollir només un polifenol o un grup reduit de polifenols i estudiar-lo
amb detall. No obstant, aix0 impedeix tenir una visié global i els grups de polifenols més
minoritaris han quedat sistematicament exclosos dels estudis. Aixi doncs, aquest treball
pretén, en primer lloc, estimar el contingut de polifenols totals ingerits a través de la dieta
en la poblacié espanyola de l'estudi PREDIMED (PRevencién con Dleta MEDiterranea) i
valorar ’associacié d’aquests amb el risc de patir una malaltia CV i el risc de mortalitat.

Els qiiestionaris de freqiiencia de consum (QFC) sén una eina ampliament utilitzada en
estudis nutricionals. No obstant, els biomarcadors nutricionals sén un bon complement ja
que cobreixen les limitacions propies dels qiiestionaris. Aquesta tesi fa una revisié dels 1ltims
avencos en biomarcadors de consum de polifenols i s’explica un metode colorimetric rapid i
senzill, adaptat del metode de Folin-Ciocalteu (F-C), per determinar polifenols en orina.

La hipertensié és un dels factors de risc CV més freqiients i estudiats. Es coneix que la
ingesta d’aliments rics en polifenols pot ajudar a disminuir la pressié arterial (PA) i per
tant, evitar un d’aquests factors de risc. En aquesta tesi es revisen les tltimes evidencies
sobre la influencia dels polifenols sobre la PA i els mecanismes d’accié que explicarien aquest
efecte. Aquests coneixements s’han aplicat en la poblacié PREDIMED per demostrar que,
efectivament, la disminucié de la PA esta mediada per 'increment dels nivells d’oxid nitric
(NO) en plasma.



Les begudes alcoholiques han estat tradicionalment una font de conflicte quan es tracta
d’establir recomanacions nutricionals o dietetiques, ja que la linia entre el benefici i el risc és
molt fina i els efectes dels excessos d’alcohol han suposat una mala publicitat per al sector.
Voliem doncs, aportar més informacié sobre el consum, sempre moderat, de vi i la sindrome
metabolica, un desordre metabolic que resulta de la combinacié dels principals factors de risc
CV: obesitat, hipertensié, dislipemia i hiperglucemia.



I. Abstract

According to the World Health Organization (WHO), more than a quarter of the world’s
population suffers from a circulatory system-related diseasel!l. Nowadays, cardiovascular
(CV) diseases are the leading cause of mortality and disability in developed countries. In
Spain, in 2012, CV diseases were responsible for 122,097 deaths, which represent 33.3% of total
deaths, followed by cancer (27.5%) and respiratory-related diseases (11.7%)!2. Moreover,
CV diseases are not only a health issue, but also an economic problem, requiring an annual
expenditure of 3,000 million euros by the Spanish state, or 17.7% of the total hospital care
under the Spanish National Health System 3.

Prevention, even more than treatment, of CV diseases is a priority for the public health agen-
cies, which make huge efforts to raise awareness in the population with the aim of reversing
this trend. Our role as researchers is to study the risk factors of these diseases and how to
reduce them, for instance, by changing lifestyles and dietary habits.

The Mediterranean Diet (MD) and other diets rich in fruits and vegetables have been proposed
as an effective way to reduce CV risk factors because they are rich in antioxidant components,
vitamins, minerals, fiber, and mono and polyunsaturated fatty acids. In this study, we focused
on polyphenols, a group of compounds that are the main source of bioactive compounds in
our diet and have proven beneficial effects on our health because they improve certain risk
factors such as atherosclerosis, insulin resistance, inflammation biomarkers, or blood pressure,
among others.

Polyphenols are a large and heterogeneous group of compounds: there are hundreds of mole-
cules described in many foods and beverages. Such variety becomes a problem when studying
their effects, bioavailability or the mechanisms of action that explain their benefits. This is
the reason why usually only one polyphenol or a group of polyphenols is chosen to study in
detail. However, this does not allow a global view and minor polyphenol groups have been
systematically excluded from the studies. Therefore, this thesis aims, firstly, to estimate the
total intake of polyphenols in the Spanish PREDIMED (PRevencién con Dleta MEDiterra-
nea) population and to evaluate the association of dietary polyphenols with a lower risk of
CV disease or mortality.

Food Frequency Questionnaires (FFQ) are widely used in nutritional studies. However, nu-
tritional biomarkers are good complements because they cover the limitations of FFQ. This
thesis reviews recent evidences on biomarkers of polyphenol intake. Moreover, a new, fast
and simple method to determine polyphenols in urine is explained. This method was an
adaptation of the colorimetric Folin-Ciocalteu (F-C) method.

Hypertension is a very frequent and much studied CV risk factor. It is known that consump-
tion of polyphenol-rich foods helps to decrease blood pressure (BP) and, therefore, one of the
CV diseases risk factors. In this thesis we reviewed the last evidences about the influence of
polyphenols on BP and the mechanisms of action that explain this effect. This knowledge has
been applied to the PREDIMED population to demonstrate that, indeed, the BP decrease
was mediated by the increase in plasma nitric oxide (NO).

Alcoholic beverages have traditionally been a source of conflict when it comes to establishing
dietary recommendations, since the consequences of excessive alcohol intake create a bad
image for the products. Therefore, our aim was to provide more information about moderate



wine consumption and metabolic syndrome, a disorder arising from a combination of the
main CV risk factors: obesity, hypertension, dyslipidaemia and hyperglycaemia.



CHg

HO

HPOTESI | OBJECTIUS'







II. Hipotesi i objectius

Hipotesi
La hipotesis conceptual general és la segiient:

Els polifenols sén components de la dieta amb beneficis demostrats per a la salut. La dieta
mediterrania, rica en aquests compostos, ha estat proposada com a model exemplar d’ali-
mentacio i d’estil de vida. La nostra hipotesi era que els polifenols de la dieta tindrien un
efecte beneficiés en la prevencié primaria de malalties croniques i, en especial, de malalties
cardiovasculars, en una poblacié espanyola d’edat avancada i amb un alt risc de patir una
malaltia coronaria (cohort de 'estudi PREDIMED).

Objectius
L’objectiu principal d’aquesta tesi era estudiar el paper dels polifenols de la dieta en la
prevencio primaria de malalties croniques.

Objectius especifics:

v Estimar de forma molt detallada la ingesta de polifenols en una poblacié mediterrania d’a-
vangada edat i risc cardiovascular (PREDIMED) utilitzant la nova base de dades Phenol-
explorer i identificar els aliments que més contribueixen a aquesta ingesta.

v Estudiar l’associaci6 entre el consum de polifenols (totals i per grups) i els esdeveniments
cardiovasculars (infart, ictus o mort cardiovascular) en la poblacié6 del PREDIMED.

v Estudiar 'associacié entre el consum de polifenols (totals i per grups) i la mortalitat per
qualsevol causa en la poblacié del PREDIMED.

v Revisar els tltims avencos sobre biomarcadors de consum de polifenols

v Revisar les tltimes evidencies sobre la influéncia dels polifenols sobre la PA i els mecanismes
d’accié que explicarien aquest efecte.

v Avaluar si el consum de polifenols disminueix la PA a través de I'increment de la pro-
duccié d’oxid nitric (NO) en plasma: estudi de la poblacié PREDIMED després d’un any
d’intervencié.

v Estudiar la relacié entre el consum de vi i la sindrome metabolica en la poblacié del
PREDIMED.






II. Hypothesis and aims

Hypothesis

The general hypothesis is the following:

Polyphenols are dietary components with proven benefits for our health. The Mediterranean
diet, highly rich in polyphenols, has been proposed as a good pattern of nutrition and lifestyle.
In this study we hypothesized that dietary polyphenols would help to prevent chronic diseases,
especially cardiovascular diseases, in an elderly Spanish population at high cardiovascular risk
(cohort from the PREDIMED study).

Aims

The main objective of this thesis was to study the role of dietary polyphenols in the primary
prevention of chronic diseases.

Specific aims:

v To estimate in detail the polyphenol intake of an elderly Mediterranean population at high
cardiovascular risk (PREDIMED cohort), using the recently launched Phenol-explorer
database, and to identify the foods that contribute to this intake.

v To study the association between polyphenol intake (total and by groups) and cardiovascu-
lar events (myocardial infarction, stroke or cardiovascular death) within the PREDIMED
population.

v To study the association between polyphenol intake (total and by groups) and all-cause
mortality within the PREDIMED population.

v To review recent evidences on biomarkers of polyphenol intake

v To review the last evidences about the influence of polyphenols on BP and the mechanisms
of action that explain this effect.

v To evaluate whether polyphenol intake decreases BP due to the increase in plasma nitric
oxide (NO) production: study of the PREDIMED population after one year of intervention.

v To evaluate the relationship between wine consumption and the metabolic syndrome within
the PREDIMED cohort.
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III. Introduccio

1. Els polifenols

1.1. Estructura i classificacio

Els polifenols sén un ampli grup de compostos que provenen del metabolisme secundari de
les plantes. Aquest grup, format per centenars de compostos descrits, és la principal font
d’antioxidants de la dieta humana. La seva estructura consta, com a minim, d’un anell
aromatic amb un o més grups hidroxil 4.

En general es classifiquen segons el nombre d’anells fenolics i les estructures que en pengen.
Una de les classificacions més usada és la que divideix els polifenols en dos grups: flavonoids
i no flavonoids. Els primers, representats a la Taula 1.1, tenen una estructura C6-C3-
C6 i hi podem trobar flavones, flavonols, flavan-3-ols o flavanols (i els seus polimers, les
proantocianidines), flavanones, antocianidines, i isoflavones, i en menor proporcid, xalcones,
dihidroxalcones, dihidroflavonols, flavan-3,4-diols, cumarins i aurones. Els no flavonoids, les
estructures dels quals es poden veure a la Taula 1.2, es classifiquen segons el nombre de
carbonis. Dins d’aquest grup hi trobem els acids fenolics, els estilbens, els lignans i altres
polifenols com els fenols simples-?].

1.2. Distribucié i analisi dels polifenols en els aliments

Per fer una estimacié acurada de la ingesta de polifenols és imprescindible disposar d’in-
formaci6 fiable sobre el contingut fenolic dels aliments. Les matrius alimentaries poden ser
molt complexes. En general, hi ha dos aspectes claus a tenir en compte: aspectes fisics o
estructurals, i aspectes biologics. Aixi doncs, és d’esperar que el contingut fenolic de la pell
d’una fruita no sigui el mateix que el de la polpa o les llavors. També influiran el grau de
maduracié, el clima, la manipulacié posterior, etc. 68, Les plantes sintetitzen polifenols com
a mecanisme de defensa en front dels agents externs. Donada ’escassa o nulla utilitzacié de
pesticides en ’agricultura ecologica, les fruites i hortalisses provinents d’aquest metode de
conreu tenen un contingut de polifenols més elevat que els seus equivalents de 'agricultura
tradicional ¥

Els flavonols, un subgrup dels flavonoids, sén els polifenols més abundants en els aliments.
Els podem trobar al cacau, al te, al vi, als fruits vermells, a les cebes, als esparrecs i en moltes
especies, entre d’altres. Les flavones com ’apigenina o la luteolina es troben principalment a
les carxofes, al pebrot, a I’api, al raim o a les taronges. Les flavonones son caracteristiques
dels citrics mentre que les isoflavones les trobem a les lleguminoses com la soja i els seus
derivats. Kls préssecs, els fruits vermells, les pomes, i el raim negre soén rics en flavanols o
flavan-3-ols, en proantocianidines (també conegudes com tanins condensats) i antocianidi-
nes'. Tot i que el grup dels flavonoids ha estat el més estudiat, els no flavonoids també
tenen una gran contribucié en la dieta i en alguns casos son els responsables de caracteristi-
ques nutricionals tniques['%. Aquest és el cas de Ioli d’oliva, que conté un gran nombre de
fenols simples com ara I'hidroxitirosol i el tirosol 1. El grup dels acids fenolics, que inclouen
els acids hidroxicinnamics i hidroxibenzoics, el trobem principalment als fruits vermells, a les
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olives, a les nous, i al te. Els estilbens i els lignans, encara que en baixa concentracid, sén
caracteristics del vi negre i els cereals, respectivament. L’estilbe més conegut i estudiat és el
trans-resveratrol, al qual se li han atribuit multiples beneficis per a la salut 1213,

A T’hora d’analitzar la concentracié de polifenols en un aliment és important recordar la seva
sensibilitat a la llum i a la temperatura. Els processos mecanics de pelar, tallar i triturar,
que sén necessaris per dur a terme les analisis, exposen els polifenols al medi exterior i donen
lloc a reaccions enzimatiques d’enfosquiment que transformen els polifenols. El fred, 1'is de
dissolvents organics, la liofilitzaci6 i treballar sense llum ultraviolada sén els metodes més
usats per prevenir I’oxidacié dels compostos fenolics. A més, també es poden donar reaccions
d’isomeritzacié 1 hidrolisi 4.

En la fase d’extraccié s’han de poder extreure el maxim nombre de compostos pero evitant-ne
la degradacié. Cal tenir en compte, no només la complexitat de la matriu alimentaria, sin
també la presencia de substancies interferents, la solubilitat dels diferents compostos fenolics,
la temperatura, el temps d’extraccid, etc. A I'hora d’analitzar-los, una de les dificultats rau
en els diferents nivells de concentracié, que van des de les traces fins al milligrams. Per a
la separaci6é de polifenols la técnica més utilitzada és la cromatografia de liquids (HPLC i
UHPLC), tot i que, en alguns casos, es pot utilitzar la cromatografia de gasos o ’electroforesi
capillar 1.

Pel que fa a la identificacié i quantificacid, '’espectrometria de masses és la metodologia més
habitual avui en dia ja que és una técnica molt versatil gracies a les multiples combinacions de
fonts de ionitzacié (ionitzacié per electroesprai, ionitzacié quimica, per bombardeig atomic,
ionitzacié per desorcié laser assistida per una matriu...) i detectors (triple quadrupol, detec-
tors de temps de vol, ressonancia ciclotronica, detectors “diode array”...). Si I'objectiu no és
I’obtencié d’un perfil fenolic detallat sind la quantificacié de tots els polifenols o d’un grup
determinat, els metodes d’eleccié sén els espectrofotometrics. El metode de Folin-Ciocalteu
(F-C) és ampliament utilitzat per determinar el contingut de polifenols total ja que el reactiu
de F-C no és especific. Hi ha reactius especifics per a determinar proantocianidines, tanins

hidrolitzables, antocianidines, i flavan-3-ols[5:15:16],

Podem concloure, doncs, que 'analisi de polifenols en un aliment és un procés complex que
requereix tenir en compte multiples factors i que variara segons ’aliment i el tipus de polifenol
d’interes.

1.3. La base de dades Phenol-explorer

Tradicionalment, la USDA (United States Department of Agriculture) Flavonoid Database
ha estat la base de dades de referéncia pel que fa al contingut de polifenols en aliments. No
obstant, aquesta base de dades no té en compte el grup dels no flavonoids que, com s’ha
mencionat anteriorment, tenen una gran importancia, no tant en termes quantitatius, siné
qualitatius.

L’agost del 2009 es va publicar la base de dades Phenol-explorer (www.phenol-explorer.eu),
un projecte liderat per I'Institut Nacional de la recherche agronomique (INRA), Franga, on
s’hi pot consultar el contingut de polifenols (uns 500) de més de 400 aliments. Aquests
valors s’extreuen de més de 1300 publicacions cientifiques. El 2011 va sortir la versi6 2.0,
que incloia, a més, informacié sobre metabolits dels polifenols. Actualment, la versié 3.0 ha
introduit dades sobre els efectes que tenen el processat i el cuinat sobre el contingut fenolic
dels aliments 7.
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Figura 1.1. Exemples de polifenols que aporten amargor a alguns aliments.

1.4. Caracteristiques organoleptiques dels polifenols

Els polifenols sén, en part, els responsables de les propietats organoleptiques d’alguns ali-
ments d’origen vegetal (Figura 1.1). Per exemple, Pamargor dels pomelos i de les olives és
causada per la naringina i ’oleuropeina, respectivament. Els tanins condensats o proantoci-
anidines i els tanins hidrolitzables confereixen astringencia, especialment a les llavors i a la
pell de certes fruites com el raim i el seu principal derivat, el vi. L’eugenol, en canvi, és el
responsable de 'aroma caracteristic del platan819. Altres polifenols confereixen el color ca-
racteristic d’alguns fruits i vegetals: les antocianines donen coloracions vermelles, liles i blaves
(cireres, col lombarda, vi negre, rabes, etc.) mentre que els flavonols sén de color groguenc (vi
blanc, poma, te, etc.). A vegades, els polifenols majoritaris com els acids hidroxicinamics no
tenen un impacte directe sobre les caracteristiques organoleptiques de I'aliment pero afecten
negativament si s’oxiden, ja que donen lloc a polimers de color marré 9.

1.5. Els polifenols i la salut

1.5.1. Biodisponibilitat dels compostos fenolics

De forma general, la biodisponibilitat és la proporcié en que un ingredient és absorbit i es
torna disponible en el lloc de I'accié. Aixo inclou 'alliberament i la digestié en el sistema
digestiu, el transport a través de la membrana intestinal cap al torrent sanguini, la distribucié
cap als diferents teixits, la metabolitzacié dels compostos i, per acabar, 'eliminaci6 8.

L’amplia varietat existent de polifenols fa que la seva biodisponibilitat sigui també molt
variable. Els polifenols més abundants de la dieta no sén, necessariament, els més biodispo-
nibles i, per contra, alguns polifenols que es consumeixen a nivells de traces poden tenir una
gran activitat bioldgica29. L’absorcié dels polifenols depen de la ingesta de greix, la matriu
alimentaria, la dosi, i el transit intestinal®. Per exemple, I'acid gallic, les isoflavones, les
catequines, els flavonols, les flavanones i els glucosids de la quercetina sén els polifenols que
millor s’absorbeixen, mentre que les proantocianidines, les gallocatequines i les antocianines

sén els menys absorbits[3:20],

En alguns casos, I’organisme necessita metabolitzar els polifenols per tal de poder-los absorbir,
aixi, mentre que les aglicones i les antocianines s’absorbeixen sense metabolitzar a I’estémac
i a 'intesti prim, els esters, els glicosids i els polimers necessiten ser hidrolitzats pels enzims
intestinals o per la microbiota del colon abans de ser absorbits. Durant el procés d’absorcid,
als enterocits de I'intesti prim i al fetge, els polifenols sén conjugats, principalment mitjancant
reaccions de metilacié, sulfatacié i/o glucurunidacié [421]  Aquestes conjugacions varien en
funcié de la naturalesa del substrat i de la dosi ingerida. A continuacié, els metabolits dels
polifenols viatgen pel torrent sanguini units a transportadors com 'albiimina. Les concentra-
cions plasmatiques de polifenols van de 0 a 4 pmol/L prenent com a referéncia una ingesta
de 50 mg d’equivalents d’aglicones. Pel que fa a les cinetiques, la concentracié plasmatica
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maxima (Cpayx) s’assoleix després de 1.5-5.5 hores depenent del lloc d’absorcié (8,20]

L’eliminaci6 dels polifenols es pot fer a través de dues vies depenent del pes molecular. Els
més pesats, que també sén els més conjugats, se solen eliminar per via biliar, mentre que els
de menor pes molecular presenten una major probabilitat de ser excretats per la via renal a

través de la orinal29.

A part de la naturalesa estructural dels polifenols, hi ha altres factors que afecten a la se-
va, biodisponibilitat i farmacocinetica. En primer lloc, els polifenols es consumeixen com a
components dels aliments que els contenen, i es troben units a macronutrients (proteines,
hidrats de carboni i lipids) i altres micronutrients que n’afecten ’absorcié. El sexe i 'edat
de l'individu també afecten el procés d’absorcié 22 aixi com el processat dels aliments. La
coccid dels aliments afecta a ’aborcié dels polifenols en direccions oposades. Per una part,
la calor trenca la matriu alimentaria i ajuda a alliberar els compostos fent-los més biodispo-
nibles. D’altra banda, les altes temperatures degraden els antioxidants. En alguns casos, els
compostos passen d’un medi a ’altre, per exemple, de ’aliment a 'aigua o de ’oli a ’aliment
que s’estd fregint 23],

1.5.2. Efectes beneficiosos del consum de polifenols

Els polifenols constitueixen la principal font d’antioxidants de la nostra dieta. La seva capaci-
tat de captar radicals lliures els fa bons candidats per a la prevencié de malalties relacionades
amb l'estres oxidatiu. Nombrosos estudis clinics i epidemiologics han demostrat que el seu
consum pot protegir contra les malalties cardiovasculars, les malalties neurodegeneratives,
alguns cancers, la resistencia a la insulina, i la obesitat, entre d’altres.

a) L’estrés oxidatiu i envelliment

Els processos fisiologics normals, com la respiracié i

les reaccions metaboliques que tenen lloc al nostre or-

HO —M: ganisme, donen com a resultat especies reactives de

A loxigen o ROS (de l'angles reactive oxygen species).

_ El peroxid d’hidrogen (H2032), el superoxid (O5) i
g el radical hidroxil (OHe™) sén exemples d’aquestes
ROS4. El cos té uns mecanismes de defensa que sén
antioxidants endogens com ara el superoxid dismuta-
o = sa, el catalasa o el glutatié reductasa que permeten

i eliminar aquestes ROS que es van produint continu-

ament. Aquests i altres mecanismes no enzimatics

Figura 1.2. Posicions favorables per la actuen evitant la formacié de les ROS, reduint-les,
quelacié de metalls. reparant el dany oxidatiu, eliminant les molecules ja
afectades i prevenint les mutacions. L’estres, la con-

taminacié ambiental i ’envelliment trenquen 1’equilibri entre la produccié i ’eliminacié d’a-

questes ROS donant lloc al que es coneix com a estrés oxidatiu22],

Les ROS s6n radicals lliures i molecules oxidants que es poden unir a ’ADN, als lipids i a les
proteines i alterar-ne l’estabilitat, donant lloc a diverses patologies. Aquest estres oxidatiu
contribueix al desenvolupament de malalties com la diabetis, I’Alzheimer, el Parkinson, el
cancer, malalties del sistema cardiovascular i del sistema respiratori.

Els polifenols juguen un paper important en la disminucié de 'estres oxidatiu gracies a la
seva capacitat antioxidant. Les estructures d’aquests compostos, amb anells fenolics molt es-
tables, permeten que els hidroxils cedeixin un proté amb molta facilitat i s’oxidin. L’activitat
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antioxidant dels polifenols depen del nombre de grups hidroxil i de la seva posicié relativa,
essent la posicié orto la més favorable. La combinacié de la cetona amb el doble enllag també
ajuda a la formacié de formes ressonants i, per tant, afavoreix la perdua d’electrons. Per
ultim, els polifenols també tenen diferents zones que permeten la quelacié amb metalls, com
els hidroxils en orto o les cetones amb hidroxils contigus (Figura 1.2).

Alguns dels polifenols que s’han proposat per retardar I’envelliment sén el gallat d’epigal-
locatequina, la quercetina o el resveratrol[25). Aquests i altres polifenols de caracteristiques
similars, aixi com les seves fonts principals es troben resumits a la Taula 1.3.

b) Malalties cardiovasculars

Les malalties CV s6n les responsables de més de 16 milions de morts anuals arreu del mén,
el que representa un 30% del total de defuncions. En els paisos desenvolupats, les malalties
coronaries son la principal causa de morbiditat i mortalitat, fet que ha posat en alerta els
organismes de salut publica. Aquestes malalties engloben totes les malalties coronaries, la
hipertensio, els infarts aguts de miocardi i les embolies [25,26]

Hi ha alguns factors de risc, com 1’edat, el sexe o la predisposicié genetica que no sén modi-
ficables, pero la gran majoria depenen de lestil de vida i, a més, estan fortament relacionats
entre ells (Figura 3). Aix{i doncs, dur una vida tranquilla, dormir bé, fer exercici, menjar
equilibradament i no fumar ajuden a mantenir un pes saludable, i disminueixen el risc de
tenir hipertensié, dislipemia, o diabetis que, al seu temps, també sén factors de risc CV 27,
Actualment, se sap que prevenir o tractar aquests factors de risc és molt més efectiu que
tractar les malalties CV i és on cal, per tant, centrar més els esforcos.

Un gran nombre d’estudis epidemiologics han associat el consum de polifenols amb una dismi-
nucio del risc de malaltia CV o coronaria. En un meta-analisi sobre el te i aquestes malalties
es va concloure que el consum de te tenia un efecte cardioprotector 28, Una revisié bibli-
ografica sobre consum moderat de vi posava de manifest resultats molt similars??. Més
recentment, un meta-analisi d’estudis d’intervencié aleatoritzats relacionava els flavan-3-ols
amb una disminucié de biomarcadors de risc cardiovascular 39,

Altres estudis s’han centrat en el consum d’un o més tipus de polifenols: dos estudis pros-
pectius van associar la ingesta de flavanones i antocianines amb un menor risc de malaltia
CV i mortalitat total31:32 Hertog i col. van trobar una associacié debil perd positiva entre
el consum de flavonols i la mortalitat per qualsevol causa pero no van trobar cap associacié

significativa per malaltia coronaria ni per cancer 33,

L’efecte protector dels polifenols es pot explicar per les millores que exerceixen sobre dife-
rents factors de risc. Aixi, diferents estudis clinics, amb models animals i amb humans, han
demostrat que els polifenols milloren la funcié endotelial mitjancant la millora de parametres
com el colesterol LDL (low-density lipoprotein), 'agregacié plaquetaria, la invasi6 i la prolife-
raci6 de les cellules musculars llises en la paret arterial, 'oxid nitric (NO) i alguns marcadors
d’inflamacié 34

La disfuncio endotelial

L’endoteli és la capa més interna de la paret dels vasos sanguinis. Les cellules endotelials, en
resposta a diversos estimuls, alliberen factors vasodilatadors, substancies vasoconstrictores,
factors promotors o inhibidors del creixement, moduladors de la inflamacié i factors hemosta-
tics i trombolitics. Aquests factors sén els responsables de mantenir el to vascular, controlar
el creixement del muscul llis vascular i modular la coagulacié, la fibrinolisi i 'adhesi6é de
cellules sanguinies a la paret endotelial.
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Taula 1.3. Polifenols relacionats amb la prevencié de I'estres oxidatiu i I’envelliment.
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Figura 1.3. Factors de risc de les malalties cardiovasculars. En taronja, factors de risc no modifica-
bles. En verd, factors de risc modificables.

Parlem de disfuncié endotelial quan es trenca I’equilibri homeostatic i les funcions de I’endoteli
es veuen alterades. La disfuncié endotelial és el primer pas en el progrés de I’aterosclerosi i,
per tant, del desenvolupament de malalties cardiovasculars.

L’oxid nitric, per exemple, és un vasodilatador i disminueix la pressi6 arterial (PA). L'estres
oxidatiu disminueix la biodisponibilitat dels radicals de NO i afavoreix, per tant, els processos
d’inflamacié. Una hipotesi és que els aliments rics en polifenols disminueixen la PA mitjancant
I’activacié del NO sintasa. En experiments in vitro amb arteries aillades es va observar que
els polifenols augmentaven la formacié de NO endotelial i causaven relaxacions dependents
de I'endoteli i mediades pel NO 9.

L’aterosclerosi

L’aterosclerosi és un procés inflamatori cronic de les parets de les grans arteries com a con-
seqiiencia de la disfuncié endotelial. La diabetis, la hipertensio, el tabac, nivells de colesterol
LDL elevats o nivells de colesterol HDL (High Density Lipoproteins) baixos sén factors de
risc d’aterosclerosi.

El colesterol LDL és una peca clau en el procés de formacié de la placa d’ateroma (Fi-
gura 1.4). Les lipoproteines LDL s’acumulen a l’endoteli vascular i travessen les cellules
endotelials. Aquest procés es veu facilitat quan augmenta la pressié arterial. Alla, les LDL
s’oxiden i causen inflamacid, posant en alerta el sistema immunitari que respon enviant mono-
cits. Aquests, entren a la intima mitjangant les molecules d’adhesié com la ICAM-1 (Soluble
Inter-Cellular Adhesion Molecule-1) i la VCAM-1 (Vascular Cell Adhesion Molecule-1) i es
transformen en macrofags que fagociten les molecules de LDL, convertint-se llavors en cel-
lules espumoses (foam cells) que no poden sortir de la intima. Els macrofags, juntament
amb les cellules T, estimulen la proliferacié de cellules musculars llises que formen una placa
fibrosa juntament amb les cellules espumoses. La placa d’ateroma provoca una disminucié
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Figura 1.4. Desenvolupament de la placa d’ateroma.

de la llum arterial i, per tant, del flux sanguini. L’ateroma en estat avangat pot desprendre’s
formant coaguls (trombosi) que viatgen pel sistema circulatori fins que s’encallen provocant,
per exemple, un infart agut de miocardi o una embolia (36,37

La hipertensio

La hipertensié és un problema de salut publica que afecta a més de 1 bilié de persones al mén
i causa 7.6 milions de morts anuals®®. A Espanya, s’estima que entre un 30% i un 45% de la
poblacié major d’edat és hipertensa, la qual cosa suposa que hi ha uns 8 milions d’individus
amb aquesta condicié. Una persona es considera hipertensa si té, de forma mantinguda, una
pressié arterial sistolica (PAS) superior a 140 mm Hg i/o una pressié arterial diastolica (PAD)
superior a 90 mm Hg. Tot i que el diagnostic d’hipertensié és senzill, una gran part de la
poblacié no sap que és hipertensa i, per tant, no es medica ni es controla.

La hipertensié és, per si sola, un dels principals factors de risc de malalties de 'aparell
circulatori, especialment de malalties coronaries, malalties cerebrovasculars i d’insuficiencia
cardiaca. La hipertensié, a més, també esta relacionada amb altres factors de risc com la
obesitat, la manca d’exercici fisic, una mala alimentacié i un consum d’alcohol elevat.

Diferents estudis observacionals i d’intervencié han demostrat que el consum d’aliments rics
en polifenols esta associat amb una disminuci6 de la PA. Per exemple, en un estudi d’interven-
ci6 creuat i doble cec dut a terme amb pacients hipertensos, es va concloure que un consum de
100 g al dia de xocolata negra rica en flavonoids disminuia la PA de forma significativa, i aug-
mentava la dilatacié mediada per I'endoteli (Flow Mediated endothelium-dependent Dilation
o FMD), mentre que no s’observa cap millora amb la xocolata blanca (sense flavonoids) 3.

A la Taula 1.4 es resumeixen els resultats d’algunes publicacions sobre I’efecte dels polifenols
en la PA obtinguts a partir d’estudis d’intervencié en humans [40-61],

c¢) Cancer

Els efectes anticancerigens dels polifenols han estat ampliament demostrats en models ani-
mals. L’administracié de polifenols en rates o ratolins amb tumors o sota ’efecte d’agents
carcindgens protegeix i sovint redueix el nombre de tumors o el seu creixement 62
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55

Creuat, aleatoritzat 24 (homes) Sans iamb sobrepeés 50-65 Suc de taronja o Hesperidina 500 mL 28 dies PAD J(enels dos
i controlat beguda amb (292 mg) grups
hesperidina d'intervencia)
26 Creuat, aleatoritzat 24 (homes) Amb sindrome 30-70 Extracte de raim Flavanaols, 46 g/dia 30 dies PAS J
i controlat metabélica (capsules) antocianines FMD T
NO >
57 Paral-lel, 97(38h,69d) Amb sobrepés 19-55 Extracte d'algues Fluorotanins Llaunes (246 mLi 12 PAS J [amb la dosi
aleatoritzat, marines (Ecklonia 72 mg extracte) setmanes alta)
controlat cava)
a8 Creuat, aleatoritzat, 10 (homes) Sans 45-50 Vi, vi desalcoholitzat i Flavanols, 272 mLdewvi(733- 20 dies PAD Jo{amb i)
controlat ginebra antocianines 798 mg EAG/dia) PAS J(amb viivi
0100 mL de desalcohalitzat)
ginebra
59 Paral-lel, 51(16h, 35d) Sans 30-50 Suc de magrana Tanins 330 mL/d 4 setmanes PAS J(-3.14 mmHg)
aleatoritzati hidrolitzables i PAD J(-2.33 mmHg)
controlat antocianines PA J(-2.60 mmHg)
60 Creuat, aleatoritzat, 67 (homes) Amb alt risc 55-75 Vi, vi desalcoholitzat i Flavanaols, 272 mLdevi(733- 4 setmanes PASi PAD J
controlat cardiovascular ginebra antocianines 798 mg EAG/dia) NO en plasma T™
0100 mL de {amb vi
ginebra desalcohalitzat)
61 Paral-lel, 84 (31h, 53d)  Sans o amb hipertensid 35-75 Te negre Catequines 3 tasses de te/dia 4 setmanes PAS i PAD >
aleatoritzat, lleu (429 mg) FC A
controlat
62 Creuat, aleatoritzat, 49 (homes) Sans 48-68 Quercetina Quercetina Capsules 8 setmanes PAS J
controlat (150 mg/dia) postprandial
63 Paral-lel, 70 (38h, 32d)  Hipertensid de graul o 35-75 Extracte de llavors de Catequina, dimers  Capsules 8 setmanes PAS i PAD J- (no
aleatoritzat, menor raim de procianidines (300 mg/dia) estadisticament
controlat. significatiu)
64 Estudi pilot 6 (4h, 2d) Sans 34-68 Suc de Dimers de 180 mL/dia 4 setmanes FMD T+
“boysenberries” procianidines, (351 mg) PAS 4

epicatequina

PAS, pressio arterial sistdlica; PAD, pressio arterial diastalica; PA, pressié arterial; serum ACE, enzim convertidor de I"angiotensina; FC: freqiiencia cardiaca; EAG: equivalents d’acid gal

* La taula esta ordenada cronologicament, en ordre ascendent.
T h: homes, d: dones
¥ Només els dos polifenols principals s’han afegit a la taula.

¥ Taugment; J, disminucid; € sense canvis; si no s'especifica el contrari, % es refereix als canvis respecte a l'inici de I'estudi.

Taula 1.4. Efecte dels polifenols sobre la pressié arterial en estudis d’intervencié en humans (continuat).
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Atribuir aquest efecte a les propietats antioxidants dels polifenols és fer una simplificacié. Aixi
doncs, s’han proposat diversos mecanismes que explicarien aquesta proteccié contra el cancer.
En primer lloc, els polifenols poden actuar bloquejant les fases inicials de la malaltia modulant
I’expressié dels enzims del citocrom P-450 involucrats en ’activacié de carcinogens i limitant
la formacié de céllules iniciades estimulant la reparacié de ’ADN. D’altra banda, els polifenols
alenteixen o aturen el creixement de tumors mitjancant la inhibicié de I’expressié dels gens
involucrats en la proliferacié d’aquests o bé induint ’apoptosi de les cellules malignes. Per
ultim, es creu que també inhibeixen I'angiogenesi i limiten la invasié tumoral. Aixi doncs, els
polifenols actuen, tant en la fase d’iniciacié com en les de promocié i progressié [34,63],

Els principals problemes plantejats fins ara sén la traduccié dels estudis animals als humans
i la dosi de polifenols administrada, que sempre és molt superior a la dosi habitual ingerida
a través de la dieta. En alguns casos, s’han observat efectes oposats segons la dosi adminis-
trada. Per exemple, 1’acid cafeic en dosis altes (0.5-2% de la dieta) va induir hiperplasia i
tumors a ’estémac i als ronyons de rates i ratolins, mentre que administrat en dosis inferiors
(0.05-0.15%) tenia propietats anticarcinogeniques 641 Les conclusions finals, doncs, caldria
extreure-les d’estudis clinics amb humans administrant dosis reals o bé mitjancant estudis
epidemiologics.

Malgrat ’escas nombre d’estudis clinics i epidemiologics, comparats amb les investigacions
in vitro o amb animals, hi ha suficient evidencia cientifica per afirmar que el gallat d’epigal-
locatequina (EGCG), un flavonoid present en el te, és un agent quimioprotector. El consum
de te verd s’ha relacionat amb un menor risc de cancer de mamal®, cancer de boca!63:66]
i cancer de prostatal®”. En canvi, els resultats per al te negre o pels cancers de colon i
bufeta no sén concloents 66869 Diferents estudis in vitro, in vivo i en humans assenyalen
que els polifenols del raim, de les baies, de 'oli d’oliva i del cacau també tenen propietats

anticancerigenes66:70-72],

d) Malalties neurodegeneratives

Degut a I’envelliment de la poblacid, la prevalenca de malalties neurodegeneratives, estreta-
ment lligades a ’edat, ha anat en augment. La demeéncia és una sindrome clinica caracterit-
zada per un conjunt de simptomes tals com perdua de memoria, canvis de conducta i altres
afectacions que impedeixen o dificulten les tasques diaries. Actualment, més de 25 milions
de persones al mén tenen algun tipus de demencia, un 75% de les quals pateixen la malaltia
d’Alzheimer. A Europa, el 6.4% de la poblacié major de 65 anys pateix alguna malaltia neu-
rodegeneratival™!. Algunes deméncies sén un efecte secundari de les malalties isquémiques
com ’embolia cerebral. Amb el temps, les malalties neurodegeneratives comporten pérdua
de memoria o una perdua motora que resulta en diferents graus de dependencia.

El cervell és un organ amb un elevat consum d’oxigen i els radicals lliures sé6n productes nor-
mals del seu metabolisme. Hi ha suficient evideéncia cientifica que relaciona la produccié de
radicals lliures, la induccié de necrosi, la inflamacié i la patogeénesi de les malalties neurode-
generatives (™7 Aix{ doncs, aquestes malalties estan estretament lligades a l'estrés oxidatiu
i és per aquest motiu que es creu que els antioxidants poden ajudar en la seva prevencid [34],
Nombrosos estudis s’han focalitzat en ’efecte de la vitamina C, la vitamina E i el S-carote

perd encara hi ha moltes incognites referents als polifenols(70!.

Molts dels estudis s’han dut a terme amb models animals, especialment ratolins i rates, tot i
que també s’han utilitzat cellules neuronals en experiments in vitro. Per exemple, I’adminis-
tracié d’una combinacié de polifenols provinents del raim va disminuir els péptids S-amiloides
en ratolins "7, Aquests peptids estan involucrats en la patogenesi de la malaltia d’Alzheimer.
L as d’altres polifenols aillats com el resveratrol, les proantocianidines, la epicatequina, la
catequina i I’acid fertlic van donar resultats similars[7 %2 aix{ com els polifenols procedents
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de les maduixes, els espinacs, els mirtils o nabius, el te, el pebrot vermell i Iall[76],

Altres estudis també han pogut demostrar 'efecte dels polifenols sobre les malalties neuro-
degeneratives en humans. Els polifenols del vi negre i el raim van tenir efectes beneficiosos
millorant la memoria en persones grans amb problemes cognitius lleus!®3. En altres estudis
amb els mateixos polifenols es demostra que interferien en la generacié i I’agregacié de pep-
tids B-amiloides[®* 36, Nurk i col. van analitzar 'efecte del consum de vi negre, xocolata i
te (per separat o conjuntament) en un estudi transversal realitzat en 2000 persones grans,
d’entre 70 i 74 anys. Aquells que consumien aquests aliments mostraren millors resultats en
diferents testos cognitius de forma dependent de la dosil®”). El consum de flavonoids es va
associar amb una millor capacitat cognitiva a l'inici i una millor evolucié en una cohort de
1640 persones majors de 65 anys que es van seguir durant 10 anys [88],

Els polifenols estan relacionats amb una millora de les malalties neurodegeneratives gracies
al seu efecte antioxidant ben demostrat en models in vitro pero sembla que aquest no seria
I'inic mecanisme d’accié i, a més, no esta clar si interaccionen directament amb els sistemes
neuronals o hi actuen de forma indirectal™ ja que no se sap si tots els polifenols sén capacos
d’arribar al cervell. En aquesta direccié, només un grup de recerca japones i, més recentment,
un de la Universitat de Barcelona van demostrar que alguns polifenols sén capagos de travessar
la barrera hematoencefalica de models animals. Per exemple, després de la ingesta d’un
extracte de te i de EGCG es van trobar aquests polifenols i alguns metabolits en diferents
organs de ratoli, inclos el cervell 89, D’altra banda, el consum d’un suplement de nabius
millorava els resultats obtinguts per unes rates en el test del laberint aquatic de Morris. En
aquest estudi, els metabolits de les antocianines es van poder identificar al cerebel, al cortex, a
I'hipocamp i al nucli estriat del cervell®?. Calen perod, més estudis epidemiologics i, sobretot,
clinics, que esclareixin en quin grau els polifenols poden alentir la progressié de les malalties
neurodegeneratives i mitjancant quins mecanismes.

e) Sindrome metabolica, obesitat i diabetis

La sindrome metabolica (SM) és un desordre metabolic que consisteix en una combinacié de
multiples factors de risc cardiovascular: obesitat, hipertensio, dislipemia i hiperglucemia. No
existeix un criteri universal per al diagnostic d’aquest trastorn, fet que dificulta el coneixe-
ment de la prevalenca real d’aquesta malaltia i fa dificil la comparacié dels diferents estudis
cientifics. Un dels criteris més estesos per al seu diagnostic és el proposat per I’Adult Tre-
atment Panel III (ATPIII) 'any 2001, el qual considera que un individu té SM si compleix,
com a minim, 3 dels segiients criteris: 1) obesitat abdominal >102 en homes i >88 en dones,
2) nivells de triglicerids en sang >150 mg/dL (o medicacié hipotrigliceridemiant), 3) nivells
de colesterol HDL <40 mg/dL en homes i <50 mg/dL en dones, 4) pressié arterial >130/85
mmHg (medicacié per a la hipertensid), i 5) glucosa plasmatica en deju >100 mg/dL (o
medicaci6 per a la diabetis) 9192,

Aquesta sindrome és el resultat de la interaccié de muiltiples causes entre les quals hi ha
factors genetics, menys importants, i ambientals: falta d’activitat fisica, tabac i habits ali-
mentaris, sobretot el consum de sucres simples i greixos saturats. Si no es controla, pot
derivar en accidents cardio i cerebrovasculars i en diabetis tipus-2. El consum d’aliments rics
en polifenols pot prevenir la SM a través de efecte protector sobre la inflamacié cronica,
lligada a la obesitat, la resistencia a la insulina, la dislipemia, i la hipertensié 92, Alguns dels
polifenols que s’han relacionat amb el tractament i la prevencié de la SM son el resveratrol,

la quercetina, I’epigalocatequina-3-galat i la curcumina [93],

El cacau, un aliment ric en epicatequina, catequina i proantocianidines és un aliment amb
activitat antioxidant, antihipertensiva, antiinflamatoria, antiaterogenica, millora la resiténcia
a la insulina, la funcié endotelial i els nivells de NO. Aquests efectes, confirmats en multiples
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revisions bibliografiques i meta-analisis demostren que podria ser un bon aliat en el tractament
i la prevencié de la SM®. S’han observat resultats similars amb el consum de te verd, una
beguda molt extesa i també rica en catequines® i amb ’oli d’olival9f.

Soham i col. van dur a terme un estudi amb 2618 participants (19-84 anys) de 'estudi TLGS
(Tehran Lipid and Glucose Study). Mitjancant dades extretes d’un qiiestionari de freqiiéncia
de consum es va relacionar la ingesta de polifenols totals, flavonoids, acids fenolics, estilbens
i lignans amb la prevalenca de SM i els seus components. Van concloure que aquells que
consumien més flavonoids tenien menys probabilitats de patir SM i 4 dels 5 components
(excepte la hipertensié). En canvi, els lignans semblaven afavorir el risc d’hipertrigliceridemia

i hiperglicémia, i els estilbens, la hipertensié 7.

En un assaig controlat, creuat, aleatori i doble-cec amb 45 participants de mitjana edat
i index de massa corporal (IMC) de 2842 kg/m?, es va donar capsules amb un extracte
de fulla d’olivera durant 12 setmanes (riques en oleuropeina i hidroxitirosol, entre d’altres
polifenols). La sensibilitat a la insulina va millorar en un 15% amb el suplement comparat
amb el placebo. També es va notar una millora en la resposta d’un 28% de cellules beta
pancreatiques, va augmentar la interleuquina-6 en deju i les concentracions de IGFBP-1
(Insulin-like growth factor I binding protein) i IGFBP-2]. En un estudi similar amb dones
amb SM i administrant suc d’aranyons americans durant 8 setmanes es va observar una
disminuci6 significativa del colesterol LDL i un augmenta de la capacitat antioxidant del

plasma 99,

Pel que fa a la relacié dels polifenols amb la diabetis tipus 2 es proposen diferents mecanismes
d’accid. Per un costat, els polifenols podrien inhibir ’absorcié de glucosa a l'intesti prim i la
seva reabsorcié en el fetge. D’altra banda, exerceixen diferents accions en teixits periferics,
entre les quals hi ha la inhibicié de la gluconeogenesi, la estimulacié adrenergica del consum
de glucosa, o la estimulacié de l’alliberament d’insulina per part de les cellules beta pan-
creatiques®¥. Per exemple, els polifenols de la canyella, el resveratrol, les isoflavones, i els
polifenols del te, el cacau i de les llavors de raim milloren la sensibilitat a la insulina, hormo-
na que regula els nivells de glucosa en sang['%. Els compostos fenolics també podrien estar
lligats al control de la obesitat. Diferents estudis in vitro, en animals i en humans demos-
tren que els polifenols poden disminuir ’absorcié de greixos en el tracte intestinal, activar la
termogenesi i modular la resposta hormonal que regula la ingesta d’aliments i la sacietat 101

2. Epidemiologia

L’OMS defineix ’epidemiologia com una disciplina cientifica que estudia la distribucio, la
freqiiencia, les causes i el control dels factors relacionats amb la salut i 'aplicacié d’aquests
estudis al control de malalties i altres problemes de salut de la poblacié[tl. L’epidemiologia
és una ciéncia basica de la medicina preventiva i una eina fonamental per a les politiques dels
organismes de salut puiblica. Els estudis epidemiologics ajuden a donar resposta a preguntes
del tipus: els telefons mobils poden augmentar el risc de patir cancer? Quin és el minim
d’exercici fisic que cal fer per disminuir el risc de malaltia cardiovascular o diabetis? Ens
hem de preocupar pel mercuri que conté el peix que consumim?

Les branques de I’epidemiologia sén la descriptiva, en la qual es mesura la freqiiéncia i la dis-
tribucié d’una malaltia, i I'analitica, que busca, mitjancant ’observacié o ’experimentacio,
la mesura d’associaci6 (o la relacié causa-efecte) entre una malaltia i una exposicié (Figu-
ra 2.1). Una branca complementa a l'altra ja que l’epidemiologia descriptiva serveix per
plantejar hipotesis que I’epidemiologia analitica ha de respondre [102]
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Figura 2.1. Classificaci6 d’estudis epidemiologics.

Segons la seqiiencia temporal, els estudis també es poden classificar en transversals o longi-
tudinals. Considerem que un estudi és transversal quan les dades dels individus es prenen en
un moment concret de temps. Com que les variables es mesuren de manera simultania, no es
poden establir relacions causa-efecte. Els estudis transversals son, per definicid, descriptius.
Quan existeix un interval de temps entre les diferents variables que s’avaluen parlem d’estudis
longitudinals. En aquests casos, cal tenir en compte la direccionalitat temporal, que pot anar
de la causa al desenllag (estudis experimentals i de cohorts) o del desenllag a la causa (estudis

de casos i controls) [103,104]

Els estudis ecologics o correlacionals serveixen per comparar freqiiencies de malalties entre
diferents grups de poblacié dins un periode de temps determinat, o dins d’una mateixa po-
blacié pero en diferents periodes de temps. Al comparar poblacions no podem assumir que
I’associacié sera la mateixa a nivell individual. Altres limitacions sén la confusié per altres
variables, i que els valors d’exposicié utilitzats sén les mitjanes de la poblacid, no els valors
reals. Els estudis de series de casos, a diferéncia dels estudis ecologics, utilitzen informacio
sobre pacients de forma individualitzada, amb dades detallades sobre factors relacionats amb
la malaltia que es vol estudiar. La principal limitacié és I’abséncia d’un grup control, fet que
impedeix dimensionar Pefecte 195,

Els estudis descriptius transversals mesuren la prevalenca d’una malaltia en un moment de-
terminat. La informaci6 sobre I'exposicié i el resultat es prenen al mateix temps i per a tots
els individus. Sén estudis rapids i barats pero no es pot establir cap relacié temporal, excepte
en el cas d’exposicions invariables en el temps, com ara la raca, factors genétics, el sexe, etc.
Aixi doncs, els estudis descriptius serveixen per descriure patrons d’incidéncia de malalties en
relacié a caracteristiques personals, llocs i temps. La informacié sol ser facil i rapida d’obtenir
ja que sovint forma part de processos rutinaris (informes medics, enquestes de poblacid, etc.).
Les dades que se n’obtenen sén utilitzades pels organismes de salut publica per localitzar
problemes i poder focalitzar els recursos i els programes de prevencié i educaci6 103,

Els estudis analitics solucionen totes les limitacions dels descriptius: estudien individus en
comptes de poblacions, hi ha grup control i seqiiéncia de temps i, a més, permeten ajustar per
variables de confusié. N’hi ha de dos tipus: observacionals o d’intervencié. En els primers,
I’exposicié és aleatoria o deguda a ’ambient i 'investigador és un observador passiu. En
canvi, en els estudis d’intervencid, I’exposicié 'assigna 'investigador (Figura 2.2) [103],

Els estudis observacionals poden ser de cohorts o de casos i controls. La diferéncia esta
en el punt de vista de l'investigador o, dit d’una altra manera, en quines dades s’utilitzen
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Figura 2.2. Esquema de funcionament dels estudis epidemiologics analitics.

per seleccionar els grups. En els estudis de casos i controls, els individus es classifiquen
segons si pateixen o no una malaltia i s’investiga I’exposicié. Per contra, en els estudis de
cohorts la poblacié es divideix segons si esta exposada o no al factor que s’estudia. Es parla
d’estudis de cohorts prospectius quan s’espera un temps determinat a ’aparicié de la malaltia
i retrospectius quan es mira si la malaltia ja existeix o havia existit en el passat. En algunes
ocasions es poden donar les dues situacions alhora. Els estudis de cohorts no es poden utilitzar
per estudiar malalties rares, mentre que els de casos i controls estan limitats a exposicions
freqiients106:107],

En els estudis experimentals o d’intervencié l'equip investigador assigna el factor de 'estudi,
de forma aleatoria o no, i el controla segons un pla establert. Poden ser controlats o no
depenent de si existeix un grup control per comparar. Si existeix un control, els estudis
clinics poden ser parallels o creuats. Ben dissenyats, permeten provar causalitat pero sén
cars, es limiten a resoldre problemes molt concrets i plantegen problemes &tics102:108],

L’eleccié del metode dependra de la pregunta que es vulgui respondre, del temps i dels
recursos disponibles. Es important coneixer les avantatges i les limitacions de cada estudi a
I’hora d’interpretar els resultats: es poden generalitzar els resultats?, es pot establir relacié
causal?, hi ha algun mecanisme biologic plausible que expliqui els resultats? Finalment, la
recerca hauria d’acabar amb un missatge clar i entenedor que pugui ser comunicat a altres
cientifics, als organismes de salut publica o a la poblacié.

2.1. L’epidemiologia nutricional

L’epidemiologia nutricional és una branca de I’epidemiologia té com a objectiu 'avaluacié dels
efectes de la dieta sobre el risc de patir alguna malaltia. Aquest coneixement és utilitzat pels
organismes de salut ptblica en les seves tasques de prevencié. Per a coneixer la influencia de la
dieta sobre la salut i poder planificar programes d’intervencié cal determinar amb exactitud
la ingesta d’aliments o de nutrients (Figura 2.3). La valoracié de la dieta es pot dur a
terme mitjangant enquestes alimentaries i/o biomarcadors nutricionals. Els dos sistemes
tenen avantatges i inconvenients que es resumeixen a la Taula 2.1 i que cal tenir en compte
a ’hora d’escollir-los i d’extreure conclusions. Si es disposa de recursos, la combinaci6 dels
dos meétodes és la millor solucié 199,
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Figura 2.3. Relacié entre els diferents camps involucrats en I’epidemiologia nutricional.
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Figura 2.4. Tipus d’enquestes alimentaries.

2.1.1. Estimacié de la ingesta de nutrients
2.1.1.1. Engquestes alimentaries

Hi ha diferents metodes per obtenir informacié sobre els habits alimentaris d’una poblacié
(Figura 2.4). Es diferencien en la manera de recollir la informacié i en el perfode que
comprenen, i cadascun té avantatges i inconvenients. L’eleccié d’un metode concret dependra
de la poblacié que es vol estudiar, dels aliments o nutrients d’interes, dels recursos disponibles
i del disseny de I'estudi. En el cas de '’estudi PREDIMED, es va optar pels qiiestionaris anuals
de freqiiéncia de consum (QFC) d’aliments, recollits a nivell individual i mitjangant entrevistes
personals amb una dietista. De forma complementaria, es va dissenyar un qiiestionari curt, de
14 preguntes, per valorar I’adhesié de I'individu a la DM tradicional. Un QFC és un metode
retrospectiu que utilitza una llista tancada (i classificada) d’aliments i begudes i es pregunta
sobre la freqiiencia de consum (mai, ocasionalment, setmanalment, diariament, etc.) durant
un perfode de temps determinat 1091111

2.1.1.2. Biomarcadors nutricionals

Un biomarcador nutricional és un compost extern a l'organisme huma, per exemple com-
ponents d’aliments o metabolits d’aquests. El seu analisi en mostres biologiques, ja siguin
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Avantatges

Qiiestionaris de freqiiéncia de

consum d’aliments
Econémics.
Rapid i senzill d’administrar.
Capacitat de classificar individus per

categories de consum.

Biomarcadors nutricionals

Objectius.

Precisos.

Tenen en compte la biodisponibilitat i el
metabolisme.

Permeten valorar 'acompliment d’'una

intervencio nutricional.

Inconvenients

Depenen de la memoria i la fiabilitat
de I'entrevistat.

No té en compte la biodisponibilitat.
No sempre es disposa de taules de
composicio d’aliments.

Poca precisié en 'estimacio i la
quantificacié de les porcions

d’aliments.

Cost elevat.

No sempre existeix un biomarcador.
Complexa interpretacio del resultat ja que
depén de la biodisponibilitat i el
metabolisme.

Varietat interindividual.

Requereix extreure, conservar i treballar

amb mostres biologiques.

Requereix temps per part de

I"enquestat.

Taula 2.1. Comparaci6 entre les enquestes de consum i els biomarcadors nutricionals.

sang, orina, teixits, etc. permet estimar la ingesta de certs aliments o compostos. Un bon

biomarcador ha de tenir les segiients caracteristiques 112113l

1. Disposar d’'un metode analitic exacte, reproduible, fiable, valid i robust per a poder-lo
quantificar.

2. Les concentracions del biomarcador en la mostra biologica han de ser sensibles als canvis
en la ingesta del compost o l'aliment estudiat. Sobretot és imprescindible que permeti
distingir els consumidors dels no consumidors.

3. El biomarcador ha de ser especific de I’aliment estudiat. Aquest criteri és el més dificil
tot 1 que en alguns casos es compleix, com en el cas del tirosol i I’hidroxitirosol com a
biomarcadors de loli d’oliva 114,

En l'estudi PREDIMED es van utilitzar biomarcadors nutricionals per verificar el correcte
compliment de la intervencié. L’hidroxitirosol i el tirosol en orina, aixi com I’acid oleic en
plasma demostraven el correcte seguiment de la DM suplementada amb oli d’oliva verge extra.
Pel grup de fruits secs es va analitzar ’acid a-linolénic en plasma ja que es caracteristic de
les nous. D’altra banda, el consum de fruites, verdures i begudes riques en polifenols es va
relacionar amb una excrecié superior de polifenols totals en orina (5],

2.1.2. Quantificacié de polifenols totals en orina mitjangcant el métode de Folin-
Ciocalteu

L’analisi colorimetric amb el reactiu de F-C ha estat ampliament utilitzat per a la quantificacié
de polifenols totals en mostres d’aliments6-118 La primera vegada que es va fer aplicar
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a mostres bioldgiques va ser per utilitzar-lo com a biomarcador de consum de vill19120] E]
reactiu de F-C és una soluci6é de color groc brillant que conté una mescla de complexos de
fosfomolibdat i fosfotungstat amb l’estructura segiient:

3 HQO [ P205 e 13 W03 L J85) M003 e 10 HQO
3 HQO X P205 e 14 W03 o4 MOOg e 10 HQO

En medi basic, la transferéncia d’electrons del reactiu als fenols redueix els complexos a oxids
de tungste (WgOag3) i molibde (MogOa3), que sén cromofors de color blau intens. Aquesta
coloracid es pot mesurar espectrofotometricament a 765 nm i és proporcional al niimero de
grups hidroxil de la moleculal™.  Aix{ doncs, no tots els polifenols reaccionaran amb la
mateixa intensitat i aixo pot donar lloc a errors de quantificacio.

El reactiu de F-C no reacciona de forma especifica amb els polifenols sindé que també ho fa
amb sucres, amines aromatiques, dioxid de sofre, acid ascorbic, acids organics, Fe(II) i altres
substancies organiques no fendliques perd oxidables que es troben habitualment a 1’orina 22,
Aixi doncs, és imprescindible eliminar les interferéncies en les mostres d’orina fent-les passar
per un cartutx d’extraccié en fase solida (SPE) abans del seu analisi !5,

3. Bioestadistica

La bioestadistica és una branca de 'estadistica aplicada que utilitza els metodes estadistics
per resoldre problemes medics i biologics. Es divideix en dues branques: descriptiva, per
sintetitzar i presentar la informacié continguda en unes dades, i 'analitica, que permet de-
mostrar associacions i relacions entre les caracteristiques observades mitjancant contrastos
d’hipotesis i intervals de confianca. Aixi doncs, ’epidemiologia s’encarrega de dissenyar un
pla d’investigacio i una estrategia optima de recollida de dades i la bioestadistica tracta ma-
tematicament aquestes dades per obtenir-ne informacié. Un cop obtinguts els resultats, és
necessari tornar al camp de ’epidemiologia per interpretar-los amb sentit critic ja que uns
resultats estadisticament significatius no sén necessariament valids si no tenen plausibilitat
bioldgica [123:124],

3.1. Correlacié i regressio

La correlaci6 té com a finalitat examinar la magnitud i la direccié de 'associacié entre dues
variables quantitatives. La mesura del grau d’associacié ens la donen els coeficients de corre-
lacid, que poden ser de dos tipus: el de Pearson (r), per a dades parameétriques i que estima
I’adaptacié a un model lineal, i el de Spearman (rho), per a dades no parametriques i que
mesura qualsevol tipus d’associaci, lineal o no 24,

El coeficient de Pearson pot prendre valors de -1 a 1, essent 0 el valor nul, és a dir, sense
correlacié. Quan r pren valors positius parlarem d’associacié directa: al augmentar una va-
riable també augmenta l’altra. En canvi, si r és negativa, ’associacié sera indirecta. Valors
per sobre de 0.7 (en valor absolut) representen associacions fortes. Si les variables mesurades
no compleixen els criteris de normalitat o no sén ordinals farem servir el coeficient de Spear-
man124. A diferéncia de la regressié, la correlacié no distingeix entre variables dependents i
independents ja que no hi ha relacié causa-efecte i, per tant, son intercanviables. A més, el
coeficient de correlacié no esta influit per les unitats de mesura 124

La regressio descriu d’'una manera més detallada la relacié entre dues variables de manera
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que pot tenir finalitats predictives: acceptant un marge d’error, es pot predir el valor d’'una
variable si sabem el valor de 'altra. Sempre suposarem que hi ha una variable independent
o predictora, controlada per l'investigador, i una variable dependent o respostal*2%.

Hi ha dos tipus de regressié lineal, la simple i la multiple. La primera analitza la relacié entre
dues variables quantitatives per determinar en quin grau s’ajusta a la linealitat. Per obtenir
estimacions més precises s’utilitza la regressié lineal multiple, que té més d’una variable
explicativa. Permet saber, entre un conjunt de variables, quines tenen major influéncia sobre
la variable dependent.

Un cas particular de regressié seria la logistica, que s’empra quan la variable dependent és
dicotomica (malalt/sa, mort/no mort, etc.). La mesura entre variables es fa mitjancant el
coeficient de probabilitats o odds ratio (OR). Quan es té en compte el temps de seguiment fins
que es produeix el fenomen d’interes s’utilitza la regressié de Cox, que mesura raons de taxes
o Hazard ratios (HR). Aix{ doncs, la OR té un sentit estatic mentre que el HR és dinamic. El
model de Cox fa una mitjana ponderada de les HR de tots els moments en els que es produeix
una mort o un esdeveniment, és com fer moltes regressions logfstiquesm‘l’lzf’}.

3.2. Mesures de freqiiencia i associaci6

En epidemiologia, les mesures de freqiiencia s’usen per descriure i comparar la magnitud
d’una malaltia o un determinat estat de salut en diferents poblacions. N’hi ha de dos tipus,
les que descriuen la proporcié de casos existents en un moment determinat (prevalenca, P)
i les que descriuen l'aparicié de nous casos en un periode de temps en forma de proporcié
(incidencia acumulada, IA) o de taxa (taxa d’incidencia, )26,

p N°de casos en un moment determinat

Total de la poblacié

A N°de casos nous durant un periode de temps

~ Total de la poblacié sense la malaltia i en risc

I N°de casos nous durant un periode de temps

Total de persones — temps d’observacid

Les mesures d’associacié o mesures relatives de risc (Taula 3.1) sén indicadors epidemiologics
que avaluen amb quina forga una malaltia o un indicador de malaltia es relaciona a un
determinat factor que es pensa que pot ser una causa. Les mesures més solides sén les que es
calculen utilitzant incidéncies ja que existeix una relacié temporal entre la causa i Pefecte 127
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Risc de malaltia dels exposats

Rad de riscos =
Risc de malaltia dels no exposats

e No té unitats
e Pren valors de 0 a infinit
e Significat dels valors:

o <1 — el factor d’estudi és protector
o =0 — no existeix associacié (valor nul)

o >1 — el factor d’estudi és factor de risc

Les mesures d’impacte potencial o mesures absolutes del risc (Taula 3.1) indiquen la con-
tribucié d’'un determinat factor en el desenvolupament d’una malaltia entre els individus
exposats aixi com el grau de benefici de les accions preventives. Totes ens donen informacio
similar pero la manera de calcular-les depeén del disseny de l'estudi (cohorts, casos i controls,

ete.) 127,

3.3. Associacid versus causalitat

Idealment, un estudi hauria d’avaluar si una relacié és causal, és a dir, si una alteracié en
I’exposicié modifica el risc de malaltia. No obstant, les relacions causa-efecte sén dificils de
demostrar per diversos motius. Els periodes de laténcia de les malalties croniques sén molt
llargs, solen durar anys, i és dificil mantenir els estudis durant tant de temps. Abans de
considerar que una relacié és causal cal considerar tres explicacions alternatives: 'efecte dels
factors de confusi6, el biaix (d’observacié i de selecci6) i la casualitat 126:128],

Un cop controlades les explicacions alternatives que desestimarien una relacié causal hi ha
altres criteris per concloure aquesta relacié. Una forca d’associacié gran minimitza 'impacte
de factors de confusié no controlats, ja sigui per desconeixement o per la impossibilitat de
controlar-los. La consistencia de resultats entre estudis fets per diferents investigadors i tipus
de poblacions també recolza la teoria d’una relacié causa-efecte. Per ltim, hi hauria d’haver
un mecanisme o una credibilitat biologica que expliqués els resultats i, si és possible, una
relacié dosi-resposta126:128],

3.4. Analisi de supervivencia

En els analisis de supervivencia, la variable d’interés no és quantitativa ni qualitativa sind
temporal. Combinen dos elements, un de dicotomic (aparicié o no d’un esdeveniment), i un de
quantitatiu (quan de temps transcorre fins a 1’esdeveniment). El desenllag no necessariament
ha de ser la mort de I'individu pero només es pot produir una vegada i impliquen ’existencia
d’informacié truncada o censurada, amb temps d’observacié incomplets124:129].

El metode de Kaplan-Meier és la forma més comuna d’estimar la distribucié de la super-
vivencia. Es un metode no parametric mitjancant el qual es pot calcular la proporcié de
supervivencia i el temps de supervivencia. Se sol representar graficament, amb el temps a
I’eix d’abscisses i el percentatge de supervivencia al d’ordenades. Per comparar dues o més
corbes de supervivencia s’utilitza el test del Log-rank, que té en compte les diferencies de su-
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pervivencia entre grups en tots els punts del temps que dura el seguiment. De forma similar,

el metode de Nelson-Aalen genera una funcié dels hazard rates acumulats124129],

4. L’estudi PREDIMED

L’estudi PREDIMED (PREvencién amb DIeta MEDiterrania, ISRCTN35739639) ha estat
un assaig d’intervencié prospectiu, aleatoritzat, multicentric i controlat. El seu objectiu
va ser determinar els efectes beneficiosos de la dieta mediterrania en la prevencié primaria
de malalties cardiovasculars['30131 I’assaig va tenir una durada de 9 anys, els primers
voluntaris es van reclutar 'any 2004 i va ser finangat per I'Instituto de Salud Carlos IIT

(G03/140).

Per a I'estudi es van reclutar pacients a través de centres d’atencié primaria de 8 comunitats
autonomes i se’ls va assignar de forma aleatoria un dels tres grups d’intervencié nutricional:

a) Dieta Mediterrania complementada amb oli d’oliva verge extra (DMOO)
b) Dieta Mediterrania complementada amb fruits secs (DMF'S)

¢) Grup control: dieta baixa en greixos (DBG) segons les recomanacions de la American
Heart Association, AHA [132].

A continuacié es resumeixen els criteris d’inclusié que es van escollir['31. Finalment, 7447
participants complien amb els criteris i van participar en ’estudi.

e Edat: 55-80 anys (homes) i 60-80 anys (dones).
e Lliures de malalties cardiovasculars.

¢ Diagnosticats de Diabetis Mellitus tipus 2 o que compleixin tres o més dels factors
de risc segiients:
o Fumadors (>1 cigarreta/dia durant I'altim mes)
o Hipertensi6 arterial (PAS>140 mm Hg i/o PAD>90 mm Hg, o medicacié antihi-
pertensiva)

o Hipercolesterolemia (Colesterol LDL>160 mg/dL, colesterol HDL<40 mg/dL en
homes o <50 mg/dL en dones, o medicacié pel colesterol)

o Sobrepes o obesitat (IMC>25 kg/m?)
o Historia familiar de cardiopatia isquémica precoc.

e Tenir capacitat i voluntat de canviar d’habits alimentaris™33.

e No patir cap malaltia greu que impedeixi la participacié en un estudi d’intervencié
dietetica.

e No tenir o haver tingut alcoholisme o drogoaddiccié.

Un cop firmat el consentiment informat, als voluntaris se’ls agafaven dades mediques, com
la PA (per triplicat) i antropometriques, com l'altura, el pes i el perimetre de cintura, i se’ls
feia omplir el segiients qiiestionaris:
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a) Qiiestionari d’inclusié.

b) Qiiestionari general: dades demografiques i sociologiques.

¢) Qiiestionari de seguiment

e) Qiiestionari d’adheréncia a la DM 134

)
)
)
d) Qiiestionari de freqiiéncia de consum alimentarj 134:135]
)
) [136]

f) Qiiestionari d’activitat fisica

A més, s’han fet diferents determinacions bioquimiques a partir de mostres biologiques (sang,
orina i ungles), se’ls va mesurar la PA i se’ls va realitzar un electrocardiograma. Els pacients
es visitaven un cop ’any i es repetien els qiiestionaris i la presa de mostres biologiques.

Els participants van rebre assessorament personalitzat sobre dieta mediterrania o dieta baixa
en greixos i cada tres mesos, assistien a unes xerrades sobre alimentacié per a aconseguir
canvis en els seus habits alimentaris. En aquestes sessions, els del grup de DMOO rebien
oli d’oliva verge extra (1L per setmana), als de DMFS se’ls proporcionaven bosses amb 30
g de fruits secs per dia (50% nous, 25% ametlles, 25% avellanes), i als del grup control se’ls
premiava amb altres tipus de regals (vaixella, davantal, etc.). A més, rebien informacié per
escrit sobre aliments, receptes i ajudes per a fer la llista de la compra139],

Després d’una mitjana de 4.8 anys de seguiment, i un any i mig abans que finalitzés el
periode de seguiment, un comite cientific extern encarregat d’avaluar el projecte va advertir
que les diferéncies entre els grups mediterranis i el grup que seguia la dieta baixa en greix
eren prou significatives com per aturar 'estudi. Els resultats revelaren que ambdods grups
de dieta mediterania, suplementada amb oli d’oliva verge extra o amb fruits secs, tenien una
incidencia 30% menor de malalties cardiovasculars que el grup control (dieta baixa en greix).
En concret, el grup de DMOQO, en el qual es van registrar 96 esdeveniments cardiovasculars,
el valor de HR ajustat va ser de 0.70 (IC 95%=0.54-0.92) i en el grup de DMFS, amb 83
casos, va ser lleugerament superior (HR=0.72, IC 95%=0.54-0.96). Amb aquests resultats,
es comunica als voluntaris del grup control que havien de modificar la dieta per ajustar-la a
un patré més mediterrani, incloent oli d’oliva i fruits secs137).

Dins P'estudi PREDIMED, s’han fet nombrosos sub-estudis que demostraren, per exemple,
que la DMOO i la DMFS reduien el colesterol LDL, la glucosa, la PA i els biomarcadors
d’inflamacié després de només 3 mesos d’intervenci6 39138 També es va fer un subestudi
amb 1224 participants comparant els dos grups de DM amb el control després d’un any per
demostrar que la DM revertia la sindrome metabolica de forma significativa (OR=1,3 per
la DMOO i OR=1,7 per la DMFS, en comparacié amb el control) [139]  Altres articles s’han
focalitzat en els beneficis de la DM sobre la obesitat 149141 ¢] deteriorament cognitiu#2 o
la diabetis tipus 2143 entre d’altres.

Per tant, aquests resultats apunten que s’hauria d’incloure el patré6 de DM complementada
amb fruits secs i oli d’oliva verge a les recomanacions nutricionals, especialment les dirigides
a persones grans amb risc elevat de malaltia cardiovascular.
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I11. Introduction
1. Polyphenols

1.1. Structure and classification

Polyphenols are naturally occurring compounds mainly found in fruits, vegetables, cereals
and beverages, since they are secondary metabolites of plants. This group of compounds,
hundreds of which have been described, is the main source of antioxidants in our diet. Their
structure consists of at least one aromatic ring carrying one or more hydroxyl moiety 4.

Polyphenols are classified according to the number of phenol rings they bear and the structures
that bind these rings. One generally accepted classification divides polyphenols into two
groups: flavonoids and nonflavonoids. The former, shown in Table 1.1, have a C6-C3-C6
structure and comprise the following polyphenol subgroups: flavones, flavonols, flavan-3-ols
or flavanols (and their polymeric forms, proanthocyanidins), flavanones, anthocyanidins, and
isoflavones, and in smaller amounts, chalcones, dihydrochalcones, dihydroflavonols, flavan-
3,4-diols, coumarins and aurones. The nonflavonoid group, whose structures are depicted in
Table 1.2, is classified according to the number of carbons they possess, and include phenolic
acids, stilbenes, lignans and other polyphenols such as simple phenols (4.

1.2. Distribution and analysis of polyphenols in food

It is essential to have reliable information about the phenolic content in foods in order to
estimate polyphenol intake accurately. Food matrices can be highly complex and influence
the analysis and bioavailability of their components. In general, there are two key aspects
to take into account: physical/structural and biological. Indeed, it is expected that the
phenolic content of the skin of a given fruit will not be the same as that of the pulp or seeds.
Maturity, climate, or manipulation will also influence the concentration of polyphenols(©-8l.
Plants synthesize polyphenols as a mechanism of defense against external agents. Given the
scarce or null use of pesticides in organic agriculture, it produces fruit and vegetables with a
higher polyphenol content than traditional agriculture [91.

Flavonols, one of the flavonoid subgroups, are the most abundant polyphenols in food. They
are found in cocoa, tea, wine, berries, onions, asparagus, and in most of the spices, among
other sources. Flavones like apigenin and luteolin are mainly found in artichokes, pepper,
celery, grapes or oranges. Flavanones are typical polyphenols of citrus fruits, whereas isofla-
vones are found in legumes such as soy and its products. Peaches, berries, apples and black
grapes are rich in flavanols or flavan-3-ols, procyanidins (also called condensed tannins) and
anthocyanidins!6).

Although flavonoids have traditionally been the most broadly studied group, nonflavonoids
also contribute significantly to our polyphenol dietary intake and can be responsible for the
nutritional characteristics of food[!%. This is the case of olive oil, which contains several
simple phenols such as hydroxytyrosol and tyrosol]. The phenolic acids, including hy-
droxycinnamic acids and hydroxybenzoic acids, are mainly found in berries, olives, walnuts,
and tea. Stilbenes and lignans, albeit in low concentrations, are characteristic of red wine

41
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FLAVONOIDS

Anthocyanidins

Chemical structure

HO 0%

Examples

Delphinidin
Cyanidin
Malvidin

Example of food
source

Flavan-3-ols or
flavanols

Epicatechin
Catechin
Epigallocatechin

Flavanones

Hesperitin
Naringenin
Eriodictyol

Flavones

Luteolin
Apigenin
Tangeretin

Flavonols

Quercetin
Kaempferol
Myricetin

Isoflavonoids

Genistein
Daidzein
Glycitein




III. Introduction

43

Proanthocyanidins

Polymers of
flavanols

Table 1.1. Characteristics, classification and examples of flavonoids.

Group

Lignans

NONFLAVONOIDS

Chemical structure

Examples

Lariciresinol
Pinoresinol
Sesamin

Example of food
source

Phenolic acids

Gallic acid
Caffeic acid
Vanillic acid

Stilbenes

Resveratrol
Pallidol
Piceatannol

Others

Tyrosol
Oleuropein
Xanthotoxin
Ferulaldehyde
Eugenol
Curcumin

Table 1.2. Characteristics, classification and examples of nonflavonoids.
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and cereals, respectively. The most known and studied stilbene is trans-resveratrol, which is
reported to have multiple health effects!*2:13,

When analyzing polyphenol content in food, it is important to remember they are sensiti-
ve to UV light and temperature. Polyphenols are exposed to the external environment by
the peeling, cutting and grinding usually required for food analysis and are transformed by
the resulting enzymatic browning reactions. Low temperatures, organic solvents, lyophili-
zation and working under UV-free light conditions are extensively used methods to prevent
the oxidation of polyphenolic compounds. Moreover, polyphenols also commonly undergo
isomerization and hydrolysis during food analysis 4.

The extraction step aims to extract the maximum number of compounds while avoiding
degradation. Not only should the complexity of the food matrix be born in mind, but also
possible interferences, the variable solubility of phenolic compounds, temperature, extraction
time, etc. When it comes to the analysis, one of the main difficulties lies in the varying
concentration levels, ranging from traces to milligrams. To separate polyphenols, the most
frequent method is liquid chromatography (HPLC and UHPLC), although in some cases gas
chromatography and capillary electrophoresis can also be used ).

The most common technique for identification and quantification is mass spectrometry, due
to its versatility in allowing numerous combinations of ionization sources (e.g. electros-
pray ionization, chemical ionization, fast atom bombardment, matrix-assisted laser desorp-
tion/ionization) and detectors (e.g. triple quadrupole, time of flight detector, cyclotonic
resonance, diode-array). When the main objective is not a detailed phenolic profile but the
quantification of total polyphenols or those of a given group, the election method should be
spectrophotometric. The Folin-Ciocalteu (F-C) method has been extensively used to deter-
mine total polyphenol content. Other more specific reactives have been used to determine
proanthocyanidins, hydrolyzable tannins, anthocyanidins, and flavan-3-ols [5:15:16],

Therefore, we can conclude that analysis of polyphenols in food is a highly complex process
that requires multiple factors to be considered and varies according to the food and the
studied polyphenol.

1.3. The Phenol-explorer database

Traditionally, the USDA (United States Department of Agriculture) Flavonoid Database has
been the reference database for polyphenol content in foods. However, this database does not
include nonflavonoids, which, as mentioned above, are qualitatively rather than quantitatively
relevant.

In August 2009, the Phenol-explorer database (www.phenol-explorer.eu) was launched. It
was a project led by the National Institute of Agricultural Research (Institut Nacional de
la recherche agronomique, INRA), in France, and provides data on more than 500 different
polyphenols in more than 400 foods. Values were extracted from over 1300 original papers.
In 2011, the 2.0 version was released, with information about phenolic metabolites. The
most recent Phenol-explorer 3.0 includes information about the effect of food processing and
cooking 17,

1.4. Organoleptic characteristics of polyphenols

Polyphenols are partly responsible for some organoleptic characteristics of several plant-origin
foods (Figure 1.1). For example, the bitterness of grapefruit and olives is caused by narin-
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Figure 1.1. Examples of polyphenols that confer bitterness.

gine and oleuropein, respectively. Condensed tannins or proanthocyanidins and hydrolyzable
tannins confer astringency, especially to the seeds and skin of fruits such as grapes and their
product, wine. Moreover, eugenol is responsible for the banana flavor 1819, Other polyp-
henols are responsible for fruit and vegetable colors: anthocyanins are red, purple and blue
(plums, red cabbage, red wine, radishes, etc.), while flavonols are yellowish (white wine,
apples, tea, etc.). Sometimes, major polyphenols like hydroxycinnamic acids have no direct
impact on the organoleptic characteristics of food but have a negative effect when they oxidize
since they produce brown polymers!?).

1.5. Polyphenols and health

1.5.1. Bioavailability of polyphenol compounds

Generally, bioavailability is the proportion in which an ingredient is absorbed and becomes
available at the site of action. This includes the release and digestion in the digestive sys-
tem, transport across the intestinal membrane into the bloodstream, distribution to different
tissues, metabolism of compounds and, finally, elimination [8]

The wide variety of existing polyphenols is matched by their variable bioavailability. The
most abundant dietary polyphenols are not necessarily the most bioavailable, while on the
contrary, some polyphenols consumed in trace levels can have a high biological activity 2.
Absorption of polyphenols depends on fat intake, the food matrix, dose, and intestinal tran-
sit[Bl. For example, gallic acid, isoflavones, catechins, flavonols, flavanones and quercetin
glycosides are the most easily absorbed polyphenols, while proanthocyanidins, gallocatechi-
nes and anthocyanins are less absorbed 3201,

In some cases, the organism needs to metabolize polyphenols in order to improve their ab-
sorbtion, while aglycones and anthocyanins do not need to be metabolized and are directly
absorbed in the stomach and small intestine. In contrast, esters, glycosides and polymers
need to be hydrolyzed by intestinal enzymes or by colonic microbiota before being absorbed.
During the absorption process, polyphenols are conjugated mainly by methylation reactions,
sulfation and/or glucuronidation in the enterocytes of the small intestine and liver [4.21]  These
conjugations vary depending on the nature of the substrate and dose. The polyphenol me-
tabolites then travel through the bloodstream attached to carriers such as albumin. Plasma
concentrations of polyphenols range from 0 to 4 mol/L with an intake of 50 mg aglycone equi-
valents. Regarding kinetics, maximum plasma concentration (Cpax) is reached after 1.5-5.5
hours, depending on the site of absorption ®:29.

Polyphenol excretion can occur in two different ways, depending on the molecular weight.
The heavier compounds, which are also the most conjugated, are usually eliminated by the
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biliary tract, while polyphenols with lower molecular weights have a higher probability of
being excreted through the urine via the kidney (29,

Besides the different polyphenol structures, there are other factors that affect bioavailability
and pharmacokinetics. Firstly, since polyphenols are consumed as food they are linked to
macronutrients (proteins, carbohydrates and lipids) and micronutrients that affect their ab-
sorption. The sex and age of the consumer also affects the absorption process?, as does
food processing. The cooking method affects the polyphenol absorption in contrasting ways.
On the one hand, heat helps to break down the food matrix and release compounds, thus in-
creasing their bioavailability, but on the other hand, high temperatures degrade antioxidants.
In some cases, the compounds pass from one medium to another, for example, from food to
water when boiling or from oil to food when frying!23].

1.5.2. Beneficial effects of polyphenol intake

Polyphenols are the main source of antioxidants in our diet. Their ability to capture free
radicals makes them good candidates for the prevention of diseases associated with oxidative
stress. Numerous clinical and epidemiological studies have shown that polyphenol consump-
tion may protect against cardiovascular disease, neurodegenerative diseases, some cancers,
insulin resistance, and obesity, among others.

a) Ozidative stress and ageing

Normal physiological processes such as respiration and metabolic reactions that take place
in our body produce reactive oxygen species (ROS). Hydrogen peroxide (H202), superoxide
(03) and hydroxyl radical (OHe™) are examples of ROS?4. As defence mechanisms, our
body has endogenous antioxidants, such as superoxide dismutase, catalase or the glutathione
reductase, to eliminate the ROS that are continuously being produced. These and other non-
enzymatic mechanisms act by preventing the formation of ROS, reducing them, repairing
oxidative damage by eliminating the molecules involved and preventing mutations. Stress,
pollution and ageing break the balance between ROS production and elimination, resulting
in what is known as oxidative stress[2®!,

ROS are free radicals and oxidizing molecules that can
bind to DNA, lipids and proteins, altering their stabi-
HO —Me lity and leading to various diseases, such as diabetes,
A Alzheimer’s, Parkinson’s, cancer, CV related diseases
and respiratory diseases.

Polyphenols play an important role in reducing oxi-
~0H dative stress through their antioxidant capacity. The
structures of these compounds, bearing very stable
phenolic rings, allow the hydroxyl groups to easily lo-
se a proton and therefore oxidize. The antioxidant
activity of polyphenols depends on the number of hy-
droxyl groups and their relative position, the ortho
position being the most favorable. The combination
of the ketone with the double bond also facilitates the
formation of resonant forms and therefore promotes the loss of electrons. Finally, polyphenols
also have different areas that allow chelation with metals, such as hydroxyl groups in ortho
or ketones with adjacent hydroxyl groups (Figure 1.2).

Figure 1.2. Favorable position for me-
tal chelation.

Polyphenols proposed to delay ageing include epigallocatechin gallate, chercetin, or resvera-
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trol?®, These and other similar polyphenols, as well as their main food sources, are summa-
rized in Table 1.3.

b) Cardiovascular diseases

CV diseases are responsible for over 16 million deaths worldwide, representing 30% of all
deaths. In developed countries, heart disease is the leading cause of morbidity and mortality,
which has alerted the public health agencies. These diseases include coronary heart diseases,
hypertension, myocardial infarction and stroke!25:26],

Some risk factors, such as age, sex and genetic predisposition, are not modifiable, but others
depend on lifestyle and are also strongly related to each other (Figure 3). Thus, leading a
quiet life, sleeping adequately, doing physical exercise, not smoking and eating a balanced
diet help to maintain a healthy weight and reduce the risk of hypertension, dyslipidemia, and
diabetes, which, in turn, are also CV risk factors27. Nowadays, it is known that preventing
or treating these risk factors is much more effective than treating the CV disease itself.
Therefore, it is necessary to focus more efforts on prevention.

A large number of epidemiological studies have associated the consumption of polyphenols
with a decreased risk of CV or coronary heart disease. In a meta-analysis of the relation of
tea with these diseases, the authors concluded that consumption of tea had a cardioprotec-
tive effect[28]. A literature review on moderate wine consumption showed similar results29.
More recently, a meta-analysis of randomized intervention studies related flavan-3-ols with a
reduction in biomarkers of cardiovascular risk 3%,

Other studies have focused on the use of one or more groups of polyphenols: two prospective
studies associated intake of anthocyanins and flavanones with a lower risk of CV disease and
total mortality 3132, Hertog and colleagues found a low but positive association between the
consumption of flavonols and all-cause mortality but found no significant association with
heart disease or cancer 33,

The protective effect of polyphenols may be explained by the improvements they confer on
various risk factors. Thus, clinical studies, using animal models and humans, have shown that
polyphenols improve endothelial function by improving parameters such as LDL (low-density
lipoproteins) cholesterol, platelet aggregation, invasion and proliferation of smooth muscle

cells in the arterial wall, nitric oxide (NO) and some markers of inflammation [*4.

Endothelial disfunction

The endothelium is the innermost layer of the blood vessel walls. Endothelial cells, in res-
ponse to various stimuli, release vasodilator factors, vasoconstrictor substances, growth factor
promoters or inhibitors, modulators of inflammation and hemostatic and thrombolytic fac-
tors. These factors are responsible for maintaining vascular tone, controling the growth of
vascular smooth muscle and modulate coagulation, fibrinolysis and adhesion of blood cells to
the endothelial wall.

Endothelial dysfunction occurs when the balance is disrupted and the homeostatic functions
of the endothelium are altered. Endothelial dysfunction is the first step in the progress of
atherosclerosis and, therefore, the development of cardiovascular disease.

Nitric oxide (NO), for example, is a vasodilator and reduces blood pressure (BP). Oxidative
stress reduces the bioavailability of NO radicals and therefore promotes the inflammation
process. One hypothesis is that polyphenol-rich foods decrease blood pressure by activation
of NO synthase. In vitro experiments with isolated arteries showed that polyphenols increased
endothelial NO formation and caused NO-mediated endothelium-dependent relaxations 9.
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Poyphenol

Epigallocatechin gallate

Structure

OH

Sources

Green tea

Onion, apple, broccoli, tea,

Quercetin
cappers, cocoa, plums
I
)
Resveratrol Q 3 Q Red wine, grapes, berries
e
2
kA o H
. I‘ o 7 .
Curcumin @ 7 Curcumin
£Y 6"1:;
. &
Hydroxytyrosol D/\_, Olive oil and olives
\?'Q
. = . . .
Oleuropein ! Olive oil and olives

Table 1.3. Polyphenols related with oxidative stress

and ageing prevention.
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diseases
Family history Hypertenzion
Gender
Dyslipidemia Diabetes

Figure 1.3. Cardiovascular risk factors. In orange, non-modifiable risk factors. In green, modifiable
risk factors.

Atherosclerosis

Atherosclerosis is a chronic inflammation of large artery walls as a result of endothelial dys-
function. Diabetes, hypertension, smoking, high LDL cholesterol levels or low HDL (High
Density Lipoprotein) cholesterol levels are risk factors for atherosclerosis.

LDL cholesterol is crucial in the process of formation of atherosclerotic plaque (Figure 1.4).
Low density lipoproteins accumulate in the vascular endothelium and cross the endothelial
cells. This process is facilitated when blood pressure is high. Once LDL molecules have
crossed endothelial cells, they oxidize and cause inflammation, alerting the immune system,
which responds by sending monocytes. These enter inside the intima through adhesion mo-
lecules such as ICAM-1 (Inter-Cellular soluble adhesion molecule-1) and VCAM-1 (Vascular
Cell adhesion molecule-1) and are transformed into macrophages, which absorb LDL mole-
cules, becoming foam cells trapped within the intima. Macrophages, together with T cells,
stimulate the proliferation of smooth muscle cells that form a fibrous plaque with foam cells.
The atherosclerotic plaque causes a decrease of arterial lumen and blood flow. Advanced at-
heroma can become detached, forming clots (thrombosis) that travel through the circulatory
system until they become stuck, causing, for example, a heart attack or stroke36:37),

Hypertension

Hypertension is a public health issue that affects more than 1 billion people worldwide,
causing 7.6 million deaths annually[®®. In Spain, it is estimated that 30-45% of the adult
population is hypertensive, which means that there are about 8 million individuals with
this condition. A person is considered hypertensive if they permanently have systolic blood
pressure (SBP) greater than 140 mm Hg and/or diastolic blood pressure (DBP) greater than
90 mm Hg. Although the diagnosis of hypertension is simple, a lot of people are unaware
they are hypertensive and, therefore, they are not medicated or controlled.



50 1. Polyphenols

.
= : ®

. B ENDOTHEUIAL CELLS -
g —— -G 3 - I A b i -

_——5

Lumen

FIBROUS PLAQUE

- ;
s ’ L ] Y \ I[ ‘ f &
' e "
’ \1 TCEiS s FOAM_’IT‘-.FJ.LS

A/ LA _) / SMOOTH dJ ’ IS

MUSCLE CELLS
EXTRACELLULAR
MATRIX MATERIAL

Figure 1.4. Atherosclerotic plaque development

Hypertension itself is a major risk factor for circulatory diseases, especially heart disease,
cerebrovascular disease and heart failure. But hypertension is also related to other risk
factors such as obesity, lack of physical exercise, a poor diet and high alcohol consumption.

Observational and intervention studies have shown that consumption of polyphenol-rich fo-
ods is associated with a decrease in BP. For example, in a double-blind crossover interven-
tion study conducted with hypertensive patients, it was concluded that a daily consump-
tion of 100g of dark chocolate rich in flavonoids significantly decreased BP and increased
endothelium-dependent flow mediated dilation (FMD), whereas no improvement was obser-
ved with white chocolate (without flavonoids) 39,

Table 1.4 summarizes the results of several publications on the effect of polyphenols in BP

obtained from human intervention studies[40-61

c¢) Cancer

Anticancerogenic effects of polyphenols have been extensively demonstrated in animal models.
The administration of polyphenols to rats or mice with tumors or under the effect of carci-
nogens protects against cancer and often reduces the number of tumors or their growth 62,

However, to attribute this effect to the antioxidant properties of polyphenols is a simplification
and several explanatory mechanisms have been proposed. First, polyphenols may act by
blocking the initial stages of the disease by modulating the expression of cytochrome P-450
enzymes involved in the activation of carcinogens and limiting the formation of initiated cells
by stimulating DNA repair. Moreover, polyphenols slow or stop tumor growth by inhibiting
the expression of genes involved in tumor proliferation or inducing apoptosis of malignant
cells. Finally, it is also thought they can inhibit angiogenesis and limit tumor invasion. Thus,
polyphenols act at initiation, promotion and progression stages [34,63]

The main issues raised in the research on cancer and polyphenols concern the translation from
studies on animals to humans, and the dose of polyphenols administered, which is always
much higher than the usual dose ingested through the diet. In some cases, opposite effects
have been observed depending on the dose. For example, caffeic acid in high doses (0.5-2%
of diet) induced hyperplasia and tumors in the stomach and kidneys of rats and mice, while
lower doses (0.05-0.15%) had anticarcinogenic properties 64 Therefore, conclusions should
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55 Crossover, 24 (men) Healthy and overweight 50-65 Orange juice or Hesperidin 500 mL 28 days DBP J(in both
randomized and hesperidin-enriched (292 mg) intervention
controlled drink groups)

56 Crossover, 24 (men) With metabolic 30-70 Grape extract Flavanols, 46 g/day 30 days SBP S
randomized and syndrome (capsules) anthocyanins FMD T
controlled NO L

57 Parallel, 97(38m,69w) Overweight 19-55 Algae extract (Ecklonia  Fluorotannins Cans (246 mL and 12 weeks SBP - (with the
randomized and cava) 72 mg extract) highest dose)
controlled

58 Crossover, 10 (men) Healthy 43-50 Wine, dealcoholized Flavanols, 272 mLwine 20 days DBP J(with wine)
randomized and wine and gin anthocyanins (733-798 mg SBP  (with both
controlled EAG/day) or 100 wines)

mL gin

58 Crossover, 51(16m, 35w) Healthy 30-50 Pomegranate juice Hydrolizable tannins, 330 mL/d 4 weeks SBP J-(-3.14 mmHg)
randomized and anthocyanins DBP J-(-2.33 mmHg)
controlled BP J-(-2.60 mmHg)

50 Crossover, 67 (men) High cardiovascular risk 55-75 Wine, dealcoholized Flavanols, 272 mLwine 4 weeks SBP and DBP e
randomized and wine and gin anthocyanins (733-798 mg Plasma NO ™
controlled EAG/day) or 100 (with

mLgin dealcoholized
wine)

61 Parallel, 84 (31m, 53w) Healthy or mild 35-75 Black tea Catechins 3 cups/day (429 4 weeks SBP and DBP L
randomized and hypertensives mg) HR S
controlled

62 Crossover, 49 (men) Healthy 48-68 Quercetin Quercetin Capsules 8 weeks SBP S
randomized and (150 mg/day) postprandial
controlled

63 Parallel, 70 (38m, 32w) Hypertensives (stage 1or  35-75 Grape seed extract Catechin, Capsules 8 weeks SBP and DBP J (not
randomized and less) proanthocyanidin (300 mg/day) statistically
controlled. dimers significant)

64 Pilot study 6 (4m, 2w) Healthy 34-68 Boysenberry juice Proanthocyanidin 180 mL/day 4 weeks FMD T™

dimers, epicatechin (351 mg) SBP +

SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; ACE serum, Angiotensin Conwverter Enzyme; HR: heart rate; AGE: ga
* Table is organized chronologically.

T m: men, w: women
1 Only the top two polyphenols with the highest concentration are listed
¥ Mincrease; ||, decrease; €3 no change; unless otherwise stated, % refers to changes from baseline when test substance is given.

acid equivalents; FMD: flow-mediated

Table 1.4. Effect of polyphenols on blood pressure: human intervention studies (continued)
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be extracted from human clinical studies with real doses or from epidemiological studies.

Despite the small number of clinical and epidemiological studies compared with in wvitro
or animal studies, there is enough scientific evidence to describe epigallocatechin gallate
(EGCQG), a flavonoid found in tea, as a chemopreventive agent. Consumption of green tea
has been linked to a lower risk of breast cancer [6°! [67]

, mouth cancer[63:96] and prostate cancer ).
However, results for black tea or colon and bladder cancers are inconclusive 656869

Studies in vitro and in vivo and with humans indicate that grape polyphenols, berries, olive

oil and cocoa also have anticarcinogenic properties [66:70-72],

d) Neurodegenerative diseases

Due to population ageing, the prevalence of neurodegenerative diseases, which are closely
linked to age, has increased. Dementia is a clinical syndrome characterized by memory loss,
behavioral changes and other effects that impede or hinder daily tasks. Nowadays, over
25 million people worldwide have some type of dementia, 75% of whom suffer from Alzhei-
mer’s disease. In Europe, 6.4% of the population over 65 suffers from a neurodegenerative
disease!™]. Some dementias are a side effect of ischemic diseases like stroke. Over time,
neurodegenerative diseases involve memory impairment or motor loss resulting in different
degrees of dependency.

The brain is an organ with a high consumption of oxygen and free radicals are products of
its normal metabolism. There is sufficient scientific evidence to link the production of free
radicals with the induction of necrosis, inflammation and the pathogenesis of neurodegenera-
tive diseases(™ 7], Thus, due to the close relationship between these diseases and oxidative
stress, it is believed that antioxidants can help to prevent them®4. Numerous studies ha-
ve focused on the effects of vitamin C, vitamin E and S-carotene, but polyphenols remain
under-explored in this respect 76,

Many studies on polyphenols and neurodegenerative diseases have been carried out with ani-
mal models, particularly mice and rats, but neuronal cells have also been used in experiments
in vitro. For example, the administration of a combination of polyphenols from grapes re-
duced B-amyloid peptides in mice [77]. These peptides are involved in the pathogenesis of
Alzheimer’s disease. The use of isolated polyphenols like resveratrol, proanthocyanidins, epi-
catechin, catechin and ferulic acid gave similar results[82 as well as polyphenols from
strawberries, spinach, blueberries or cranberries, tea, red pepper and garlic!70.

Other studies have also demonstrated the effect of polyphenols on neurodegenerative dise-
ases in humans. Polyphenols from red wine and grapes have beneficial effects, improving
memory in old people with mild cognitive problems!®3. Other studies with the same polyp-
henols demonstrated that they interfered in the generation and aggregation of B-amyloid
peptides 84861 Nurk and colleagues examined the effect of red wine, chocolate and tea con-
sumption (separately or together) in a cross-sectional study conducted in 2,000 elderly people
aged between 70 and 74 years. Those who consumed these foods showed the best results in
different cognitive tests in a dose-dependent manneri®”. Flavonoid intake was also associa-
ted with better cognitive ability at the beginning and a better evolution in a cohort of 1,640

people over 65 who were followed for 10 years®8l.

The association of the polyphenol antioxidant effect with an improvement in symptoms of
neurodegenerative diseases has been well demonstrated in in vitro models. However, it seems
that this is not the only mechanism of action and, moreover, it is unclear whether polyphenols
directly interact with neural systems or act indirectly, because it is unknown if all polyphenols
are able to reach the brain!7. Only one Japanese research group and, more recently, a
group from the University of Barcelona have shown that some polyphenols are able to cross
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the blood-brain barrier in animal models. For example, after intake of a tea extract and
gallocatechin gallate, some polyphenols and their metabolites were found in different organs
of the mouse, including the brain[®. Moreover, a cranberry supplement improved the results
obtained by rats in the Morris water maze test. In this study, anthocyanin metabolites
were identified in the following parts of the brain: cerebellum, cortex, hippocampus and
striatum 9.

However, more epidemiological studies and especially clinical trials are needed to clarify
the extent to which polyphenols can slow the progression of neurodegenerative diseases and
through what mechanisms.

e) Metabolic syndrome, obesity and diabetes

Metabolic syndrome (MS) is a metabolic disorder that consists of a combination of multiple
cardiovascular risk factors: obesity, hypertension, dyslipidemia and hyperglycemia. There is
no universal criterion for the diagnosis of this disorder, which makes it difficult to know its
true prevalence or to compare between scientific studies. One of the most common criteria
for diagnosis is that proposed by the Adult Treatment Panel III (ATPIII) in 2001, which
considered that an individual had MS when at least 3 of the following were fulfilled: 1) waist
circumference >102 in men and > 88 in women, 2) levels of plasma triglycerides >150 mg /
dL (or medication to treat hypertriglyceridemia), 3) HDL cholesterol <40 mg / dL in men and
<50 mg / dL in women, 4) blood pressure >130/85 mmHg (or medication for hypertension),

and 5) fasting plasma glucose >100 mg / dL (or medication for diabetes) 192,

This syndrome is the result of the interaction of multiple causes, including genetic factors
and environmental factors: lack of physical activity, smoking and dietary habits, especially
saturated fat and simple sugar consumption. If this syndrome is not controlled it can le-
ad to cardiovascular and cerebrovascular accidents and type-2 diabetes. The consumption
of polyphenol-rich foods can prevent MS through their protective effect on chronic inflam-
mation linked to obesity, insulin resistance, dyslipidemia, and hypertension®2. Polyphenols
that have been linked to the treatment and prevention of MS include resveratrol, quercetin,
epigallocatechin-3-gallate’s and curcumin 93],

Cocoa, rich in epicatechin, catechin and proanthocyanidins, is an antioxidant food with anti-
oxidant, antihypertensive, anti-inflammatory, and antiatherogenic activities. It also improves
insulin resistance, endothelial function and levels of NO. These effects, confirmed in multi-
ple literature reviews and meta-analyzes, show that cocoa could help in the treatment and
prevention of MS®4. Similar results were observed with the consumption of green tea, a
widespread drink also rich in catechins®®!, and olive 0il[%6.

Soham et al. conducted a study with 2,618 participants (19-84 years) within the TLGS study
(Tehran Lipid and Glucose Study). Using data from a food frequency questionnaire, intake of
total polyphenols, flavonoids, phenolic acids, lignans and stilbenes was related to the preva-
lence of MS and its components. They concluded that those who consumed more flavonoids
were less likely to suffer from MS and 4 of its 5 components (hypertension was not affected).
In contrast, lignans seem to favor the risk of hyperglycemia and hypertriglyceridemia, and

stilbenes, hypertension (971,

In a controlled, crossover, randomized, double-blind trial, 45 middle-aged participants with a
body mass index (BMI) of 2842 kg/m? took capsules of olive leaf extract (rich in oleuropein
and hydroxytyrosol, among other polyphenols) for 12 weeks. Insulin sensitivity improved by
15% compared with the placebo group. Other results were a 28% improvement in the response
of pancreatic beta cells, an increase in interleukin-6 concentration and an increase in fasting
IGFBP-1 (Insulin-like Growth Factor 1 Binding Protein) and IGFBP-2 concentrations!“8.
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Figure 2.1. Classification of epidemiological studies.

Results from a similar study with women with MS who were administered cranberry juice for
8 weeks showed a significant decrease in LDL cholesterol and a significant increase of plasma
antioxidant capacity 9.

Different mechanisms of action have been proposed to explain the effect of polyphenols on
type-2 diabetes. On one hand, polyphenols may inhibit glucose absorption in the small in-
testine and its reabsorption in the liver. On the other hand, polyphenols exert different
actions on peripheral tissues, including inhibition of gluconeogenesis, adrenergic stimulation
of glucose consumption, or stimulation of insulin release by pancreatic beta cells B4, For
example, polyphenols from cinnamon, resveratrol, isoflavones, and polyphenols from tea, co-
coa and grape seeds improve insulin sensitivity, the hormone that regulates plasmatic glucose
levels100],

Phenolic compounds may also be linked to obesity control. Several in wvitro, animal and
human studies have shown that polyphenols can reduce fat absorption in the intestinal tract,
activate thermogenesis and modulate the hormonal response that regulates food intake and
satiety [to1],

2. Epidemiology

The World Health Organization (WHO) defines epidemiology as a scientific discipline that
studies the distribution, frequency, causes and control of health-related factors and the ap-
plication of these studies to control diseases and other health problems of the population .
Epidemiology is the basic science of preventive medicine and an essential tool for public he-
alth agencies policies. Epidemiological studies help to answer questions such as: can mobile
phones increase the risk of cancer? What is the minimum physical exercise you need to do
to reduce the risk of cardiovascular disease or diabetes? Should we worry about mercury in
the fish we eat?

There are two branches in epidemiology: the descriptive, in which the frequency and dis-
tribution of disease is measured, and the analytical, which seeks, through observation and
experimentation, to measure association (or cause-effect relationships) between exposure and
disease (Figure 2.1). One branch complements the other since descriptive epidemiology is
used to propose hypotheses that analytical epidemiology clarifies (102},

According to the temporal sequence, studies can also be classified as transversal or longitu-
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Figure 2.2. Scheme of different analytical epidemiology studies.

dinal. A study is considered cross-sectional when data is taken at a specific point in time.
As variables are measured simultaneously, cause-effect relationships cannot be established.
Cross-sectional studies are, by definition, descriptive. When there is a time delay betwe-
en the different evaluated variables, the studies are longitudinal. In these cases, we must
take into account temporal directionality, which can go from cause to outcome (cohort and
experimental studies) or from outcome to cause (case-control studies) [193:104],

Ecological or correlational studies are used to compare frequencies of disease among different
population groups within a given period of time or within a population but in different time
periods. When comparing populations we cannot assume that the association will be the
same for individuals. Moreover, confusion with other variables may exist. Another limitation
is that the values used are the average exposure of the population, not real values. Case series
studies, unlike ecological studies, use information about patients individually, with detailed
data on factors related to the disease under study. The main limitation is the absence of a
control group, which impedes knowing the real dimension of the effect 1991,

Cross-sectional descriptive studies measure the prevalence of a disease at a given time. Infor-
mation about exposure and outcome is taken at the same time and for all individuals. These
studies are fast and cheap, but cannot establish any temporal relationship, except for expo-
sures that are invariable over time, such as race, genetic factors, sex, etc. Thus, descriptive
studies are used to describe patterns of disease incidence in relation to personal characteris-
tics, places and time. Information is usually quick and easy to obtain, as it is often part of
routine processes (medical reports, population surveys, etc.). Data obtained from them are
used by public health agencies to locate problems and to focus resources and programs for

prevention and education 193,

Analytical studies can solve the limitations of descriptive studies: they focus on populations
rather than individuals, there is a control group and time sequence and it is also possible
to adjust for confounding variables. There are two types: observational and intervention.
In the former, the exposure is random or due to the environment, and the researcher is
a passive observer. However, in intervention studies, the researcher assigns the exposure
(Figure 2.2) 193],

Observational studies can be cohort or case-control studies. The difference is in the point of
view of the researcher or, in other words, in the data used to select groups. In case-control
studies, individuals are classified according to the presence or absence of a given illness and
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the exposure is investigated. On the contrary, in cohort studies the population is divided
according to whether or not individuals are exposed to the studied factor. In prospective
cohort studies the researcher waits until the disease appears and in retrospective cohort
studies wants to know if the disease already exists or existed in the past. Sometimes the
two situations can happen simultaneously. Cohort studies cannot be used to study rare or
infrequent diseases, and case-control studies are limited to frequent exposures106:107],

In experimental or intervention studies the research team assigns the studied factor, randomly
or not, and controls it according to a set plan. Studies can be controlled or not depending on
whether or not there is a control group for comparison. If there is a control, clinical studies
can be parallel or crossover. If studies are correctly designed, they can prove causality but
these studies are expensive, limited to solving very specific problems, and they pose ethical
problems102:108]

The method of choice depends on the question that needs answering, the time and available
resources. It is important to know the advantages and limitations of each study when inter-
preting the results: can the results be generalized? Can a causal relationship be established?
Is there a plausible biological mechanism to explain the results? Finally, the obtained re-
sults should end with a clear and understandable message for other scientists, public health
agencies or the general population.

2.1. Nutritional epidemiology

The nutritional branch of epidemiology aims to evaluate the effects of diet on the risk of
illness. This knowledge is used by public health agencies in their prevention efforts. To know
the influence of diet on health and to plan intervention programs, it is necessary to accura-
tely determine nutrient or food intakes (Figure 2.3). Diets can be evaluated using dietary
surveys and/or nutritional biomarkers. Both systems have advantages and disadvantages,
summarized in Table 2.1, which should be taken into account when choosing them and
drawing conclusions. If resources are available, the combination of the two methods is the
best solution 109,

2.1.1. Nutrient intake estimation
2.1.1.1. Food questionnaires

There are different methods to obtain information about the dietary habits of a population
(Figure 2.4). They differ in the way information is obtained and the period covered, and
each has its advantages and disadvantages. The choice of a particular method depends on
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the studied population, the food or nutrient of interest, available resources and the design of
the study. In PREDIMED, annual food frequency questionnaires (FFQ) were chosen. They
were collected individually using personal interviews with a dietitian. Complementarily, a
short 14-item questionnaire was designed to assess adhesion to the traditional Mediterranean
Diet (MD). A retrospective FFQ is a method that uses a closed and classified list of food and
drink and asks about the frequency of consumption (never, occasionally, weekly, daily, etc.)
during a given period of time109111],

2.1.1.2. Nutritional btomarkers

A nutritional biomarker is a compound external to the human body, such as food components
or their metabolites. By analyzing them in biological samples (blood, urine, tissues, etc.) it
is possible to estimate the intake of certain foods or compounds. A good biomarker should
have the following characteristics!112:113];

1. Availability of an accurate reproducible, reliable, valid and robust analytical method
to quantify it.

2. Concentrations of the biomarker in biological samples should be sensitive to changes
in the intake of the studied food or compound. Above all, it is essential to distinguish
between consumers and non-consumers.

3. The biomarker should be specific to the studied food. This criterion is the most difficult
to achieve, but it is possible in some cases. For example, tyrosol and hydroxytyrosol
can act as biomarkers of olive oil 114,
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Advantages

Food frequency questionnaires

Cheaper
Fast and easy to use
Ability to classify individuals into

consumption categories

Nutritional biomarkers

Objective

Accurate

Bioavailability and metabolism are
considered

Able to track a nutritional intervention

Disadvantages

Depends on interviewee memory and
reliability.

Bioavailability and metabolism are not
considered

Food composition tables not always
available

Low accuracy in estimating and

Expensive
Biomarkers are not always available

Complex interpretation of the result as it

depends on bioavailability and metabolism.

Interindividual differences
Require extracting, preserving and working

with biological samples.

quantifying food portions
Long time required by the

interviewee.

Table 2.1. Comparison between food frequency questionnaires and nutritional biomarkers.

In PREDIMED nutritional biomarkers were used to verify the correct implementation of the
intervention. Hydroxytyrosol and tyrosol in urine and oleic acid in plasma demonstrated a
correct following of the MD supplemented with extra virgin olive oil. For the MD supplemen-
ted with nuts, a-linolenic acid in plasma was analyzed, as this is characteristic of walnuts.
Moreover, consumption of fruits, vegetables and polyphenol-rich beverages were associated
with a higher excretion of total polyphenols in urine 1],

2.1.2. Quantification of total polyphenols in urine by the Folin-Ciocalteu method

The F-C colorimetric method has been widely used to quantify total polyphenol content in
food samples!'16-118 The first time it was applied to biological samples was to use it as
a biomarker of wine consumption119120] The F-C reagent is a bright yellow solution that
contains a mixture of hexavalent phosphomolybdic/phosphotungstic acid complexes with the
following structures:

3 HQO [ ] P205 e 13 WOg 5 M003 e 10 HQO
3 HQO X P205 e 14 WO3 o4 M003 e 10 HQO

In alkaline medium, electron transfer from the reagent to phenols reduces the complexes
to tungstic and molybdic oxides (WgOs3) i molibde (MogOa2s, respectively), giving a blue
coloration that can be measured at 765 nm and it is proportional to the concentration of
hydroxiles['2!]. Therefore, not all polyphenols will react with the F-C reagent with the same
intensity, which can lead to measurement errors.

The F-C method can be hampered by the presence of several water-soluble substance in
urine, including sugars, sulfure dioxide, aromatic amines, ascorbic and organic acids, Fe(II)
and other non-phenolic but oxidable substances that can be found in urine[!22. Therefore, a
solid phase extraction (SPE) clean-up procedure with cartridges is needed before the analysis
to avoid interferences 19,
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3. Biostatistics

Biostatistics is a branch of applied statistics that uses statistical methods to solve biological
and medical problems. It is divided into two branches: descriptive, to synthesize and present
information; and analytical, to demonstrate associations and relationships between observed
characteristics by contrasting hypotheses and using confidence intervals. Thus, epidemiology
is used to design research plans and optimal strategies for data collection and biostatistics
analyze these data to obtain information. Once the results are obtained, it is necessary to
return to the epidemiology field to interpret them critically, since some statistically significant
results are not necessarily valid if there is no biological plausibility 123:124],

3.1. Correlation and regression

Correlation aims to examine the magnitude and direction of the association between two
quantitative variables. Correlation coefficients give us a measure of the degree of association
and they can be of two types: the Pearson coefficient (r) for parametric data, which estimates
adaptation to a linear model, and the Spearman coefficient (rho) for nonparametric data,
which measures any type of association, linear or not 124,

The Pearson coefficient can take values from -1 to 1, 0 being the null value, which means
that two variables are uncorrelated. When r takes positive values, it means there is a direct
association: an increase of one variable makes the other variable increase. However, if r is
negative, the association is indirect. Values above 0.7 (in the absolute value) represent strong
associations. The Spearman coefficient has to be used when measured variables do not meet
normal criteria or they are not ordinal 124

Unlike regression, correlation does not distinguish between dependent and independent vari-
ables, since there is no cause-effect relationship, so they are interchangeable. In addition, the
correlation coefficient is not influenced by measurement units 124,

Regression describes the relationship between two variables in more detail, so it may have
predictive purposes: to accept a margin of error, we can predict the value of a variable if we
know the value of the other. It is always assumed that there is an independent or predictor

variable, controlled by the researcher, and a dependent variable or response 129,

There are two types of linear regression: simple and multiple. The former analyzes the
relationship between two quantitative variables to determine the extent to which it fits a
straight line. For more accurate estimations, multiple linear regression is used, which has
more than one explanatory variable. Among a set of variables, it provides information about
which have a greater influence on the dependent variable.

A particular case is logistic regression, which is used when the dependent variable is dicho-
tomous (sick/healthy, death/not death, etc.). Measurement of these variables is performed
using odds ratios (OR). Cox regression is the used method when considering the follow-up
time until the phenomenon of interest. It measures rate ratios or hazard ratios (HR). Thus,
OR has a static sense while HR is dynamic. The Cox model calculates a weighted average of
HR from all moments when there is a death or an event. It is like performing several logistic
regressions [124,125]
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3.2. Measures of frequency and association

In epidemiology, measures of frequency are used to describe and compare the magnitude of
an illness or a health condition in different populations. There are two different types of
measures of frequency of morbidity and mortality, those that describe the proportion of cases
at a given point in time (prevalence, P) and those that describe new cases of disease over a
given time period (cumulative incidence, CI), which is a proportion, or incidence (I), which
is a rate126]

p_ Number of cases at a point in time

Total population

TA— Number of new cases during a period of time

Total population at risk

- Number of new cases during a period of time

Total person — time of observation

Measures of association and relative risk (Table 6) are epidemiological indicators that assess
how strongly a disease or an indicator of disease is related to a specific factor thought to be
a cause. Relative risk is a general term to indicate the strength of the association between
an exposure and a disease. It can be calculated differently depending on the study design.
Hence, risk ratio, rate ratio and odds ratio are similar in meaning but they are calculated
differently. Stronger associations are measured using incidence, as there is a temporal cause-
effect relationship27.

Disease risk among exposed
Relative risk = & OXP

Disease risk among non exposed

e No units
e Values from 0 to infinite
e Meaning:
o <1 — the variable is protective

o =0 — no association (null value)
o >1 — the variable is a risk factor

Measures of impact or measures of absolute risk (Table 6) indicate the contribution of a
determined factor to the development of a disease among the individuals who are exposed, as
well as the beneficial effect of the preventive actions. All of them provide similar information

but the way to calculate them depends on the study design (cohorts, case-control studies,
ete.) 127,
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Risk ratio, cumulative

Cohort studies with patients

interpretation

Thiose who are exposed have X times the risk of

OR =

~ odds of exposure among controls

1A ith di —
incidence ratio, or risk ER = — .__..__;J different follow-up developing the outcome than those who are
- 1A, perigd.®
m rate. non-exposed.
L]
= g Incidence rate ratio I Cohort studies with patients Those who are exposed have 3 dizease rate X
M ] IRR = T with different follow-up . )
o e times higher than the non-exposed.
=z period.
0dds ratio odds of exposure among cases ~ Case-control studies Those who are exposed have X times the odds

of having the disease than the non-exposed.

Attributable risk

Cohort studies with patients

The frequency of the disease attributable to the

pericd.*

ARe =4, —[A, with the szame follow-up exposureis .
pericd.®
m m. Etiological fraction i ARe Cohort studies with patients Assuming causality, ¥% of the illness among the
£ m among the exposed EFE = nr_rn == I, with  the same follow-up exposed is caused by the exposure.
M M pericd.*
B = Number needed to treat Cohort studies with patients X patients would need to be treated (or avoid
HNT = % with the same follow-up exposure)inorder to prevent 1 outcome.

*When the follow-up period is not the same for zll the patients, an attributable risk ratio and incidence are used.

Cl: cumulative incidence, |: Incidence rate, &: exposed. o2 non-exposed

Table 3.1. Estimation and interpretation of the main measures of association and impact.
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3.3. Association versus causality

Ideally, a study should evaluate whether causality exists among variables, in other words,
whether an alteration in the exposure modifies the disease risk. However, cause-effect relati-
onships are difficult to demonstrate for several reasons. Chronic diseases have long periods
of latency, usually lasting for years, and it is difficult to maintain studies for so long. Before
considering a causal relationship, it is necessary to consider three alternative explanations:
the effect of confounding, bias (observation and selection) and causality [126:128],

Once all the alternative explanations other than a causal relationship have been discounted,
other criteria can be examined. A strong association minimizes the impact of uncontrolled
confounding (unknown or impossible to control). Consistency of results is obtained but
different researchers and populations also support cause-effect relationships. Lastly, it is
necessary to have a mechanism or biological credibility to explain the results and, if possible,
a dose-response relationship [126:128]

3.4. Survival analyses

In survival analysis, the variable of interest is not quantitative or qualitative but temporal.
It combines two elements: a dichotomous variable (the occurrence of an event or not) and a
quantitative variable (time to event). The outcome is not necessarily the death of the person
but it can only happen once and implies the existence of censored or trunked information,
with incomplete observation times!124129],

The Kaplan-Meier method is the most common way to estimate the survival distribution. It
is a non-parametric method by which the survival ratio and the survival time are calculated.
It is usually plotted with time on the x-axis and the percentage of survival on the y-axis.
To compare two or more survival curves, the log-rank test is used, taking into account the
differences in survival between groups at all follow-up points. Similarly, the Nelson-Aalen
method generates a plot with the cumulative hazard rates124129,

4. The PREDIMED study

The PREDIMED study (PREvencion con DIeta MEDiterrdnea, ISRCTN35739639) has been
a prospective, randomized, multicentric and controlled trial. Its objective was to determine
the health benefits of a traditional Mediterranean diet in the primary prevention of cardi-
ovascular diseases!3%131] The study lasted 9 years, the first volunteers being recruited in
2004, and was funded by the Instituto de Salud Carlos III (G03/140).

Volunteers were recruited through primary health care centers from 8 different Spanish regions
and they were randomized to one of the following nutritional intervention groups:

Per a I'estudi es van reclutar pacients a través de centres d’atencié primaria de 8 comunitats
autonomes i se’ls va assignar de forma aleatoria un dels tres grups d’intervencié nutricional:
a) Mediterranean Diet supplemented with extra virgin olive oil (MD-EVOO)
b) Mediterranean Diet supplemented with nuts (MD-nuts)

c¢) Control group: low-fat diet (LFD) according to the recommendations of the American
Heart Association, AHA 1321,
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[131]

In the box below there is a summary of the inclusion criteria that were chosen Finally,

7447 participants fulfilled the criteria and participated in the study.

e Age: 55-80 years (man) and 60-80 years (women).
e Free of cardiovascular disease.

¢ Diagnosed with Type-2 Diabetes Mellitus or having three or more of the following
CV risk factors:
o Smokers (>1 cigarette/day during the last month)

o Arterial hypertension (SBP>140 mm Hg and/or DBP>90 mm Hg, or an-
tihypertensive medication)

o Hypercholesterolemia (LDL cholesterol >160 mg/dL, HDL cholesterol<40
mg/dL for men or <50 mg/dL for women, or anticholesterolemic medication)

o Overweight or obese (BMI>25 kg/m?)

o Family history of early ischemic cardiopathy
e Ability and willingness to change eating habits.

¢ Not suffering any serious illness that impedes participation in a dietary interven-
tion study.

e Not having or having had alcohol or drug addiction.

Once the informed consent was signed, several personal, anthropometric and health-related
data were taken: BP (triplicate), height, weight, waist circumference, etc. and the partici-
pants were asked to fill out the following questionnaires:

a) Inclusion questionnaire
b) General questionnaire: demographic and sociological data

c¢) Follow-up questionnaire

d) Food frequency questionnaire (FFQ) [134,135]

e) Questionnaire of adherence to MD 134

f) Physical activity questionnaire[!36]

Moreover, biochemical determinations were performed with biological samples (blood, urine
and toenails). BP and electrocardiograms were also performed. Patients were visited once a
year to repeat the questionnaires and take biological samples.

Participants received personal assessment about the MD or low-food diet, depending on their
intervention group. Four times a year, every three months, they assisted group meetings to
talk about nutrition and receive help in changing dietary habits. After these sessions, the
MD-EVOO group received extra virgin olive oil (1L per week for them and their family), the
nuts group received 30 g of nuts per day (50% walnuts, 25% almonds and 25% hazelnuts),
and the control group was presented with other gifts (silverware, aprons, etc.). Moreover,
they were informed about foods, recipes, and shopping lists [130]
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After a median of 4.8 years of follow-up, and one year and a half before the follow-up period
was over, an external scientific committee warned that the differences between MD groups
and the control group were too significant to continue with the study. Results revealed that
both MD groups, supplemented with extra virgin olive oil or nuts, had 30% less incidence of
CV events than the control group (low-fat diet). Specifically, the MD-EVOO group, in which
96 CV events were confirmed, the adjusted HR was 0.70 (IC 95%=0.54-0.92) and the HR of
the MD-nuts group, with 83 confirmed events, was slightly higher (HR=0.72, IC 95%=0.54-
0.96). According to these results, volunteers from the control group were given new advice,
changing their diet to a more Mediterranean pattern and including olive oil and nuts[37.

Within the PREDIMED study, numerous substudies have demonstrated, for example, that
both types of MD, with olive oil or nuts, reduced LDL cholesterol, glucose, BP and biomarkers
of inflammation after only 3 months of intervention 130138 A substudy was also performed
with 1224 participants, comparing both MD groups with the control group after one year to
demonstrate that the MD could significantly revert the metabolic syndrome (OR=1.3 for MD-
EVOO and OR=1.7 for MD-nuts, compared to the control group) (1391 Other research papers
were focused on the beneficial effects of the MD on obesity 140141 cognitive impairment 142
or type-2 diabetes!'#3l among others.

Therefore, these results indicate that a MD pattern supplemented with nuts and olive oil
should be included in nutritional recommendations, especially when addressed to elderly
people at high CV risk.
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I'V. Resultats/Results

1. Publicacions en revistes/Research arti-
cles

En aquesta seccié s’exposen els resultats obtinguts dels treballs experimentals realitzats en
aquesta tesi doctoral. Aquests resultats estan recollits en 5 publicacions en revistes del
Science Citation Index. Abans de cada publicacié hi ha un resum on es detallen els objectius,
la metodologia, els resultats i les conclusions de cada estudi.
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1.1. Publicaciéo 1. Estudi de la ingesta diaria i les principals
fonts de polifenols en una poblacié espanyola d’alt risc car-
diovascular: I'estudi PREDIMED

Article 1. Dietary intake and major food sources of polyphenols in a Spanish
population at high cardiovascular risk: the PREDIMED study

Anna Tresserra-Rimbau, Alexander Medina-Remoén, Jara Pérez-Jiménez, Miguel A. Martinez-
Gonzalez, M. Isabel Covas, Dolores Corella, Jordi Salas-Salvadd, Enrique Gémez-Gracia,
José Lapetra, Fernando Ards, Miquel Fiol, Emilio Ros, Lluis Serra-Majem, Xavier Pintd,
Miguel Angel Munoz, Guillermo T. Saez, Valentina Ruiz-Gutiérrez, Julia Warnberg, Ramén
Estruch, Rosa M. Lamuela-Raventés. Nutrition, Metabolism and Cardiovascular Diseases.
2013, 23(10):953-9.

Resum:

Estudis epidemiologics han demostrat que el consum d’aliments rics en polifenols té un efecte
beneficiés per a la salut i pot protegir contra algunes malalties croniques. L’objectiu d’aquest
estudi va ser estimar de forma molt detallada la ingesta de polifenols per part d’una pobla-
ci6 espanyola d’avangada edat i alt risc CV (estudi PREDIMED), aixi com determinar els
aliments que més van contribuir a aquesta ingesta.

Per a dur-ho a terme, es van utilitzar els QFC basals de 7200 participants de I'estudi PRE-
DIMED i es va calcular la contribucié de cada aliment a la ingesta de polifenols total. El
contingut de polifenols dels aliments es va treure de la base de dades més completa del mo-
ment: la Phenol-explorer database. Fins el moment, el més corrent era utilitzar la base de
dades de flavonoids del USDA, fet que portava a subestimar el contingut de polifenols ja que
no disposava d’informacié sobre acids fenolics, estilbens, lignans i altres grups de polifenols
més minoritaris. En els calculs també es van tenir en compte les receptes, que es van separar
en ingredients, i el guany o la perdua de pes dels aliments durant la coccié. Es va utilitzar el
programari Stata versié 10.1 (Stata Corp., TX, USA), tant per als calculs de les ingestes de
polifenols, com per a les analisis estadistiques.

D’acord amb la base de dades del Phenol-explorer, 93 dels 137 items del QFC d’aliments
contenien un total de 290 tipus diferents de polifenols. La mitjana de la ingesta de polifenols
totals va ser de 820+323 mg/dia. D’aquests, 443+218 mg/dia eren flavonoids, 3044156 eren
acids fenolics, i la resta corresponien a altres grups de polifenols. Les fruites sén el grup
d’aliments que més contribuiren a la ingesta, sobretot les taronges i les pomes. Les begudes
no alcoholiques, principalment el cafe, el grup de les hortalisses i el vi negre aportaren un
23%, un 13% i un 8%, respectivament. Més de la meitat dels acids fenolics els aportava el
cafe, que també és I'aliment que, individualment, contribui més en la ingesta total, seguit per
les taronges, les pomes, les olives i I'oli d’oliva i el vi negre.

Pel que fa als diferents grups de polifenols, el acids hidroxicinnamics van ser els més con-
sumits (33%). El segueixen les flavanones, les proanticianidines, els flavonols, les flavones i
les antocianines. Dels 290 polifenols estudiats, 86 van ser consumits en quantitats majors de
1 mg/dia. De major a menor, els cinc primers foren: acid 5-cafeoilquinic, hesperidina, acid
3-cafeoilquinic, acid 4-cafeoilquinic i la quercetina 3,4’-O-diglucosid.

L’oli d’oliva, el principal greix de la dieta mediterrania té, a més d’acids grassos monoinsa-
turats, un perfil fenolic tnic i caracteristic. Les olives i ’oli d’oliva proveiren, diariament,
21.9410.9 i 68.54+104.0 mg de polifenols totals, respectivament, que representaren un 11%
del total de polifenols. Aquests aliments marcaren la diferencia en el perfil fenolic respecte
d’altres paisos no mediterranis.
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Summary Background and aims: Epidemiological data have shown an inverse association
between the consumption of polyphenol-rich foods and the risk of cardiovascular disease or
overall mortality. A comprehensive estimation of individual polyphenol intake in nutritional
cohorts is needed to gain a better understanding of this association. The aim of this study
was to estimate the quantitative intake of polyphenols and the major dietary sources in the
PREDIMED (PREvencion con Dleta MEDiterranea) cohort using individual food consumption
records.

Methods and results: The PREDIMED study is a large, parallel-group, multicentre, randomised,
controlled 5-year feeding trial aimed at assessing the effects of the Mediterranean diet on the
primary prevention of cardiovascular disease. A total of 7200 participants, aged 55—80 years,
completed a validated 1-year food frequency questionnaire (FFQ) at baseline. Polyphenol
consumption was calculated by matching food consumption data from the FFQ with the
recently developed Phenol-Explorer database on polyphenol content in foods.

The mean total polyphenol intake was 820 =+ 323 mg day ' (443 + 218 mg day " of flavonoids
and 304 + 156 mg day ' of phenolic acids). Hydroxycinnamic acids were the phenolic group
with the highest consumption and 5-caffeoylquinic acid was the most abundantly ingested indi-
vidual polyphenol. The consumption of olives and olive oil was a differentiating factor in the
phenolic profile of this Spanish population compared with other countries.

Conclusion: In Mediterranean countries, such as Spain, the main dietary source of polyphenols
is coffee and fruits, but the most important differentiating factor with respect to other coun-
tries is the consumption of polyphenols from olives and olive oil.

Clinical trial registry: International Standard Randomised Controlled Trial Number (ISRCTN of
London, England) 35739639.

© 2012 Elsevier B.V. All rights reserved.

A high consumption of polyphenols, which are bioactive
compounds present mainly in plant foods and beverages,
has been suggested to have beneficial effects on human
health and provide protection against many chronic
illnesses [1—3]. Polyphenols constitute a very heteroge-
neous group of compounds, with over 500 different
molecules that have different properties and bioavail-
abilities [4]. This diversity should be considered when
studying the health effects of these compounds [5] and
hampers the estimation of their content in foods [6].
Polyphenols are divided into five main groups according to
structure: phenolic acids, flavonoids, stilbenes, lignans
and others (such as secoiridoids) [5,6].

Some studies have used the US Department of Agricul-
ture (USDA) Flavonoid Database [7—10] to estimate flava-
noid intake, with the drawback that the limited number of
compounds that it contains is far from the wide diversity of
polyphenols found in food [11]. In this setting, the aim of
this study was to determine the major dietary sources of
polyphenols in a Spanish population at high cardiovascular
risk (the PREDIMED cohort, PREvencion con Dleta

MEDiterranea) [12] using the Phenol-Explorer database
(www.phenol-explorer.eu), the most complete database
currently available, which holds data on 502 polyphenols
contained in 452 foods [11]. To our knowledge, this is the
first study to report the intake of such a high number of
polyphenols in a Spanish population using this tool. The
application of this methodology will facilitate further
investigation into polyphenol intake and its relation with
the incidence of several diseases in the epidemiological
observational studies and feeding trials such as the PRE-
DIMED study and may be useful in establishing nutritional
recommendations.

Methods
Study population, the PREDIMED cohort

Subjects were participants of the PREDIMED study, which is
a large, parallel-group, multicentre, randomised,
controlled 5-year feeding trial aimed at assessing the
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effects of the traditional Mediterranean Diet (MedDiet) in
the primary prevention of cardiovascular diseases (www.
predimed.org). The recruitment method and study
protocol have been described in detail previously, as well as
the characteristics of eligible participants and exclusion
criteria [12,13]. The participants provided written informed
consent and the study protocol was approved by the insti-
tutional review boards of the participating centres.

Estimation of dietary intake

Food intake among the PREDIMED cohort at baseline was
estimated using a validated 137-item Food Frequency
Questionnaire (FFQ) [14] and physical activity with the
validated Spanish version of the Minnesota Leisure Time
Physical Activity Questionnaire [15]. Data on other lifestyle
factors, including educational level, history of illness and
medication use, were collected at baseline through a 47-
item questionnaire. Participants also filled in a 14-point
score questionnaire on adherence to the traditional Med-
Diet [16]. Anthropometric and blood pressure measure-
ments were taken. The baseline questionnaires of 7200
participants of the PREDIMED study collected from 2003 to
2009 were used to correlate food consumption with indi-
vidual and total polyphenol intake.

Estimation of polyphenol intake

Data on the polyphenol content in foods were obtained
from the Phenol-Explorer database (www.phenol-explorer.
eu), which has been previously described [4]. The corre-
spondence between food items in the FFQ and the Phenol-
Explorer database was assessed with the following five
steps: 1) all foods with no or only traces of polyphenols
were excluded; 2) the yearly FFQ was converted into 24-h

each food item was searched in the Phenol-Explorer data-
base as described by Perez-Jimenez et al., 2011 [11]; and 5)
weight loss or gain during cooking was corrected using yield
factors [17]. Finally, individual polyphenol intake from each
food was calculated by multiplying the content of each
polyphenol by the daily consumption of each food. Total
polyphenol intake was calculated as the sum of all indi-
vidual polyphenol intakes from all food sources reported by
the FFQ.

The data used to calculate polyphenol intake correspond
to normal phase high performance liquid chromatography
(HPLC) for all phenolic compounds. In the case of lignans,
and phenolic acids in certain foods (cereals, olives and
beans), data corresponding to HPLC after hydrolysis were
also collected, since these treatments are needed to
release phenolic compounds that otherwise could not be
analysed.

Dietary sources of polyphenols

A ratio of daily total or individual polyphenols provided by
the specific food or food group over the total intake of
polyphenols from all foods was used to calculate the
contribution of each food or food group to the daily total
intake of polyphenols.

Statistical analyses

The mean polyphenol intake was calculated for the 7200
participants who had completed the baseline FFQ, and
those who had no missing values in the other question-
naires used. The Stata Statistical Package (version 10.1,
Stata Corp., TX, USA) was used for the analyses. Data
are presented as means (+SD) for continuous variables

dietary recall interviews; 3) recipes were separated and frequencies, and percentages for categorical
according to their ingredients; 4) the polyphenol content of variables.
Table 1  General characteristics of the studied PREDIMED population (n = 7200).
Characteristics Mean + SD Minimum Maximum
Age (y) 67.1 + 6.1 53 82
Weight (Kg) 76.6 + 11.6 40.0 130.0
BMI (Kg/m?) 29.9 + 3.6 17.8 40.0
Systolic BP* (mmHg) 148.7 + 19.2 69.0 234.5
Diastolic BP? (mmHg) 82.8 +10.3 39.0 145.0
Heart rate (bpm) 71.0 + 10.8 35.7 128.5
Energy intake (Kcal/d) 2274.9 + 606.7 587.8 6007.6
Energy consumed due to 232.6 + 240.5 0.0 2975.1
physical activity in
leisure time (METS-min/d)
14-point questionnaire of 8.7+ 1.9 0 14
adherence to the
traditional MedDiet® (score)
Carbohidrates intake (g/d) 239.2 + 81.0 41.3 749.2
Protein intake (g/d) 92.5 + 23.1 15.3 369.9
Total fat intake (g/d) 98.7 + 30.4 16.5 281.5
Fibre intake (g/d) 25.6 + 9.1 0.9 82.7

2 BP: blood pressure.
b MedDiet: Mediterranean diet.
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Table 2
contribution of each food group and main food sources.

Total polyphenol, flavonoid and phenolic acid intake from the different food groups in the PREDIMED cohort, relative

Food group Total polyphenols Flavonoids Phenolic acids Main food sources (% contribution to
(mg/d) (mg/d) (mg/d) polyphenol intake in the food group)
Fruit 360 + 217 255 + 167 72 + 61 Oranges (33), apples (28), olives (15),
cherries (8)
Non-alcoholic 192 + 140 23 + 39 168 + 133 Coffee (88), orange juice (7), tea (3),
beverages other juices (1)
Vegetables 104 + 40 67 + 31 37 £ 18 Potatoes (35), spinach (20), onions (12),
lettuce (8)
Alcoholic 67 + 126 52 + 101 10 + 18 Red wine (95), beer (3), rosé wine (0.8),
beverages white wine (0.7)
Cereals 43 + 48 19 + 18 12 + 14 Refined wheat-flour bread (44),
whole-grain
wheat-flour bread (31), whole-grain
flour biscuits
(10), breakfast cereals (5)
Oils 22 + 11 0.36 + 0.33 0.12 + 0.05 Virgin olive oil (62), olive oil (38)
Cocoa products 16 + 41 15 + 40 0.3 +£0.7 Chocolate (73), cocoa powder (27)
Nuts and seeds 10 + 14 6.4 +9.3 3.8 +6.0 Walnuts (66), other nuts (34)
Legumes 5.6 + 4.8 4.8 + 4.2 0.8 +£0.7 Beans (97), lentils (2), peas (1)
Total 820 + 323 443 + 218 304 + 156 Coffee (18), oranges (16), apples (12),
olives and
olive oil (11), red wine (6)
Results Intake of different classes of polyphenols

Total polyphenol intake

A brief description of the PREDIMED cohort is detailed in
Table 1. According to the Phenol-Explorer database, 93 of
the 137 food items from the FFQ contain a total of 290
different polyphenols from 18 polyphenol subclasses. Table 2
shows, in decreasing order, the mean intakes of total poly-
phenols, total flavonoids and phenolic acids (mg day "' and %)
from different types of food, as well as the main contributors
within each type of food.

The mean total polyphenol intake was 820 + 323 mg
day™', 443 + 218 mg of which were flavonoids,
304 + 156 mg phenolic acids and 73 mg belonged to other
polyphenol groups. Fruits were the main source of poly-
phenols, providing almost 44% of the total polyphenol
intake, more than half of total flavonoids and 23% of total
phenolic acids.

The non-alcoholic beverages group provided 55% of total
phenolic acids, principally coffee. Vegetables provided
more than 12% of total polyphenol intake and were the
third source of phenolic acids. Alcoholic beverages,
cereals, olive oil, cocoa products, nuts and seeds and
legumes each contributed less than 10% of the total intake
of polyphenols.

Considering individual foods, coffee was the main
source of total dietary polyphenols (18%), followed by two
fruits: oranges (16%) and apples (12%). Olives and olive oil
were the fourth source, together providing 11% of total
polyphenol intake, followed by red wine, which contrib-
uted 6%.

The consumption of the different classes of polyphenols
was also calculated and the main food contributors
determined (Table 3). Hydroxycinnamic acids were the
most consumed type of polyphenol (33%), mainly provided
by coffee. Flavanones were the second most consumed
polyphenols, with oranges and their products being almost
the single food source. Proanthocyanidins, mainly coming
from red wine and apples, were the third most consumed
polyphenol group, followed by flavonols, flavones and
anthocyanins. Olives provided 90% of phenolic acids other
than hydroxybenzoic and hydroxycinnamic acids. The
remaining polyphenols were grouped into a wide class of
‘other polyphenols’, including tyrosols, alkylphenols,
hydroxybenzaldehydes, furanocoumarins and hydrox-
ycoumarins, among others, representing 8.7% of total
polyphenol intake, and being mainly provided by olives
and olive oil (37% and 29%, respectively).

Intake of individual polyphenols

The mean individual polyphenol intake was also calculated.
Of the 290 polyphenols, 86 were consumed in amounts >1 mg
day'. A list of the 35 most consumed polyphenols
(intake > 4 mg day~") is given in Appendix 1 Table 1 in
decreasing order, along with the polyphenol subclass to which
they belong, the mean intake expressed in milligrammes per
day, and the main food contributors in percentage.

These 35 major polyphenols included seven hydroxycin-
namic acids, five proanthocyanidins, five flavonols, four
flavones, three flavanones, two anthocyanins and two
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Table 3
food sources.

Polyphenol intakes according to main polyphenol subclasses in the 7200 participants of the PREDIMED cohort and main

Polyphenol subclass Total polyphenols

Main food contributors (% contribution to intake of the

(mg/d) polyphenol subclass)
Hydroxycinnamic acids 276 + 146 Coffee (62), potatoes (9), apples (7), olives (5)
Flavanones 132 + 125 Oranges (91), orange juice (8), red wine (0.5), tomatoes (0.1)
Proanthocyanidins 117 + 81 Red wine (35), apples (33), peaches (12), plums (7)
Flavonols 80.4 + 32.7 Spinach (24), beans (17), onions (14), lettuce (6)
Flavones 41.6 + 26.1 Oranges (39), whole-grain wheat-flour bread (23), refined-grain
wheat-flour bread (19), whole-grain wheat-flour biscuits (5)
Anthocyanins 38.5 + 37.4 Cherries (30), red wine (29), olives (12), strawberries (10)
Catechins 26.7 + 19.6 Apples (24), red wine (21), tea (11), peaches (10)
Hydroxybenzoic acids 19.1 + 16.8 Olives (46), red wine (21), walnuts (10), beer (5)
Dihydroxychalcones 2.95 + 2.57 Apples (100)
Dihydroflavonols 2.82 + 5.39 Red wine (98), rosé wine (1), white wine (1)
Stilbenes 1.84 + 3.39 Red wine (94), white wine (2), grapes (1), strawberries (1)
Lignans 0.85 + 0.36 Olive ail (47), virgin olive oil (25), whole-grain wheat-flour
bread (6), refined-grain wheat-flour bread (5)
Theaflavins 0.33 +£ 1.36 Tea (100)
Isoflavonoids 0.003 + 0.003 Beans (97), beer (3)
Chalcones 0.0006 + 0.0019 Beer (100)
Other phenolic acids 7.56 + 11.3 Olives (90), red wine (6), beer (2), virgin olive oil (1)
Other polyphenols 71.2 + 46.7 Olives (37), virgin olive oil (18), olive oil (11), whole-grain

wheat-flour bread (9)

catechins, while seven did not belong to any of the afore-
mentioned groups and were classified as ‘other polyphenols’.
As expected from the results described in the previous
section, the polyphenols of the hydroxycinnamic acid
group headed the list. Notably, 7 of the 35 most consumed
polyphenols belong to the ‘other polyphenols’ group and,
moreover, their source was typical MedDiet foods. For
example, oleuropein and its aglycone, 3,4-DHPEA-EDA
(oleuropein-aglycone di-aldehyde), p-HPEA-EDA (ligstro-
side-aglycone di-aldehyde), 3,4-DHPEA-EA (oleuropein-
aglycone di-aldehyde) and hydroxytyrosol, which together
represented 39.46 mg day~', came exclusively from olives
and olive oil, except for hydroxytyrosol, since a small
amount of which was also provided by red wine [18].

Polyphenols from olives and olive oil: the
Mediterranean difference

Olive oil is the main source of fat in the MedDiet [19] and
studies have revealed that, as well as being rich in mono-
unsaturated fatty acids, it has a unique phenolic profile with
interesting biological properties. The beneficial effects of
polyphenols from olives and olive oil on plasma lipid levels and
oxidative damage [19,20] have resulted in a positive health
claim being accepted by the European Food Safety Authority
(EFSA) [21]. We estimated the specific contribution of olives
and olive oil to the total polyphenol intake in this cohort.
Olives and olive oil provided 21.9 + 10.9 and 68.5 + 104.0 mg
day™" of polyphenols, respectively, which represented
approximately 11% of the total intake, being the fourth poly-
phenol contributors in the diet and giving the Spanish pop-
ulation a different phenolic profile that could be also
characteristic of other Mediterranean countries. Table 4 shows
the contribution of olives and olive oil to the intake of

different classes of polyphenols, which was more than 98% of
‘other phenolic acids’ (phenolic acids other than hydroxycin-
namic and hydroxybenzoic). This table also presents individual
polyphenols ingested only from olives and olive oil according to
class. This does not mean that these polyphenols are found
only in olives and olive oil but, rather, that other sources are
scarcely or not consumed in Spain. For example, 2,4-
dihydroxybenzoic acid is also found in American cranberries,
isorhoifolin in peppermint, verbascoside in a herb called
verbena and m-coumaric acid is also present in beers but in
very small amounts (data from Phenol-Explorer database).

Discussion

The health effects of polyphenols depend on the amount
consumed and their bioavailability [5,22]. However, the
essential step towards the understanding of the protective
effects of polyphenols against chronic diseases is to estimate
their consumption by FFQ or other instruments in order to
identify the compounds most likely to provide the greatest
protection [5,7,8]. Up to now, very few comprehensive
assessments of polyphenol intake in different populations
have been performed. Most of the studies on different cohorts
published to date have used USDA databases that provide data
only on flavonoid intake [3,7]; other studies have included
other classes of polyphenols, but are based on internal labo-
ratory data on food polyphenol content [10,23]. Another study
on the overall polyphenol intake in a diet was based on
spectrophotometric methods, but did not provide information
on individual compounds [22]. Thus, estimates vary widely
among studies making comparisons difficult. The most
exhaustive data available are those obtained in the French
SU.VI.MAX cohort [11], allowing comparisons with the current
study, since both involved similar methodologies. Although
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Table 4 Polyphenol intake from olives and olive oil by the 7200 participants in the PREDIMED cohort.

Polyphenol group Total intake from... (mg/d) % Intake Individual polyphenols

virgin olive  Olives Full diet derived from ingested only from
ol olives and olives and olive oil
olive oil

Anthocyanidins 0.00 4.49 + 6.81 38.5 + 37.4 11.7 =

Flavones 0.36 + 0.33 1.51 + 2.30 41.6 + 26.1 4.50 Isorhoifolin Luteolin 6-C-glucoside

Flavonols 0.00 2.67 + 4.06 80.4 + 32.7 3.32 —

Hydroxybenzoic 0.06 + 0.03 7.62 + 11.6 19.1 £ 16.8 40.2 2,4-Dihydroxybenzoic acid

acids

Hydroxycinnamic 0.04 + 0.03 19.0 + 28.8 276 + 146 7.03 Hydroxycaffeic acid [2]

acids Verbascoside
m-coumaric acid

Other phenolic 0.02 + 0.01 7.43 +£11.3 7.56 + 11.3 98.5 3,4-Dihydroxyphenylacetic acid

acids Dihydro-p-coumaric acid®¢
Homoveratric acid®P?

Other polyphenols 20.9 + 10.5 25.8 + 39.2 71.2 + 46.7 65.6 Oleuropein, ligstroside®,
3,4-DHPEA-EDA® and other
tyrosols 3,4-Dihydroxyphenylglycol®©

Lignans 0.53 + 0.30 0.01 £+ 0.01 0.85 + 0.36 63.5 1-Acetoxypinoresinol®

Total polyphenols 21.9 + 10.9 68.5 + 104.0 820 + 323 11.0 —

2 Only described in black olives.
® Only described in virgin olive oil.
€ Only described in green olives.

data on some processed foods (jams, drinks, etc.) are avail-
able in the Phenol-Explorer database, general information on
changes in polyphenol content in cooked foods is still absent;
thus, yield or cooking factors should be included when eval-
uating the bioavailability of polyphenols in humans [17].

The estimated mean total intake of polyphenols in the
PREDIMED cohort in the present study was 820 + 323 mg
day~", being considerably lower than the 1193 + 510 mg
day~" found by Pérez-Jimenez et al. in the SU.VI.MAX cohort.
This could be due to the difference in phenolic acid inges-
tion, since flavonoid intake was similar in both cohorts (443 in
the PREDIMED cohort and 506 mg day~ "' in the SU.VI.MAX
cohort). Phenolic acids were the main polyphenols consumed
in a Finnish cohort [10] and in SU.VI.MAX, representing
approximately 75% of total phenolic intake, whereas in the
Spanish cohort it was only 37%. Coffee is the main source of
dietary phenolic acids and even of the total polyphenol
intake; therefore, it could be deduced that the consumption
of coffee in the Spanish cohort was lower, perhaps due to the
mean age of 67 years of the participants.

While coffee is the main food source of hydroxycinnamic
acids, tea tends to be the main source of hydroxybenzoic
acids, thus also enhancing phenolic acid intake. Conse-
quently, the low intake of these compounds in the PRE-
DIMED cohort compared to SU.VI.MAX could reflect a lack of
tea consumption, the main food sources of hydroxybenzoic
acids being olives (46%) and red wine (21%).

However, the main characteristic distinguishing the
phenolic profile of the Spanish population, and probably of
other Mediterranean countries, was the presence of poly-
phenols provided by olives and olive oil. The intake of these
typical MedDiet foods was higher than reported elsewhere
and together they provided 90.4 mg of polyphenols daily,
constituting 11% of total intake. Some polyphenols, including

those derived from tyrosol and hydroxytyrosol, were
consumed only as olives and olive oil. This has particular
importance as recent studies [24] have demonstrated that
minor components of olive oil, particularly hydroxytyrosoland
related compounds, together with monounsaturated fatty
acids, help toimprove plasma lipid levels and repair oxidative
damage related to cardiovascular diseases [19,20]. These
proven benefits have led EFSA to recently accept a health
claim about the role of olive polyphenols in the antioxidant
effect on low-density lipoprotein (LDL)-cholesterol [21].

The present work presents certain limitations. First,
although the Phenol-Explorer is the most comprehensive
database available nowadays, information about some foods
widely consumed in Spain is still scarce because they have not
been characterised or only poorly characterised (e.g.,
chickpeas, honey or garlic) and some phenolic groups are also
underestimated (e.g., thearubigins and proanthocyanidins)
because a suitable quantification method is lacking. It should
also be taken into account that the polyphenol content in
foods can differ according to ripeness at harvest time, envi-
ronmental factors, processing and storage and even plant
variety [5,25,26]. Another limitation of the study is the
absence of information about spices and herbs in the FFQ,
which might have resulted in an underestimation of the
polyphenol intake as, although consumed in low amounts,
they are the richest sources of polyphenols [6]. It should also
be borne in mind that the resulting estimation is only valid for
the population studied (elderly men and women at high
cardiovascular risk). To summarise, this study gives
a complete description of the total polyphenol intake and
main food contributors of dietary polyphenols in a Spanish
population at high cardiovascular risk. To our knowledge, this
is the first accurate estimation of polyphenol intake done in
Spain. The highly detailed data obtained on dietary
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polyphenol intake may serve as a valuable tool to establish the
future associations between the amount and type of poly-
phenols ingested and the risk of chronic diseases, being also
useful for setting food and health policies and dietary
recommendations for individuals and population groups.
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Appendix 1

Table 1: Intake of the 35 most consumed polyphenols by the 7200 participants in the

PREDIMED cohort and their main food sources.

Main food contributors

Polyphenol P(S)l}gz:l]l::s()l (ilntfé(ae ) (% contribution to intake of the
Y gaay individual polyphenol)
5-Caffeoylquinic acid Hydroxycinnamic 112.83 + 58.54 Coffee (56), potatoes (23), apples
acids (10), pears (3)
Hesperidin Flavanones 90.29 + 85.89 Oranges (100)
3-Caffeoylquinic acid Hydroxycinnamic 49.75 + 34.18 Coffee (74), plums (12), cherries
acids (7), prunes (3), peaches (2)
4-Caffeoylquinic acid Hydroxycinnamic 42.60 £31.79 Coffee (96), tomatoes (2), prunes
acids (1), apples (0,5)
Quercetin 3,4'-0- Flavonols 21.12+13.35 Onions (100)
diglucoside
Didymin Flavanones 20.71 £19.70 Oranges (100)
Apigenin 6,8-di-C- Flavones 19.33 £18.39 Oranges (100)
glucoside
Narirutin Flavanones 18.71 +17.80 Oranges (100)
Cyanidin 3-O-rutinoside Anthocyanins 15.93 £20.66 Plums (60), black olives (25),
cherries (15)
(-)-Epicatechin Catechins 14.34 £ 891 Apples (39), red wine (14),
peaches (12), cocoa products (9)
Ferulic acid Hydroxycinnamic 14.32 £ 14.35 refined-grain wheat-flour
acids products (77), cocoa products
(5), tomatoes (5), olives (4)
Quercetin 4’-0O-glucoside Flavonols 13.76 £ 8.70 Onions (100)
Procyanidin dimer B2 Proanthocyanidins 13.76 +9.83 Apples (65), red wine (18),
plums (3), peaches (3)
Procyanidin dimer B1 Proanthocyanidins 12.32+11.32 Peaches (46), apples (23), red
wine (17), plums (6)
Apigenin galactoside- Flavones 11.69+11.25 Whole-grain wheat-flour
arabinoside products (57), refined-grain
wheat-flour products (43)
Oleuropein-aglycone Other polyphenols 10.70 £ 11.69 Olives (71), virgin olive oil (29)
(+)-Catechin Catechins 9.22+7.76 Red wine (36), peaches (13),
apples (11), beans (7)
Quercetin 3-O-rutinoside Flavonols 8.55+6.37 Asparagus (35), olives (34),

green beans (10), plums (6)
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Phlorin

Apigenin arabinoside-
glucoside
5-Feruloylquinic acid
Hydroxytyrosol
Oleuropein

Malvidin 3-O-glucoside
Procyanidin trimer C1
3,4-DHPEA-EDA'
4-Feruloylquinic acid

Procyanidin dimer B3

Syringic acid
Verbascoside

Quercetin
Procyanidin dimer B4

Flavone deriva‘[ive2
3,4-DHPEA-EA’

Quercetin 3-0-(6"-
malonyl-glucoside)

p-HPEA-EDA*

Other polyphenols

Flavones

Hydroxycinnamic
acids

Other polyphenols
Other polyphenols
Anthocyanins
Proanthocyanidins
Other polyphenols
Hydroxycinnamic

acids

Proanthocyanidins

Hydroxybenzoic
acids

Hydroxycinnamic
acids

Flavonols
Proanthocyanidins
Flavones

Other polyphenols

Flavonols

Other polyphenols

7.76 £7.38

7.54 £ 6.39

7.24 £5.56

7.14 £ 10.06

6.93 +10.48

6.93 +£10.46

6.69 +4.86

6.63+5.07

6.17+4.81

5.89+£9.40

4.82+4.76

4.61£7.00

4.56 +3.69
4.44 £7.25

438 +4.33

4.16+£2.71

4.13£2.72

4.10+£2.73

Oranges (100)

Whole-grain wheat-flour
products (52), refined-grain
wheat-flour products (48)

Coffee (99), carrots (0,9)
Olives (92), red wine (4), virgin
olive oil (4)

Olives (99), virgin olive oil (1)
Red wine (73), red grapes (27)
Apples (43), red wine (21),
plums (15), peaches (7)

Virgin olive oil (100)

Coffee (99), carrots (0,5)

Red wine (78), peaches (7),
green beans (2), lentils (2)

Olives (44), walnuts (43), apples
(7), red wine (3)

Olives (100)

Onions (100)
Red wine (82), oranges (10), tea
(2), plums (2)
Spinach (100)
Virgin olive oil (64), olives (36)

Lettuce (100)

Virgin olive oil (100)

! Oleuropein-aglycone di-aldehyde
% 5 4'-Dihydroxy-3,3'-dimethoxy-6:7-methylenedioxyflavone 4'-O-glucuronide
* Oleuropein-aglycone mono-aldehyde
* Ligstroside-aglycone di-aldehyde
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Article 2. Inverse association between habitual polyphenol intake and the inci-
dence of cardiovascular events in the PREDIMED study.

Anna Tresserra-Rimbau, Eric B. Rimm, Alexander Medina-Remén, Miguel A. Martinez-
Gonzalez, Rafael de la Torre, Dolores Corella, Jordi Salas-Salvadd, Enrique Gémez-Gracia,
José Lapetra, Fernando Ards, Miquel Fiol, Emilio Ros, Lluis Serra-Majem, Xavier Pintd,
Guillermo T. Saez, Josep Basora, José V. Sorli, José A. Martinez, Ernest Vinyoles, Valentina
Ruiz-Gutiérrez, Ramén Estruch, i Rosa M. Lamuela-Raventds. Nutrition, Metabolism and
Cardiovascular Diseases. 2014, 24:639-647.

Resum:

La prevencié de les malalties CV és un objectiu prioritari dels organismes de salut piblica
del paisos desenvolupats. Nombrosos estudis han proposat els polifenols com a compostos
bioactius capagos de prevenir certes malalties croniques i alguns factors de risc CV. Fins el
moment, perd, no s’havia avaluat de forma tan completa i prospectiva la relacié entre la
ingesta de polifenols i la incidencia de malalties CV.

L’objectiu d’aquest estudi era avaluar 1’associacié entre la ingesta de polifenols totals i dels
subgrups de polifenols amb el risc de patir un esdeveniment CV (infart de miocardi, accident
vascular cerebral o mort per qualsevol de les causes anteriors). Aquest treball és un estudi
observacional i longitudinal emmarcat dins I'estudi PREDIMED.

Durant una mitjana de 4,3 anys de seguiment, es van confirmar 273 casos d’esdeveniments
CV entre els 7.200 participants que van completar el QFC d’aliments basal. Es van calcular
les ingestes de polifenols total i per grups de cada voluntari i es van ajustar per kilocalories
consumides. Per avaluar la ingesta de polifenols a llarg termini es va calcular la mitjana
acumulada i aquests valors es van dividir en quintils. Per calcular el valor de 1’associacid
(Hazard ratio, HR) entre la ingesta de polifenols i els esdeveniments CV es van dur a terme
regressions de Cox dependents del temps utilitzant variables actualitzades anualment. Totes
les analisis estadistiques es van realitzar amb el programari SAS, versi6é 9.3 (SAS Institute,
Inc., Cary, NC).

Després d’ajustar per totes les variables necessaries, es va observar una reduccié del 46%
del risc d’esdeveniment CV en els voluntaris del cinque quintil d’ingesta de polifenols totals
comparats amb el del primer (HR=0.54; IC 95%=0.33-0.91; P-linealitat=0.04). Aquesta
associacié és més forta quan s’exclouen els que beuen alcohol (HR=0.24; IC 95%=0.09-
0.64; P-linealitat=0.002), quan només es tenen en compte els ex-fumadors (HR=0.24; IC
95%=0.10-0.59; P-linealitat=0.006), o en el cas dels participants inclosos en el grup de la
dieta baixa en greix (HR=0.47; IC 95%=0.23-0.94; P-linealitat=0.01).

Pel que fa als grups de polifenols, es va observar una associacié significativa entre el risc
d’esdeveniment CV i la ingesta de lignans (HR=0.51; IC 95%=0.30-0.86; P-linealitat=0.007).
Dins dels flavonoids, el grup dels flavanols també es va associar amb el risc CV després
d’ajustar per totes les variables (HR=0.40; IC 95%=0.23-0.72; P-linealitat=0.003). Per tltim,
els acids hidroxibenzoics, del grup dels acids fenolics, es van associar fortament i inversament
amb el risc CV (HR=0.47; IC 95%=0.26-0.86; P-linealitat=0.02).

Tot i els esperancadors resultats, els estudis observacionals no permeten demostrar una relacié
causa-efecte i, per tant, caldria dur a terme estudis clinics d’intervencié per a confirmar
aquests resultats i establir recomanacions dietetiques acurades.
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KEYWORDS Abstract Background and aims: Epidemiologic and biological evidence supports an inverse as-
Polyphenols; sociation between polyphenol consumption and the risk of cardiovascular disease (CVD). How-
Diet; ever, no previous studies have prospectively evaluated the relationship between polyphenol
Epidemiology; intake and the incidence of CVD in such a comprehensive way. The aim was to evaluate the as-
Cardiovascular sociation between intakes of total polyphenol and polyphenol subgroups, and the risk of major
diseases cardiovascular events (myocardial infarction, stroke or death from cardiovascular causes) in the

PREDIMED study.

Methods and results: The present work is an observational study within the PREDIMED trial. Over
an average of 4.3 years of follow-up, there were 273 confirmed cases of CVD among the 7172 par-
ticipants (96.3%) who completed a validated 137-item food frequency questionnaire (FFQ) at
baseline. Polyphenol consumption was calculated by matching food consumption data from
the FFQ with the Phenol-Explorer database on polyphenol content of each reported food. After
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multivariate adjustment, a 46% reduction in risk of CVD risk was observed comparing Q5 vs. Q1
of total polyphenol intake (HR = 0.54; 95% confidence interval [CI] = 0.33-0.91; P-
trend = 0.04). The polyphenols with the strongest inverse associations were flavanols
(HR = 0.40; CI 0.23-0.72; P-trend = 0.003), lignans (HR = 0.51; CI 0.30-0.86; P-
trend = 0.007), and hydroxybenzoic acids (HR = 0.47; CI 0.26—0.86; P-trend 0.02).
Conclusion: Greater intake of polyphenols, especially from lignans, flavanols, and hydroxybenzoic
acids, was associated with decreased CVD risk. Clinical trials are needed to confirm this effect and
establish accurate dietary recommendations. Clinical trial registry: International Standard Ran-
domized Controlled Trial Number (ISRCTN of London, England) 35739639.

© 2014 Elsevier B.V. All rights reserved.

Introduction

The socioeconomic and health impact of cardiovascular
disease (CVD) is well documented [1] and prevention of
CVD is a crucial public health objective. Adherence to
the Mediterranean Diet (MedDiet) is associated with
reduced risk of CVD [2]. However, more intervention trials
involving MedDiet and different populations are needed to
establish its beneficial effects [3]. The MedDiet is very rich
in polyphenols, bioactive compounds mainly found in
plant foods, and plant-derived beverages.

To date, numerous studies have examined the associa-
tion between certain polyphenol subgroups and chronic
diseases [4—6], or cardiovascular risk factors [7,8]. How-
ever, findings from epidemiologic studies are inconclusive
[9]. One possible explanation is that, until recently,
epidemiological studies used the USDA (US Department of
Agriculture) Flavonoid Database, which captures only a
subgroup of polyphenols (the flavonoids) and therefore do
not reflect the wide amount and diversity of polyphenols
found in food [10].

The aim of our study was to prospectively evaluate the
association between total polyphenol intake, polyphenol
subgroups and the risk of CVD events. The intake of
polyphenols was calculated using the Phenol-Explorer
database (www.phenol-explorer.eu), the most complete
database currently available [11].

Methods
The PREDIMED trial

The PREDIMED (Prevencion con Dieta Mediterranea) study
is a randomized, primary prevention trial aimed to assess
the effect of the traditional MedDiet on clinical cardio-
vascular events. Details of the recruitment methods,
design and inclusion criteria have been previously
described [12]. The 7447 eligible participants were ran-
domized to one of three intervention groups: MedDiet
supplemented with extra virgin olive oil (EVOO), MedDiet
supplemented with nuts or control diet (low-fat diet). All
participants provided written informed consent, and the
study protocol was approved by the Institutional Review
Boards of the participating centers.

Study population

From the PREDIMED cohort, we excluded 247 participants
who did not complete the FFQ at baseline, and 28 with
extreme total energy intakes [13]. Thus, data from 7172
participants were available for the analyses.

Assessment population characteristics

Participants filled out the following questionnaires at
baseline and yearly thereafter: a general questionnaire, a
validated 14-point score questionnaire on adherence to
the traditional MedDiet [14], and a validated Spanish
version of the Minnesota Leisure Time Physical Activity
Questionnaire [15], to collect information about lifestyle
habits, medication use and concurrent diseases.

Assessment of diet and polyphenol intake

A validated 137-item food frequency questionnaire (FFQ)
[15] was used to collect information on food habits at
baseline and also yearly thereafter. The validity of the FFQ
to assess total polyphenol intake was studied using total
polyphenol excretion in spot urine samples in a clinical
trial (r = 0.48, P < 0.01) and in a cross-sectional study
(r = 0.26, P = 0.04) [16]. This range is likely an underes-
timate of the true validity because spot urine polyphenol
excretion likely best represents intake from the previous
3—12 h whereas the FFQ captures average intake over the
previous year [17]. Daily food and nutrients intake was
estimated from the FFQ by multiplying the frequency of
consumption by the average portion size.

Data on the polyphenol content in foods were obtained
from the Phenol-Explorer database and the correspon-
dence between food items in the FFQ and the database has
been described in detail before [10,18]. Individual poly-
phenol intakes at each cycle were calculated by multi-
plying the content of each polyphenol in a particular food
item (mg/g) by the daily consumption of this food item (g/
day) and then summing the product across all food items.

Ascertainment of the outcome

The primary endpoint was the occurrence of the first
major cardiovascular event: nonfatal acute myocardial
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infarction (AMI), nonfatal stroke or death from cardiovas-
cular causes. All outcomes were reported between October
1, 2003 and December 1, 2010 and were adjudicated
following standardized criteria by the end-point adjudi-
cation committee of the trial [12].

Statistical analyses

To assess long-term polyphenol intake, we calculated the
cumulative average of polyphenol intake at each yearly
visit as the average of all previous available dietary ques-
tionnaires. We also conducted analyses using weighted
means of intake to give more relevance to the latest FFQ,
but results were not appreciably different. All foods and
nutrients were adjusted for total calories using the resid-
ual method. Non-dietary covariates such as smoking, body
mass index (BMI), physical activity, and medication use, as
well as dietary covariates were updated yearly. Baseline
characteristics are presented as means (£SD) for contin-
uous variables and frequencies for categorical variables
across quintiles of total polyphenol intake. Differences
between quintiles were tested by a one-factor ANOVA test
for continuous variables and by the chi square test for
categorical variables.

Person-time for each participant was calculated from
baseline to the date of diagnosis of a primary event, the
date of death, the date of the last visit, or December 1,
2010, whichever came first. Time-dependent Cox propor-
tional hazards regression with updated diet and covariates
information was used to estimate hazard ratios (HR) using
the lowest quintile of intake as the reference group.

We ran additional stratified analyses to evaluate po-
tential effect modification by the following factors: gender,
age, alcohol intake, smoking status, and intervention
groups. To test for statistical interactions, we also added
interaction terms between total polyphenol intake and
each of these factors to the model.

Covariates

In multivariate models, we adjusted for age (<60, 60—64.9,
65—69.9, 70—-74.9, >75 years), BMI (<25, 25—29.9, or
>30 kg/m?), smoking status (never, past and current:
cigarettes (<5, 5—19, >20 per day) or cigars and pipes (<3,
3—6, >6 per day)), alcohol consumption (0, 0.1-14.9,
15—29.9, >30 g/day), physical activity (continuous), en-
ergy intake (continuous), saturated, monounsaturated and
polyunsaturated fat intake, protein intake and cholesterol
intake (continuous), use of aspirin and cardiovascular
medication, type-2 diabetes, family history of CVD (yes/
no). We did not include in the model other variables that
did not change the HR by 10% or more.

To account for potential differences in risk factors, we
carried out Cox proportional hazard analyses with strati-
fication for recruitment center, sex, and intervention
group.

Statistical analyses were conducted using SAS software,
version 9 (SAS Institute, Inc., Cary, NC). All t tests were 2-
sided and P values below 0.05 were considered significant.

Results
Total polyphenol intake and CVD

A greater intake of total polyphenols at baseline was
associated with better adherence to the MedDiet (14-point
score), more physical activity and higher consumption of
alcoholic beverages (mainly wine and beer). A higher
polyphenol intake was inversely associated with hyper-
tension, but positively associated with smoking and hy-
percholesterolemia. There were no differences on
polyphenol intakes between the three arms (Table 1).
Supplemental Table 1 shows more information about
baseline characteristics.

During a mean of 4.3 years of follow-up a total of 273
cases of the primary endpoint were observed among 7172
participants (31,068 person-years of observation). Table 2
presents the HRs for the incidence of cardiovascular
events according to quintiles of cumulative intake of total
polyphenols and their main classes. After multivariate
adjustment, we observed a 46% reduction in the risk of
major cardiovascular events comparing participants in the
highest vs. the lowest quintile of total polyphenol intake
(HR = 0.54; 95% confidence interval [CI] 0.33—0.91; P-
trend = 0.04).

In stratified analyses (Supplemental Table 2), we found
no differences between men (Q5 vs. Q1 HR = 0.61;
Cl = 0.33-1.12; P-trend = 0.05) and women (HR = 0.41;
Cl = 0.17-0.99; P-trend = 0.08; P-interaction = 0.93).
Likewise, the inverse association did not differ for partic-
ipants younger than 70 years (HR = 0.41; CI = 0.20—-0.82;
P-trend = 0.02), or older than 70 years or older
(HR = 071; C = 0.34-147; P-trend = 0.38;
P-interaction = 0.95). After stratification by alcohol intake,
we observed substantial difference in the association
among non-drinkers (HR = 0.24; CI = 0.09-0.64;
P-trend = 0.002), and drinkers (HR = 0.82; CI =
0.44—1.53; P-trend = 0.57; P-interaction = 0.15) although
we had limited power with only 38% as non-drinkers.
Stratification by smoking showed a strong inverse associ-
ation in former smokers (HR = 0.24; CI = 0.10—0.59;
P-trend = 0.006), with no significant results for never
smokers and smokers, without a significant interaction.
Finally, we conducted analyses by intervention groups
(MedDiet + EVOO, MedDiet + nuts, and low fat diet) and
the only significant association was between total poly-
phenol intake and CVD among those in the control arm
(HR = 0.47; CI = 0.23—0.94; P for trend = 0.01). The small
amounts of cases in the MedDiet groups are a possible
explanation for this result.

Polyphenol classes and risk of CVD

Polyphenols were divided into five main groups: flavo-
noids, phenolic acids, stilbenes, lignans and others. After
adjusting for confounders, we found a 49% decrease of CVD
among subjects in the top quintile of lighan consumption
(HR = 0.51; CI = 0.30—0.86; P-trend = 0.007) compared
with those in the bottom quintile (Table 2).
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Table 1 Baseline characteristics of participants in the PREDIMED cohort according to quintiles of total polyphenol intake at baseline (energy-

adjusted).’

Q1 Q2 Q3 Q4 Q5 P°
No subjects (7172) 1434 1435 1434 1435 1434
Polyphenol intake (mg/d) 483 + 108 674 + 36 794 + 36 937 + 50 1235 4+ 199
Sex, women 836 (58.3) 924 (64.4) 712 (60.8) 803 (56.0) 648 (45.2) <0.0001
Age (y) 67.6 + 6.2 674 £ 6.1 674 £5.9 66.9 + 6.0 66.2 + 6.1 <0.0001
Body mass index (kg/m?) 30.0 &+ 3.7 30.3 £ 3.7 29.7 +£3.5 29.7 +£ 3.7 29.6 + 3.5 <0.0001
Current smoker 217 (15.1) 210 (14.6) 194 (13.5) 265 (18.5) 317 (22.1) <0.0001
Physical activity at leisure time (MET-h/d) 3.37 £3.56 3.62 +£3.83 3.77 + 3.66 4.05 + 4.25 4.59 + 4.54 <0.0001
Diabetes 706 (49.2) 680 (47.4) 712 (49.6) 704 (49.1) 668 (46.6) 0.40
Hypertension 1230 (85.8) 1224 (85.3) 1192 (83.1) 1166 (81.3) 1117 (77.9) <0.0001
Hypercholesterolemia 983 (68.6) 1018 (70.9) 1053 (73.4) 1065 (74.2) 1069 (74.6) 0.001
Family history of CVD 403 (28.1) 290 (20.2) 310 (21.6) 324 (22.6) 446 (31.1) 0.05
Intervention group of MedDiet with EVOO 489 (34.1) 506 (35.3) 477 (33.6) 473 (33.0) 517 (36.1) 0.001
Intervention group of MedDiet with nuts 444 (31.0) 467 (32.5) 454 (31.7) 491 (34.2) 519 (36.2)
Total energy intake (Kcal/d) 2397 + 642 2180 + 589 2161 + 540 2229 + 563 2369 + 577 <0.0001

MedDiet, Mediterranean diet; EVOO, extra virgin olive oil.
2 Categorical variables: subjects (percentage), continuous variables: mean + SD.
b One-way ANOVA tests (continuous variables) or chi-squared (categorical variables).

Table 2 Association between quintiles of cumulative polyphenol intake (total and main groups) and incident CVD in the PREDIMED study.

Q1 Q2 Q3 Q4 Q5 P for trend
Total polyphenols (mg/d) 562 701 800 917 1170
No. of CVD cases 66 49 58 49 51
No. of person years 5312 6668 6905 6629 5554
Age and sex adjusted 1.00 0.60 (0.38—0.95)° 0.62 (0.39—-0.97) 0.58 (0.36—0.91) 0.58 (0.36—0.93) 0.04
Model 2° 1.00 0.57 (0.36—0.92) 0.60 (0.38—0.95) 0.54 (0.34—0.87) 0.51 (0.30—0.84) 0.02
Model 3¢ 1.00 0.60 (0.38—0.97) 0.67 (0.42—1.07) 0.59 (0.37—0.96) 0.54 (0.33—-0.91) 0.04
Total flavonoids (mg/d) 273 362 431 512 670
No. of cases 55 57 57 50 54
No. of person years 4927 6491 6895 6956 5799
Age and sex adjusted 1.00 0.77 (0.49—-1.21) 0.66 (0.41—1.04) 0.55 (0.34—0.89) 0.64 (0.40—1.03) 0.06
Model 2 1.00 0.80 (0.51-1.27) 0.66 (0.41—-1.06) 0.59 (0.36—0.97) 0.64 (0.39—1.06) 0.07
Model 3 1.00 0.87 (0.55—-1.39) 0.74 (0.46—1.19) 0.67 (0.40—1.09) 0.71 (0.43—1.18) 0.16
Phenolic acids (mg/d) 159 229 279 345 453
No. of cases 63 45 54 56 55
No. of person years 5663 6560 7002 6721 5122
Age and sex adjusted 1.00 0.76 (0.48—1.21) 0.66 (0.41—-1.05) 0.90 (0.58—1.40) 1.00 (0.64—1.57) 0.69
Model 2 1.00 0.74 (0.46—1.19) 0.64 (0.40—1.03) 0.85 (0.54—-1.33) 0.87 (0.54—1.38) 0.83
Model 3 1.00 0.71 (0.44—1.14) 0.64 (0.40—1.04) 0.81 (0.51—1.28) 0.82 (0.51-1.32) 0.69
Stilbenes (mg/d) 0 0.48 1.04 2.04 5.75
No. of cases 61 47 52 60 53
No. of person years 5341 6541 6640 6491 6055
Age and sex 1.00 0.64 (0.40—1.04) 0.81 (0.52—1.27) 0.65 (0.42—1.02) 0.66 (0.42—1.04) 0.22
Model 2 1.00 0.94 (0.46—1.95) 1.17 (0.55—2.47) 0.96 (0.46—2.00) 0.69 (0.31-1.56) 0.19
Model 3 1.00 1.08 (0.53—2.21) 1.36 (0.65—2.84) 1.11 (0.54—2.29) 0.77 (0.35—-1.72) 0.20
Lignans (mg/d) 0.44 0.57 0.67 0.77 0.94
No. of cases 69 57 53 44 50
No. of person years 4625 6122 6899 6892 6530
Age and sex 1.00 0.61 (0.40—0.95) 0.55 (0.36—0.86) 0.57 (0.35—0.91) 0.51 (0.31-0.84) 0.004
Model 2 1.00 0.65 (0.41-1.01) 0.55 (0.35—-0.87) 0.61 (0.37—-0.99) 0.50 (0.29-0.85) 0.007
Model 3 1.00 0.64 (0.41-0.99) 0.54 (0.34—-0.85) 0.60 (0.36—0.97) 0.51 (0.30—-0.86) 0.007
Other (mg/d) 37 53 66 82 113
No. of cases 57 66 59 53 38
No. of person years 4645 6445 7055 7055 5868
Age and sex 1.00 1.00 (0.65—1.55) 0.88 (0.55—-1.39) 0.75 (0.46—1.21) 0.67 (0.40—1.11) 0.06
Model 2 1.00 0.97 (0.62—1.53) 0.86 (0.53—1.37) 0.70 (0.43—1.15) 0.63 (0.38—1.05) 0.02
Model 3 1.00 1.08 (0.69—-1.71) 0.94 (0.58—1.53) 0.84 (0.51-1.38) 0.74 (0.43—1.26) 0.14

2 HR (95% CI).

b Additionally adjusted for smoking, BMI, alcohol, physical activity, family history of CVD, aspirin use, antihypertensive drugs, cardiovascular
drugs, diabetes status, and total energy intake.
¢ Additionally adjusted for intake of protein, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and cholesterol.



86

1. Publicacions en revistes/Research articles

Inverse association between habitual polyphenol intake and incidence of cardiovascular events

643

Table 3 The relationship between CVD and cumulative flavonoids subclasses intake (in quintiles) in participants from the PREDIMED study.

Flavonoids Q1 Q2 Q3 Q4 Q5 P for trend
Anthocyanins (mg/d) 11.8 23.6 328 45.7 74.6

No. of cases 69 57 52 43 52

No. of person years 5375 6347 6589 6963 5795

Age and sex 1.00 0.95 (0.65—1.40)" 0.62 (0.41-0.94) 0.52 (0.34—0.80) 0.60 (0.39—0.90) 0.004
Model 2° 1.00 1.15 (0.74—1.79) 0.82 (0.51-1.33) 0.65 (0.39—1.09) 0.62 (0.36—1.06) 0.03
Model 3¢ 1.00 1.18 (0.76—1.84) 0.85 (0.52—1.38) 0.67 (0.40—1.11) 0.67 (0.39—-1.13) 0.05
Dihydrochalcones (mg/d) 0.8 1.8 2.6 35 5.8

No. of cases 47 59 55 57 55

No. of person years 5036 6268 7563 5524 6677

Age and sex 1.00 1.11 (0.73—-1.67) 0.92 (0.60—1.40) 0.96 (0.62—1.48) 0.62 (0.39—-0.99) 0.02
Model 2 1.00 1.25 (0.78—1.99) 0.90 (0.55—1.46) 0.92 (0.56—1.52) 0.61 (0.35—-1.05) 0.02
Model 3 1.00 1.24 (0.78—1.99) 0.92 (0.56—1.50) 0.95 (0.57—-1.57) 0.63 (0.36—1.08) 0.03
Dihydroflavonols (mg/d) 0.1 1.4 23 3.8 9.8

No. of cases 61 47 52 60 53

No. of person years 5291 6490 6735 6489 6063

Age and sex 1.00 0.63 (0.41-0.97) 0.71 (0.47—1.06) 0.66 (0.44—0.98) 0.55 (0.36—0.84) 0.03
Model 2 1.00 1.08 (0.52—2.23) 1.13 (0.53—2.43) 1.04 (0.50—2.19) 0.73 (0.32—1.63) 0.18
Model 3 1.00 1.17 (0.58—2.40) 1.27 (0.60—2.69) 1.16 (0.56—2.41) 0.78 (0.35—-1.73) 0.19
Flavanols (mg/d) 90 129 158 192 263

No. of cases 69 51 59 59 35

No. of person years 4841 6409 7058 6860 5900

Age and sex 1.00 0.64 (0.43—0.94) 0.65 (0.44—0.95) 0.55 (0.37—-0.82) 0.33 (0.21-0.53) <0.0001
Model 2 1.00 0.65 (0.41-1.02) 0.70 (0.44—1.09) 0.57 (0.36—0.91) 0.36 (0.20—0.63) 0.0004
Model 3 1.00 0.70 (0.44—1.10) 0.77 (0.49—1.21) 0.66 (0.41—1.05) 0.40 (0.23—-0.72) 0.003
Flavanones (mg/d) 28 78 113 157 247

No. of cases 50 51 49 55 68

No. of person years 4560 6011 7527 6336 6633

Age and sex 1.00 0.82 (0.54—1.24) 0.53 (0.34—0.83) 0.74 (0.48—1.13) 0.86 (0.57—1.28) 0.76
Model 2 1.00 0.98 (0.61-1.59) 0.62 (0.37—1.04) 1.01 (0.62—1.64) 1.00 (0.63—1.59) 0.74
Model 3 1.00 1.07 (0.67—1.74) 0.67 (0.40—1.13) 1.11 (0.68—1.82) 1.09 (0.68—1.74) 0.54
Flavones (mg/d) 20 29 37 46 67

No. of cases 44 45 59 69 56

No. of person years 4803 6485 6595 7134 6050

Age and sex 1.00 0.76 (0.49—-1.19) 1.00 (0.65—1.54) 0.94 (0.62—1.43) 0.92 (0.59—-1.42) 0.99
Model 2 1.00 0.88 (0.53—1.46) 1.30 (0.79—2.13) 1.23 (0.76—1.99) 1.02 (0.61—-1.69) 0.81
Model 3 1.00 0.94 (0.56—1.56) 1.37 (0.83—-2.27) 1.30 (0.79—-2.12) 1.07 (0.64—1.80) 0.72
Flavonols (mg/d) 56 74 88 101 124

No. of cases 69 57 55 40 52

No. of person years 5608 6961 6668 6179 5652

Age and sex 1.00 0.85 (0.58—1.25) 0.63 (0.42—0.95) 0.44 (0.28—0.70) 0.56 (0.35—-0.88) 0.002
Model 2 1.00 0.79 (0.51-1.22) 0.69 (0.44—1.09) 0.48 (0.28—0.80) 0.58 (0.34—0.98) 0.02
Model 3 1.00 0.84 (0.54—1.31) 0.74 (0.46—1.17) 0.53 (0.31-0.90) 0.69 (0.40—1.19) 0.08

3 HR (95% CI).

> Model 2 — age, sex, smoking, BMI, alcohol, energy, physical activity, family history of CVD, aspirin use, antihypertensive drugs, cardiovascular

drugs, and diabetes status.

¢ Model 3 - model 2 plus intake of proteins, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and cholesterol.

Flavonoids subclasses and CVD risk

Phenolic acids subclasses and CVD risk

Flavanols, which include proanthocyanidins, catechins, and
theaflavins, were the most consumed group of flavonoids
(90—263 mg/d). Their intake was strongly inversely asso-
ciated with CVD after adjustment for potential confounders
(HR = 040; CI = 0.23—-0.72; P-trend = 0.003) (Table 3).
There was an inverse association for flavonols and CVD
when applying model 2 (HR = 0.58; CI = 0.34—-0.98; P-
trend = 0.02), but the association was attenuated after
adjustment for nutrients (model 3). A similar trend was
observed for anthocyanins (HR = 0.67; CI = 0.39—-1.13;
P-trend = 0.05). Dihydrochalcones (HR = 0.63; CI =
0.36—1.08; P-trend = 0.03) were also weakly but inversely
associated with CVD. We found no or weaker association
between other flavonoids subclasses and CVD.

In decreasing order, the contribution of the different sub-
classes of phenolic acids to the total intake of polyphenols
was: hydroxycinnamic acids (138—422 mg/d), hydrox-
ybenzoic acids (6.9—36.1 mg/d), and other phenolic acids
(0.1-17.9 mg/d). Hydroxybenzoic acids were strongly and
inversely associated with CVD after controlling for poten-
tial confounders (HR = 0.47; CI = 0.26—0.86; P-trend:
0.02) (Table 4).

Food sources
To translate these findings into food-based dietary guide-

lines, we summarize the main food sources of polyphenols
in the PREDIMED population as well as the main food



IV. Resultats/Results

87

644

A. Tresserra-Rimbau et al.

Table 4 The relationship between CVD and cumulative phenolic acids subclasses intake (in quintiles) in participants from the PREDIMED study.

Phenolic acids Q1 Q2 Q3 Q4 Q5 P for trend
Hydroxybenzoic acids (mg/d) 6.9 129 17.8 241 36.1

No. of cases 69 62 47 55 40

No. of person years 5398 6603 6734 6853 5480

Age and sex 1.00 0.80 (0.54—1.17)°  0.60 (0.40—0.90) 0.54 (0.36—0.82) 0.46 (0.29—-0.71)  0.0003
Model 2° 1.00 0.82 (0.52—1.29) 0.65 (0.40—1.06) 0.59 (0.36—0.97) 0.37 (0.20—0.66)  0.0006
Model 3¢ 1.00 0.91 (0.57—-1.43) 0.74 (0.46—-1.22) 0.73 (0.44—-1.21) 0.47 (0.26—-0.86)  0.02
Hydroxycinnamic acids (mg/d) 138 207 252 316 422

No. of cases 61 50 42 59 61

No. of person years 5632 6486 6869 6914 5167

Age and sex 1.00 0.80 (0.53—1.20) 0.55 (0.35-0.87) 0.92 (0.62—1.36) 1.08 (0.72—1.63)  0.40
Model 2 1.00 0.81 (0.51-1.29) 0.57 (0.34—0.96) 0.91 (0.58—1.42) 0.99 (0.62—1.58) 0.71
Model 3 1.00 0.79 (0.49—-1.25) 0.58 (0.35-0.97) 0.86 (0.55—1.36) 0.93 (0.58—1.49) 0.93
Other phenolic acids (mg/d) 0.1 25 4.6 8.6 179

No. of cases 58 66 47 62 40

No. of person years 5100 5225 6571 7787 5385

Age and sex 1.00 1.11 (0.75—-1.64) 0.69 (0.45—-1.08) 0.79 (0.52—1.21) 0.73 (0.46—1.14) 0.10
Model 2 1.00 1.31 (0.83—2.09) 0.75 (0.44—1.28) 0.88 (0.54—1.42) 0.74(0.45—-1.24) 0.11
Model 3 1.00 1.39 (0.87—2.22) 0.82 (0.48—-1.39) 0.92(0.57—-1.51) 0.82(0.49-1.39) 0.19

a HR (95% CI).

b Model 2 — age, sex, smoking, BMI, alcohol, energy, physical activity, family history of CVD, aspirin use, antihypertensive drugs, cardiovascular

drugs, and diabetes status.

¢ Model 3 - model 2 plus intake of proteins, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and cholesterol.

sources in general (Table 5). Seasonings were separated
from other foods due to the high content of polyphenols.
The foods with greatest polyphenol concentration did not
always correspond to the main sources in this cohort. For
instance, our population consumed flavanols mostly from
red wine (32%) and apples (31%), but the flavanol richest
foods are those containing cocoa.

Some foods were present in several of the polyphenol
groups that were significantly associated with lower CVD
risk. Thus, olives and olive oil contributed substantially to
the intake of lignans, anthocyanins, hydroxybenzoic acids,
and ‘others’, whereas apples contributed to both dihy-
drochalcones and flavanols intakes.

Discussion

The present work is an observational study within the
PREDIMED trial. We observed a significant reduction of
cardiovascular events and cardiovascular mortality with
higher intake of total polyphenols, lignans, flavanols and
hydroxybenzoic acids. Some of our results of individual
phenolic compounds agree with previous studies, but
others are contradictory or cannot be compared because
many compounds such as benzoic acids have not been
studied [19—23].

Previous studies have demonstrated that polyphenols
and their metabolites can reduce blood pressure, as well as
markers of oxidation and inflammation. They may prevent
or improve endothelial dysfunction, not only by reducing
the expression of NADPH oxidase, but also by increasing
antioxidant enzyme activity, anti-inflammatory effects,
and bioavailability of nitric oxide and by inhibiting low
density lipoproteins [7].

Within the main polyphenol groups our results indicate
a potential role of lignans in reducing CV risk that can be

explained due to the high consumption of olive oil in our
Mediterranean population. Although olive oil is the main
source of this polyphenol group in our population, lignans
may be consumed in higher amounts through flax and
sesame seeds. Lignans can modulate the action of endog-
enous estrogens and, therefore, exert potential effects on
hormone-related diseases such as CVD, some cancers,
osteoporosis and menopausal symptoms [24,25].

We also observed a trend toward a reduction in CV risk
with increasing intake of “other polyphenols”, a hetero-
geneous group that includes, for example, tyrosols, alkyl-
phenols, hydroxybenzaldehydes, furanocoumarins and
hydroxycoumarins. These compounds are present in olives
and virgin olive oil, as well as bran breakfast cereals. Extra
virgin olive oil can exert beneficial effects on CV risk fac-
tors by diminishing blood pressure, regulating plasma lipid
levels, reducing systemic inflammation and repairing
oxidative damage [26].

Among flavonoids subclasses, we found a linear inverse
association between anthocyanins and risk of CVD which
was very similar to a recent large prospective study of
anthocyanins and CHD risk in middle aged US women [19].
We had fewer cases so the risk reduction did not reach
statistical significance. Two other prospective studies
among adults reported that intakes of flavanones and an-
thocyanins were associated with a decreased risk of CHD,
CVD and total mortality [20,27]. Anthocyanins are present
in red/blue fruits and vegetables, typically berries, but
their consumption in our population came mostly from
cherries and red wine.

In our study, a higher intake of flavanols was associated
with a 60% reduction in risk of cardiovascular events and
mortality. The cardioprotective effect of this subclass of
flavonoids was previously reported in a meta-analysis of
flavan-3-ol randomized, controlled trials and biomarkers
of CVD risk [21]. Other studies have focused on the
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Table 5 Main food sources of polyphenols.

Polyphenol groups

Main food sources in the cohort (% of
total intake within each polyphenol
class)®

Main food sources, excluding
seasonings (mg/100 g)°

Main food sources, only
seasonings (mg/100 g)°

Total polyphenols

Flavonoids
Anthocyanins

Dihydrochalcones
Dihydroflavonols

Flavanols

Flavanones

Flavones

Flavonols
Isoflavonoids
Phenolic acids
Hydroxybenzoic acids

Hydroxycinnamic acids

Other phenolic acids

Stilbenes

Lignans

Other polyphenols

Coffee (18), oranges (16), apples (12),
olives and olive oil (11), red wine (6)

Cherries (30), red wine (29), olives
(12)

Apples (100)

Red wine (98)

Red wine (32), apples (31), peaches
(12)

Oranges (91)

Oranges (39), whole-grain wheat-
flour bread (23), refined-grain wheat-
flour bread (19)

Spinach (24), beans (17), onions (14)
Beans (97)

Olives (46), red wine (21), walnuts
(10)

Coffee (62), potatoes (9)

Olives (90)

Red wine (94)

Virgin olive oil (72)

Olives (37), virgin olive oil (18), olive
oil (11)

Cocoa powder (3448), dark
chocolate (1664), black elderberry
(1359)

Black elderberry (1316), black
chokeberry (878), blackcurrant
(592)

Apple puree (8.8), plum (5.9),
apple cider (5.8)

Red wine (5.4), white wine (0.6),
rosé wine (0.4)

Cocoa powder (512), dark
chocolate (212), broad bean pod
(154)

Grapefruit/pummelo juice (67),
orange juice (61), grapefruit juice
(51)

Whole-grain wheat flour (83),
globe artichoke (58), black olives
(27)

Red onion (158), spinach (119),
shallot (112)

Soy flour (467), soy paste (264),
roasted soy bean (247)

Pomegranate juice (168), red
raspberry (121), American
cranberry (53)

Maize oil (557), coffee beverage
(278), black fox grape (228)

Green olive (17), black olive (5.1),
refined rye-flour (0.3)

Red wine (3.4), red wine from
muscadine grapes (3.0),
lingonberry (3.0)

Virgin olive oil (2.4), whole-grain
rye flour (1.8), bread from whole-
grain rye flour (1.2)

Bran breakfast cereals (286), black
olive (266), green olive (211)

Cloves (15,188), dried peppermint
(11,960), star anise (5460)

Dried oregano (136)

Dried oregano (128)

Dried peppermint (8740), dried
oregano (1050), fresh rosemary
(55)

Celery seed (2094), dried
peppermint (1486), common
verbena (790)

Capers (655), saffron (510), dried
oregano (272)

Soy sauce (1.5)

Chestnut (1215), cloves (459), star
anise (32)

Dried peppermint (1734),
common verbena (1365), dried
rosemary (1009)

Sesame seed oil (1295), black
sesame seed oil (1223), flaxseed
(867)

Cloves (14,668), dried turmeric
(5433), star anise (5408)

2 Contribution to polyphenol intake in the food group at baseline (percentages). Foods listed explain at least 70% of the intake or are the top 3

main sources.

b Data from Phenol-Explorer database.

mechanisms that explain these effects [21,28]. In this
Mediterranean elderly population, red wine, apples and
peaches were the main contributors to flavanol intake.

In a Welsh cohort within the Caerphilly study, flavonol
intake was weakly but positively associated with CHD
mortality, cancer mortality and total mortality [22]. More
recent studies have shown a significant decrease of CHD
mortality associated with high intakes of flavonols and
flavonol-rich foods that are consistent with our findings
[23]. Tea is usually the main source of flavonols, but its
consumption was very low in our Spanish cohort, where
spinach, beans, and onions were the main sources.

Among phenolic acids, hydroxybenzoic acids were
significantly associated with decreased cardiovascular
events. Although hydroxybenzoics have not been

extensively studied they have shown antioxidant and anti-
inflammatory properties [29].

Our study has limitations. Although we controlled for
many potential confounders in multivariate models, other
unknown or unmeasured confounders may exist. Howev-
er, misclassification would tend to bias estimates and
would attenuate associations toward the null. Limitations
with respect to the estimation of polyphenol intake were
the following: variability or lack of information about
polyphenol content in foods depending on ripeness at
harvest time, environmental factors, processing and stor-
age, and plant variety [30]; absence of information about
some foods in the FFQ, and bioavailability of these mole-
cules. The number of events in the PREDIMED trial was
lower than in many epidemiological studies, which limits
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the statistical power on associations of polyphenol sub-
classes with CVD. Finally, generalization to other pop-
ulations different from middle-aged to elderly people at
high cardiovascular risk might be limited.

Our study has also several strengths, including the
prospective design, large sample size with a relatively long
follow-up, blinded assessment of the end-points, and
comprehensive data on risk factors and confounders for
CVD risk. The yearly assessment of the polyphenol intake
using validated FFQ enabled us to calculate the cumulative
average of dietary exposure to have a better representation
of long-term consumption, reducing measurement error
and taking into account the changes in the diet due to the
intervention. In addition, the use of the most compre-
hensive polyphenol database available (Phenol-Explorer
database) allowed us to assess associations with CVD of
total polyphenol intake and flavonoids, as well as all
polyphenol subgroups, including phenolic acids, lignans,
stilbenes and others.

We conclude that there is an inverse association be-
tween total polyphenol intake and risk of cardiovascular-
related events that is independent of other dietary and
non-dietary CVD risk factors. Similar significant associa-
tions were established for lignans, flavanols, and hydrox-
ybenzoic acids. Further randomized controlled trials are
needed to confirm the promising protective effects of
polyphenols on CVD and establish dietary recommenda-
tions and desired minimum levels of intake.
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Gonzéalez, M. Carmen Lépez-Sabater, Maria I. Covas, Dolores Corella, Jordi Salas-Salvadé,
Enrique Gémez-Gracia, José Lapetra, Fernando Ards, Miquel Fiol, Emilio Ros, Lluis Serra-
Majem, Xavier Pint6é, Miguel A. Munoz, Alfredo Gea, Valentina Ruiz-Gutiérrez, Ramén
Estruch, i Rosa M. Lamuela-Raventds. BioMed Central. 2014, 12(77):1-11.

Resum:

La dieta i un estil de vida saludable sén crucials en la prevencié de les malalties croniques,
que en els paisos desenvolupats causen les majors taxes de mortalitat. Els polifenols sén
compostos bioactius que poden disminuir el risc de patir certes malalties croniques gracies a
les seves propietats antioxidants i anti-inflamatories, aixi com pels seus efectes beneficiosos
sobre la PA, els lipids i la resistencia a la insulina.

L’objectiu d’aquest treball ha estat ’avaluacié de la relacié entre el consum de polifenols
totals i per grups i la mortalitat per qualsevol causa en una poblacié d’avancada edat i alt risc
cardiovascular (cohort PREDIMED) estimant els polifenols mitjancant els QFC d’aliments i
la base de dades de polifenols Phenol-explorer.

La ingesta mitjana acumulada de polifenols es va calcular seguint la metodologia descrita
per Tresserra-Rimbau, et al., 2013 i 2014a. Els valors de polifenols totals i per grups es van
dividir en quintils de consum i es van associar a la mortalitat total mitjancant regressions
de Cox dependents del temps, ajustant per totes les variables necessaries i estratificant per
sexe, grup d’intervencié i centre de reclutament. Totes les analisis estadistiques es van dur a
terme utilitzant el programari SAS, versi6 9.3 (SAS Institute, INc., Cary, NC).

Durant una mitjana de 4,8 anys de seguiment, hi va haver 327 defuncions, dels 7172 partici-
pants inclosos en 'estudi. D’aquestes, 131 van ser per cancer, 81 per accidents cardiovasculars
i 115 per altres causes. Després d’ajustar per totes les variables pertinents, el quintil més alt
d’ingesta de polifenols totals es va associar inversament al risc de mortalitat per qualsevol
causa tot 1 que no s’observa linealitat siné un llindar a partir del qual el benefici es manté
(HR=0.63; IC 95%=0.41-0.97; P-linealitat=0.12). Aquesta associacié es mantingué signifi-
cativa després de treure els participants amb només un o dos anys de seguiment. Els analisis
estratificats mostraren associacions més fortes per a les dones (HR=0.42; IC 95%=0.18-0.98;
P-linealitat=0.24), els abstemis (HR=0.39; IC 95%=0.17-0.90; P-linealitat=0.04) i els vo-
luntaris del grup control o grup de la dieta baixa en greix (HR=0.48; IC 95%=0.23-0.98;
P-linealitat=0.01). En cap cas, pero, les interaccions van ser significatives.

A continuacié es van fer analisis similars per als diferents grups de polifenols i les diferents
classes dins de cada grup. Vam observar una reduccié del 52% en el risc de mortalitat entre els
participants que consumien més estilbens (HR=0.48; IC 95%=0.25-0.91; P-linealitat=0.04),
mentre que la reduccié va ser del 40% pels que ingerien més lignans (HR=0.60; IC 95%=0.37-
0.95; P-linealitat=0.03). Tot i que no es va observar una associacié significativa pels fla-
vonoids, si que es va trobar per al grup de les isoflavones (HR=0.49; IC 95%=0.28-0.84;
P-linealitat=0.009), tot i que la seva ingesta és molt baixa en aquesta poblacié.

La associacié inversa entre la ingesta de polifenols totals, lignans, estilbens i isoflavones amb
el risc de mortalitat per qualsevol causa és significativa fins i tot després d’ajustar per tots els
factors de risc. No obstant, calen més estudis, sobretot d’intervencié per confirmar aquesta
relacio i establir causalitat.
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Polyphenol intake and mortality risk: a re-analysis
of the PREDIMED trial
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and on behalf of the PREDIMED Study Investigators

Abstract

Background: Polyphenols may lower the risk of cardiovascular disease (CVD) and other chronic diseases due to
their antioxidant and anti-inflammatory properties, as well as their beneficial effects on blood pressure, lipids and
insulin resistance. However, no previous epidemiological studies have evaluated the relationship between the intake
of total polyphenols intake and polyphenol subclasses with overall mortality. Our aim was to evaluate whether
polyphenol intake is associated with all-cause mortality in subjects at high cardiovascular risk.

Methods: We used data from the PREDIMED study, a 7,447-participant, parallel-group, randomized, multicenter,
controlled five-year feeding trial aimed at assessing the effects of the Mediterranean Diet in primary prevention of
cardiovascular disease. Polyphenol intake was calculated by matching food consumption data from repeated food
frequency questionnaires (FFQ) with the Phenol-Explorer database on the polyphenol content of each reported
food. Hazard ratios (HR) and 95% confidence intervals (Cl) between polyphenol intake and mortality were estimated
using time-dependent Cox proportional hazard models.

Results: Over an average of 4.8 years of follow-up, we observed 327 deaths. After multivariate adjustment, we
found a 37% relative reduction in all-cause mortality comparing the highest versus the lowest quintiles of total
polyphenol intake (hazard ratio (HR) = 0.63; 95% Cl 041 to 0.97; P for trend = 0.12). Among the polyphenol subclasses,
stilbenes and lignans were significantly associated with reduced all-cause mortality (HR =0.48; 95% Cl 0.25 to 0.91; P for
trend = 0.04 and HR = 0.60; 95% Cl 0.37 to 0.97; P for trend = 0.03, respectively), with no significant associations apparent
in the rest (flavonoids or phenolic acids).

Conclusions: Among high-risk subjects, those who reported a high polyphenol intake, especially of stilbenes and
lignans, showed a reduced risk of overall mortality compared to those with lower intakes. These results may be useful
to determine optimal polyphenol intake or specific food sources of polyphenols that may reduce the risk of all-cause
mortality.

Clinical trial registration: ISRCTN35739639.
Keywords: Polyphenol intake, All-cause mortality, PREDIMED, Mediterranean diet, Stilbenes, Lignans
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Background

Diet and lifestyle are crucial in the prevention of chronic
illnesses and therefore substantially lower all-cause mortal-
ity in most westernized countries. There is evidence that
the Mediterranean diet (MedDiet), a well characterized
dietary pattern, is associated with longevity and improved
quality of life by reducing the risk of the most frequent
chronic diseases such as cardiovascular diseases (CVD),
metabolic syndrome, age-related cognitive impairment, type
2 diabetes mellitus (T2DM), cancer and also all-cause mor-
tality [1,2]. The MedDiet is rich in fruits and vegetables,
olive oil, nuts, legumes, whole-wheat bread and fish, and
wine is consumed in moderate amounts during meals [2].
With respect to nutrients, the MedDiet is very rich in
mono- and polyunsaturated fatty acids [3] and also in
polyphenols, which are bioactive compounds mainly
found in plant foods and plant-derived beverages such
as coffee, tea and red wine.

Several studies have examined the association between
intake of certain polyphenol subgroups and their sources,
and the incidence of chronic degenerative diseases [4], as
well as their effects on blood pressure, lipid profile, and
endothelial and platelet function [5-7]. If polyphenol
intake does protect against the development of chronic
diseases such as CVD, cancer or T2DM, we hypothe-
sized that a greater consumption of polyphenols would
contribute to lower the risk of all-cause mortality and
provide a greater life expectancy.

To date, the association between specific groups of
polyphenols and mortality has been described [8], but to
our knowledge, neither total polyphenol intake nor that
of the different polyphenol subgroups, have been associ-
ated with all-cause mortality. We therefore embarked on
a study to evaluate the association between the intake of
total polyphenols and polyphenol subgroups and the risk
of overall mortality, using the Phenol-Explorer database
[9] to estimate the polyphenol intake recorded by the
food frequency questionnaires (FFQ) administered yearly
in the PREDIMED (Prevencién con Dieta Mediterrdnea)
trial. These results may be useful to determine optimal
polyphenol intake or specific food sources of polyphenols
that may reduce the risk of all-cause mortality among
subjects at high cardiovascular risk.

Methods

The PREDIMED study

The PREDIMED study was a parallel-group, randomized,
multicenter, controlled feeding trial aimed at assessing the
effects of the MedDiet in the primary prevention of car-
diovascular disease. Details of the recruitment method
and study design have been described elsewhere [10]. The
eligible participants were 7,447 community-dwelling men
(55 to 80 years) and women (60 to 80 years) from Spain,
who had no cardiovascular disease at enrollment but were
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at high risk: they had either T2DM or at least three of
the following major risk factors: smoking, hypertension,
dyslipidemia, overweight or obesity, or a family history
of premature coronary heart disease. Starting on 1 October
2003, the eligible participants were randomized in a
1:1:1 ratio to one of three dietary intervention groups:
1) MedDiet supplemented with extra-virgin olive oil
(EVOO), 2) MedDiet supplemented with mixed nuts or
3) control diet (low-fat diet). The trial was stopped after
a median follow-up of 4.8 years due to the benefit of the
MedDiets with respect to major cardiovascular events:
myocardial infarction, stroke or death from cardiovas-
cular causes (analysis performed by the Drug and Safety
Monitoring Board of the trial), compared to a control
low-fat group [2]. All participants provided written in-
formed consent, and the study protocol was approved
by the Institutional Review Boards of the participating
centers (Hospital Clinic of Barcelona (coordinating centre),
Universities of Barcelona, Valencia, Rovira-Virgili, Malaga
and Las Palmas, Municipal Institute for Medical Research,
Primary Care Division of Barcelona and Sevilla, Institute
of Research in Health Sciences (IUNICS) at Palma de
Mallorca, Hospital Txangorritxu of Vitoria, and University
Hospital of Bellvitge) and registered [11].

Study population and characteristics

The present study was conducted as a re-analysis of an
intervention feeding study using polyphenol intake as
the exposure. Data came from all participants of the
PREDIMED trial, but we excluded 247 individuals with
an inadequate FFQ at baseline and 28 with a total energy
intake out of the predefined limits (that is, daily energy
intake <500 or >3,500 for women and <800 or >4,000 kcal/d
for men; n =28) [12]. Therefore, data from 7,172 partici-
pants were available for this analysis.

Participants filled out the following questionnaires at
baseline and yearly thereafter: a validated 14-point score
questionnaire on adherence to the traditional MedDiet
[13], a validated 137-item FFQ [14], and a general ques-
tionnaire which included data on lifestyle habits, concur-
rent diseases and medication used.

Polyphenol intake and dietary assessment

At baseline and yearly thereafter, trained dietitians com-
pleted the validated 137-item FFQ [14] in a face-to-face
interview with the participant. Energy and nutrient in-
take were estimated from the FFQ by multiplying the
frequency of consumption by the average portion size
using Spanish food composition tables.

In a previous study conducted by our group, total poly-
phenol excreted in spot urine samples was validated as
a biomarker of total polyphenol intake from FFQ in a
clinical trial (r=0.48, P <0.01) and in a cross-sectional
study (r =0.26, P = 0.04) [15]. The Phenol-Explorer database
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[9] was used to obtain information about polyphenol con-
tent in foods. This database included 516 polyphenols con-
tained in 456 foods [16] at the time of our analysis, being
the most complete database currently available for polyphe-
nol content. Correspondence between food items in the
FFQ and the Phenol-Explorer database has been described
previously [17]. Individual polyphenol intake was calculated
by multiplying the content of each polyphenol in a particular
food item (mg/g) by the daily consumption of this food item
(g/day) and then summing the product across all food items.
Total polyphenol intake was the sum of all individual poly-
phenol intakes.

Polyphenol and other nutrient intakes were adjusted
for total energy intake because it is associated with disease
risk and is usually proportional to most nutrient intake
[18]. To conduct the analyses, we also used weighted cu-
mulative averages, that is, the polyphenol intake of a given
year was the average between the intake of that year and
the average of the previous years.

Ascertainment of the outcome

Information on mortality was updated yearly by the end-
point adjudication committee, whose members were
unaware of dietary intakes or intervention assignments.
The sources of information were the following: yearly
questionnaires and examinations from all participants,
family physicians, yearly review of medical records and
linkage to the National Death Index. All outcomes were
reported between 1 October 2003 and 1 December 2010.

Statistical analyses

We calculated the weighted cumulative average of poly-
phenol intake at each yearly visit to represent long-term
polyphenol intake. Polyphenols and other food and nu-
trient intake were adjusted for total calories using the
residual method. Non-dietary covariates such as smoking,
body mass index (BMI), physical activity and medication
use were updated yearly.

The baseline characteristics of the 7,172 participants
were distributed by quintiles of total polyphenol intake.
Data were presented as means (+SD) for continuous
variables and frequencies, and percentages for categor-
ical variables. We used one-factor ANOVA or Pearson
chi-squared tests to compare the quantitative or cat-
egorical baseline characteristics of the study participants
across quintiles of baseline polyphenol intake. Person-
time for each participant was calculated as the time
between randomization and the date of death, the date
when completing the last interview, 1 December 2010
or date at death, whichever came first. To assess the risk
of total mortality by quintiles of polyphenol intake,
we ran time-dependent Cox proportional hazard regres-
sions with updated diet and covariates. The referent
group was the lowest quintile of polyphenol intake.
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Results are expressed as hazard ratios (HRs) with 95%
confidence intervals (CIs). To show the crude differ-
ences in death rates by groups of polyphenol intake, we
performed a Nelson Aalen survival function, a non-
parametric estimator of the survival function for cen-
sored data.

Moreover, we used likelihood ratio tests of interaction
in stratified analyses to study the possible interactions
among the main risk factors and, as sensitivity analyses,
we estimated the fully adjusted HR, excluding participants
with less than one or two years of follow-up.

Covariates

To take into account the potential differences in risk fac-
tors, all Cox proportional hazard analyses were carried out
with stratification for recruitment center, sex and interven-
tion group. In model 2, we adjusted for sex, age (<60, 60 to
64.9, 65 to 69.9, 70 to 74.9, >/=75 years), smoking status
(never, past and current: cigarettes (<5, 5 to 19, >20 per
day) or cigars and pipes (<3, 3 to 6, >6 per day)), BMI
(<25, 25 to 29.9, or >/=30 Kg/ mz), baseline diabetes, alco-
hol consumption (0, 0.1 to 14.9, 15 to 29.9, >/=30 g/day),
total energy intake (continuous variable), physical activity
(continuous variable), family history of CVD and/or
cancer, aspirin use, antihypertensive drug use, use of
cardiovascular medication, use of oral hypoglycemic
agents, insulin and other medication. In model 3, we
additionally adjusted for intake of protein, saturated fatty
acids, polyunsaturated fatty acids, monounsaturated fatty
acids and cholesterol. We did not include in the model
other variables that did not change the HR by 10% or
more.

Statistical analyses were conducted using SAS soft-
ware, version 9.3 (SAS Institute, Inc., Cary, NC, USA).
All t tests were two-sided and P-values below 0.05 were
considered significant.

Results

The baseline characteristics of participants are shown by
quintiles of energy-adjusted total polyphenol intake in
Table 1. Participants with a greater intake of total polyphe-
nols had a closer adherence to the traditional MedDiet.
They also tended to be more physically active, consume
more alcoholic beverages (mostly wine and beer) and to
have less hypertension. On the contrary, the prevalence of
hypercholesterolemia was higher in those who consumed
more polyphenols at baseline and they were more likely to
be smokers. The groups did not differ in terms of diabetes
status, use of medication and distribution into the three
arms of the trial.

During a mean of 4.8 years of follow-up among 31,068
person-years, the total number of observed deaths was
327. Of these, 131 were due to cancer, 81 were cardio-
vascular and 115 were for other causes. The Nelson
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Table 1 Baseline characteristics according to quintiles of total polyphenol intake at baseline (energy-adjusted)

Q1 Q2 Q3 Q4 Q5 P-value*
(n=1,434) (n=1,435) (n=1,434) (n=1,435) (n=1,434)

Polyphenol intake, mean (cutoff values), mg/d 483 (<642) 674 (642 to 749) 794 (750 to 852) 937 (853 to 995) 1,235 (>995)
Sex, women 836 (58.3) 924 (64.4) 712 (60.8) 803 (56.0) 648 (45.2) <0.0001
Age, mean (SD), y 67.6 (6.2) 674 (6.1) 674 (5.9) 66.9 (6.0) 66.2 (6.1) <0.0001
BMI, mean (SD), Kg/m? 300 (3.7) 303(37) 29.7 (35) 29.7 (3.7) 296 (3.5) <0.0001
Current smoker 217 (15.1) 210 (14.6) 194 (13.5) 265 (18.5) 317 (22.1) <0.0001
Former smoker 273 (19.0) 263 (18.3) 317 (22.1) 319 (22.2) 413 (28.8)
Sports/exercise, mean (SD), MET-h/d 337 (3.56) 362 (383 3.77 (3.66) 4.05 (4.25) 4.59 (4.54) <0.0001
Diabetes 706 (49.2) 680 (47.4) 712 (49.6) 704 (49.1) 668 (46.6) 040
Hypertension 1,230 (85.8) 1,224 (85.3) 1,192 (83.1) 1,166 (81.3) 1,117 (779)  <0.0001
Hypercholesterolemia 983 (68.6) 1,018 (70.9) 1,053 (73.4) 1,065 (74.2) 1,069 (74.6) 0.001
Hypolipidemic drug use 660 (46.1) 670 (46.7) 712 (49.7) 716 (50.1) 706 (49.5) 0.09
Antihypertensive drug use 1,071 (74.7) 1,095 (76.4) 1,027 (71.7) 1,030 (72.0) 994 (69.7) 0.0004
Cardiovascular drugs use 118 (8.5) 114 (8.2) 120 (8.6) 110 (7.9) 109 (7.9) 0.94
Insulin use 90 (6.3) 87 (6.1) 115 (8.0) 95 (6.6) 99 (6.9) 0.26
Anti-diabetes drug use, other than insulin 463 (32.3) 454 (31.7) 478 (334) 465 (32.5) 439 (30.8) 0.65
Aspirin use 302 (21.1) 326 (22.8) 337 (23.5) 318 (22.2) 324 (22.7) 0.63
Int. Group: MedDiet-EVOO 489 (34.1) 506 (35.3) 477 (33.6) 473 (33.0) 517 36.1) 0.001
Int. Group: MedDiet-nuts 444 (31.0) 467 (32.5) 454 (31.7) 491 (34.2) 519 (36.2)
Mean daily intake:
Total energy intake, mean (SD), Kcal/d 2,397 (642) 2,180 (589) 2,161 (540) 2,229 (563) 2,369 (577) <0.0001
Carbohydrates, mean (SD), g/d 240 (45) 237 (39) 235 (37) 234 (41) 236 (45) 0.006
Protein, mean (SD), g/d 91.9 (15.1) 924 (13.8) 924 (13.2) 91.5 (13.6) 90.6 (14.9) 0.004
SFA, mean (SD), g/d 26.1 (6.7) 254 (5.7) 25.1(5.3) 249 (5.5 235 (5.8) <0.0001
MUFA, mean (SD), g/d 490 (122) 4838 (106) 488 (10.7) 487 (11.3) 466 (11.2) <0.0001
PUFA, mean (SD), g/d 156 (5.8 159 (5.1) 15.8 (5.0) 158 (5.2) 150 (5.2) <0.0001
Fiber, mean (SD), g/d 215 6.1) 239 (64) 255 (6.7) 266 (74) 294 (8.9) <0.0001
Total cholesterol, mean (SD), mg/d 372 (121) 367 (103) 368 (107) 360 (94) 354 (122) <0.0001
Alcohol, mean (SD), g/d 4.10 (10.9) 6.3 (10.1) 7.6 (10.5) 9.3 (12.8) 14.6 (18.9) <0.0001
Vegetables, mean (SD), g/d 296 (140) 319 (127) 338 (139) 351 (142) 369 (169) <0.0001
Fruits, mean (SD), g/d 240 (133) 319 (145) 364 (157) 404 (172) 521 (245) <0.0001
Legumes, mean (SD), g/d 205 (15.3) 20.7 (15.2) 203 (10.9) 206 (124) 206 (13.0) 0.93
Dairy products, mean (SD), g/d 398 (226) 391 (216) 389 (208) 380 (219) 353 (217) <0.0001
Cereals, mean (SD), g/d 247 (98) 233 (81) 227 (78) 219 (79) 209 (80) <0.0001
Meat or meat products, mean (SD), g/d 135 (60) 132 (54) 132 (50) 130 (50) 129 (55) 0.03
Fish, mean (SD), g/d 943 (533) 99.9 (46.8) 101 (51.5) 99.6 (45.0) 102 (49.2) 0.0005
Sugar-sweetened soft drinks, mean (SD), g/d 250 (84.3) 19.7 (63.3) 17.8 (55.8) 154 (56.1) 12.6 (46.3) <0.0001
Coffee, mean (SD), g/d 258 (36.3) 436 (40.1) 55.2 (42.9) 70.3 (49.2) 90.1 (63.8) <0.0001
14-points MedDiet questionnaire score, mean (SD) 82 (19 85 (1.9 8.7 (19 87 (19 92(1.8) <0.0001
Risk factors:
Waist-to-height ratio, mean (SD) 0.64 (0.06) 0.63 (0.07) 0.63 (0.06) 0.62 (0.06) 0.62 (0.06) <0.0001
Systolic BP, mean (SD), mmHg 150 (19) 151 (19) 149 (19) 148 (18) 148 (18) 0.01
Diastolic BP, mean (SD), mmHg 83 (10) 84 (9.8) 82 (9.6) 82 (9.8) 83 (9.6) 0.003

Hearth rate, mean (SD), beats/min 717 (11.0) 71.2 (109 70.7 (11.1) 70.0 (10.5) 705 (10.5) 0.02



98

1. Publicacions en revistes/Research articles

Tresserra-Rimbau et al. BMC Medicine 2014, 12:77
http://www.biomedcentral.com/1741-7015/12/77

Page 5 of 11

Table 1 Baseline characteristics according to quintiles of total polyphenol intake at baseline (energy-adjusted)

(Continued)

Glucose (n=4,311), mean (SD), mg/dL 118 (41) 116 (39) 122 (42) 123 (43) 123 (43) 0.0007
Cholesterol (n=4,286), mean (SD), mg/dL 202 (36) 206 (38) 207 (39) 208 (38) 207 (36) 0.003
HDL (n =4,236), mean (SD), mg/dL 50 (11) 51(01) 51 (11) 52(12) 52(11) 0.007
Triglycerides (n=4,291), mean (SD), mg/dL 130 (67) 133 (74) 137 (79) 130 (63) 138 (80) 0.06

BMI, Body Mass Index; BP, Blood pressure; MedDiet-EVOO, Mediterranean Diet supplemented with extra virgin olive oil; MedDiet-nuts, Mediterranean Diet supplemented
with nuts; SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids; HDL, High density lipoprotein.

Data are expressed as No. (%) unless otherwise indicated.
"P-values calculated by analysis of variance or ¥ tests.

Aalen survival function (Figure 1) shows the crude dif-
ferences in death rates by groups of polyphenol intake:
low (<600 mg/d), medium (600 to 750 mg/d) and high
(>750 mg/d).

Table 2 shows Cox Proportional HRs and 95% CI for
total mortality according to quintiles of cumulative in-
take of total polyphenols (according to yearly updated
assessments). After adjusting for all potential confounders
and stratifying by sex, recruitment center and intervention
group, the HR for the highest versus the lowest quintile
was 0.60 (95% CI, 0.39 to 0.91, P-trend = 0.07). After fur-
ther adjustment for other dietary confounders, the associ-
ation was not substantially attenuated (HR 0.63, 95% CI,
041 to 0.97, P-trend = 0.12). We did not see a strong in-
verse linear trend for total polyphenols; instead, the results
suggest a modest threshold above the first quintile of
intake.

In some cases, follow-ups were too short to assess a
mortality endpoint because the ill-health conditions
leading to death may influence diet. Therefore, as sen-
sitivity analyses, we estimated the fully adjusted HR for
the category of the highest total polyphenol intake vs.

the lowest, excluding participants with less than one (31
excluded) or two years of follow-up (75 excluded). In both
cases, the association was robust and remained statistically
significant: HR 0.57, 95% CI, 0.36 to 0.90, P-trend = 0.07
and HR 049, 95% CI, 030 to 0.82, P-trend=0.03,
respectively.

We also conducted stratified analyses (Table 3) by the
other strong predictors of mortality. In multivariable
models, the inverse association between total polyphenol
intake and risk of death, comparing the extreme quintiles,
was stronger among women (HR 0.42, 95% CI, 0.18 to
0.98, P-trend = 0.24) than men (HR 0.76, 95% CI, 0.46 to
1.26, P-trend = 0.23), although the interaction for sex was
not significant (P-interaction = 0.39). We also observed no
significant differences by strata of age (<70 vs >/=70 years).
However, we noted that those who did not drink alcohol
had a stronger inverse association with total polyphenol
intake (HR 0.39, 95% CI, 0.17 to 0.90, P-trend = 0.04) than
drinkers (HR 0.99, 95% CI, 0.59 to 1.65, P-trend = 0.91),
but the interaction was not significant (P-interaction =
0.16). In other stratified analyses, we observed that the
inverse association did not change substantially among
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Figure 1 Nelson Aalen estimates of the incidence of death by groups of polyphenol intake.
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Table 2 Cox proportional hazard ratios for total mortality according to quintiles of cumulative total polyphenol intake

Quintiles of cumulative intake of total polyphenols, mg/d

Q1 (535) Q2 (700) Q3 (800) Q4 (917) Q5 (1170) P-trend
No. of deaths 88 62 52 63 62
No. of person-years 5,505 6,599 6,767 6,559 5638
Age- and sex-adjusted HR (95% ay 1.00 0.65 (044 to 0.95) 0.55 (0.37 t0 0.82) 0.73 (0.50 to 1.06) 0.66 (044 to 0.98) 0.12
Multivariable-adjusted HR (95% CI)* 1.00 068 (046t0 1.01) 060 (039t0 090) 075 (051to1.12) 060 (039 t0 091)  0.07
Additionally adjusted HR (95% an* 1.00 0.71 (048 to 1.05) 062 (041 to 0.95) 0.79 (0.53 to 1.17) 0.63 (041 to 0.97) 0.12

HR, Hazard ratio; Cl, Confidence interval.
"Analyses were stratified by sex, recruitment center and intervention group.

*The multivariable HR has been additionally adjusted for age (<60, 60 to 64.9, 65 to 69.9, 70 to 74.9, >/=75 years), smoking (never, past and current: cigarettes
(<5, 5 to 19, >20 per day) or cigars and pipes (<3, 3 to 6, >6 per day)), BMI (<25, 25 to 29.9, or >/=30 Kg/mz), baseline diabetes, alcohol (0, 0.1 to 14.9, 15 to
29.9, >/=30 g/day), total energy intake (continuous variable), physical activity (continuous variable), family history of CVD or cancer, aspirin use, antihypertensive
drug use, use of cardiovascular medication, use of oral hypoglycaemic agents, insulin, other medication.

*This model has been additionally adjusted for intake of protein, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids and cholesterol

(all as continuous variables).

smokers and non-smokers, in those who were physically
active or inactive, or in those with or without T2DM or
hypertension, and none of these interactions were signifi-
cant. Finally, we conducted stratified analyses by interven-
tion groups and found a slightly stronger association
between total polyphenol intake and death in the control
arm of the trial (HR 0.48; CI 0.23 to 0.98; P-trend = 0.01)
than in the MedDiet + EVOO arm (HR 0.67; CI 0.31 to
1.46; P-trend =0.68) and the MedDiet + nuts arm (HR
0.68; CI 0.34 to 1.35; P-trend = 0.81). However, the inter-
action (P =0.71) was not statistically significant, suggesting
no apparent effect modification.

We further investigated the possible effects of the in-
take of the main polyphenol groups on mortality by any
cause (Table 4). Although no significant associations
were found for flavonoids or phenolic acids, we observed
a 46% reduction in risk of death in participants who
consumed more stilbenes (HR 0.48; CI 0.25 to 0.91;
P-trend = 0.04) and lignans (HR 0.60; CI 0.37 to 0.95;
P-trend = 0.03). For “other polyphenols”, such as tyro-
sols, alkylphenols, hydroxybenzaldehydes, furanocouma-
rins and hydroxycoumarins, the association was attenuated
after adjustment for other nutrients.

Exploratory analyses (Figure 2) were done for flavo-
noids (see Additional file 1) and phenolic acid subclasses
(see Additional file 2). We found a strong trend towards
a reduction in death risk with a higher intake of isofla-
vones (HR 0.49; CI 0.28 to 0.84; P-trend = 0.009). Dihydro-
flavonols were also inversely associated with the risk of
death after multivariable adjustment (HR 0.53; CI 0.28 to
0.99; P-trend = 0.05) and the inverse trend was statistically
significant after additional adjustment (P-trend = 0.04). No
other subclasses were associated with mortality by any
cause.

Discussion
In this reanalysis of the data of the PREDIMED trial, we
observed a 37% reduction of mortality when comparing

extreme quintiles of total polyphenol intake. The dose-
response trend for the association between total polyphe-
nol intake and all-cause mortality suggested an L-shaped
relationship, with an apparent threshold after the first
quintile of polyphenol intake, instead of an inverse linear
dose-response relationship. Within the polyphenol sub-
classes, stilbenes and lignans were inversely associated
with total mortality.

In stratified analyses we found a stronger association
between total polyphenol intake and mortality risk for
women and for those who did not drink alcohol. Although
the interaction terms were not significant, the observed
trend was suggestive, especially for non-drinkers. The re-
lationship between alcohol intake and polyphenols should
be the main focus of future studies.

To our knowledge, though previous studies have in-
vestigated the association between intake of specific
groups of polyphenols and mortality, this is the first
study to investigate the association between total poly-
phenol intake, as well as that of all polyphenol sub-
groups with all-cause mortality. In addition, we should
acknowledge that the effect of polyphenols and polyphenol-
rich foods on chronic degenerative diseases and clinical
biomarkers has been broadly studied [19-24]. Previous
studies have analyzed the association between polyphenols
from wine, tea, chocolate, berries, soy and olive oil with
several chronic degenerative disease risk or mortality
risk [6,25-29]. The reported inverse association, specif-
ically for olive oil and red wine, is consistent with the
inverse association we found for stilbenes and lignans
[29-31]. The suggestion of an inverse association that
we found for several flavonoid compounds is also con-
sistent with previous studies of berries, dark chocolate
and soy [6,25,26]. In many of these previously studied
populations, intake of any one polyphenol-rich food was
not great enough to reduce mortality, but in our study
total polyphenol intake was a wider range, coming from
several food sources.
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Table 3 HR for total mortality according to quintiles of total polyphenol intake (stratified by risk factors)

Risk factor No. of deaths No. of person-years Multivariable-adjusted HR P-trend P-interaction
(95% Cl), Quintile 5 vs. 1

Sex

Men 203 13317 0.76 (046 to 1.26) 0.23 039

Women 124 17,751 042 (0.18 to 0.98) 0.24

Age, y

<70 142 21,483 0.58 (0.31 to 1.08) 0.21 0.73

270 185 9,585 0.70 (0.39 to 1.24) 0.34

Alcohol intake

Nondrinkers 133 12,510 0.39 (0.17 to 0.90) 0.04 0.16

Drinkers 194 18,558 0.99 (0.59 to 1.65) 091

Smoking

Never 144 19,520 0.64 (0.31 t0 1.32) 047 093

Former 11 7,465 0.52 (0.25 to 1.07) 0.29

Current 72 4,083 0.71 (0.29 to 1.75) 0.21

Physical activity

Less than median 203 16,224 0.57 (0.32 to 1.02) 0.17 043

More than median 124 14,844 0.77 (041 to 1.44) 0.73

Hypertension

Yes 184 12,080 0.63 (0.36 to 1.10) 0.24 0.21

No 134 17,721 0.82 (044 to 1.55) 0.76

Diabetes mellitus

Yes 205 15,345 0.79 (047 to0 1.33) 092 052

No 122 15,723 0.60 (0.31 to 1.17) 0.09

Intervention group

MedDiet-EVOO 13 11478 0.67 (0.31 to 1.46) 0.68 0.71

MedDiet-Nuts 108 10,134 0.68 (0.34 to 1.35) 0.81

Control Diet 106 9456 048 (0.23 to 0.98) 0.01

HR, Hazard ratio; Cl, Confidence interval; MedDiet-EVOO, Mediterranean Diet supplemented with extra virgin olive oil; MedDiet-nuts, Mediterranean Diet

supplemented with nuts.

The multivariable HR has been additionally adjusted for age (<60, 60to 4.9, 65 to 69.9, 70 to 74.9, >/=75 years), smoking (never, past and current: cigarettes
(<5, 5 to 19, >20 per day) or cigars and pipes (<3, 3 to 6, >6 per day)), BMI (<25, 25 to 29.9, or >/=30 Kg/mz), baseline diabetes, alcohol (0, 0.1 to 14.9, 15 to
29.9, >/=30 g/day), total energy intake (continuous variable), physical activity (continuous variable), family history of CVD or cancer, aspirin use, antihypertensive
drug use, use of cardiovascular medication, use of oral hypoglycemic agents, insulin, other medication. Analyses were stratified by sex, recruitment center and

intervention group.

Kuriyama et al. conducted a prospective cohort study
among 40,530 healthy Japanese adults and reported that
green tea consumption, a polyphenol-rich beverage,
was inversely associated with cardiovascular diseases
and all-cause mortality, but not with mortality due to
cancer [27]. Other studies have also found an inverse
association between polyphenol consumption and CVD
and CVD-related mortality [20,25,26,32]. Indeed, it has
been demonstrated that some polyphenols and their
metabolites exert anti-atherosclerotic effects, improve
endothelial function and antioxidant status, increase ni-
tric oxide release, and modulate inflammation and lipid
metabolism [5,21,25,33-35].

Polyphenols can also act as chemopreventive agents.
For example, resveratrol is a well-known stilbene, mostly

found in red wine and grapes, with several health benefits,
including inhibition of tumorgenesis [8,36,37]. In vitro and
in vivo studies have shown that epigallocatechin-3-gallate,
the major polyphenol of green tea, has anti-carcinogenic
effects, such as inhibition of growth proliferation, in-
duction of apoptosis and phase II detoxifying enzymes,
and reduction of oxidative damage to DNA [36-38].
Xanthohumol, quercetin, curcumin and genistein are
other examples of polyphenols that have shown anti-
carcinogenic properties due to their capacity to inhibit
tumor growth [8,22,37,38].

Available evidence supports that dietary modifications
are able to reduce the risk of T2DM, another highly
prevalent chronic disease. Wedick et al. found that antho-
cyanins were inversely associated with the risk of T2DM
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Table 4 Relationship between mortality and intake of the main polyphenol groups (in quintiles)

Main groups Q1 Q2 Q3 Q4 Q5 P-trend
Flavonoids (mg/d) 273 362 431 512 670

No. of deaths 76 73 42 69 67

No. of person-years 4,890 6,599 6,755 6,867 5957

Age- and sex-adjusted HR (95% ay 1.00 0.76 (0.52 to 1.10)" 0.54 (0.36 to 0.81) 0.72 (049 to 1.05) 0.70 (047 to 1.05) 0.23
Multivariable-adjusted HR (95% CI)f 1.00 0.92 (062 to 1.34) 0.69 (045 to 1.07) 0.92 (0.62 to 1.36) 0.83 (0.55 to 1.27) 0.70
Additionally adjusted HR (95% CI)* 1.00 0.96 (0.65 to 141) 0.75 (048 to 1.16) 0.99 (0.66 to 1.47) 0.89 (0.58 to 1.36) 095
Phenolic acids (mg/d) 159 229 279 345 453

No. of deaths 80 58 62 69 58

No. of person-years 5,928 6,662 6,716 6,615 5,147

Age- and sex-adjusted HR (95% Cl)° 1.00 0.95 (0.65 to 1.39) 0.78 (0.53 to 1.16) 1.01 (0.70 to 1.47) 0.95 (0.63 to 1.42) 0.64
Multivariable-adjusted HR (95% an’ 1.00 0.94 (0.64 to 1.39) 0.82 (0.55 to 1.23) 1.07 (0.72 to 1.58) 0.79 (0.51 to 1.22) 0.25
Additionally adjusted HR (95% CI)* 1.00 0.89 (0.60 to 1.31) 0.77 (0.52 to 1.16) 1.01 (068 to 1.50) 0.75 (049 to 1.16) 020
Stilbenes (mg/d) 0 048 1.04 204 5.75

No. of deaths 69 64 47 74 73

No. of person-years 5,191 6,547 6,840 6,527 5,963

Age- and sex-adjusted HR (95% ay 1.00 0.71 (047 to 1.05) 0.66 (0.44 t0 0.98) 0.81 (0.56 to 1.18) 0.73 (0.56 t0 1.18) 044
Multivariable-adjusted HR (95% an’ 1.00 061 (033 to 1.11) 0.53 (0.28 to 0.99) 068 (0.38 to 1.22) 042 (022 to 0.81) 0.04
Additionally adjusted HR (95% @)k 1.00 0.69 (0.38 to 1.27) 062 (033 to 1.16) 0.78 (043 to 1.40) 048 (0.25 to 091) 0.04
Lignans (mg/d) 044 0.57 0.67 0.77 0.94

No. of deaths 76 72 57 55 67

No. of person-years 4,457 6,002 6,737 7,146 6,726

Age- and sex-adjusted HR (95% ay 1.00 0.66 (046 to 0.96) 0.58 (0.39 to 0.85) 0.58 (0.39 to 0.87) 0.54 (0.35 t0 0.82) 0.002
Multivariable-adjusted HR (95% CI)* 1.00 065 (044 to 0.99) 056 (0.38 to 0.84) 056 (0.36 to 0.84) 051 (032 t0 0.79) 0.001
Additionally adjusted HR (95% an* 1.00 0.68 (046 to 1.00) 0.60 (040 to 0.92) 0.62 (0.39 to 0.98) 0.60 (0.37 to 0.97) 0.03
Others (mg/d) 37 53 66 82 13

No. of deaths 77 65 72 60 53

No. of person-years 4,604 6,442 7,320 6,777 5,925

Age- and sex-adjusted HR (95% Cl)° 1.00 076 (0.52 to 1.11) 0.78 (0.54 to 1.13) 0.68 (046 to 1.01) 0.64 (042 to 0.96) 0.04
Multivariable-adjusted HR (95% CI)' 1.00 0.76 (051 to 1.13) 0.80 (0.54 to 1.18) 0.67 (045 to 1.02) 0.61 (040 to 0.93) 0.03
Additionally adjusted HR (95% an* 1.00 0.82 (0.55 to 1.22) 0.86 (0.58 to 1.27) 0.76 (0.50 to 1.16) 0.70 (046 to 1.09) 0.13

HR, Hazard Ratio; Cl, confidence interval.
"Analyses were stratified by sex, recruitment center and intervention group.

"The multivariable HR has been additionally adjusted for age (<60, 60 to 64.9, 65 to 69.9, 70 to 74.9, >/=75 years), smoking (never, past and current: cigarettes
(<5, 5 to 19, >20 per day) or cigars and pipes (<3, 3 to 6, >6 per day)), BMI (<25, 25 to 29.9, or >/=30 Kg/m?), baseline diabetes, alcohol (0, 0.1 to 14.9, 15 to
29.9, >/=30 g/day), total energy intake (continuous variable), physical activity (continuous variable), family history of CVD or cancer, aspirin use, antihypertensive

drug use, use of cardiovascular medication, use of oral hypoglycaemic agents, insulin, other medication.

*This model has been additionally adjusted for intake of protein, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids and cholesterol

(all as continuous variables).

using data from three US prospective cohorts and Muraki
et al. found similar associations for blueberries, grapes
and apples [39,40]. Finally, polyphenols have been pro-
posed as promising phytochemicals for the treatment
and prevention of neurogenerative diseases such as
Alzheimer’s disease, Parkinson’s disease and other neuro-
logical disorders [29,41].

All of this evidence from chronic disease studies sup-
ports the hypothesis that greater polyphenol intake, and
the many polyphenol subclasses this represents, serves

to extend the life span through multifactorial etiological
pathways.

Our study has some limitations. First, we controlled
for several confounders in multivariate models, but other
unknown or unmeasured confounders may exist. How-
ever, if this were the case, we would expect relative risks
for all subclasses to be equally over or underestimated and
that was not the case. Second, the number of cases of
cause-specific deaths was too low to estimate individual
relative risks. Others have found the benefits of specific
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Figure 2 Hazard ratios (95% CI) of total mortality for the highest vs. lowest quintiles of polyphenol intake.
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foods are stronger for CVD mortality than cancer or re-
spiratory disease. Future work in this area should include
larger studies with estimates of total polyphenol intake.
Third, there were limitations with respect to the estima-
tion of polyphenol intake because data were indirectly
derived from the FFQs. Although urinary excretion of
polyphenols was validated as a biomarker of total polyphe-
nol from the FFQ in two different studies, the values of r
were relatively low. The absence of information about
some foods in the FFQ could lead to an underestimation
of the intake. Moreover, the study did not take into
account the bioavailability of these molecules. Finally,
these results might be valid only for elderly people at
high cardiovascular risk and other studies are needed to
generalize the conclusions to other populations.

On the other hand, the main strengths of the study are
the prospective design, the large sample size with a rela-
tively long-term follow-up, and comprehensive data on
risk factors and confounders. Very importantly, our use
of the cumulative average of polyphenol intake across
yearly repeated measurements of diet is considered as the
best approach to reduce measurement error in nutritional

epidemiology [42] and allowed changes in the diet due
to the intervention or other secular trends in intake in
Spain to be controlled. We also used the most com-
prehensive polyphenol database currently available
(Phenol-explorer database), which allowed risk estima-
tion related not only to intake of total polyphenol but
also all the polyphenol subgroups and subclasses. This
comprehensive analysis differentiates our paper from
previous related studies.

Conclusions

We found an apparent inverse association between total
polyphenol intake and the risk of overall mortality, which
was independent of other dietary and non-dietary risk fac-
tors. This may be helpful in establishing future daily poly-
phenol intake recommendations. However, more studies
are needed to definitively clarify the benefits deriving from
long-term consumption of polyphenol-rich foods.

Other PREDIMED Investigators
Other contributors list (Additional file 3).
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Additional file 1.The relationship between mortality and flavonoid subclass intake (in quintiles).
Flavonoids Q1 Q2 Q3 Q4 Q5 P-Trend
Anthocyanins (mg/d) 11.8 23.6 328 45.7 74.6
No. of deaths 81 63 53 50 80
No. of person-years 5886 6488 6503 6409 5782
Age- and sex-adjusted HR (95% CT)" 1.00 0.76 (0.52-1.10) " 0.68 (0.46-1.01) 0.59 (0.39-0.88) 0.95 (0.66-1.37) 0.95
Multivariable-adjusted HR (95% CI) ¥ 1.00 0.68 (0.46-1.01) 0.71 (0.47-1.08) 0.57 (0.37-0.87) 0.89 (0.58-1.35) 0.79
Additionally adjusted HR (95% CI)* 1.00 0.68 (0.46-1.01) 0.73 (0.48-1.12) 0.56 (0.36-0.87) 0.90 (0.59-1.38) 0.84
Dihydrochalcones (mg/d) 0.8 1.8 2.6 35 5.8
No. of deaths 67 59 68 65 68
No. of person-years 5302 6329 7112 5653 6673
Age- and sex-adjusted HR (95% CI)" 1.00 0.99 (0.66-1.48) 0.86 (0.57-1.28) 0.99 (0.66-1.49) 0.92 (0.61-1.40) 0.77
Multivariable-adjusted HR (95% CI) ' 1.00 1.07 (0.70-1.63) 0.98 (0.66-1.49) 1.04 (0.68-1.60) 1.07 (0.69-1.65) 0.81
Additionally adjusted HR (95% CI) ¥ 1.00 1.07 (0.70-1.64) 1.02 (0.67-1.57) 1.13(0.73-1.74) 1.13(0.73-1.77) 0.58
Dihydroflavonols (mg/d) 0.1 1.4 23 3.8 9.8
No. of deaths 68 65 48 73 73
No. of person-years 5130 6577 6880 6528 5954
Age- and sex-adjusted HR (95% CI) " 1.00 0.91 (0.61-1.34) 0.66 (0.44-1.00) 0.88 (0.60-1.29) 0.79 (0.53-1.18) 0.44
Multivariable-adjusted HR (95% CT) ' 1.00 0.90 (0.52-1.54) 0.61(0.33-1.14) 0.86 (0.49-1.53) 0.53 (0.28-0.99) 0.05
Additionally adjusted HR (95% CI) ¥ 1.00 0.97 (0.57-1.66) 0.67 (0.36-1.24) 0.92 (0.52-1.62) 0.56 (0.30-1.04) 0.04
Flavanols (mg/d) 90 129 158 192 263
No. of deaths 89 50 62 59 67
No. of person-years 5174 6280 6754 6780 6080
Age- and sex-adjusted HR (95% CI) " 1.00 0.50 (0.34-0.75) 0.62 (0.43-0.89) 0.60 (0.42-0.87) 0.62 (0.42-0.91) 0.06
Multivariable-adjusted HR (95% CI) ' 1.00 0.55(0.36-0.83) 0.71 (0.48-1.05) 0.67 (0.45-0.99) 0.73 (0.48-1.12) 0.32
Additionally adjusted HR (95% CI)* 1.00 0.60 (0.39-0.91) 0.77 (0.52-1.14) 0.75 (0.50-1.12) 0.81(0.53-1.23) 0.60
Flavanones (mg/d) 28 78 113 157 247
No. of deaths 84 61 62 54 66
No. of person-years 4659 5663 7386 6466 6894
Age- and sex-adjusted HR (95% CT)" 1.00 0.64 (0.43-0.93) 0.54 (0.37-0.78) 0.51(0.34-0.77) 0.61 (0.42-0.89) 0.02
Multivariable-adjusted HR (95% CI) ¥ 1.00 0.71 (0.48-1.05) 0.68 (0.46-0.99) 0.65 (0.45-0.98) 0.73 (0.50-1.07) 0.15
Additionally adjusted HR (95% CI)* 1.00 0.75 (0.51-1.17) 0.70 (0.48-1.04) 0.69 (0.46-1.05) 0.77 (0.52-1.14) 0.25
Flavones (mg/d) 20 29 37 46 67
No. of deaths 78 69 62 60 58
No. of person-years 4822 6213 6592 7077 6364
Age- and sex-adjusted HR (95% CI) " 1.00 0.75 (0.52-1.09) 0.76 (0.52-1.11) 0.71 (0.48-1.04) 0.63 (0.42-0.95) 0.04
Multivariable-adjusted HR (95% CT) ' 1.00 0.82 (0.56-1.21) 0.93 (0.63-1.38) 0.85 (0.57-1.27) 0.71 (0.46-1.07) 0.14
Additionally adjusted HR (95% CI) ¥ 1.00 0.83 (0.56-1.22) 0.96 (0.64-1.43) 0.87 (0.58-1.31) 0.72 (0.47-1.11) 0.18
Flavonols (mg/d) 56 74 88 101 124
No. of deaths 84 73 67 50 53
No. of person-years 6053 6909 6360 6214 5532
Age- and sex-adjusted HR (95% CI) " 1.00 0.84 (0.58-1.20) 0.80 (0.55-1.17) 0.56 (0.37-0.87) 0.61 (0.40-0.95) 0.01
Multivariable-adjusted HR (95% CT) ' 1.00 1.00 (0.69-1.44) 0.89 (0.61-1.31) 0.65 (0.41-1.01) 0.70 (0.45-1.10) 0.06
Additionally adjusted HR (95% CI) ¥ 1.00 1.06 (0.73-1.54) 0.96 (0.65-1.42) 0.72 (0.46-1.14) 0.83(0.53-1.32) 0.26
Isoflavones (mg/d) 0.011 0.018 0.024 0.034 0.050
No. of deaths 75 74 72 59 47
No. of person-years 4958 6073 6648 6831 6559
Age- and sex-adjusted HR (95% CI)" 1.00 0.95 (0.66-1.38) 0.82(0.57-1.19) 0.49 (0.32-0.75) 0.26 (0.15-0.43) <0.001
Multivariable-adjusted HR (95% CT) f 1.00 1.01 (0.68-1.51) 0.92 (0.61-1.38) 0.67 (0.43-1.04) 0.35(0.21-0.60) <0.001
Additionally adjusted HR (95% CI)* 1.00 1.10 (0.73-1.64) 1.03 (0.68-1.55) 0.80 (0.51-1.25) 0.49 (0.28-0.84) 0.009

Abbreviation: HR, Hazard Ratio; CI, confidence interval

" Analyses were stratified by sex, recruitment centre and intervention group.

" The multivariable HR has been additionally adjusted for age (<60, 60-64.9, 65-69.9, 70-74.9, >=75 years), smoking (never, past and current:
cigarettes (<5, 5-19, >20 per day) or cigars and pipes (<3, 3-6, >6 per day)), BMI (<25, 25-29.9, or >=30 Kg/m?), baseline diabetes, alcohol (0, 0.1-
14.9, 15-29.9, >=30 g/day), total energy intake (continuous variable), physical activity (continuous variable), family history of CVD or cancer, aspirin
use, antihypertensive drug use, use of cardiovascular medication, use of oral hypoglycaemic agents, insulin, other medication.

¥ This model has been additionally adjusted for intake of protein, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and
cholesterol (all as continuous variables).
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Additional file 2. The relationship between mortality and phenolic acid subclasses intake (in quintiles).

Phenolic acids Q1 Q2 Q3 Q4 Q5 P -Trend
Hydroxybenzoic acids (mg/d) 6.9 12.9 17.8 24.1 36.1

No. of deaths 80 74 50 56 67

No. of person-years 5539 6727 6734 6738 5330

Age- and sex-adjusted HR (95% CI) " 1.00 0.89 (0.62-1.29)" 0.62 (0.41-0.92) 0.59 (0.39-0.88) 0.70 (0.47-1.04) 0.04
Multivariable-adjusted HR (95% CI) 1.00 0.83 (0.56-1.22) 0.60 (0.39-0.91) 0.54 (0.35-0.84) 0.58 (0.37-0.93) 0.01
Additionally adjusted HR (95% CI)* 1.00 0.90 (0.61-1.34) 0.68 (0.44-1.04) 0.66 (0.42-1.04) 0.74 (0.46-1.20) 0.17
Hydroxycinnamic acids (mg/d) 138 207 252 316 422

No. of deaths 81 58 57 66 65

No. of person-years 5941 6621 6543 6776 5186

Age- and sex-adjusted HR (95% CI) " 1.00 0.71 (0.48-1.04) 0.78 (0.53-1.14) 0.80 (0.55-1.16) 0.97 (0.66-1.43) 091
Multivariable-adjusted HR (95% CI) 1.00 0.67 (0.45-0.99) 0.75 (0.51-1.11) 0.75(0.51-1.11) 0.78 (0.52-1.18) 0.42
Additionally adjusted HR (95% CI)* 1.00 0.63 (0.42-0.93) 0.71 (0.48-1.06) 0.71 (0.48-1.05) 0.74 (0.49-1.12) 0.32
Other phenolic acids (mg/d) 0.1 2.5 4.6 8.6 17.9

No. of deaths 77 62 58 67 63

No. of person-years 5199 6485 6608 7555 5221

Age- and sex-adjusted HR (95% CI)” 1.00 0.76 (0.52-1.12) 0.68 (0.45-1.01) 0.76 (0.52-1.12) 0.83 (0.56-1.24) 0.77
Multivariable-adjusted HR (95% CI) ' 1.00 0.64 (0.42-0.97) 0.57 (0.37-0.89) 0.68 (0.45-1.02) 0.68 (0.44-1.03) 0.38
Additionally adjusted HR (95% CI)* 1.00 0.67 (0.44-1.03) 0.61 (0.39-0.95) 0.72 (0.48-1.09) 0.74 (0.48-1.13) 0.60

Abbreviation: HR, Hazard Ratio; CI, confidence interval

" Analyses were stratified by sex, recruitment centre and intervention group.

¥ The multivariate HR has been additionally adjusted for age (<60, 60-64.9, 65-69.9, 70-74.9, >=75 years), smoking (never, past and current: cigarettes
(<5, 5-19, >20 per day) or cigars and pipes (<3, 3-6, >6 per day)), BMI (<25, 25-29.9, or >=30 Kg/m?), baseline diabetes, alcohol (0, 0.1-14.9, 15-29.9,
>=30 g/day), total energy intake (continuous variable), physical activity (continuous variable), family history of CVD or cancer, aspirin use,
antihypertensive drug use, use of cardiovascular medication, use of oral hypoglycaemic agents, insulin, other medication.

! This model has been additionally adjusted for intake of protein, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and
cholesterol (all as continuous variables).
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1.4. Publicacié 4. Els polifenols excretats per la orina sén bio-
marcadors de la ingesta de polifenols

Article 4. Polyphenols excreted in urine as biomarkers of total polyphenol intake.

Alexander Medina-Remén, Anna Tresserra-Rimbau, Sara Arranz, Ramén Estruch, i Rosa M.
Lamuela-Raventés. Bioanalysis. 2012. 4(22):2705-13.

Resum:

Els biomarcadors nutritionals sén metabolits que, analitzats en mostres biologiques, s’utilitzen
per determinar la ingesta d’un determinat aliment, grup d’aliments o altres constituents no
nutricionals. Presenten certes avantatges respecte els QFC d’aliments: sén més objectius i
precisos i tenen en compte la biodisponibilitat. La quantificacié de polifenols en mostres de
fluids i teixits és una bona alternativa als QFC per obtenir informacié sobre la ingesta de
polifenols.

Aquest article fa una revisié dels estudis més recents sobre biomarcadors de consum de
polifenols en orina, focalitzant-se en estudis clinics i epidemiologics. També s’hi detalla un
metode rapid i senzill per determinar polifenols totals en mostres d’orina: una adaptacié del
classic analisi colorimetric de Folin-Ciocalteu (F-C). Aquest metode, tradicionalment utilitzat
per la determinacié de polifenols en mostres alimentaries es va modificar per tal d’adaptar-
se a les mostres d’orina. Va ser necessari filtrar les mostres mitjangant una extraccié en
fase solida per eliminar les interferencies habitualment presents en orina: sucres, dioxid de
sofre, amines aromatiques, acids organics, acid ascorbic, Fe(II) i altres compostos organics
no fenolics pero oxidables. Aquestes substancies queden retingudes en els cartutxos d’unes
plaques de 96 pouets Oasis Max (Waters Corporation, PA; USA). Aquestes plaques, a més,
permeten disminuir la quantitat de mostra i els reactius i automatitzar el procés, aconseguint
aixi un estalvi economic, de temps i de mostra. El metode va ser validat utilitzant patrons i
orina sintetica.

Aquesta metodologia va ser posteriorment aplicada a mostres d’orina de dos estudis diferents
per corroborar que I'analisi de polifenols totals en orina era un bon biomarcador de consum de
polifenols. El primer, va ser un assaig clinic prospectiu, aleatoritzat i creuat amb 12 voluntaris
sans que consumiren dietes altes o baixes en polifenols. El segon estudi es va dur a terme
amb una submostra de 60 participants del PREDIMED, els quals se’ls va dividir en tertils
de consum de polifenols. En ambdés casos, el consum de polifenols es va relacionar de forma
estadisticament significativa amb la quantitat de polifenols excretats en orina, demostrant
que aquest sistema era valid com a biomarcador.

L’analisi de mostres d’orina recollida durant 24 hores déna resultats més precisos que l'analisi
de mostres d’orina puntual. No obstant, en estudis amb molts participants o de llarga durada,
la utilitzacié d’orina de 24 hores no és possible. En aquest cas, la solucié és expressar el
resultat en funcié de la concentracié de creatinina.
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Polyphenols excreted in urine as biomarkers
of total polyphenol intake

Background: Nutritional biomarkers have several advantages in acquiring data for epidemiological and clinical
studies over traditional dietary assessment tools, such as food frequency questionnaires. While food frequency
questionnaires constitute a subjective methodology, biomarkers can provide a less biased and more accurate
measure of specific nutritional intake. A precise estimation of polyphenol consumption requires blood or urine
sample biomarkers, although their association is usually highly complex. Results: This article reviews recent
research on urinary polyphenols as potential biomarkers of polyphenol intake, focusing on clinical and epidemiological
studies. We also report a potentially useful methodology to assess total polyphenols in urine samples, which allows
a rapid, simultaneous determination of total phenols in a large number of samples. Conclusion: This methodology
can be applied in studies evaluating the utility of urinary polyphenols as markers of polyphenol intake, bioavailability

and accumulation in the body.

Polyphenols are the most abundant antioxidants
in human diets. They constitute an extremely
heterogencous group of compounds, with over
500 different molecules described in commonly
ingested foods and drinks [1]. The estimated mean
total intake of dietary polyphenols is approximately
1000 mg/day [2.3], around 100-times higher than
that of carotenoid and vitamin E, and ten-times
higher than vitamin C.

Polyphenols are generally divided into five
main groups according to their structure: phenolic
acids, flavonoids, stilbenes, lignans and others
(such as secoiridoids) [4:5]. They characteristically
all share an aromatic ring bound to at least two
hydroxyl groups.

The high variability in consumption, synergism
and bioavailability of polyphenols determines
their health effects (6. Numerous clinical and
epidemiological studles have shown an inverse
association between the risk of myocardial
infarction and ingestion of polyphenol-rich food
such as fruit and vegetables (F&V) and their
derivatives, as well as a close relationship between
cancer risk and polyphenol consumption [7-11.

Nutritional biomarkers are metabolites from
external components such as foods, assessed in
biological samples, and they are used to determine
ingestion of a particular food or food group, or
nutrient or non-nutrient constituent [12].

Nutritional biomarkers have advantages in
acquiring data for epidemiological and clinical
studies over traditional dietary assessment
tools, such as food frequency questionnaires
(FFQs) (13]. While FFQs constitute a subjective

methodology, biomarkers can provide a less
biased and more accurate measure of specific
nutritional intake. The quantification of specific
polyphenol biomarkers in accessible fluids or
tissues has great potential as an alternative to
traditional dietary assessment techniques and
provides valuable information about polyphenol
intake in humans [14].

The Folin—Ciocalteu (F-C) assay is the
most widely used method for the analysis of
total polyphenol (TP) content in foods [1.15]
and recently in urine samples [16]. The F-C
reagents (phosphomolybdic-phosphotungstic
acid reagents) reduce polyphenols in alkaline
medium. A series of molybdic and tungstic oxides
are formed in this redox reaction, giving a blue
coloration proportional to the concentration of
polyphenols, which is determined by measuring
the absorbance at 765 nm [17]. However,
polyphenols do not all react with the F-C reagent
with the same intensity, which can lead to an
underestimation of the amount of polyphenols
in the sample.

The F-C method can be hampered by the
presence of several water-soluble substances in
urine, including sugar, sulfur dioxide, aromatic
amines, ascorbic and organic acids, iron(II)
and nonphenolic organic substances [15]. This
interference was studied by Roura ez 4l. in their
research on cocoa [16]. After a SPE clean-up
procedure with a single cartridge, none of
these substances were found in the eluate, thus
avoiding the interference reaction with the F-C
reagent.
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Key Terms

Polyphenols: This highly
diverse class of secondary plant
metabolites with potentially
beneficial human health effects
is found in a range of
plant-derived foods, particularly
in the skin of fruit and the
epidermis of leaves.

Nutritional biomarker:
Biological compound that
provides a clinical index of
nutritional status regarding
intake or metabolism of dietary
constituents.

96-well plate cartridges:
These are used in the SPE
clean-up procedure, allowing
the simultaneous analysis of a
high number of samples.

Oasis® MAX: Mixed-mode
anion-exchange and reversed-
phase solvent from Waters
Corporation (PA, USA).

PREDIMED study: Large,
parallel group, multicenter,
controlled, randomized 5-year
clinical trial aimed at assessing
the effects of the Mediterranean
diet on the primary prevention
of cardiovascular disease.

The methodology used to determine
TP in urine samples has been subsequently
further improved for a greater recovery of
TPs excreted (TPE) into urine. The present
high-throughput method is rapid, simple and
allows the simultaneous determination of TP
in a large number of samples using 96-well
microtiter plates. Its application is potentially
useful in studies evaluating the utility of urinary
polyphenols as markers of intake, bioavailability
and accumulation of these compounds in
the body.

In this article, recent research on urinary
polyphenols as potential biomarkers of poly-
phenol intake is described, focusing on clinical
and epidemiological studies.

Experimental

® Urine samples

To determine the bioavailability of polyphenols
in intervention studies, concentration is
habitually calculated via the area under the curve
from multiple blood sampling over a 24-h period,
or urinary excretion of polyphenol metabolites,
which is generally consistent with plasma kinetic
data. It is thought that, 24-h urine samples offer
advantages over plasma measurements, mostly
because they allow an accurate evaluation of
the TP absorbed. Urine samples are mainly
appropriate for polyphenols with short plasma
half-lives, where plasma measurements may fail
to monitor acute intake.

The 24-h urinary determination is quantitative
and provides a measure of the total output of
polyphenol metabolites over a 24-h period. Being
more robust in monitoring daily intake than a
single measurement in plasma, it also offers a
better index of intake, monitoring the total
concentrations of small- and large-intestinal
metabolites, without the necessity of taking
multiple blood samples.

Although metabolite quantification in
24-h urine samples may be an appropriate
methodology small-scale human
intervention studies, it is not realistic in
large-scale epidemiological studies, because
of the problems involved in organizing the
collection of 24-h urine samples from a large-
study population. A midway approach could
be the quantification of metabolites in spot
urine samples but there is little evidence on
its suitability. Additionally, urinary data can
be deceptive for those polyphenols that use
alternative ways of excretion, such as bile from
enterohepatic circulation.

in

m Interferences from biological fluids

The major drawback, still unresolved, in
evaluating dietary polyphenol availability is the
difficulty to obtain a biological sample free of
any phenolic substance. Consequently, a basal
concentration of phenolics is found in urine,
even after imposing strict dietary controls
(i.e., diets free of those phenolic compounds of
interest), and following hours of fasting [18].

Water accounts for approximately 95% of
the total volume of urine, the remaining 5%
consisting of solutes derived from cellular
metabolism and outside sources such as drugs.
A wide range of water-soluble compounds,
including mineral salts, vitamins, amino acids,
enzymes, hormones, antigens, fatty acids,
nucleosides, immunoglobulins, pigments,
uric acid, urea, hippuric acid and so on, are
believed to be normally present in urine,
although other substances, such as proteins,
glucose, erythrocytes and ketones bodies, can
also be found when the body’s processes are not
operating efficiently [19].

Therefore, without the application of an
SPE clean-up procedure, these water-soluble
compounds may interfere with the efficiency of
the F~C assay in determining TP concentration
in urine. Our group recently described a rapid
new method, a modified Singleton and Rossi
F-C assay [19], to determine TP in complex
matrices such as urine samples [20]. SPE with
96-well plate cartridges (Oasis® MAX; Waters
Corporation, PA, USA) successfully avoided
any interference with the F-C reagent when
measuring TPE in urine, as described by
Medina-Remén ez 4l., the results being expressed
as gallic acid equivalent (mg)/creatinine (g) [20].

In the validation of the method, ten
representative polyphenols with varying polarity
were prepared in synthetic urine at different
concentrations and using different cartridges
[20]. The best recoveries were obtained with
Oasis MAX cartridges , which were
consequently selected. These cartridges allowed
acidic, basic and neutral compounds to be
detected, confirmed and quantified in different
fractions in biological fluids. The sensitivity and
polarity range of the urinary polyphenols were
enhanced and the detection and quantification
limits were significantly reduced.

m SPE clean-up procedure

Briefly, 1 ml of 98% methanol and then 1 ml
of sodium acetate 50 mM pH = 7 were loaded
to equilibrate the cartridges. A total of 1.2 ml
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of the urine samples, previously thawed on an
ice bed for 3 h, were centrifuged for 10 min at

Table 1. Absolute recovery of ten polyphenol standards in Oasis®
MAX cartridges after SPE, quantified by HPLC.

4°C, and 1 ml of supernatant was diluted with o
1 ml of Milli-Q water, acidified with 34 pl of Polyphenols Recovery (%; mean + SD)
35% hydrochloric acid and used to load the | Gallic acid 100.25 + 3.66
cartridges. The cartridges were cleaned with 1 ml Isoquercetrin 105.13 + 8.07
of sodium acetate 50 mM pH = 7 containing Quercetin 95.74 £ 7.12
5% methanol, and polyphenols were eluted with | Catechin 92.52 +4.43
1800 pl of methanol containing 2% formic |Epicatechin 108.05 + 1.90
acid. For the F~C reaction, 170 pl of Milli-Q® |4-O-methylgallic acid 97.87 £ 1.52
water (Millipore Corporation, MA, USA), 5 pl | Tyrosol 98.13 +2.23
of eluted fractions, 12 pl of F—C reagent and | Naringin 101.16 + 9.45
30 pl of 20% sodium carbonate were mixed | Caffeic acid 101.07 + 2.88
in Thermo Fisher Scientific microtiter 96-well | Rutin 97.66 + 0.72
plates (Nunc™, Roskilde, Denmark). The Reproduced with permission from [20] © Elsevier (2012).

mixtures were incubated at room temperature in
the dark for 1 h and 73 pl of Milli-Q water was
added after the reaction period. The absorbance
was measured at 765 nm in a UV/visible Thermo
Multiskan® Spectrum spectrophotometer
(Vantaa, Finland).

m F-C assay validation

This F-C method was validated with gallic
acid and a catechin standard. To evaluate the
linearity, a series of calibrators at different
concentrations were prepared in synthetic
urine. The LOD and LOQ were calculated to
evaluate the sensitivity of the method and its
accuracy, which was determined by spiking the
urine matrix with five different concentrations
of standards. Accuracy was estimated from the
percentage SDs of added analyte concentrations
recuperated from the blank matrix. The
CV was calculated by dividing SD by mean
concentrations, which were expressed on a
percentage basis, to obtain the RSD, calculated
to obtain the precision. Additionally, short-
and long-term stability as well as stability after
freeze—thaw cycles were evaluated in standards
and urine samples [20].

m Creatinine determination

For creatinine determination, the Jaffé alkaline
picrate method [21] was adapted to Thermo
microtiter 96-well plates. A total of 60 pl of 1%
aqueous picric acid solution was mixed with 3 pl
of urine and 5 pl of 10% sodium hydroxide. The
mixtures were incubated at room temperature
in the dark for 15 min. After the reaction time,
232 pl of Milli-Q water was added and the
absorbance was measured in the UV/visible
spectrophotometer at 500 nm. Creatinine
concentrations in urine samples are usually very
stable and, in the absence of disease, can be used

to estimate some urinary excreted substances in
spot urine samples [22-24].

m Study designs

Two studies were performed: a clinical trial in
order to evaluate the correlation between TP
determined in spot urine samples and TP intake
and to develop a biomarker of TP intake; and a
cross-sectional study in order to corroborate this
correlation in a free-living population with 60
volunteers. Validation was based on the results
of a clinical trial with different intervention
periods.

The clinical trial was a prospective,
randomized and crossover study that enrolled
12 healthy adults (four men and eight women;
age range 24-54 years old) with no previous
relevant illnesses. The volunteers were randomly
separated into two groups: the first one began
with a high polyphenol diet (HPD) and then
changed to a low polyphenol diet (LPD),
each lasting 3 days, and separated by a 3-day
midway period following a normal diet. The
other group began with the LPD, followed
by the midway period and finishing with the
HPD. The volunteers were instructed by a
dietician who taught them how to obtain the
required polyphenols from a list of restricted
or recommended foods and drinks in each of
the intervention periods. The daily food intakes
of the volunteers were recorded in a diary.
The volunteers refrained from taking vitamin
supplements and medication for 1 week before
and during the study.

The cross-sectional study was performed with
a subsample of 60 participants, 29 men and 31
women (56-80 years old) with a BMI between
20.4 and 36.6 kg/m* from the PREDIMED
study. It was a large, parallel-group, multicenter,
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randomized, controlled 5-year clinical trial.
The primary aim of the trial was to assess the
effects of the traditional Mediterranean diet on
a composite end point of cardiovascular death,
myocardial infarction and stroke, in comparison
with a low-fat control diet [101].

Habitual food intake at baseline was estimated
using a validated 137-item FFQ [25] and the
validated Spanish version of the Minnesota
leisure time physical questionnaire [26]. The
exclusion and inclusion criteria described by
Estruch ez al. were used [27]. The volunteers from
this substudy were divided into tertiles of daily
intake of total F&V: F&V consumption. The
first tertile included those with a low ratio (less
than 508.03 g/d), the second tertile those with a
medium ratio (between 508.04 and 640.23 g/d)
and the third tertile those with a high ratio
(more than 640.24 g/d). Basal urine samples
were collected, coded and stored at -80°C until
analysis.

In both studies, data on the TP content in foods
and drinks (mg/g fresh matter or mg/ml liquid)
were calculated according to Saura-Calixto and
Goni. TP intake was calculated as the sum of
all individual polyphenol intake from all food
sources reported in the FFQ corresponding to
eight groups: cereals, vegetables, legumes, nuts,
chocolate, fruit, oils and phenolic beverages
(coffee, tea, wine, beer and fruit juices) [2s].

m Validation of the method & SPE cartridge
selection

The analysis was improved and Oasis MAX
96-well cartridges were selected as the most
suitable for the SPE, since they allow acidic,
basic and neutral compounds to be detected,
confirmed and quantified in biological samples.
The LOD and LOQ were significantly reduced,
and the polarity range and sensitivity of the
urinary polyphenols were improved.

The developed F~C and creatinine method
using 96-well plates is particularly suitable for
clinical and epidemiological studies in which
volunteers consume a wide variety of polyphenols
in their habitual diet and large batches of samples
are analyzed daily. The 96-well plates allowed
the use of much larger sample volumes, provided
greater sensitivity and avoided troublesome
sample preparation due to the more comfortable
format. Compared with previous methods, it was
more suitable for automated manipulation and
faster, allowing the analysis of 96 urine samples
in only 3 h, in comparison with 12.5 h in other
procedures [15,16,28].

The Oasis MAX cartridges used in the
SPE assay increased the recovery of a high
number of polyphenols, with a high selectivity
and sensitivity for all polyphenols tested, and
decreased the interferences previously observed
in TP assays with urine samples.

Results & discussion

The main assumption behind dietary bio-
markers is that they are objective measures and
are independent of all the biases and errors asso-
ciated with study subjects and dietary assessment
methods.

Biomarkers of nutrient exposure have
been used for many years as an alternative to
traditional dietary assessment tools, offering
a semiquantitative index of the exposition of
individual food constituents, measured in a
fluid or tissue. They constitute an attractive
alternative approach to the study of polyphenols,
although the relationship between dietary intake
and fluid biomarker concentrations is highly
complex. Thus, there are very few existing valid
biomarkers of any dietary exposure beyond
sodium, energy or sugar intake.

Some aspects must be verified before a
particular dietary component or its metabolite
becomes a sensitive and accurate biomarker of
exposure to a specific polyphenol. For a complete
comprehension of polyphenol metabolism in
human subjects, the time—response relationship
between polyphenol intake and the appearance
of the biomarker in biological fluids, the
precise dose—response relationship between
the polyphenol intake and the appearance of
its biomarker in plasma or urine, as well as an
understanding of the extent to which certain
physiological and environmental factors affect
the rate of polyphenol metabolism in these
subjects. Spencer ¢t al. established the optimal
criteria for selecting potential compounds to
serve as useful nutritional biomarkers: robust
methodology, sensitivity, specificity and
bioavailability [14].

The use of biomarkers represents a valuable
and independent method for the validation of
self-reported intake data. Biomarkers may also be
very useful in cohort studies when dietary intake
has not been measured, when interesting food
items are not included in dietary assessment, or
when some important information are lacking.

Most dietary polyphenols (75-99%) are not
found in urine, and the quantities detected intact
vary from one phenolic compound to another
[2]. This may be due to their reduced absorption
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through the gut barrier, their hydrolysis and/
or the extensive metabolization by intestine or
liver enzymes after ingestion, their excretion
to the bile or their metabolization by colonic
microflora [4].

u Polyphenols absorption

Absorption, tissue distribution, metabolism
and urinary, as well as biliary excretion of
polyphenols, are separate physiological processes
that all contribute to the time-dependent plasma
values and determine bioavailability. Many
researchers have investigated the kinetics and
extent of polyphenol absorption by measuring
plasma concentrations and/or urinary excretion
among adults after the ingestion of a single dose
of polyphenols, provided as a pure compound,
plant extract, or whole food/beverage. Since
the concentrations of native and metabolic
forms of polyphenols in the circulation are in
the nanomolar to low micromolar range and
generally symbolize a very small percentage of the
quantity intake, a sensitive and reliable analytical
methodology is essential for the measurement of
specific metabolites as biomarkers of polyphenol
intake. Furthermore, due to a lack of suitable
standards of metabolic forms, they are difficult
to characterize and/or quantify.

Plasma metabolite concentrations observed in
bioavailability and/or pharmacokinetic studies
after polyphenol consumption vary greatly
according to the nature of the polyphenol and
the food source. The interactions between
polyphenols and other food components could
modify the polyphenol absorption. Therefore,
the dose—response relationship between
polyphenol intake and the concentration of
potential biomarker in fluids may be predisposed
by the chemical form of the polyphenol and the
food composition [14]. The metabolic response to
agiven dose of a particular polyphenol-rich food
could have significant inter-individual variation,
especially in the case of metabolites produced by
colonic microflora. Metabolite concentrations
in urine and plasma are generally low, hence,
the importance of collecting biofluids with
the highest concentrations of these putative
biomarkers.

m Polyphenol excretion

The advantage of nutritional biomarkers
over FFQs in epidemiological and clinical
studies has been shown by the significant
correlations observed between urinary excretion
of polyphenols and food consumption in

intervention studies with specific food items (4],
even though few studies have evaluated whether
TP compounds can be considered as validated
biomarkers of TP intake. In the clinical
trial performed by our group, TP intake was
positively and significantly correlated (r = 0.48,
p < 0.01) with TPE in spot urine samples due to
the observed relationship between polyphenol
content in ingested food and recoveries in
urine [20].

The concentrations of TPE in spot urine after
the consumption of different diets are shown
in . The median values represented in
the boxplot graph show the central tendency
of the quantitative data distribution, correctly
described by this general index. The figure
presents the changes in urinary polyphenol
excretion in high, normal and LPDs. The error
bars (whiskers) represent the smallest (minimum)
and the largest (maximum) sample values, since
the distributions do not have outliers. Horizontal
lines inside the boxes are the lower and the upper
quartiles, hence, the length of the box is the
interquartile range of the sample.

The Wilcoxon test analysis of related
samples for each intervention period exhibited
asignificant difference between the urinary TPE
after the HPD and LPD (p = 0.002). However,
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Figure 1. Concentration of total phenolic gallic acid equivalent (mg)/
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creatinine (g) excreted in morning urines, after the ingestion of the high,

normal and low polyphenol diets in the clinical trial.
Reproduced with permission from [20] © Elsevier (2012).
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when the normal diet was compared with HPDs
and LPDs, a tendency to a significant difference
was observed (p = 0.06).

In the cross-sectional study, TPE was also a
good indicator of TP consumption, as shown
by the significant correlation observed between
F&V or TP intake and urinary TPE determined
by the F-C assay. This was corroborated by
the Spearman’s rank correlation coefficient
(r) analyses, which gave a positive significant
correlation between the TPE in spot urine
samples and TP intake (r = 0.257, p = 0.04),
and the total F&V intake (r = 0.339, p = 0.008)

. The correlation between TPE in spot
urine and TP intake was lower than between
TPE in urine and F&V intake, probably due to
the translation of F&V and other polyphenol-
rich foods from the FFQ into the TP intake. At
the time of the study, a complete database with
the polyphenol content of all foods, such as the
Phenol-Explorer database (1], was not available.

Several authors have reported that phenolic
compounds in spot urine samples collected from
free-living subjects can be used as biomarkers of
specific polyphenol-rich foods: chlorogenic acid
for coffee, phloretin for apple, naringenin for

T
250

T T T T
500 750 1000 1250

Total fruit and vegetable intake (g/day)

Figure 2. Correlation between total phenolic gallic acid equivalent (mg)/
creatinine (g) excreted in morning urine and total fruit and vegetables
intake (g/day) in the cross-sectional study.

Reproduced with permission from [20] © Elsevier (2012).

grapefruitand hesperetin for orange consumption
(29-31]. The combination of several polyphenols
(isorhamnetin + hesperetin + naringenin +
kaempferol + phloretin) may be a good indicator
of total fruit consumption. However, few
investigations have correlated TP intake with the
concentration of phenolic compounds in spot
urine samples to validate their use as biomarkers
of polyphenol intake.

Mennen et al. studied the correlation
between the consumption of polyphenol-rich
foods and beverages and the concentration of
13 polyphenols and metabolites in spot urine
samples in a free-living population, proposing
that some polyphenols measured in spot
urine samples can be used as biomarkers of
polyphenol-rich food intake [30]. Krogholm
et al. measured the total flavonoids excreted
in urine by LC-MS to determine whether the
flavonoid concentration in urine may reflect the
intake of F&V [31]. They concluded that the total
urinary excretion of flavonoids in 24 h may be
used as a biomarker for F&V intake. Roura et
al. arrived at similar conclusions, finding that
the TP concentrations in urine can be correlated
to the polyphenol intake from cacao drinks
(16]. In their study it was possible to see the
relationship between the TP intake and TPE
in urine samples, measured by the F-C assay.
However, in epidemiological studies, only spot
urine samples and rarely 24-h urine samples are
collected to investigate the potential beneficial

effect of F&V on health.

m Epidemiological & clinical studies

Due to the extensive distribution of flavonoids in
F&YV, various studies have measured their value
as biomarkers of F&V intake. In a controlled-
dietary intervention study, urinary quercetin,
flavanone, and total flavonoids were measured
in 24-h urine samples by LC-MS after 6 weeks
on a diet with either a low or high content of
F&V or berries. Changes in F&V consumption
and urinary flavonoid excretion were positively
correlated [29], as was the concentration of TP
metabolites in 24-h urine samples and F&V
consumption, after the implementation of a
basic diet supplemented with 300 or 600 g of
F&YV during 1 day [31].

Similarly, other investigators have analyzed
TP in spot urine samples as biomarkers of TP
intake, using the F~Cassay. Interestingly, urinary
polyphenols have been inversely associated with
blood pressure and positively associated with a
reduction in the risk of coronary heart disease in
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another PREDIMED substudy, which included
589 participants, 263 men aged 53—82-years old
and 326 women aged 58—82-years old, free of
cardiovascular disease at baseline [32].

Assignificant positive association was obtained
between normalized urine TPE expressed as
gallic acid equivalent (mg)/creatinine (g) and
daily intake of TP (100 mg), F&V (100 g),
coffee (100 ml) and wine (100 ml) after
adjusting for potential confounding factors
(B = 0.116, p < 0.001; B = 0.127, p < 0.001;
B =0.414, p < 0.05; and B = 0.121, p = 0.019;
respectively). The B coefficients (standardized)
obtained in this model showed that TP and
F&V (B = 0.283 and B = 0.150, respectively)
contributed to urinary TPE more than coffee
(B = 0.141), and all of them contributed to a
greater extent than wine ( = 0.120).

Valls-Pedret ez al. assessed urinary polyphen-
ols as an objective biomarker of TP intake, and
measured the associations between urinary
polyphenols and cognitive scores by multiple
linear regression models in 447 asymptomatic
subjects at high cardiovascular risk enrolled
in the PREDIMED study 33). TP excretion
in urine was independently associated with
memory performance, with a continuous,
dose-related effect; it was also significantly and
independently associated with the immediate
recall score of the Rey auditory verbal learning
test and nearly significantly with the delayed
recall Rey auditory verbal learning test score.

Recently, Pedret et al. measured the
relationship between urinary TPE and oxidative
stress biomarkers in 81 healthy adults of different
ages from the cross-sectional PAScual MEDicina
study (34]. TP intake was quantified from 3-day
dietary records using the Phenol-Explorer
database, and a significant Pearson correlation
was observed between daily TP intake and
urinary TPE (r=0.281, p = 0.012). In this study
the standardized coefficients from a stepwise
multivariate model showed that polyphenol
intake from fruits is the largest contributor to
TP intake; followed by vegetables, coffee and
fermented beverages. Additionally, urinary
TPE was inversely associated with urinary
8-hydroxydeoxyguanosine (p < 0.001) and
erythrocyte oxidized glutathione concentrations
(p < 0.05).

In the InCHIANTTI study, Zamora-Ros
et al. evaluated the relationship between
dietary polyphenol intake and TPE, expressed
by both 24-h volume and urinary creatinine
normalization, in 928 participants [35]. In

multiple linear models, the association between
dietary TP intake estimated from validated
FFQs and both transformed TPE expressions
was statistically significant (partial correlation
coefficient [pr] = 0.164, p < 0.001 for urinary
TPE expressed by 24-h volume; pr = 0.113,
p = 0.002 for urinary creatinine correction
TPE; after adjusting for gender, age, BMI,
physical activity, energy intake and renal
function). Both urinary TPE expression models
correlated with polyphenol intake, but it was
concluded that the former is the more accurate
biomarker.

However, 24-h urine collection is not practical
in large-scale epidemiological studies, being
tedious for both participants and investigators.
In cases where 24-h volume is not available,
creatinine-corrected urinary TPE may serve as
a suitable biomarker of TP dictary intake in a
free-living population [20].

Conclusion
Urinary polyphenol analysis by a F~C assay,
after a SPE clean-up with Oasis MAX 96-well
plate cartridges, was pioneered by our group and
can be considered as an accurate biomarker of
polyphenol-rich food intake [36,20]. This method
is simpler, cheaper and more environmentally
friendly than others previously described [16].
In addition, our method is especially adapted
for the simultaneous analysis of large batches
of samples; the 96-well plate system allows the
use of much larger sample volumes, provides
greater sensitivity, avoids troublesome sample
preparation due to its more comfortable format,
is more suitable for automated manipulation,
and is faster than previous methods.

Future perspective
The development of nutritional biomarkers is a
highly complex procedure since the methodology
must be robust, sensitive and specific, which
depends also on bioavailability of compounds.
However, this methodology for assessing
nutritional intake has several advantages over
dietary data, being more accurate, objective and
reliable. Compared with the more subjective
information obtained by FFQs, biomarkers
provide a more precise measure of the nutritional
state since they take into account both the
metabolism and bioavailability of the target
component.

The quantification of biomarkers in spot urine
samples is a good alternative to quantification
in 24-h urine samples, which is not a realistic

Key Term

B coefficients

(standardized): Regression
coefficients that are obtained if

the regression model is

estimated with the standardized

values of the dependent
variable.

fsg

future science group

www.future-science.com

2711



IV. Resultats/Results

115

ReseaRcH ARTICLE I Medina-Remén, Tresserra-Rimbau, Arranz, Estruch & Lamuela-Raventos

possibility in large-scale epidemiological studies
due to practical issues. However, urinary
data can be deceptive for polyphenols that
use alternative ways of excretion, such as the
bile from enterohepatic circulation. Another
limitation is that the colonic microflora catalyze
the breakdown of the polyphenol itself to more
simple compounds, such as valerolactones or
other chemical structures that are not able to
further reduce the chemicals present in the F~C
reagent, and the behavior of these compounds in
SPE has not been studied.
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Executive summary

The described high-throughput methodology, using 96-well microtiter plates, could potentially be used by the analytical community
to detect total polyphenols in urine samples as a biomarker of total polyphenol intake. Accordingly, the measured urinary polyphenol
concentration showed a better correlation with clinical data than polyphenol intake obtained by food frequency questionnaires.

Urinary total polyphenols excreted expressed by 24-h volume is a more accurate biomarker of polyphenol dietary intake than by urinary
creatinine normalization, although the latter is more practical in a free-living population study.
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1.5. Publicacié 5. Efecte del consum de polifenols sobre la
pressio arterial.

Article 5. The effect of polyphenol consumption on blood pressure

Alexander Medina-Remén, Ramén Estruch, Anna Tresserra-Rimbau, Anna Vallverdid-Queralt,
i Rosa M. Lamuela-Raventés. Mini-reviews in Medicinal Chemistry. 2013. 13:1137-49.

Resum:

La hipertensi6 és un greu problema de salut ptublica, no només per la quantitat de persones
afectades, aproximadament 1.000 milions, siné també perqueé és un dels principals factors
de risc CV. No obstant, s’ha demostrat que es pot evitar o millorar amb uns bons habits
alimentaris i un estil de vida saludable. Nombrosos estudis observacionals i d’intervencié han
mostrat que hi ha una associacié inversa entre les malalties CV i el consum d’aliments rics
en polifenols, com ara el cacau, les fruites i verdures en general, el te, el cafe i el vi.

Aquesta revisié bibliografica és un recull dels iltims resultats obtinguts a partir d’estudis
observacionals i d’intervencié en humans sobre ’efecte beneficiés de la ingesta de polifenols
sobre la PA. S’hi descriuen, breument, I'estructura i la classificacié dels polifenols, aixi com
el seu metabolisme, 'absorcié i la biodisponibilitat. En un altre apartat es revisen els bio-
marcadors de consum de polifenols. A més, també s’hi descriuen breument els mecanismes
d’accié que s’han proposat per explicar com els polifenols regulen la PA.

Es conclou que hi ha suficient evidencia cientifica per afirmar que la ingesta de polifenols
a través de la dieta ajuda a disminuir la PA i ajuda a prevenir la hipertensié. L’analisi de
polifenols totals en orina mitjancant el metode colorimetric de F-C és una manera eficag de
mesurar el consum de polifenols i es pot utilitzar com a biomarcador nutricional. Els polifenols
interaccionen amb l’endoteli i augmenten la formacié de NO i EDHF, ambdés relacionats amb
la disminucié de la PA. D’altra banda també actuen com a antioxidants disminuint l’estrés
oxidatiu que déna lloc a respostes pro-inflamatories i pro-trombotiques a les parets arterials.
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The Effect of Polyphenol Consumption on Blood Pressure
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Abstract: Several observational and intervention studies have found an inverse association between the risk of
cardiovascular disease and the consumption of polyphenol-rich foods and beverages such as cocoa, fruit and vegetables,
tea, virgin olive oil and wine. We present here an overview of the latest research on the beneficial effect of dietary
polyphenols on blood pressure, focusing on the development of urine biomarkers for an accurate estimation of polyphenol
intake. Total polyphenols (TP) excreted in spot urine samples have been successfully used as a biomarker of the
consumption, bioavailability and accumulation of TP in a cross-sectional clinical trial. In addition, we describe how the
vasoprotective effect of dietary polyphenols has been related to their ability to increase endothelial synthesis of nitric
oxide (NO) and endothelium-derived hyperpolarizing factor (EDHF)-mediated responses.

Keywords: Biomarkers, blood pressure, fruits and vegetables, hypertension, polyphenols, urinary polyphenol.

INTRODUCTION

Hypertension, defined as systolic blood pressure (BP)
greater than 140 mm Hg or diastolic BP greater than 90 mm
Hg, is a major global public health problem, affecting
approximately 1 billion individuals and causing 7.6 million
premature deaths, as well as 6% of all cases of disability-
adjusted life years worldwide [1]. This disease, which is one
of the main cardiovascular risk factors in the elderly, can
be managed by following a healthy diet such as the
Mediterranean [2] or Dietary-Approaches-to-Stop-Hypertension
(DASH) diets [3] and/or by improving other lifestyle factors,
such as reducing body weight and increasing physical
activity [4]. The Mediterranean and DASH diets are both
rich in fruit and vegetables (F&V), which are an abundant
source of phytochemicals and are inversely associated with
high BP [4-6]. Other ways of controlling hypertension
include maintaining a body mass index (BMI) between 18.5
and 24.9 Kg/m?, reducing sodium intake to less than 2300
mg a day, and performing exercise that raises the heart rate
for at least 2% hours a week. Another measure is to limit
alcoholic beverages to 2 drinks a day for men and 1 drink a
day for women.

Numerous observational studies have demonstrated an
inverse association between polyphenol-rich foods such as
cocoa, F&V, tea, olive oil and wine [4, 5, 7-11] and the risk
of overall mortality or cardiovascular disease, whereas a high
consumption of meat/meat products or refined cereals has
been associated with a higher cardiovascular risk [4, 5, 12].
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Consumption of fish, another characteristic food of the
Mediterranean diet, and low-fat dairy products may also
reduce the risk of hypertension [4, 13-17]. The effects of the
dietary intake of sodium and potassium, vitamin C or other
antioxidant compounds on BP have also been analyzed [18,
19]. However, only one study to date, conducted by our
group, has evaluated the role of excreted total dietary
polyphenols as a biomarker of total polyphenol intake on BP
[20].

Biomarkers of nutrient intake measured in blood and
urine are more precise and provide more objective
measurements than data obtained from food frequency
questionnaires (FFQ); thus, their development is essential for
accurate estimations of polyphenol consumption. However,
the study of the relationship between dietary intake and
nutritional biomarkers is often extremely complex [21].

In the following sections, we present an overview of
recent observational studies on the relationship between
polyphenol intake and BP, as well as the plausible
mechanisms by which polyphenols may exert their
cardioprotective role.

POLYPHENOLS: CHEMISTRY AND CLASSIFICA-
TION

Several compounds present in food, known as
phytochemicals or phytonutrients, possess the capacity to
alter biochemical reactions and thus affect human health.
One such group of compounds is the polyphenols, plant
secondary metabolites that constitute the most abundant
antioxidants in the human diet. Polyphenols may be
classified into different groups according to the number of
phenol rings they bear and the structural elements that bind
these rings to one another. They are generally divided into

© 2013 Bentham Science Publishers
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two main groups: flavonoids and non-flavonoids. The
flavonoid group comprises compounds with a C6-C3-C6
structure: flavanones, flavones, dihydroflavonols, flavonols,
flavan-3-ols, anthocyanidins, isoflavones and
proanthocyanins. This classification is based on the
oxidation of the central ring and the type of substituents in
the heterocyclic ring [22]. Flavonoids have a skeleton of
diphenyl propanes, two benzene rings (A and B) connected
by a three-carbon chain forming a closed pyran ring with the
benzene A ring.

As well as presenting a high structural diversity,
polyphenols may be associated with various carbohydrates
and organic acids and with one another. In plants, they
usually occur glycosylated, mainly with glucose or rhamnose,
but they can also be linked with galactose, arabinose, xylose,
glucuronic acid or other sugars. The number of glycosil
moieties usually varies from one to three, although flavonoids
have been identified with four and even five moieties [23].

The non-flavonoid group of polyphenol compounds is
classified according to the number of carbons they bear and
comprises the following subgroups: simple phenols, phenolic
acids, hydrolysable tannins, acetophenones and phenylacetic
acids, cinnamic acids, coumarins, benzophenones, xanthones,
stilbenes, chalcones, lignans and secoiridoids.

Simple phenols (C6) are formed with an aromatic ring
substituted by an alcohol in one or more positions. Phenolic
acids (C6-Cl1), which have the same structure as simple
phenols, have a carboxylic group linked to the benzene.
Hydrolyzable tannins are mainly glucose esters of gallic
acid. Hydroxycinnamic acids are included in the
phenylpropanoid group (C6-C3) and are formed with an
aromatic ring and a three-carbon chain. They consist of four
basic structures: the coumaric acids, caffeic acids, ferulic
acids and sinapic acids. In nature, they are usually associated
with other compounds such as chlorogenic acid, which is the
link between caffeic acid and quinic acid.

Coumarins belong to a group of compounds known as the
benzopyrones, all of which consist of a benzene ring joined
to a pyrone. They may also be found in nature in combination
with sugars such as glycosides. They can be categorized as
simple, furanocoumarins, pyranocoumarins and coumarins
substituted in the pyrone ring [24]. Chalcones with a C6-C3-
C6 structure are flavonoids lacking a heterocyclic C ring.
Generally, plants do not accumulate chalcones.

METABOLISM, ABSORPTION, AND BIOAVAILABI-
LITY OF POLYPHENOLS

Polyphenols are the most abundant antioxidants in the
human diet and are widespread constituents of fruits,
vegetables, cereals, dry legumes, chocolate, and beverages
such as tea, coffee, or wine [25]. Total dietary polyphenol
levels are roughly 1 g/d [26], which is around 10 times
higher than the intake of vitamin C and 100 times higher than
that of vitamin E and carotenoid. However, various factors
make the precise estimation of polyphenol consumption very
difficult: polyphenols show a considerable diversity of
chemical structures; they are present in a large variety of
foods; certain polyphenols such as quercetin are found in all
plant products, whereas others, such as flavanones in citrus
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fruit, isoflavones in soya and phloridzin in apples, are
specific to particular foods; their content in a given food can
vary widely, due to several factors, and as there are no
standardized methods to estimate polyphenols in foods,
analytical methods can vary between studies. Since structural
changes in polyphenols may result in differences in
biological properties, it is important to specify the dietary
intake of the various polyphenols separately for an
evaluation of their health effects [27].

The health effects of polyphenols depend on both their
respective intakes and their variable bioavailability [28]. The
most common polyphenols in the human diet are not
necessarily the most active in vivo, either because they have
a lower intrinsic activity than others or because they are
poorly absorbed from the intestine, highly metabolized, or
rapidly eliminated [23]. In addition, glycosylation of
flavonoids and esterification of phenolic acids should be
considered, because these modifications will affect their
absorption from the gut and bioavailability [29, 30].

Once ingested, polyphenols have several possible fates,
including absorption in the small intestine or colon, and/or
excretion in the feces or urine. In the small intestine,
polyphenols can enter the mucosa through different
mechanisms. In some instances, hydrophobic moieties must
be cleaved for absorption to take place. In the colon,
polyphenols are initially digested into smaller phenolic
structures by gut microflora. After this initial digestion is
complete, the polyphenols and their metabolites may be
absorbed [25, 31]. As a general rule, the metabolites of
polyphenols are rapidly eliminated from plasma, which
indicates that consumption of plant products on a daily basis
is necessary to maintain high concentrations of metabolites in
the blood stream [23].

Most dietary polyphenols (75-99%) are not found in
urine, and the quantities detected intact vary from one
phenolic compound to another [25]. This fact may be due to
their reduced absorption through the gut barrier, their
hydrolysis and/or metabolization by intestine or liver
enzymes, their excretion to the bile or their metabolization
by colonic microflora. To acquire high plasma concentrations
requires repeated ingestion of polyphenol-rich foods [32].

Absorption, tissue distribution, metabolism, and urinary
as well as biliary excretion of polyphenols are separate
physiological processes that all contribute to the time-
dependent plasma values and determine bioavailability.
Many researchers have investigated the kinetics and extent
of polyphenol absorption by measuring plasma concentrations
and/or urinary excretion among adults after the ingestion of a
single dose of polyphenols, provided as a pure compound,
plant extract, or whole food/beverage. The relative urinary
excretion ranged from 0.3% to 43% of the ingested dose,
depending on the polyphenol. Gallic acid and isoflavones are
well-absorbed polyphenols, followed by catechins, flavanones,
and quercetin glucosides, but with different kinetics. The
least well-absorbed polyphenols are the proanthocyanidins,
galloylated tea catechins, and anthocyanins [33].

Anthocyanidins are the only flavonoids that are absorbed
from the stomach, and the only ones to occur as glycosides
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in plasma. This is reflected in their very low bioavailability,
a rapid appearance in plasma after ingestion, and the
presence of intact anthocyanidin glycosides in the
circulation. The most efficient absorption occurs in the small
intestine, because of its large surface area compared with the
stomach or colon. Absorption from the small intestine results
in peak plasma values within 1-3 h after ingestion.
Monomeric flavan-3-ols such as catechin and epicatechin are
absorbed from the small intestine, and their relatively low
bioavailability may be caused by efflux pumps associated
with multidrug resistance, which regulate cellular levels
[34]. Galloylated catechins such as epigallocatechin gallate
bind to proteins in the gut, which may be another
explanation for this low bioavailability [35].

Most flavonoids, with the exception of flavan-3-ols,
occur as glycosides in foods; only these, excluding
aglycones, are absorbable in the small intestine, and the type
of sugar moiety determines whether absorption is possible
[36]. Bioavailability is determined by the type of glycoside,
for example, quercetin glucoside is absorbed from the small
intestine while quercetin rutinoside can be absorbed only
from the colon, after the hydrolysis of rutin moiety. After
absorption in the small intestine, glucosides are hydrolyzed
by lactase phloridzin hydrolase located at the brush border
membrane [37].

In the colon, flavonoids that are not absorbed from the
small intestine or stomach are subjected to metabolism by
microbiota; glycosides are hydrolyzed, which allows
absorption, with peak plasma values reached only after 46 h
[33]. Furthermore, flavonoids are broken down to a range of
smaller molecules, the phenolic acids [38], and as a result,
the bioavailability of flavonoids absorbed from the colon is
generally much lower than those absorbed from the small
intestine.

After absorption, polyphenols are readily metabolized in
intestinal cells to form glucuronide and sulfate conjugates
that appear in the portal blood [39], and methylation of
catechol units may also occur [40]. Consequently, generally
only conjugated forms of polyphenols are present in blood.
Nevertheless, unconjugated forms of anthocyanins, and some
phenolic acids [38] may be present in the circulation.

In the liver, additional conjugation and methylation may
occur, changing the biological activity of polyphenols, as
occurs with the antioxidant activity of quercetin conjugates,
being on average about one-half that of the aglycone [41].

Urinary excretion has often been determined in human
studies. The total amount of metabolites excreted in urine is
roughly correlated with maximum plasma concentrations.
Our group recently described a rapid new method, a
modified Singleton and Rossi Folin-Ciocalteu (F-C) assay
[42], to determine total polyphenols in complex matrices
such as urine samples, thus providing an accurate biomarker
of polyphenol-rich food intake [43].

OBSERVATIONAL STUDIES ON POLYPHENOL
INTAKE AND BLOOD PRESSURE

The biological effects of plant polyphenols depend on
their bioavailability, kinetics and exposure time [44]. Thus,
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intestinal absorption and metabolism of polyphenols are a
rate-limiting step for their endothelium-dependent protective
impact, since the clinical relevance of these compounds
depends on their systemic availability. In addition, the
complex mixtures of these structurally diverse compounds
present in foods and beverages hampers the determination of
total phenol content in the diet [45].

Numerous observational studies have reported a
protective effect of F&V against cardiovascular disease
(CVD) [5, 7], which may be due to the presence of multiple
substances. For example, a high F&V intake was correlated
with a reduced risk of CVD in a study on 2682 men in
Finland [46]. The relationship between F&V intake and
CVD risk factors was also examined in urban south Indians
by Radhika G. et al. [47]. The population of this study
comprised 983 individuals aged 20 years or more, selected
from the Chennai Urban Rural Epidemiological Study
(CURES). Linear regression analysis revealed that after
adjusting for potential confounder factors, the highest
quartile of F&V intake showed a significant inverse
association with systolic BP (#=-2.6 mm Hg; P =0.027),
when compared with the lowest quartile. A high intake of
F&V explained 48 % of the protective effect against CVD
risk factors.

Similarly, the prevalence of non-previously diagnosed
hypertension in the SUN study [5] was inversely correlated
with F&V consumption in a Mediterranean population with a
very high intake of both fat- and plant-derived foods. In the
Nurses’ Health Study, intake of F&V was also inversely
associated with systolic and diastolic BP, whereas the
consumption of refined cereals and meat was directly
associated with high systolic BP [48]. In the Chicago
Western Electric Study vegetable protein, beta-carotene, and
an antioxidant vitamin score based on vitamin C and beta-
carotene were inversely and significantly related to an
average annual change in BP after an 8-year follow-up in
1714 employed middle-aged men [49]. On the other hand,
Hung HC ef al [50] evaluated the association of F&V
consumption with peripheral arterial disease in a cohort of
44,059 men initially free of cardiovascular disease and
diabetes, reporting no evidence that F&V consumption
protects against peripheral arterial disease. In the age-
adjusted model, men in the highest quintile of F&V had a
relative risk of 0.55 (95% CI = 0.38-0.80) for peripheral
arterial disease, compared with those in the lowest quintile.
However, the associations were greatly weakened after
adjustment for smoking and other traditional CVD risk
factors.

Compared with other types of foods, the intake of
flavonoid-rich juice [51], and flavonoid-rich dark chocolate
significantly reduced BP and improved flow-dilated
endothelium-dependent vasodilatation in a well-designed
double-blind cross-over trial, which contributes to healthy
blood flow [10]. Quercetin, one of the most abundant
flavonoids present in F&V, reduced BP in several
experimental models of hypertension including spontaneously
hypertensive rats and rat models of metabolic syndrome; a
high dose of quercetin also reduced BP in stage 1
hypertensive patients in a randomized, double-blind,
placebo-controlled, crossover study [52].
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In a randomized, single-blind, cross-over study [10], 20
men and women (age ~44 years) with never-treated essential
hypertension and impaired glucose tolerance, and 15
normotensive subjects consumed daily dark chocolate (100
g) with 500 mg polyphenols (including 66 mg epicatechin
and 22 mg catechin) or flavanol-free white chocolate (90 g)
for 15 days, each with a 7-day chocolate-free wash-out
period in between and after a run-in period which excluded
all cocoa foods. Baseline endothelium-dependent - flow-
mediated dilation of the brachial artery was significantly
lower in hypertensive subjects compared with controls
(74 £ 1.4% vs. 9.9 £ 0.9%; P<0.0001) and significantly
increased in hypertensive subjects after consumption of dark
chocolate (8.9 + 1.4%; P<0.0001) but not after consumption
of white chocolate (7.5 + 1.3%). Endothelium-dependent
-flow-mediated dilation also increased significantly in
the control group after consumption of dark chocolate
(11.8 + 1.3%; P<0.0001) but not after consumption of white
chocolate (10.1 + 0.9%).

Similarly, in a cross sectional study with Kuna Indians
(Panama), the authors observed that daily consumption of
flavanol-rich cocoa (from home-grown and Columbian
cocoa powder) lowers BP [53], possibly due to the activation
of vascular nitric oxide synthase [54]. In the spontaneously
hypertensive rat, a polyphenol-rich cocoa powder (up to 300
mg/kg bodyweight) reduced BP to the same extent as 50
mg/kg of captopril, an angiotensin-converting enzyme
inhibitor [55]. Cocoa flavanols help maintain endothelium-
dependent vasodilation, which contributes to normal blood
flow. In order to obtain the claimed effect, 200 mg of cocoa
flavanols should be consumed daily. This amount could be
provided by 2.5 g of high-flavanol cocoa powder or 10 g of
high-flavanol dark chocolate, both of which can be
consumed in the context of a balanced diet [56].

In a randomised, controlled, double-blind, cross-over trial
[57], 20 patients on secondary prevention for coronary artery
disease (64 + 3 years of age) received a high-flavanol cocoa
drink (HF, 375 mg) and a macronutrient- and micronutrient-
matched low-flavanol cocoa drink (LF, 9 mg) twice daily
(750 mg/day and 18 mg/day, respectively) in a random order
over 30 days with one week of wash-out between interventions.
By the end of the 30-day periods, flow-mediated dilation
values significantly increased to 5.7 + 0.5% (LF) and
8.4 + 0.8% (HF, each P<0.001 vs. pre-intervention values),
and the post-HF values were significantly greater than post-
LF values (P<0.001 between groups). Also, Berry et al. [58]
showed that a single dose of high-flavanol (701 mg cocoa
flavanols; 139 mg epicatechin) cocoa beverage significantly
increased flow-mediated dilation compared to a single dose
of a low-flavanol (22 mg cocoa flavanols; 0 mg epicatechin)
cocoa beverage (from 3.4 £+ 0.5% to 6.1 = 0.6%) in 21 obese
but otherwise healthy volunteers.

In another randomised, double-blind, placebo-controlled,
cross-over study [59] the flow-mediated dilation was
unchanged 1 h and 2 h after placebo ingestion (0 g cocoa)
but significantly increased 1 h and 2 h after consumption of
2, 5, 13 and 26 g of cocoa in a dose-dependent manner.
The increase in flow-mediated dilation 1 h and 2 h after
consumption of 5, 13 and 26 g of cocoa, but not after
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consumption of 2 g of cocoa, was statistically significant
compared to the placebo, showing an acute dose-dependent
effect of cocoa flavanols on endothelium-dependent - flow-
mediated dilation in healthy older adults.

In a randomized crossover trial, which included 13
otherwise healthy individuals, the intake of consecutive daily
doses of 100 g of polyphenol-rich dark chocolate (500 mg of
polyphenols) decreased both systolic and diastolic BP in
patients with mild isolated systolic hypertension [60]. In
another similar study, Taubert et al. determined the effects of
low doses of polyphenol-rich dark chocolate on BP in a
randomized, controlled, investigator-blinded, parallel-group
trial involving 44 adults aged 56 to 73 years (24 women, 20
men) with untreated upper-range prehypertension or stage 1
hypertension without concomitant risk factors. Participants
were randomly assigned to receive for 18 weeks either 6.3 g
(30 kcal) of dark chocolate per day containing 30 mg of
polyphenols or matching polyphenol-free white chocolate.
From baseline to 18 weeks, the dark chocolate intake
reduced mean (SD) systolic BP by —2.9 (1.6) mm Hg (P <
0.001) and diastolic BP by —1.9 (1.0) mm Hg (P < 0.001). In
addition, hypertension prevalence declined from 86% to 68%
[61].

In another study conducted with 60 volunteers who had
fasting blood glucose levels of > or = 6.1 mmol/L or nonfasting
blood glucose levels of > or = 7.8 mmol/L, supplementation
with green tea-extract powder produces a borderline
significant reduction in diastolic BP and no significant
changes in systolic BP. The intervention group consumed a
packet of green tea-extract powder containing 544 mg
polyphenols (456 mg catechins) daily for the first 2 months
and then entered the 2-month nonintervention period [62].
Erlund et al. investigated the effects of berry consumption on
BP in 72 middle-aged unmedicated subjects with CVD risk
factors during 8 weeks in a single-blind, randomized,
placebo-controlled intervention trial. In this study, berry
consumption significantly decreased (P = 0.050) systolic BP,
the decrease mostly occurring in subjects with high baseline
BP (7.3 mm Hg in highest tertile; P = 0.024) [63].

Morand et al. investigated the effect of orange juice and
its major flavonoid, hesperidin, on BP. Twenty-four healthy,
overweight men (aged 50-65) were included in a randomized,
controlled, crossover study during three 4-week periods.
Volunteers daily consumed 500 mL orange juice, 500 mL
control drink plus hesperidin, or 500 mL control drink plus
placebo. Diastolic BP was significantly lower after the 4-
week consumption of orange juice or the control drink plus
hesperidin than after consumption of the control drink plus
placebo (P < 0.03; both) [64]. Significant differences (P <
0.05) were found in diastolic BP between the control drink
plus placebo and control drink plus hesperidin, as well as
between the control drink plus placebo and orange juice.
Regardless of the experimental dietary group, systolic BP
was similar after the 4-week supplementation period. Intake
of 5.5 ml’kg body weight/day of Concord grape juice daily
for 8 weeks by hypertensive Korean patients also reduced
both systolic and diastolic BP by an average of 7.2 and 6.2
mm Hg, respectively, at the end of the 8 weeks of intervention
[65].
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The coronary flow-velocity reserve was increased in 10
healthy volunteers (aged 24-37 years) after drinking a
polyphenol-rich beverage (1g/kg ethanol as red wine) but not
after drinking the same quantity of alcohol as vodka or white
wine, a polyphenol-free beverage or an alcoholic beverage
with medium polyphenol content, respectively [66]. After
acute intake of 500 mL of red wine and de-alcoholized red
wine [67], endothelium-dependent vasodilatation was also
improved. A reduction in total and saturated fatty acid intake
and an increase of extra-virgin olive oil intake favourably
affected BP in hypertensive patients [68]. All these studies
support the view that polyphenol-rich diets may reduce BP
and improve endothelium function in hypertensive subjects.

Among various studies using pomegranate juice, a
consistent 5% reduction in systolic BP was reported when
Aviram et al. [69] gave 50 mL/d pomegranate juice to 10
hypertensive individuals for 2 weeks, whereas a 21%
reduction in systolic BP was observed when the same
volume of juice was given to a larger group of participants
with asymptomatic severe carotid artery stenosis for a year
[51]. By contrast, Sumner ef al., [70] reported a reduction in
stress-induced ischemia, but no effect on BP after the
consumption of 240 mL/d of pomegranate juice, a greater
volume than in the Aviram study, for a longer period (90 d)
in a much larger group of participants (n = 45) with
ischaemic coronary disease [71]. A possible reason for these
discrepant results is that the juices used in the studies were
derived from different sources and, therefore, differed in
their polyphenolic content. Sumner's group used a commercial
pomegranate  juice, which undergoes technological
processing that may affect the polyphenolic composition,
while Aviram's group produced an in-house concentrated
form of pomegranate juice, which was chemically analysed.

In a double-blind, placebo-controlled, parallel trial,
Naruszewicz ef al. analysed 44 patients (11 women and 33
men, mean age 66 years) who had survived myocardial
infarction and received statin therapy for at least 6 months.
The subjects were randomized to receive either 3 x 85 mg/day
of chokeberry flavonoid extract (4ronia melanocarpa E) or a
placebo for a period of 6 weeks. Compared to the placebo,
the flavonoids significantly reduced systolic and diastolic BP
by an average of 11 and 7.2 mm Hg, respectively [72].

A meta-analysis of randomized controlled trial data [73]
showed that consumption of chocolate reduced systolic
(-5.88 mm Hg; —9.55, -2.21) and diastolic (-3.30 mm Hg;
—5.77, -0.83) blood pressure. A soy protein isolate
significantly reduced diastolic BP (~1.99 mm Hg; 95% CI:
—2.86, —1.12), while the effect on systolic BP was not
significant (-1.60 mm Hg; 95% CI. -3.62, 0.42). The
consumption of black tea caused an acute increase in systolic
BP (5.69 mm Hg; 95% CI: 1.52) and diastolic BP (2.56 mm
Hg; 95% CI: 1.03, 4.10), but these increases may be due to
the known effects of caffeine on BP observed in another
meta-analysis [74]. All this epidemiological evidence
supports the argument that a diet rich in F&V or cocoa may
prevent BP from increasing and help to reduce high BP
levels.

A cross-sectional trial [43], which was performed within
a larger clinical trial, the PREDIMED study [2, 75] also
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correlated total polyphenols (TP) intake with BP levels
and/or with the prevalence of hypertension in elderly
individuals at high CVD risk. Given that a greater excretion
of polyphenols in urine is determined by a high TP
consumption, we suggested that the inverse association
observed between the objectively measured total
polyphenols excreted (TPE) in urine samples with BP may
be related to a favourable effect of TP intake on BP levels
(see below).

Finally, the relationship between BP and polyphenol-rich
food patterns, such as the DASH and Mediterranean diets,
has also been examined. The DASH diet is widely promoted
in the USA for the prevention and treatment of hypertension
[3]. In a free-living UK population [6], systolic and diastolic
BP were found to decrease significantly (P < 0.05) by 4.6
and 3.9 mm Hg, respectively, in those who followed a
DASH-style diet. After 3 weeks on the DASH diet, systolic
and diastolic BP in obese hypertensive patients was lower
than that on the usual diet (-7.6 + 1.4/ -5.3 + 1.4 mm Hg,
P <0.001/0.02) or the usual diet supplemented with potassium,
magnesium and fibre (—6.2 = 1.4/-3.7 + 1.4 mm Hg, P <
0.005/0.06), whereas BP did not differ significantly between
the usual and supplemented diets [76]. In lean normotensives,
BP values did not differ among the three diets. In another
study [77] with 27 men and women who followed a DASH
or a control diet, the DASH-diet group showed a significant
reduction in systolic (P < 0.001) and diastolic (P = 0.005)
BP.

In the SUN study [78], adherence to the Mediterranean
diet was associated with reduced mean levels of systolic
(moderate adherence, —2.4 mm Hg; high adherence, —3.1 mm
Hg) and diastolic BP (moderate adherence, —1.3 mm Hg;
high adherence, —1.9 mm Hg) after a 6-year follow-up, but it
was not associated with hypertension. Estruch et al [2]
compared the short-term effects of 2 Mediterranean diets
versus those of a low-fat diet on intermediate markers of
cardiovascular risk in an intervention feeding trial (the
PREDIMED study). Participants included in the Mediterranean
diet groups supplemented with either olive oil or nuts
showed a significant decrease in systolic and diastolic BP
measurements after 3 months of intervention compared to
the low-fat diet group. In a crossover study, Vinson ef al.
[79], observed a significant decrease of 4.3% in diastolic BP
and 3.5% in systolic BP when 18 hypertensive subjects
received either six to eight small microwaved purple
potatoes twice daily or no potatoes during 4 weeks [33].

BIOMARKERS OF TOTAL POLYPHENOL INTAKE

In observational assays nutritional markers have several
advantages over FFQ for obtaining dietary data, which has
been shown by the significant correlations observed between
urinary excretion of polyphenols and food consumption in
intervention studies with specific food items [23]. However,
few studies have evaluated whether TP in spot urine samples
can act as valid biomarkers of TP intake. In a clinical trial
performed by our group [43], TP consumption was positively
and significantly correlated with TPE in spot urine samples,
based on the observed relationship between polyphenol
content in ingested food and recoveries in urine.
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Several authors [80-82] have reported that phenolic
compounds in spot urine samples collected from free-living
subjects can be used as biomarkers of specific polyphenol-
rich foods: chlorogenic acid for coffee, phloretin for apple,
naringenin for grapefruit, resveratrol for wine and hesperetin
for orange consumption. The presence of a combination of
several polyphenols (isorhamnetin + hesperetin + naringenin
+ kaempferol + phloretin) may be a good indicator of total
fruit consumption.

Recently, Vinson ef al, [79] in a single-dose study with
eight normal fasting subjects who received six to eight
microwaved potatoes with skins or a comparable amount of
refined starch in cooked biscuits, determined urine
antioxidant capacity due to polyphenol content measured by
Folin-Ciocalteu (F-C) reagent after correction for
nonphenolic interferences with a solid phase (Polyclar)
procedure, and plasma antioxidant capacity, measured by
ferric reducing antioxidant power (FRAP). In this study,
potato caused an increase in plasma and urine antioxidant
capacity, whereas refined potato starch caused a decrease in
both; purple potato consumption caused a 92% increase in
24 h urine polyphenols, whereas the refined starch produced
a small net decrease (3.5%).

Only a few authors [80-82] have examined the usefulness
of urinary concentrations of polyphenols as non-specific
biomarkers of F&V consumption. Since flavonoids are
widely distributed in F&V, some investigators have studied
their value as biomarkers of F&V intake. In a controlled
dietary intervention study, total urinary excretion of
quercetin, flavanone, and total flavonoids was measured in
24-h urine samples by LC-MS after six weeks on a diet
either low or high in F&V and berries. A significant positive
correlation between changes in F&V intake and in urinary
flavonoid excretion was observed [80].

Mennen et al. [81] and Krogholm ef a/. [82] studied the
correlation between the consumption of polyphenol-rich
foods and beverages and the concentration of polyphenols in
urine samples determined by LC-MS/MS. Their results
suggest that several polyphenols measured in urine samples
can be used as biomarkers of polyphenol-rich food intake. A
positive correlation was also found between TP metabolites
in 24-h urine samples and F&V intake following 1 d
consumption of a basic diet supplemented with 300 or 600 g
of F&V [82]. However, in observational studies, only spot
urine samples and, rarely, 24-h urine samples have been
collected to investigate the potential beneficial effect of F&V
on health.

Our group pioneered a rapid new method to determine
TP in complex matrices such as urine samples, which may
contain many interfering substances. A modified Folin-
Ciocalteu (F-C) method was applied to determine TP in
urine using Oasis® MAX 96-well plate cartridges for solid
phase extraction (SPE) to avoid any interference with the F-
C reagent in the urine samples [43]. In this way, TPE can be
considered as an accurate biomarker of polyphenol-rich food
intake. Roura er al. [83] arrived at similar conclusions,
finding that TPE in urine, measured by the F-C assay, can be
correlated to polyphenol consumption from cacao drinks.
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In 928 participants of the InCHIANTI study, Zamora-
Ros et al. [84] evaluated the relationship between dietary
polyphenol intake and TPE, expressed by both 24-h volume
and urinary creatinine normalization. Both urinary TPE
expression models correlated with polyphenol intake, but it
was concluded that the former is the more accurate
biomarker. However, 24-h urine collection is not practical in
large-scale epidemiological studies, being tedious for both
participants and investigators. In cases when 24-h volume is
not available, creatinine-corrected urinary TPE may serve as
a suitable biomarker of TP dietary intake in a free-living
population [43].

Our high-throughput F-C method, further improved to
detect TPE in creatinine-normalized urine, is particularly
suitable for clinical and observational studies in which
volunteers consume a wide variety of polyphenols in their
habitual diet. The use of 96-well microtiter plates allows the
simultaneous determination of TP in large batches of
samples for daily analysis. The method is rapid and simple,
and cheaper and more environmentally friendly than others
previously described. It has potentially useful application in
studies evaluating the utility of urinary polyphenols as
markers of intake, bioavailability and accumulation of these
compounds in the body.

Interestingly, urinary polyphenols have been inversely
associated with BP and positively associated with a
reduction in the risk of coronary heart disease in another
PREDIMED substudy [20], which included 589 participants,
263 men aged 53 to 82 years and 326 women aged 58 to 82
years, free of CVD at baseline. In this study an inverse
association was observed between urinary TPE, an objective
measurement of polyphenol intake, and the risk of
hypertension in a large Spanish cohort of elderly participants
at high cardiovascular risk. Systolic and diastolic BP
measurements correlated negatively with urinary TPE after
adjustment for potential confounders. The results from this
study also provide evidence that total phenol, F&V, coffee
and wine intake in the Mediterranean diet is positively
correlated with the excretion of TPs in spot urine samples.
The standardized coefficients (Beta) showed that the intake
of F&V contributed more to urinary TPE than coffee and
wine consumption.

In a multivariate logistic regression analysis for
cardiovascular risk factors according to quartiles of TPE
expressed as mg gallic acid equivalent (GAE)/g creatinine,
using the lowest quartile group as the reference category, the
participants in the lowest quartile of TPE (<88.99 mg GAE/
g creatining) had a significantly reduced prevalence of
hypertension (OR = 0.64, P = 0.015) compared with those in
the highest quartile (>160.23 mg GAE/ g creatinine), after
adjustment for all possible confounding factors. Participants
in the highest quartile had a 36% reduced odds ratio (OR) of
hypertension, compared to those in the lowest quartile [20].

PLAUSIBLE MECHANISMS OF ACTION

Blood vessels have the ability to self-regulate tone and
adjust blood flow and distribution in response to changes in
the local environment due to their capacity to respond to
physical and chemical stimuli in the lumen. Numerous blood
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vessels respond to an increase in flow, or more specifically
shear stress, by dilating, a phenomenon known as flow-
mediated dilation. Endothelium-dependent vasodilation
contributes to the maintenance of an adequate blood flow to
body cells and tissues.

Numerous studies indicate that regular intake of
polyphenol-rich beverages and foods are associated with a
protective effect on the cardiovascular system. The health
benefits of polyphenols have been attributed to their ability
to reduce vascular oxidative stress, not only through their
direct superoxide anion (O,%7) scavenging properties and
interaction with other reactive oxygen species (ROS) such as
hydroxyl radicals (OH) and peroxy radicals [85-87] but also
through their stimulatory effect on endogenous antioxidant
enzymes and their inhibitory effect on xanthine and
NAD(P)H oxidases, two major enzymes generating large
amounts of ROS [86]. The OH-groups located in the B-ring
of the flavonoid molecule are essential determinants for
inhibition of O, release. Flavonoids methylated at a single
OH-group in the B-ring are only inhibitory when they react
with activated neutrophils in the presence of myeloperoxidase
[88].

Particular ~ structural groups determine polyphenol
radical-scavenging and antioxidant potential, as reviewed by
van Acker et al., [89], who showed the existence of multiple
mesomeric structures for aroxyl radical species of
polyphenols. The O-dihydroxy (catechol) structure in the B
ring, the obvious radical target site for all flavonoids with a
saturated C2-C3 double bond (flavan-3-ols, flavanones,
cyanidin chloride) confers great scavenging ability. A
pyrogallol (trihnydroxy) group in ring B of a catechol
produces even higher activity; the C2-C3 double bond of the
C ring appears to increase scavenger activity because it
confers stability to the phenoxy radicals produced. The C2-
C3 double bond in conjunction with a 4-oxo (keto double
bond at position 4 of the C ring) increases scavenger activity
by delocalizing electrons from the B ring. The 3-OH group
on the C ring generates an extremely active scavenger and
the 5-OH and 7-OH groups may also add scavenging
potential in certain cases.

In addition to the antioxidant effects of polyphenols,
some studies, notably by Furchgott and Zawadzki [90],
indicate that polyphenols might also protect the
cardiovascular system by improving the endothelial function.
The endothelium plays a key role in the control of vascular
tone by releasing several vasorelaxing factors, which have
been recognized as nitric oxide (NO) and the endothelium-
derived hyperpolarizing factor (EDHF) [91-95].

Experiments with isolated arteries have revealed that
polyphenols cause NO-mediated endothelium-dependent
relaxations and increase the endothelial formation of NO.
Wine, grape juice, and grape skin extracts induce
concentration-dependent relaxation in rat aortic rings with
endothelium, but only minor relaxation in rings without
endothelium [96]. The grape-derived products increased the
endothelial NO synthase activity leading to the formation of
NO, and successively relaxed the vascular smooth muscle
via the cyclic guanosine monophosphate (¢cGMP) mediated
pathway (Fig. 1); the polyphenol-induced relaxation
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associated with an increase in the c-GMP content in intact
aortic rings and both the relaxation and the formation of c-
GMP are prevented by NO synthase inhibitors. In addition,
the endothelium-dependent relaxation appears to be strongly
correlated with the concentration of polyphenols in red wines
[97]. These endothelium-dependent relaxations induced by
polyphenols from grape-derived products have been
subsequently observed in various types of animal blood
vessels [98-100]. Moreover, polyphenols from several other
sources such as cocoa, tea or honey, have also been shown to
induce endothelium-dependent NO-mediated relaxations in
arteries [101-104].

The phenolic composition of berries is thought to be
determinant for their vasorelaxant activity since
endothelium-dependent relaxations were observed in
response to anthocyanin-enriched extracts of chokeberry and
bilberry, although only a minor effect was observed with
elderberry [105]. Endothelium-dependent relaxations have
also been detected in response to some authentic
polyphenolic compounds including resveratrol [106] or soy
isoflavones [107].

The calcium signal (Fig. 1) is an important signal
pathway leading to the activation of endothelial NO synthase
(eNOS). Red wine polyphenols and delphinidin, at a
concentration of 10 mg/L, have been shown to activate
eNOS by increasing the intracellular free calcium concentration
([Ca®"])) in bovine aortic endothelial cells [108]. The
phosphatidylinositol 3-kinase/Akt (PI3-kinase/Akt) pathway
is another significant signal pathway leading to the activation
of eNOS. Red wine polyphenols [109] and the polyphenol-
rich fraction of black tea in porcine aorta [110] induced the
activation of the PI3-kinase/Akt pathway in endothelial cells,
producing the phosphorylation of eNOS at Ser1177 (an
activator site) and dephosphorylation of eNOS at Thr495 (an
inhibitor site), which increased the formation of NO. This
stimulatory effect is calcium-dependent, involving both
intracellular and extracellular calcium, and involves the p38
mitogen-activated protein kinase (p38 MAPK) upstream of
the PI3-kinase/Akt pathway. Low concentrations of grape
and wine polyphenols (resveratrol) are able to activate
estrogen receptors resulting in the activation of p38 MAPK
and eNOS in endothelial cells [110]. A calcium-dependent
activation of eNOS has been shown in response to the tannin
1-a-O-galloylpunicalagin, which is related with the PI3-
kinase/Akt pathway [111]. Consequently, changes in
cytosolic [Ca™]; in endothelial cells probably contribute to
the redox-sensitive activation of eNOS in response to
polyphenols via the PI3-kinase/Akt-dependent pathway.
Other investigations have identified Src kinase as a redox-
sensitive mediator, which plays upstream of the PI3- kinase/
Akt pathway leading to eNOS activation in response to
grape-derived polyphenols [112].

Caveolin-1 is a major negative regulator of eNOS
activity, and green tea polyphenols down-regulate caveolin-1
gene expression, both time- and dose- dependently, via the
activation of extracellular signal-regulated kinase 1/2 (ERK
1/2) and inhibition of p38 MAPK signaling pathways (Fig. 1)
in bovine aortic endothelial cells [113], increasing eNOS
activation.
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Fig. (1). Intracellular signaling pathways of polyphenols as potent inducers of the endothelial formation of nitric oxide.

[Ca?*]; :Cytosolic calcium concentration; Cav-1: Caveolin-1; cGMP: Cyclic GMP; eNOS: Endothelial NO synthase; ERK1/2: Extracellular
signal-regulated kinase '2; GTP: guanosine triphosphate; L-Arg: L-Arginine; MAPK: Mitogen-Activated Protein Kinases; NO: Nitric oxide;
P: Phosphorus; PDK1: Phosphoinositide-dependent kinase 1; PI3-K: Phosphatidylinositol 3-kinase; PIP,: phosphatidylinositol -4,5-
diphosphate; PIP;: phosphatidylinositol-3,4,5-triphosphate; ROS: Reactive oxygen species; sGC: Soluble guanylyl cyclase.

The expression level of eNOS has also been enhanced by
polyphenols in endothelial cells, leading to an increased
formation of NO; for example, resveratrol, whose
stimulatory effect is mainly mediated by an increase in the
activity of the eNOS promoter and a stabilization of eNOS
mRNA [114].

Furthermore, polyphenols induce EDHF in several types
of arteries. The role of polyphenols in endothelium-
dependent EDHF-mediated relaxations was first observed
in isolated porcine coronary arteries [99]. Red wine
polyphenols at concentrations ranging from 1 to 100 mg/L
produced  concentration-dependent  relaxations  and
hyperpolarizations of vascular smooth muscle cells (Fig. 2).
It was also demonstrated that Concord grape juice, a rich
non-alcoholic source of grape-derived polyphenols, is
capable of inducing endothelium-dependent EDHF-mediated
relaxations of porcine coronary arteries [112]. EDHF-
mediated endothelium-dependent relaxations have also been
observed in the isolated mesenteric arterial bed in response
to alcohol-free lyophilized Brazilian red wine [115].
Resveratrol has been shown to activate IKCa channels in
pancreatic islet endothelial cell lines by increasing their open
probability [116]. Red wine polyphenols induced EDHF-
mediated relaxation of porcine coronary arteries by the
redox-sensitive activation of PI3-kinase leading to Akt

phosphorylation in endothelial cells [117]. However, the
option that the PI3-kinase/Akt pathway modulates myo-
endothelial gap junctions and/or potassium channel activity
remains to be investigated.

In addition, polyphenols also prevent the development of
an endothelial dysfunction by normalizing the excessive
vascular formation of superoxide anions, which react with
NO to form peroxynitrites. The protective effect of
polyphenols on the endothelial function is explained by their
ability to prevent the increased vascular expression of
NADPH oxidase, a major vascular source of superoxide
anions, and the cyclooxygenase-dependent formation of
endothelium-derived contracting factors [118]. On the other
hand, the beneficial effect might also be due to the
downregulation of the angiotensin II type I receptor (AT1) in
the arterial wall [119].

CONCLUSIONS

Experimental and observational data support the
argument that a polyphenol-rich diet may have a beneficial
effect on BP, helping to lower high BP and prevent it from
increasing. With the aim of providing more precise and
objective measurements of polyphenol consumption than can
be obtained from FFQ, measurements of TPE in spot urine
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Fig. (2). Intracellular signaling pathways of polyphenols as potent inducers of the endothelial formation of endothelium-derived
hyperpolarizing factor (EDHF) via the phosphatidylinositol 3-kinase/Akt pathway.

IKc,: intermediate-conductance Ca”" -activated K*: P: phosphorus; PDK1: phosphoinositide-dependent kinase 1; PI3-K: phosphatidylinositol
3-kinase; PIP,: phosphatidylinositol -4,5-diphosphate; PIP;: phosphatidylinositol-3,4,5-triphosphate; ROS: reactive oxygen species; Skcg:

small-conductance Ca®" -activated K*.

samples have been used as a biomarker of intake,
bioavailability and accumulation of TP in a cross-sectional
feeding trial. The ability of polyphenols to directly or
indirectly increase endothelial formation of NO and EDHF-
mediated responses, thus preventing the oxidative stress-
induced inactivation of NO, has been reported as a
contributory factor in their vasoprotective effect. Overall,
these experimental and observational studies highlight the
potential of a polyphenol-rich diet to improve or restore
vascular protection by enhancing the two major endothelial
vasoprotective mechanisms: the formation of NO and
EDHF-mediated responses, and also by reducing oxidative
stress in the arterial wall, which stimulates pro-inflammatory
and pro-thrombotic responses.

Future intervention studies should include a detailed
assessment of the bioavailability of polyphenols. Beyond
feeding trials carried out with polyphenol-rich foods, more
studies with pure polyphenols are also required to establish
their role in the prevention of cardiovascular diseases.

CONFLICT OF INTEREST

The authors confirm that the content of this article has no
conflicts of interest.

ACKNOWLEDGEMENTS

This work was supported by CICYT [AGL2010-22319-
C03] and CIBEROBN from the Spanish Ministry of Science

and Innovation (MICINN), Quality Group from Generalitat
de Catalunya 2009 SGR 724 and Mapfre Foundation 2010
research grants for Health, Prevention, Environment and
Insurance. The CIBEROBN and RETICS are an initiative of
the Instituto de Salud Carlos III, Spain. . A.T-R would like to
thank the ISCIII for granting her a predoctoral fellowship
(F110/00265) and AV-Q received support from MICINN.
None of the funding sources played a role in the design,
collection, analysis and interpretation of data, in the writing
of the report or in the decision to submit the paper for
publication.

ABBREVIATIONS

BP = blood pressure

[Ca™]; = cytosolic calcium concentration

CVD = cardiovascular disease

cGMP = cyclic guanosine monophosphate

DASH = Dietary-Approaches-to-Stop-Hypertension

EDHF = endothelium-derived hyperpolarizing
factor

eNOS = endothelial nitric oxide synthase

ERK 172 = extracellular signal-regulated kinase 1/2

F-C Folin-Ciocalteu
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FRAP = ferric reducing antioxidant power
FFQ = food frequency questionnaires

F&V = fruit and vegetables

GAE = gallic acid equivalent

‘OH = hydroxyl radicals

NO = nitric oxide

OR = odds ratio

p38 MAPK = p38 mitogen-activated protein kinase

PI3-kinase/Akt =

ROS
SPE
0"
TP

TPE

phosphatidylinositol 3-kinase/Akt
= reactive oxygen species

= solid phase extraction

= superoxide anion

= total polyphenols

= total polyphenol excreted
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1.6. Publicacié 6. Efectes dels polifenols en els nivells d’oxid
nitric plasmatic i la pressié arterial en una cohort d’alt risc
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Article 6. Effects of total dietary polyphenol on plasma nitric oxide and blood
pressure in a high cardiovascular risk cohort. The PREDIMED randomized trial.

Alexander Medina-Remén, Anna Tresserra-Rimbau, Antoni Pons, Josep Antoni Tur, Mi-
quel Martorell, Emilio Ros, Pilar Buil-Cosales, Emilio Sacanella, M. Isabel Covas, Dolores
Corella, Jordi Salas-Salvadé, Enrique Gémez-Gracia, Valentina Ruiz-Gutiérrez, José Lapetra,
M. Garcia-Valdueza, Fernando Aréds, Guillermo T. Saez, Lluis Serra-Majem, Xavier Pintd,
Ernest Vinoles, Ramén Estruch i Rosa M. Lamuela-Raventés. Nutrition, Metabolism and
Cardiovascular Diseases. 2014, In press.

Resum:

La hipertensié és un dels principals factors de risc cardiovascular i les xifres de prevalenca en
els paisos desenvolupats sén alarmants. Mantenir un estil de vida saludable, fent exercici de
forma regular i seguint una dieta sana, ajuda a disminuir les probabilitats de tenir hipertensio.

En aquest treball es va avaluar si el consum de polifenols disminuia la PA a través de l'incre-
ment de la produccié de NO plasmatic. Per a fer-ho es van quantificar els polifenols totals
de mostres d’orina puntuals de 200 voluntaris de ’estudi PREDIMED, a l’inici de 'estudi i
al cap d’'un any de seguiment. Els polifenols excretats a través de la orina, analitzats seguint
el metode colorimetric de Folin-Ciocalteu i ajustats per creatinina, sén un bon biomarcador
del consum de polifenols. Parallelament es van prendre dades cliniques i antropometriques
dels voluntaris i es va analitzar el NO en plasma.

Es dugué a terme un analisi lineal multivariable amb el programari SPSS v. 19.0 per avaluar
la relacié entre quartils de canvi en l’excrecié urinaria de polifenols (variable d’exposicié) i
els canvis en el NO plasmatic (variable dependent). Després d’un any d’intervencié s’observa
una correlacié positiva i significativa entre les dues variables després d’ajustar per edat, sexe
i IMC (r=0.173; P=0.026).

Addicionalment es va realitzar una ANCOVA per determinar els efectes de les dues DM (fac-
tors fixos), comparades amb la dieta control, en la PAS i la PAD després d’un any d’intervencié
(variables dependents), utilitzant les mesures basals com a covariables i altres mesures com
a variables addicionals. Havent ajustat per totes les variables de confusid, s’observa un aug-
ment significatiu de l'excrecié de polifenols en orina i de NO en plasma entre els voluntaris
que seguien la DMOO i la DMFS respecte els valors basals. Després de la intervencié amb
DMOO i DMFS, també es va observar una reduccié significativa de la PAS (-5.79 mmHg
i -7.26 mmHg, respectivament) i de la PAD (-3.43 mmHg i -3.26 mmHg) dels voluntaris
respecte el grup control.

Aquests resultats augmenten ’evidencia que els polifenols protegeixen el sistema cardiovas-
cular gracies a la millora de la funcié endotelial, expressada com un augment de la sintesi
endotelial de NO.
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with Med-EVOO and Med-nuts. These changes were associated with a significant increase in TPE
and plasma NO. Additionally, a significant positive correlation was observed between changes in
urinary TPE, a biomarker of TP intake, and in plasma NO (Beta = 4.84; 95% CI: 0.57—-9.10).
Conclusions: TPE in spot urine sample was positively correlated with plasma NO in Med-diets
supplemented with either EVOO or nuts. The statistically significant increases in plasma NO were
associated with a reduction in systolic and diastolic BP levels, adding to the growing evidence
that polyphenols might protect the cardiovascular system by improving the endothelial function
and enhancing endothelial synthesis of NO.

© 2014 Elsevier B.V. All rights reserved.

Introduction

Hypertension is one of the main cardiovascular risk factors
in the elderly. Hypertension can be managed by following
a healthy diet rich in fruits and vegetables, such as the
Mediterranean [1] or DASH (Dietary-Approaches-to-Stop-
Hypertension) diets, and improving other lifestyle factors
[2].

Several epidemiological studies have demonstrated an
inverse association between adherence to traditional
Mediterranean diet (Med-diet) and death from coronary
heart diseases (CHD) [3,4]. This protective effect has been
partially attributed to a high content of bioactive com-
pounds such as phytosterols, and phenolic compounds [4],
which seems to be inversely associated with BP [5,6]. In a
previous study, polyphenol intake, assessed via total
polyphenols excreted (TPE) in urine, was negatively asso-
ciated with BP levels in an elderly Mediterranean popu-
lation at high cardiovascular risk. In addition,
epidemiological studies have concluded that polyphenol-
rich food intake may decrease systolic and diastolic BP in
humans [7-9]. A plausible mechanism for this effect
afforded by polyphenol-rich foods is an induction of
vasodilation via activation of the NO system [5,10].

The aims of this study were to evaluate within the
PREDIMED trial if a high polyphenol consumption,
measured via TPE in spot urine samples, in a one-year
intervention with a traditional Med-diet supplemented
with either extra virgin olive oil (Med-EVOO) or nuts
(Med-nuts), would decrease systolic and diastolic BP
compared with a control diet, and if the decrease in BP was
mediated by plasma nitric oxide (NO) production.

Methods
Subjects

The PREDIMED study is a large, parallel-group,
multicenter, randomized, controlled clinical trial of 4.8-
year duration aimed at evaluating the preventative effects
of the traditional Med-diet on cardiovascular events
(www.predimed.org). The detailed recruitment method
and study protocol have been described previously [3,11].
For this substudy, between October-2003 and July-2004
we selected 200 randomly participants recruited from

five primary health centers. Eligible participants were
community-dwelling men aged 55—80 years and women
aged 60—80 years. This study was approved by an insti-
tutional review committee and the subjects gave informed
consent. This trial has been registered with the Interna-
tional Standard Randomized Controlled Trial Number
(ISRCTN of London, England) 35739639. The Ethical Com-
mittee for Human Experimentation of the Hospital Clinic
at Barcelona University, Spain approved the study.

Assessment and intervention

At baseline all participants completed a validated semi-
quantitative food frequency questionnaire (FFQ) with 137
items, the validated Spanish version of the Minnesota
Leisure Time Physical Activity Questionnaire; a validated
14-point Med-diet score; and a 47-item questionnaire
about education, lifestyle, history of illnesses and medi-
cation use [11]. Trained dieticians were responsible for all
aspects of the intervention.

Participants in both Med-diet intervention groups were
given personalized advice about dietary changes, aimed at
achieving a diet close to the traditional Med-diet. Med-
EVOO participants received free EVOO (1 L/wk) and Med-
nuts group was provided with mixed nuts (30 g/d, as 15 g
walnuts, 7.5 g almonds, and 7.5 g hazelnuts). Participants
assigned to the control diet received personal advice
together with a leaflet with written recommendations to
follow a low-fat diet, according to the American Heart
Association guidelines [11].

Clinical measurements

Trained nurses measured height and weight with a wall-
mounted stadiometer and calibrated scales, respectively.
BP was measured in triplicate with the participant in a
seated position after resting quietly for 5 min, using a
validated semi-automatic oscillometer (Omron HEM-
705CP [12]; Hoofddorp, The Netherlands) with a 5-min
interval between each reading. Energy and nutrient
intake was derived from Spanish food composition tables.

Urine and blood samples were obtained after an over-
night fast; they were coded, shipped to a central labora-
tory, and frozen at —80 °C until analysis. Analysis of TPE
and creatinine in urine samples were performed following

dx.doi.org/10.1016/j.numecd.2014.09.001
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the procedure described by Medina-Remon et al. [13]; TPE
was expressed as mg gallic acid equivalent (GAE)/g of
creatinine.

For total plasma NO determination, plasma samples
were previously washed two times with 200 uL distilled
water in order to eliminate nitrite and nitrate contami-
nation of filters, and centrifuged for 30 min at 14,000 g in
10 K filters to remove proteins. The supernatant was
recovered and used to measure nitrite and nitrate con-
centration by detecting liberated NO in a gas-phase
chemiluminescence reaction with ozone using an NO-
analyzer, as described previously [14]. Nitrate levels were
determined following an adaptation of the method
described by Braman and Hendrix [15]. Nitrite levels were
determined following an adaptation of the method
described by Castegnaro et al. [16].

Statistical analysis

Analyses were performed using IBM SPSS software
v19.0(Chicago, USA). Baseline characteristics of the par-
ticipants were expressed as means or percentages and
standard deviations (SD). Variables were examined for
normality and skewness (Kolmogorov and Levene tests,
respectively). ANOVA-one factor was used for analysis of
continuous variables and y?-test for categorical variables.
Changes in all outcomes were assessed with repeated-
measures analysis of variance for the 2 factors: diet
(Med-EVOO, Med-Nuts and Control diet) and time (base-
line and 1-year), and their interaction, with the Bonferroni
post-hoc test to compare differences in the effects of each
intervention within and between groups. Within- and
between-group differences are expressed as mean percent
difference [95% confidence interval (CI)]. A multivariate
linear regression analysis was performed to assess the
relationship between change in TPE, as a biomarker of
total polyphenols (TP) intake (exposure variable), and
changes in plasma NO(dependent variable), adjusted ac-
cording to sex, age and body mass index (BMI).

We used the General Linear Model (GLM) approach to
ANCOVA to determine the effects of both Med-diet in-
terventions (fixed factors), compared with the control diet,
on systolic and diastolic BP after one year (dependent
variables), using the baseline measurements as covariates
and others as additional covariates. Model 1 was unad-
justed; Model 2 was adjusted for baseline BP, change in
plasma NO, sex, age, BMI, smoking status, physical activity,
medication use (antihypertensive, statins or other hypo-
lipidemic drugs, insulin, oral hypoglycemic drugs and
aspirin or other antiplatelet drugs), supplements taken in
the last month, sodium, potassium, total energy, mono-
unsaturated fatty acids (MUFA), polyunsaturated fatty acids
(PUFA) and, saturated fat acid (SFA) intake. P-values<0.05
(two-tailed) were considered statistically significant.

Results

Baseline characteristics of the total group according to
intervention are shown in Table 1. No differences were

observed between intervention groups at baseline. By
study design, participants were over 54 years old [mean
age (SD): 67.6 (6.0)], 56.5% women, mostly overweight
[mean BMI(SD): 29.0 (3.4) kg/m?], and with a sizeable
burden of cardiovascular risk factors (62.5% diabetics,
77.0% hypertensive, 72.0% with dyslipidemia, 16.5% active
smokers and 46.3% with a family history of early-onset
CHD). Most of them were taking antihypertensive drugs
(66.5%), and nearly half were taking oral statins or other
hypolipidemic drugs (46.5%), and oral hypoglycemic drugs
(41.2%).

After one year, the consumption of foods by the par-
ticipants of this substudy was similar to the overall PRE-
DIMED population following the Med-diets or control diet.
The main dietary changes in the respective Med-diet
groups were a substantial increase in the consumption of
EVOO or total nuts, an increased intake of fruit, vegetables
and legumes in both Med-diet groups, and a reduced
intake of meat or meat products by all participants, as well
as a reduced intake of cereals in the Med-EVOO and con-
trol diet groups (Table 2). EVOO intake was lower in the
control diet than in either Med-diet group. Changes in
consumption of other types of food were not statistically
significant, although both Med-diet interventions signifi-
cantly increased the Med-diet score. Table 3 shows
changes in energy, total polyphenols intake and, daily
nutrient intake at baseline and after one year in each

Table 1 Baseline characteristics of the

completing 1 year of follow-up.

study participants

Med-EVOO Med-nuts Control P

diet
No. of subjects 67 64 69
Age (y), mean (SD)  68.0 (6.0) 67.7(63) 67.1(5.8) 0.631
Women, n (%) 39(58.2) 33(51.6) 41 (59.4) 0.621
BMI, (kg/m?), 28.2(3.2) 29.3(3.9) 29.4(3.1) 0.071
mean (SD)
Overweight or obese 58 (86.6) 58(90.6) 64 (92.8) 0.476

(BMI >25 kg/m?),
n (%)
Hypertension, n (%)

( ( )
Diabetes, n (%) 41(61.2) 38(59.4) 46 (66.7) 0.661
Dyslipidemia, n (%) 46 (68.7) 46 (71.9) 52 (75.4) 0.684
Current smoker, n (%) 9(134) 11(17.2) 13(18.8) 0.686
Family history 33(49.2) 29(45.3) 30 (43.5) 0.170

of CHD, n (%)
Medication, n (%)

Antihypertensive 44 (65.7) 43 (67.2) 46 (66.7) 0.983

Statins or other 35(52.2) 28(43.8) 30(43.5) 0.513
hypolipidemic drugs

Insulin 6(9.2) 3(4.7) 3(43) 0424

Oral hypoglycemic 28 (424) 20(31.3) 34(49.3) 0.105
drugs

Aspirin or other 7(10.8) 7(109) 6(8.7) 0.891
antiplatelet drugs

Vitamins or 3(4.5) 4 (6.3) 3(4.3) 0.861

supplements, n (%)

2 ANOVA-one factor was used for continuous variables and x*-test
for categorical variables. BMI: body mass index (calculated as
weight in kilograms divided by height in square meters); CHD:
coronary heart disease; SD: standard deviation. Med: Mediterra-
nean diet; EVOO: extra virgin olive oil.
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Table 2 Changes in daily intake of key foods and Mediterranean diet score after 1 year.”

Pb
Med-EVOO Med-nuts Control diet Time* Group® Interaction®

Total nuts (g)
Baseline 13.7 (14.2) 13.3 (12.3) 13.1 (15.4) <0.001 <0.001 <0.001
1 year 13.5 (15.0)a 49.6 (15.6)** b 12.2 (14.2)a

EVOO (g)
Baseline 16.3 (20.3) 143 (21.8) 11.1 (16.8) <0.001 <0.001 <0.001
1 year 52.6 (16.3)**,a 15.7 (22.6)b 7.9 (12.8)c

Fruits (g)
Baseline 465.6 (202.3) 487.6 (242.7) 483.6 (246.4) 0.076 0.508 0.991
1 year 523.9 (175.7) 496.5 (180.5) 509.3 (228.8)

Vegetables (g)
Baseline 427.4(153.3) 331.7 (153.3) 380.5 (140.5) 0.028 <0.001 <0.001
1 year 491.1 (176.3)**.a 401.2 (140.6)** b 332.5 (128.7)*

Legumes (g)
Baseline 20.6 (8.7) 19.3 (8.6) 214 (11.3) 0.016 0.025 0.505
1 year 242 (13.0)* 24.4 (9.2)** 20.1(10.3)

Fish or seafood (g)
Baseline 112.8 (52.0) 104.6 (41.7) 110.0 (36.6) 0.756 0.096 0.722
1 year 111.9 (42.6) 115.4 (57.0) 103.3 (34.5)

Meat or meat products (g)
Baseline 158.9 (56.4) 156.2 (62.7) 167.0 (55.6) <0.001 0.709 0.616
1 year 1394 (57.3)* 132.0 (55.1)** 139.0 (50.3)**

Cereals (g)
Baseline 263.1 (113.9) 256.8 (106.2) 277.6 (121.8) 0.014 0.034 0.401
1 year 219.7 (93.6)** 267.4 (106.9) 2455 (112.1)*

Milk and dairy products (g)
Baseline 339.7 (178.2) 353.7 (231.7) 409.8 (274.8) 0.426 0.251 0.103
1 year 359.6 (172.7) 312.5 (188.6)a 395.8 (186.9)b

Pastries, cakes or sweets (g)
Baseline 12.4 (14.6) 18.4(27.1) 13.7 (19.2) 0.053 0.017 0.845
1 year 184 (23.2)" 14.8 (29.7) 18.4 (16.5)**

Alcohol (g)
Baseline 11.0 (16.1) 8.1(13.0) 8.8(13.2) 0.678 0.396 0.701
1 year 10.2 (14.8) 9.7 (13.3) 8.8(12.8)

Tea (mL)
Baseline 8.5 (28.6) 3.3(10.2) 43 (12.7) 0.909 0.689 0.038
1 year 9.9 (26.0)a 1.4 (5.3)b 53(19.2)

Coffee (mL)
Baseline 31.9 (49.0) 21.0 (39.2) 32.2 (47.9) 0.048 0.123 0.863
1 year 33.1 (45.6) 38.3 (58.6)** 34.6 (44.2)

Med diet score
Baseline 8.9(1.8) 8.3(1.9) 8.9 (1.8) <0.001 <0.001 0.015
1 year 103 (1.7)*a 103 (1.6)*,a 8.8 (1.5)b

@ Data are given as means (SD); P < 0.05 indicates statistical significance. Med: Mediterranean diet; EVOO: Extra Virgin Olive Oil. Values with
asterisks are statistically different from baseline by Bonferroni post-hoc test (P < 0.05): *P < 0.05; **P < 0.01. Different letters in rows shows
significant difference between interventions by Bonferroni post-hoc test (P < 0.05).

b Data analyzed by repeated-measures 2-factor ANOVA.
¢ Comparison between before and after intervention.
d Comparison between the 3 diet groups.

€ Comparison between measures obtained before and after intervention and between the 3 diet groups.

intervention group. Total fat intake significantly increased
in the two Med-diet groups, fundamentally due to an
increased consumption MUFA, which was attributed partly
to the habitual use of olive oil, and PUFA; total cholesterol
intake decreased in all groups. The other nutrient changes
were generally not statistically significant, with the
exception of sodium intake that decreases in the Med-
EVOO group, magnesium and, potassium intakes that de-
creases in the Med-nut group. No significant changes were
observed in energy expenditure in physical activity.

In multivariate linear regression analyses, a significant
positive correlation (Beta = 4.87; 95% (1:0.66—9.08) was

observed between quartiles of change in urinary TPE
(exposure variable) and change in plasma NO(dependent
variable). After adjustment for sex, age and BMI, the sig-
nificance of this positive correlation increased
(Beta = 4.84; 95% (l1:0.57—9.10). Figure 1 shows that the
higher the change in urinary TPE (>25.69), the greater the
change in plasma NO concentration (mean = 4.70). As
well as, mean changes in systolic and diastolic BP, TPE in
spot urine samples, and plasma NO after one year with the
different interventions are shown in Fig. 1. Both Med-diets
significantly increased TPE and plasma NO, resulting in a
significant decrease in systolic and diastolic BP. No
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Table 3 Changes in energy, total polyphenols intake and, daily nutrient intake after 1 year *

Pb
Med-EVOO Med-nuts Control diet Time*® Group? Interaction®

Total energy, Kcal/d
Baseline 2417.5 (554.1) 2364.3 (680.2) 2417.4 (615.6) 0.246 0.009 0.645
1 year 2403.7 (495.2) 2580.4 (668.2)** 2352.0 (423.4)

Total polyphenol intakes (mg GAE/day)
Baseline 941.6 (304.9) 874.8 (344.6) 906.0 (282.0) 0.001 0.186 0.385
1 year 1016.5 (340.6)" 969.3 (322.6)** 920.9 (292.5)

Total protein (g)
Baseline 102.4 (21.0) 99.2 (24.8) 106.1 (26.4) 0.026 0.003 0.962
1 year 98.3 (20.6) 102.5 (24.2) 96.6 (17.4)*

Total carbohydrate (g)
Baseline 250.6 (71.0) 260.9 (97.2) 259.3 (76.2) 0.062 0.608 0.384
1 year 233.9 (60.8) 258.1 (93.9) 2445 (58.1)

Fibre (g)
Baseline 28.6 (8.3) 28.5 (10.3) 28.1(7.3) 0.245 0.002 0.051
1 year 292 (7.8) 32,0 (7.7)*,a 26.2 (6.4)b

Total fat (g)
Baseline 103.2 (28.8) 96.4 (28.1) 99.4 (30.8) <0.001 <0.001 0.017
1 year 1115 (24.2)"a 118.9 (28.5)**,a 94.4 (21.2)b

SFA (g)
Baseline 27.2 (9.0) 26.2 (8.6) 26.2 (10.0) 0.227 0.311 0.373
1 year 27.0 (8.0) 26.3(8.9) 24.1 (7.3)*

MUFA (g)
Baseline 50.0 (15.1) 46.3 (15.0) 48.1 (14.9) <0.001 <0.001 0.001
1 year 589 (12.6)**,a 57.3 (13.2)*,a 44.7 (12.7)b

PUFA (g)
Baseline 17.2 (6.4) 16.1 (6.6) 16.1(6.3) <0.001 <0.001 <0.001
1 year 16.9 (4.9)a 25.8 (6.6)**b 163 (4.8)a

Cholesterol (g)
Baseline 398.7 (122.0) 398.3 (172.8) 388.6 (105.5) 0.036 0.846 0.937
1 year 368.4 (106.0) 377.7 (171.4) 372.8 (89.8)

Magnesium (mg)
Baseline 422.1 (101.6) 415.9 (133.6) 434.1 (110.1) 0.260 <0.001 0.125
1 year 423.7 (97.1)a 477.7 (104.2)**b 396.0 (71.3)**,a

Potassium (mg)
Baseline 5099.5 (1028.8) 4888.9 (1387.9) 5079.5 (1025.1) 0.943 0.004 0.399
1 year 5163.6 (1078.0) 5187.2 (1114.2)*,a 4734.1 (888.8)*,b

Sodium (mg)
Baseline 2735.2 (937.7) 2547.1 (940.6) 2621.0 (1153.6) 0.121 0.240 0.939
1 year 2487.4 (802.3)* 2584.9 (1006.4) 2513.6 (740.3)

Energy expenditure in physical activity (kcal/d)
Baseline 339.2 (160.7) 294.7 (206.0) 276.1 (178.3) 0.066 0.494 0.012
1 year 335.5(303.9) 243.7 (170.5) 239.7 (199.3)

2 Data are given as means (SD); P < 0.05 indicates statistical significance. Med: Mediterranean diet; EVOO: Extra Virgin Olive Oil; GAE: gallic
acid equivalent; MUFA: monounsaturated fat acids; PUFA, polyunsaturated fat acids and SFA: saturated fat acid. Values with asterisks are sta-
tistically different from baseline by Bonferroni post-hoc test (P < 0.05): *P < 0.05; **P < 0.01. Different letters in rows shows significant difference

between interventions by Bonferroni post-hoc test (P < 0.05).
b Data analyzed by repeated-measures 2-factor ANOVA.
€ Comparison between before and after intervention.
4 Comparison between the 3 diet groups.

€ Comparison between measures obtained before and after intervention and between the 3 diet groups.

statistically significant changes were observed in the
control group.

Table 4 shows the 1-year changes in systolic and dia-
stolic BP associated with changes in plasma NO. After the
covariate analysis of the differences in systolic and dia-
stolic PB after one year with respect to baseline, with
systolic and diastolic BP at year one as the dependent
variables, the intervention groups (Med-EVOO, Med-nuts
and control diet) as the fixed factor, and plasma NO and
other measurements as additional covariates, we observed

the effects of the different Med-diet interventions with
respect to the control diet.

In Table 4, non-standardized coefficient (B) represents
the differences in the Med-diet interventions with respect
to the control diet. In model 2, adjusted by all possible
covariates, participants with the same systolic BP at
baseline experienced a statistically significant reduction of
—5.79 mmHg and —7.26 mmHg after the Med-EVOO and
Med-nuts interventions, respectively, compared with the
control diet. In this model, participants with the same
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diastolic BP at baseline, after the Med-EVOO and Med-nuts
interventions experienced a reduction of —3.43 mmHg and
—3.26 mmHg, respectively, compared with the control
diet, being statistically significant in all comparisons.

Discussion

In the elderly participants at high cardiovascular risk
included in the PREDIMED trial, we observed that the
changes in plasma NO were associated with significantly
lower systolic and diastolic BP after one-year interventions
with Med-diets supplemented with EVOO or nuts,
compared with the control diet. We also observed a sig-
nificant positive correlation between changes in urinary
TPE, as a biomarker of TP intake, and changes in plasma NO.

Olive oil is the main natural fat in the Med-diet [4], and
EVOO has higher antioxidant phenolic content than other
types. Nuts are also typical of the traditional Med-diet and
are a rich source of phytochemicals such as phytosterols
and phenolic compounds [17], which can account for their
multiple cardiovascular benefits.

Non-glycosylated polyphenols contained in nuts skin,
such as monomeric flavanols and dimeric procyanidins,
would be directly absorbed in the small intestine, where
they would be first conjugated and later metabolized in
the liver into methyl, glucuronide, and sulfate derivatives
by phase Il enzymes. Nevertheless, proanthocyanidins are
not absorbed and reach the colon, where they are
metabolized by the intestinal microbiota into hydrox-
yphenylvalerolactones and various phenolic acids,
including phenylpropionic, phenylacetic, and benzoic acid
derivatives, that can be further absorbed and then conju-
gated in the liver [18,19].

The Med-diet after a 4-year intervention significantly
reduced BP compared with the control group [6]. Recently,
in another PREDIMED sub-study, Med-Diets reduced 24-h
ambulatory systolic and diastolic BP after a 1-year inter-
vention [20]. In the current study we have shown that at
least part of the hypotensive effects of Med-Diets may be
due to their high polyphenol content via an increase in
plasma NO concentration. Consistently with these previ-
ous results, we observed that adherence to a traditional
Med-diet may be able to reduce cardiovascular risk factors.

Epidemiological evidence suggests that a polyphenol-
rich diet may help to prevent BP from increasing and
reduce high BP levels in people with normal-to-high BP or
hypertension [9]. On the other hand, daily consumption of
flavanol-rich cocoa decreased BP [21], possibly due to the
activation of vascular NO synthase [10]. Cocoa flavanols

Figure 1 Change in plasma nitric oxide (10~® mol/L (uM)) according to
quartiles of change in total polyphenols excreted (mg GAE/g creatinine)
and, mean + SD changes in systolic and diastolic blood pressure
(mmHg), total polyphenols excreted in spot urine samples and, plasma
nitric oxide (10~ mol/L (uM)), after 1-year with different interventions.
Med: Mediterranean diet; EVOO: extra virgin olive oil; GAE: gallic acid
equivalent; **P < 0.01, *P < 0.05 indicates statistical significance be-
tween the baseline and after a 1-year intervention period with a con-
fidence interval (CI) of 95%.
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Table 4 Changes in systolic and diastolic blood pressure (mmHg)
after one year associated with changes in plasma nitric oxide (uM).

Model B P 95% CI

Systolic blood Model 1

pressure Med-EVOO vs. —6.14 0.042 —12.04 to —2.33

control diet
Med-Nutsvs. —2.69 0372 -8.62to —3.24
control diet
Model 2
Med-EVOO vs. —5.79 0.038 —11.24 to —0.31
control diet
Med-Nuts vs. —-7.26 0.012 —12.92 to —1.59
control diet

Diastolic blood Model 1

pressure Med-EVOO vs. —5.23 0.001 —-8.20 to —2.25

control diet
Med-Nuts vs. —1.74 0253 —4.73 to 1.25
control diet
Model 2
Med-EVOO vs. —3.43 0.009 -6.00 to —0.86
control diet
Med-Nuts vs. —3.26 0.017 -5.92 to —0.60

control diet

B: non-standardized coefficient; CI: confidence interval; P: two-
sided test of significance; Model 1: unadjusted; Model 2: adjusted
by baseline blood pressure, change in plasma nitric oxide, sex, age,
BMI, smoking status, physical activity, medication use (antihyper-
tensive, statins or other hypolipidemic drugs, insulin, oral hypo-
glycemic drugs and aspirin or other antiplatelet drugs) supplements
taken in the last month, sodium, potassium, total energy, mono-
unsaturated fat acids, polyunsaturated fat acids and saturated fat
acid intake. Med: Mediterranean diet; EVOO: extra virgin olive oil.

help maintain endothelium-dependent vasodilation,
which contributes to normal blood flow. Berry consump-
tion during 8 weeks significantly decreased systolic BP,
mostly in subjects with high baseline BP [22], and 85 mg/
d of chokeberry flavonoid extract (Aronia melanocarpa E )
significantly reduced systolic and diastolic BP [23]. At least
part of this lowering blood pressure effect of polyphenol-
rich foods may be related to an improvement of endo-
thelial function [24].

The endothelium plays a key role in the control of
vascular tone by releasing several vasorelaxing factors,
which include NO and the endothelium-derived hyper-
polarizing factor (EDHF) [25,26]. In experiments with iso-
lated arteries, polyphenols caused NO-mediated
endothelium-dependent relaxations and increased the
endothelial formation of NO. Wine, grape juice, and grape
skin extracts induced concentration-dependent relaxation
in rat aortic rings with endothelium, but only minor
relaxation in rings without endothelium [27]. The grape-
derived products increased the endothelial NO synthase
activity leading to the formation of NO, and successively
relaxed the vascular smooth muscle via the cyclic GMP-
mediated pathway. These endothelium-dependent re-
laxations induced by polyphenols from grape-derived
products have been subsequently observed in animal
blood vessels [28]. Moreover, polyphenols from several
other sources, such as wine or tea, have also been shown
to induce endothelium-dependent NO-mediated

relaxations in arteries [5,29]. This change in plasma NO
subsequently significantly reduced systolic and diastolic
BP. These results add to the increasing body of evidence
pointing to an enhancing effect of dietary polyphenols on
the endothelial synthesis of NO.

All this epidemiological, clinical and laboratory evi-
dences support the view that polyphenol-rich diets may
prevent BP from increasing and help to lower high BP
levels in hypertensive subjects. In addition, a previous
study performed by our group [30] a biomarker of TP
intake, determined in spot urine samples, correlated with
BP measurements and prevalence of hypertension. Taking
into account that a high polyphenol excretion in urine is
determined by a high TP consumption, it was suggested
that the inverse association observed between the objec-
tively measured TPE in urine samples and BP may be
related to a favorable effect of TP intake on BP levels. In the
current study, performed in a Spanish high-risk popula-
tion, we observed a significant positive correlation be-
tween TPE, as a biomarker of TP intake, and changes in
plasma NO after a one-year intervention with Med-diets
supplemented with polyphenol-rich foods, that is, EVOO
or nuts.

The present study has several limitations. First, since
our subjects were elderly people at high risk of cardio-
vascular disease, the results may not be generalized to
other populations. However, since participants of the
PREDIMED trial most were hypertensive, our results
confirm the usefulness of polyphenol-rich diets in the
management of hypertension. A second limitation is the
size of the study population, which was relatively small in
comparison with other studies.

The present study also has several strengths, including
the randomized controlled clinical trial, which is considered
as the most rigorous method of determining whether a
cause-effect relationship exists between an intervention
and outcome. In this intervention study, designed to eval-
uate the effect of a Med-diet treatment, the subjects were
followed prospectively to compare the interventions with
the control. The main advantage of randomized studies is
that the conclusions reached achieve the highest level of
scientific evidence. Another strong point of the current
work was the use of TPE as a biomarker of TP intake, since
this is more precise than self-reported information based on
recalled dietary assessment, thus providing a more objec-
tive measurement of specific nutrient intake than the sub-
jective information obtained by an FFQ,

In conclusion, a dietary pattern with a high intake of
polyphenols, such as Med-diet may help to decrease BP in
elderly hypertensive populations and consequently lower
their cardiovascular risk throughout an increase in plasma
NO. An easy way to improve cardiovascular risk is to
include nuts and EVOO in the diets of individuals with
normal-to-high BP or hypertension.
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1.7. Publicacié 7. El consum de vi negre esta associat amb un
menor risc de sindrome metabolica a ’estudi PREDIMED

Article 7. Moderate red wine consumption is associated with a low prevalence
of metabolic syndrome in the PREDIMED population.

Anna Tresserra-Rimbau, Alexander Medina-Remdn, Rosa M. Lamuela-Raventds, Monica Bu-
116, Jordi Salas-Salvadd, Dolores Corella, Montserrat Fité, Alfredo Gea, Enrique Gémez-
Gracia, José Lapetra, Fernando Ards, Miquel Fiol, Emilio Ros, Lluis Serra-Majem, Xavier
Pint6, Miguel A. Mufioz, i Ramén Estruch. British Journal of Nutrition. 2014, In press.

Resum:

La SM és un trastorn metabolic que, a causa de I'increment de la obesitat, ha esdevingut un
assumpte prioritari de salut piblica. Aquesta sindrome és una combinacié de factors de risc
cardiovascular: obesitat, hipertensio, dislipemia i hiperglucemia. Els mals habits dietetics en
sén una causa ben coneguda, pero 'efecte del consum d’alcohol encara causa controversia.

L’objectiu d’aquest estudi era mostrar 1’associacié entre el consum moderat de vi negre, una
beguda rica en polifenols, i el risc de SM i els seus components en una poblacié de 5801
participants d’avancada edat inclosos dins ’estudi PREDIMED.

El consum de vi negre es va extreure del qiiestionari basal de freqiiéncia de consum d’aliments
i es va dividir la poblacié en abstemis, consumidors de 0.1 a 1 UBE/dia, i consumidors de més
d’1 UBE/dia. La incidéncia de SM es va definir seguint el criteri proposat per la International
Diabetes Federation (IDF) ila American Heart Association/National Heart, Lung, and Blood
Institute (AHA /NHLBI). Les OR per la SM, i els seus components, i les diferents categories
de consum de vi negre es van calcular mitjancant regressions logistiques muiltiples, i es va
ajustar per totes les variables necessaries. Totes les analisis estadistiques es van dur a terme
utilitzant el programari IBM SPSS, versié 19.0 (Chicago, USA).

En aquest cas es van estudiar 5801 participants amb dades suficients relacionades amb la SM
i els seus components. D’aquests, 3897 reunien els criteris per a ser diagnosticats amb la SM.
Un 52% dels voluntaris eren abstemis, un 36% consumien entre 0.1 i 1 UBE/dia, i la resta
>1 UBE/dia. Només 111 participants s’accediren de les recomanacions maximes establertes
per al consum de begudes alcoholiques.

El consum de més d’1 UBE/dia de vi negre es va associar amb un menor risc de SM comparats
amb els abstemis (OR=0.56; IC 95%=0.45-0.68; P<0.001). El resultat es mantingué inalterat
quan vam extreure els bevedors més extrems (>2 UBE/dia per les dones i >4 UBE/dia pels
homes).

Pel que fa als diferents parametres que defineixen la SM, els participants que es trobaven al
grup de més consum de vi negre presentaven un menor risc de tenir un perimetre de cintura
massa elevat (OR=0.59; IC 95%=0.46-0.77; P<0.001), un menor risc de tenir el colesterol
HDL baix (OR=0.72; IC 95%=0.32-0.53; P<0.001) i menys risc de tenir la pressié alta o alts
nivells de glucosa plasmatica en deju (OR=0.28; IC 95%=0.17-0.45; P<0.001 i OR=0.67; IC
95%=0.54-0.82; P<0.001, respectivament), comparats amb els abstemis i després d’ajustar
per totes les variables. Un ajust addicional per perfil de consum d’altres alcohols no va alterar
els resultats. En analisis posteriors també es va observar una associacié major entre el consum
de vi negre i la SM per les dones, pels menors de 70 anys i pels fumadors i els ex-fumadors.

Aixi doncs, aquest estudi suggereix que un consum de vi negre moderat podria ser protec-
tor contra el risc de patir SM, en concret, per disminuir la obesitat abdominal, millorar el
colesterol HDL, la PA i els nivells de glucosa plasmatica en deju.
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Abstract

Previous studies on the association between alcohol intake and the development of the metabolic syndrome (MetS) have yielded
inconsistent results. Besides, few studies have analysed the effects of red wine (RW) consumption on the prevalence of the MetS and
its components. As moderate RW drinkers have a better lipid profile and lower incidence rates of diabetes, hypertension and abdominal
obesity, all components of the MetS, it was hypothesised that moderate RW consumption could be associated with a lower prevalence of
the MetS. In the present cross-sectional study of 5801 elderly participants at a high cardiovascular risk included in the PREDIMED (Preven-
cién con Dieta Mediterranea) study, 3897 fulfilled the criteria of the MetS at baseline. RW intake was recorded using a validated 137-item
FFQ. Multiple logistic regression analysis was carried out to estimate the association between RW intake and the prevalence of the MetS.
Compared with non-drinkers, moderate RW drinkers (=1 drink/d) were found to have a reduced risk of prevalent MetS (OR 0-56, 95 % CI
0-45, 0-68; P<0-001), a lower risk of having an abnormal waist circumference (OR 0-59, 95 % CI 0-46, 0-77; P<0-001), low HDL-cholesterol
concentrations (OR 0-42, 95 % CI 0-32, 0-53; P<<0-001), high blood pressure (OR 0:28, 95% CI 0-17, 0-45; P<0:001) and high fasting plasma
glucose concentrations (OR 0-67, 95% CI 0-54, 0-82; P<<0-001) after adjusting for several confounders. This association was found to be
stronger in female participants, in participants aged <70 years and in participants who were former or current smokers. No significant
association was found between RW intake (=1 drink/d) and TAG concentrations. In conclusion, moderate RW consumption is associated
with a lower prevalence of the MetS in an elderly Mediterranean population at a high cardiovascular risk.

Key words: Red wine: Alcohol: Metabolic syndrome: Glucose: Lipids: Cholesterol: Blood pressure: Obesity: CVD

Abbreviations: BP, blood pressure; HDL-c, HDL-cholesterol; MedDiet, Mediterranean diet; MetS, metabolic syndrome; PREDIMED, Prevencion con Dieta
14 Mediterranea; RW, red wine.

*Corresponding author: Dr R. Estruch, fax +34 93 2279236, email restruch@clinic.ub.es
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The metabolic syndrome (MetS), a cluster of metabolic
abnormalities that includes abdominal obesity, hypertriacyl-
glycerolaemia, low HDL-cholesterol (HDL-¢) concentrations,
hypertension and hyperglycaemia, has become a major public
health concern®. Tt results from the interaction of multiple
factors, including genetic and environmental factors, with
the dietary habits playing a crucial role in its development®.
Previous studies have found both positive and negative
effects of alcohol intake on the risk of MetS®. However,
in a meta-analysis of observational studies, Alkerwi et al®
showed that a favourable metabolic effect appeared to be
restricted to moderate alcohol intake, namely <20g/d in
women and <40 g/d in men. While some authors have found
no differences in the incidence rates of the MetS among consu-
mers of various alcoholic drinks, others have reported lower
incidence rates among wine drinkers®>’
a5 longitudinal design in the SUN study, Barrio-Lopez et a
found that consumers of at least seven alcoholic drinks per
week had increased odds of developing the MetS, but they
did not find any significant association between wine or
liquor consumption and the MetS. Besides containing alcohol,
red wine (RW) is rich in polyphenols, which may beneficially
influence carbohydrate metabolism® and blood pressure
BP)7®. Furthermore, different human intervention studies
have shown that other foods rich in polyphenols increase
HDL-c concentrations” ™'V, however, the few human studies

. However, using a
e

that have been conducted on the effects of polyphenol-rich
foods on abdominal adiposity have yielded conflicting results,
with studies showing positive effects’>'® or no effect™®.

The purpose of the present study was to investigate the
association between RW consumption and the prevalence of
the MetS and its components in an elderly Mediterranean
population at a high cardiovascular risk.

Subjects and methods
a6
Subjects

A cross-sectional study was conducted using baseline data
obtained from the cohort of the PREDIMED study. A detailed
description of the study has been published previously™>.
This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
Institutional Review Boards of the participating centres (Clini-
cal Trial Registration: ISRCTN of London, England: 35739639).
Written informed consent was obtained from all participants.

Of the 5969 participants from all the PREDIMED centres with
complete biochemical analysis data, 140 who did not complete
the FFQ at baseline and twenty-eight with extreme total energy
intakes were excluded from the present study®. Thus, data
from 5801 participants were available for the analyses.

Assessment of population characteristics
and dietary habits
a6

Dietary habits at baseline were evaluated using a validated
137-item FFQ”. Daily food and nutrient intakes were

estimated from the FFQ by multiplying the frequency of con-
sumption by the average portion size. A validated 14-point
questionnaire was also used™®, but excluding alcohol intalke,
to assess the adherence to the traditional Mediterranean diet

a4 (MedDiet). The participants also filled out a general question-
naire on lifestyle habits, medication use and concurrent
diseases and a validated Spanish version of the Minnesota
Leisure Time Physical Activity Questionnaire"”.

Anthropometric measurements and blood analyses

Body weight and height were measured with minimum
clothing and no shoes, using calibrated scales and wall-mounted
stadiometers, respectively. The BMI was calculated as weight in
kg divided by the square of height in m. Waist circumference was
measured mid-way between the lowest rib and iliac crest using
an anthropometric tape. The waist:height ratio was assessed
by dividing the waist circumference by height, as a practical
index for assessing central fat distribution. BP was measured
in a sitting position, using a semi-automatic sphygmoman-
ometer (Omron HEM-705CP), in triplicate with a 5 min interval
between each measurement, and the mean of these values
was recorded according to the procedures recommended by
the European Hypertension Society®”. Plasma glucose and
lipid profiles were measured using an automatic analyser in a
routine laboratory test. For patients with TAG concentrations
<400 mg/dl, LDL-cholesterol concentrations were estimated
using the Friedewald formula®?.

Categories of red wine intake
(o]

The FFQ included questions concerning the intake of wines
(RW, rosé wine, white wine and sparkling wine), beer, liquors
and spirits. Standard drinks (hereafter referred to as ‘drinks’),

a7 10 g of pure alcohol, were used to categorise alcohol intake.
The drinks included 100 ml of wine, 250 ml of beer, 65ml of

a7 liquors and 32ml of spirits. The participants were categorised
into three groups based on their RW intake: non-drinkers;
0-1-1 drink/d; >1 drink/d.

Definition of the metabolic syndrome

The MetS was defined in accordance with the updated
harmonised International Diabetes Federation (IDF) and the
American Heart Association/National Heart, Lung, and Blood

s Institute (AHA/NHLBI) criteria®®. The participants were ident-
ified as having MetS The American Journal of Clinical Nutrition
AJCN/2014/086991 version 1 when they had at least three of
the following components: 125 (1) elevated waist circumference
for European individuals (>102cm in men; >88 in women);
(2) elevated TAG concentrations (>150mg/dl (1-7mmol/]))
or drug treatment for elevated TAG concentrations; (3) low
HDL-c concentrations (=40mg/dl (1-0mmol/l) in men;
=50mg/dl (1-3mmol/D) in women) or drug treatment for
low HDL-c concentrations; (4) elevated BP (systolic =130
and/or diastolic =85 mmHg) or antihypertensive drug treat-
ment; (5) elevated fasting glucose concentrations (> 100 mg/dl
(5:5mmol/D) or drug treatment for diabetes.
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Statistical analyses

The means of continuous variables among the different
RW intake groups were compared using one-way ANOVA
with the Bonferroni post hoc test. If the variable did not
follow a normal distribution (skewness or kurtosis > —2 or
<2), the corresponding non-parametrical Mann—Whitney
and Kruskal—Wallis tests were performed. The x? test or the
Fisher exact test was used for analysing categorical variables.

Pearson’s correlation coefficients were calculated to test
the linear association between the intake of RW and that of
other alcoholic beverages (white and sparkling wines, beer,
liquors and spirits), all as continuous variables.

The OR for the MetS and each of its components in the
different RW intake categories were calculated using multiple
logistic regression analysis, with the outcome as the depen-
dent variable and the intake groups as independent variables.
Multivariate models were adjusted for sex, age (continuous),
BMI (continuous), smoking status (never, former and current),
physical activity during leisure time (yes/no), energy intake
(continuous), educational level and adherence to the Medi-
terranean food pattern excluding wine intake (continuous).
Additional analyses stratified by sex, age groups (<70 years
and =70 years) and smoking status (never/ever) were carried
out and the effect modification of these variables with alcohol
was evaluated using likelihood ratio tests for the product term
introduced in the crude and fully adjusted models. All statis-
tical analyses were conducted using IBM SPSS software
version 19.0. All 7 tests were two-sided and P values <0-05
were considered significant.

Results

j7A total of 5801 PREDIMED study participants (2433 men and
3368 women) at a high cardiovascular risk were included in
the present study. The baseline characteristics of the study
participants according to categories of energy-adjusted RW
intake at baseline are summarised in Table 1. More than
50% of the study population did not consume RW (3037
participants), 36% consumed <1 drink/d (2086 participants)

Red wine consumption and the metabolic syndrome 3

and 12% consumed >1 drink/d (678 participants). Of these,
only 111 participants consumed =5 drinks/d. Participants
with the highest RW intake were found to more likely be
men, current or former smokers, and more physically active
a7 and have a higher educational level. The dietary pattern of the
participants distributed into RW intake categories is summa-
rised in Table 2. Those who drank more RW (>1 drink/d)
were found to have a higher intake of carbohydrates, protein,
SFA, MUFA and PUFA, total cholesterol and total energy. Less
frequent consumption of fruits, vegetables and dairy products
was observed in the group of moderate/heavy drinkers,
although no significant differences were observed in the
adherence to the traditional MedDiet among the three groups.
The linear association between the intake of RW and that of
other alcoholic beverages was also tested (Table 3). Although
the correlation coefficients were significant, only weak linear
associations were found among the variables. In general, the
intake of RW was found to be positively correlated with the
intake of beer, liquors and spirits, but not with that of other
types of wines when analysing the entire sample or stratifying
the sample by sex.

Red wine and metabolic syndrome
Q9
Among the 5801 participants included in the analyses, 3897

(67%) fulfilled the criteria for the MetS. The metabolic risk
parameters according to the RW intake categories are sum-
marised in Table 4. Participants with the highest RW intake
had lower BMI and heart rate, but higher BP. No significant
differences were observed in total cholesterol or HDL-c con-
centrations across the groups. However, when these values
were translated to MetS components taking into account the
medications used to treat triacylglycerolaemia, hypertension
or diabetes, fewer MetS cases were observed among the
highest RW consumers, as well as a lower prevalence of
abnormal waist circumference, high TAG concentrations or
lipid-lowering treatment, low HDL-c concentrations, high BP
or antihypertensive treatment, and high fasting plasma glucose
concentrations or antidiabetic treatment.

Table 1. Baseline characteristics of participants from the PREDIMED (Prevencion con Dieta Mediterranea) cohort according to categories of red wine

(RW) intake at baseline (energy-adjusted)

(Number of participants; percentages; mean values and standard deviations)

Non-drinkers 0-1-1 drink/d >1 drink/d

Characteristics n Percentage of the total n Percentage of the total n Percentage of the total P*
No. of participants (5801) 3037 524 2086 360 678 1.7
Sex, women 2299 757 973 46-6 96 142 <0-001
Current smoker 276 91 324 15-5 193 285 <0-001
Former smoker 464 15-3 645 309 292 431 <0-001
Higher education 328 10-8 395 189 160 236 <0-001

Mean SD Mean sD Mean SD Pt
RW intake (units/d) 0 0-0 0-51 0-4 2.9 1.2 <0-001
Age (years) 67-9 6-0 66-3 6-2 65.7 6-1 <0-001
Energy expenditure in 829-3 8711 10429 1050-0 1398-6 11470 <0-001

physical activity (kJ/d)

*x 2 tests.
1 One-way ANOVA tests.
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Table 2. Dietary pattern of 5801 participants from the PREDIMED (Prevencion con Dieta Mediterranea) cohort according to
categories of red wine (RW) intake at baseline (energy-adjusted)

(Mean values and standard deviations)

Non-drinkers 0-1—1 drink/d >1 drink/d
(n 3037) (n 2086) (n678)
Mean SD Mean SD Mean SD P
Alcoholic beverages (units/d)
RW 0-00 0-00 0-51 0-38 2.92 119 <0-001
White, rosé and sparkling wines 0-10 0-51 0-08 0-36 0-11 0-47 0-36
Beer 0-09 0-37 0-22 0-56 0-37 0-79 <0-001
Liquors/spirits 0-005 0-06 0-01 0-08 0-03 0-10 <0-001
Nutrient intake
Q10  Total energy intake <0-001
kJ/d 8875-5 2174 9660 2185.7 10880 21187
kcal/d 21213 519-6 2308-8 5224 2600-4 506-4
Carbohydrates (g/d) 228-3 724 2387 72.7 251-3 752 <0-001
Protein (g/d) 892 213 94.3 214 95.7 20-3 <0-001
SFA (g/d) 237 85 26-1 83 269 82 <0-001
MUFA (g/d) 460 15.0 50-5 14.9 52.9 14.2 <0-001
PUFA (g/d) 14.8 6-4 16-2 66 17.3 67 <0-001
Fibre (g/d) 25.0 8.7 256 87 253 78 0-066
Total cholesterol (mg/d) 346 11 382 123 385 11 <0-001
Food groups (g/d)
Fruits 370 204 372 205 352 199 <0-001
Vegetables 332 149 342 152 328 138 0-023
Cereals 137 81 145 83 169 97 <0-001
Meat 125 55 136 55 146 58 <0-001
Fish 96 46 105 58 105 47 <0-001
Legumes 21 14 21 13 20 10 0-162
Dairy products 403 227 374 218 309 197 <0-001
Olive oil 38 18 40 18 42 16 <0-001
Nuts 9 12 1 15 12 14 <0-001
Soft drinks 15 58 20 57 18 61 0-025
13-point MedDiet questionnaire scoret 8-34 1-86 8-35 1-90 8-26 1-84 0-56

MedDiet, Mediterranean diet.
*One-way ANOVA tests.
1 The 14-point questionnaire of adherence to the traditional MedDiet excluding the question regarding wine intake.

The relative risk was calculated using logistic regression
models with non-drinkers as the reference category. Risks cal-
culated using crude models and after adjusting for possible
confounders (sex, age, BMI, smoking status, educational
level, physical activity, total energy intake and diet) differed
significantly (Table 5). Consumption of less than one drink
of RW per d was found to be associated with a significantly
lower risk of the MetS in both the crude and adjusted
g7 models (OR 0-56, 95% CI 0-45, 0-68; P<0-001). The same
association was found when the fully adjusted OR for the
highest RW intake category was estimated after excluding
heavy drinkers (>2 drinks/d for women and >4 drinks/d
for men) in sensitivity analyses (data not shown). With
regard to individual components of the MetS, participants
who were in the highest RW intake category had a 41%

Analysis performed after stratifying the sample by sex
revealed a lower risk of the MetS in women consuming >1
drink/d (OR 0-47, 95% CI 0:30, 0-73; P trend <0-001) than
in men (OR 0-68, 95% CI 0:53, 0-88; P trend 0-004) after
multivariate adjustment (Table 6). Analysis performed after
stratifying the sample by age groups (<70 years and =70
years) revealed that the effects of RW intake to be significant
only for the youngest group (OR 0-49, 95% CI 0-38, 0-63;
P trend <0-001). When analysing the association between
the prevalence of the MetS and RW intake among participants
stratified by smoking status, a 43 % reduction in the risk of the

Q11 Table 3. Pearson’s correlation coefficients between the intake of

different alcoholic beverage groups and that of red wine (drinks/d)

lower risk of having an abnormal waist circumference Entire sample Men Women

(OR 0-59, 95% CI 0-46, 0-77; P<0-001), a 58% lower risk (n5801) (n 2433) (n 3368)

of having low HDL-c concentrations (OR 0-42, 95% CI 0-32, ; P ; P ; P

0-53; P<0:001), a 72% lower risk of having high BP -

(OR 028, 95% CI 0-17, 0-45; P<0-001) and a 33% lower risk W':gsé and 002 028 -005 0MB 002 035

of having high fasting plasma glucose concentrations sparkling

(OR 067, 95% CI 0-54, 0-82; P<0-001) compared with wines

non-consumers. A protective effect of RW intake on TAG Beer 017 <0-001 009 <0001 010 <0-001
o PR . Liquors 012  <0.001 008 <0001 010 <0-001

concentrations that lost significance after adjustment for all Spirits 014 <0001 008 <0001 009 <0001

potential confounders was also observed.
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MetS in former or current smokers (OR 0-57, 95 % CI 0-43, 0-75;
P trend <0-001) and a 40 % reduction among those who never

7smoked were observed. For all stratum categories, a trend
towards a lower risk of the MetS was observed in both the
crude and adjusted models, although not all models achieved
statistical significance.

The association between the prevalence of the MetS and the
intake of different types of alcoholic beverages was also ana-
lysed. After adjusting for all confounders, beer intake was
found to be associated with an increased risk of the MetS
(OR 1:50, 95% CI 1-08, 2:10; P trend 0-005) due to its asso-
ciation with abdominal obesity (OR 1-49, 95% CI 1:01, 2:19;

7P trend 0-049). However, when the association between
beer intake and waist:height ratio (anthropometric index of
abdominal fat distribution) was analysed, the association
was found to lose the statistical significance (OR 0-67; 95%
CI 0-23, 1-97; P trend 0-970). None of the other metabolic
criteria varied significantly with beer intake. Analysis of the
intake of other alcoholic beverages in relation to the pre-
valence of the MetS revealed no significant associations for
the intake of white, rosé and sparkling wines or for that
of liquors and spirits, although the intake of these types of
alcoholic beverages was scarce in the study population.

Discussion

j7In the present cross-sectional study of 5801 elderly partici-
pants at a high cardiovascular risk included in the PREDIMED
study, 3897 MetS cases were found, representing a prevalence

N

of 67-2%, which was not unexpected given that only indivi-
duals with diabetes or three or more standard cardiovascular
risk factors, including overweight or obesity, were eligible
for inclusion in the study. In this setting, moderate RW
consumption was found to be associated with a decreased
prevalence of the MetS, mainly by reducing the risk of
having an abnormal waist circumference, high BP, low
HDL-c concentrations and high fasting plasma glucose con-
centrations. This association was stronger in participants
aged <70 years, in participants who were former or current
smokers, and also in female participants. In fact, women
consuming >1 drink/d had a lower risk of the MetS than
men. Several studies have demonstrated that women are
more sensitive to the toxic effects of alcohol than men®.
Therefore, the recommended upper limit of alcohol consump-
tion for women is half of that recommended for men“?. On
the other hand, several studies have also reported the bene-
ficial effects of moderate alcohol consumption in women
even when consuming less amounts of alcohol when com-
pared with men®. The results of the present study confirm
the greater beneficial effects of moderate RW consumption
on the incidence of the MetS in women than in men.

The intake of RW was weakly but positively associated with
that of beer, liquors and spirits, but was not associated with
the intake of other types of wines. This suggests that RW con-
sumers are more likely to consume beer, liquors and spirits
than white wine, rosé wine or sparkling wine. However,
although significant, correlation coefficients were too low to
draw conclusions. On the other hand, no association was

Table 4. Metabolic risk parameters of 5801 participants from the PREDIMED (Prevencién con Dieta Mediterranea) cohort according to categories of

red wine intake at baseline (energy-adjusted)

(Mean values and standard deviations; number of participants and percentages)

Non-drinkers (n 3037)

0-1—1 drink/d (n 2086) >1 drink/d (n 678)

Mean SD Mean SD Mean SD P

BMI (kg/m?) 307 41 29.7 36 29-2 33 <0-001
Waist:height ratio 0-64 0-07 0-62 0-06 0-61 0-06 <0-001
Systolic BP (mmHg) 150-4 19-5 148-6 19:2 152.7 19-6 <0-001
Diastolic BP (mmHg) 82.7 10-3 831 10-2 84.7 10-6 <0-001
Hearth rate (beats/min) 72-3 1141 69-8 101 69-1 109 <0-001
Glucose (mg/dl) 1231 41.3 1187 39.0 1171 337 <0-001
Lipid profile (mg/dl)

Total cholesterol 206-3 37-6 205-3 37-6 206-8 37-8 0-579

HDL-c 52.8 121 521 12:4 52.8 12.0 0-099

LDL-c 128.5 33.7 130-8 36-8 131.3 335 0-032

TAG 1373 775 127-8 736 1318 737 <0-001

Percentage Percentage Percentage

Metabolic syndrome and components n of the total n of the total n of the total Pt
Metabolic syndrome 2268 747 1267 60-7 362 53-4 <0-001
Abnormal waist circumference 2560 84-3 1437 68-9 390 57-5 <0-001
High TAG concentrations or 1042 34.3 612 29-3 220 32:4 <0-001

lipid-lowering treatment
Low HDL-c concentrations 999 329 585 28-0 99 146 <0-001
High BP or antihypertensive treatment 2990 985 1932 926 639 942 <0-001
High fasting plasma glucose 2125 70.0 1309 627 442 652 <0-001

concentrations or antidiabetic treatment

BP, blood pressure; HDL-c, HDL-cholesterol; LDL-c, LDL-cholesterol.
*One-way ANOVA tests.
T x2 tests.
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Table 5. Risk of the metabolic syndrome and individual metabolic syndrome components according to red wine intake categories (0-1-1 drink/d and

>1 drink/d groups compared with the non-drinker group)
(Odds ratios* and 95 % confidence intervals)

0-1-1 drink/d Pt >1 drink/d Pt
Metabolic syndromes
Unadjusted OR 0-53 <0-001 0-39 <0-001
95% ClI 0-47, 0-90 0-33, 0-46
Multivariable OR§ 0-64 <0-001 0-56 <0-001
95% CI 0-56, 0-73 0-45, 0-68
Abnormal waist circumference (>102cm in men and >88cm in women or treatment)
Unadjusted OR 0-40 <0-001 0-24 <0-001
95% CI 0-35, 0-45 0-20, 0-29
Multivariable OR§ 0-64 <0-001 0-59 <0-001
95% ClI 0-53, 0-78 0-46, 0-77
TAG (=150 mg/dl or TAG-lowering medication)
Unadjusted OR 0-76 <0-001 0-89 0-18
95% CI 0-68, 0-86 0-74, 1-06
Multivariable OR§ 0.76 <0-001 0-87 0-18
95% ClI 0-66, 0-86 0-71, 1-06
HDL-cholesterol (<40 mg/dl in men and <50 mg/dl in women or lipid-lowering treatment)
Unadjusted OR 0-76 <0-001 0-34 <0-001
95% ClI 0-68, 0-87 0-27, 0-42
Multivariable OR§ 0-85 0-015 0-42 <0-001
95% CI 0-75, 0-97 0-32, 0-53
Blood pressure (=130/85 mmHg or antihypertensive treatment)
Unadjusted OR 0-20 <0-001 0-26 <0-001
95% ClI 0-14, 0-28 0-17, 0-40
Multivariable OR§ 0-22 <0-001 0-28 <0-001
95% ClI 0-16, 0-31 0-17, 0-45
Fasting plasma glucose (=100 mg/dl or antidiabetic treatment)
Unadjusted OR 0-70 <0-001 0-79 0-01
95% CI 0-62, 0-79 0-66, 0-95
Multivariable OR§ 0-65 <0-001 0-67 <0-001
95% ClI 0-57,0-74 0-54, 0-82

*OR were calculated using logistic regression analysis.
1 Two-sided test of significance.

a7 1 The metabolic syndrome was considered to occur when at least three of the five metabolic criteria were fulfilled.
§ Adjusted for sex, age, BMI, smoking status, educational level, physical activity, total energy intake and diet.

found between the incidence of the MetS and the consump-
tion of alcoholic beverages other than RW.

Wine is considered to be a key component of the traditional
MedDiet. Several previous cohort and intervention studies
have examined the effects of observed Mediterranean-type
diets on the risk of the MetS and its components. The pros-
pective Framingham Heart Study Offspring Cohort study was
the first to report a protective effect of the MedDiet on the
MetS, as participants in the highest quintile of MedDiet
adherence had a 30'1% incidence rate of the MetS compared
with those in the lowest quintile category (385 %; P=0-01)%.
Other, albeit not all®”, cross-sectional studies carried out in
(228-3D have reported an inverse
association between quartiles of adherence to the MedDiet
and the incidence of the MetS. A recent meta-analysis of fifty
studies has confirmed that the higher the adherence to the
MedDiet, the lower the prevalence and progression of the
MetS®?. Interestingly, intervention studies including MetS

patients have confirmed that the MedDiet may favour the
(33,34)

Mediterranean countries

regression of the MetS and prevent its progression

However, few studies have analysed the role of moderate
RW consumption in the prevalence of the MetS. Similar to
the present study, a study carried out in the Canary Islands
(Spain) showed the intake of wine, as well as that of other
components of the traditional MedDiet such as fruits,

vegetables and cereals, to be inversely associated with the
prevalence of the Met$®?. Indeed, it has been suggested
that not all components of the MedDiet are likely to provide
the same level of protection.

Several studies with different designs have suggested that
the greater health benefits of moderate consumption of
RW might be related to its higher polyphenolic content com-
pared with other alcoholic beverages. In fact, polyphenols
may provide additional benefits to consumers of other alco-
holic beverages by decreasing BP, inhibiting LDL oxidation,
improving endothelial function and reducing inflammation
©% 1In the present study,
an association between regular RW consumption and hyper-

and cell adhesion molecule levels

tension was found, contrary to that reported in other
studies®”. In a recent feeding trial, systolic and diastolic BP
were found to be significantly decreased after 4 weeks of
intervention with dealcoholised RW, but not after RW or gin
interventions®.

The best-established protective factor of alcohol intake is
the increase in plasma HDL-c concentrations®®*”. A meta-
analysis of clinical studies assessing the effects of moderate
alcohol consumption on HDL-c concentrations has indicated
that the intake of 30 g/d of ethanol increases HDL-c concen-
trations by a mean of 4-0mg/dl and TAG concentrations by

5-7mg/dl, irrespective of the alcoholic beverage consumed.
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Table 6. Stratified analyses of the risk of the metabolic syndrome according to red wine intake categories*
(Odds ratiost and 95 % confidence intervals)

Non-drinkers 0-1—1 drink/d >1 drink/d P for trend P interaction
Sex
Males
No. of cases/total 482/738 670/1113 313/582
Unadjusted OR Ref 0-80 0-61 <0-001 0-41
95% Cl 0-66, 0-97 0-49, 0-78
Multivariable OR% Ref 0-91 0-68 0-004 0-02
95% ClI 073,113 0-53, 0-88
Females
No. of cases/total 1786/2299 597/973 49/96
Unadjusted OR Ref 0-46 0-30 <0-001
95% ClI 0-39, 0-54 0-20, 0-45
Multivariable ORt Ref 0-52 0-47 <0-001
95% CI 0-44, 0-62 0-30, 0-73
Age (years)
<70
No. of cases/total 1354/1801 851/1414 249/480
Unadjusted OR Ref 0-50 0-36 <0-001 0-18
95% ClI 0-43, 0-58 0-29, 0-44
Multivariable OR# Ref 0-61 0-49 <0-001 0-19
95% CI 0-51, 0-72 0-38, 0-63
=70
No. of cases/total 914/1236 416/672 113/198
Unadjusted OR Ref 0-57 0-47 <0-001
95% CI 0-47, 0-70 0-34, 0-64
Multivariable ORt Ref 0-70 0.72 0-005
95% ClI 0-56, 0-88 0-50, 1-03
Smoking status
Never
No. of cases/total 1746/2297 675/1117 101/193
Unadjusted OR Ref 0-48 0-35 <0-001 0-27
95% ClI 0-41, 0-56 0-26, 0-47
Multivariable ORt Ref 0-60 0-60 <0-001 0-004
95% ClI 0-51, 0-71 0-43, 0-85
Ever
No. of cases/total 522/740 592/969 261/485
Unadjusted OR Ref 0-66 0-48 <0-001
95% CI 0-54, 0-81 0-38, 0-61
Multivariable OR%} Ref 0.76 0.57 <0-001
95% CI 0-60, 0-95 0-43, 0-75

Ref, reference.

Q7 * The metabolic syndrome was considered to occur when at least three of the five metabolic criteria were fulfilled.
1 OR were calculated using logistic regression analysis.
1 Adjusted for sex, age, BMI, smoking status, educational level, physical activity, total energy intake and diet.

(45)

It has been estimated that an average intake of 30g of sensitivity in non-diabetic postmenopausal women'"”’, sugg-

ethanol/d would cause an estimated reduction of 247% in
the risk of CHD“?. In addition, both cross-sectional and
intervention studies have shown that moderate RW consump-
tion reduces the plasma concentrations of in vivo oxidised
LDL? which has been reported to be associated with
the polyphenolic content of RW.

Moderate alcohol consumption has also been reported to
be inversely associated with the risk of diabetes in a meta-
analysis of observational studies that included data from
477200 men and women participating in prospective cohort
studies. The dose—response trend showed that the alcohol
intake of 22-24g/d had the strongest inverse association,
but alcohol intake became deleterious over 60g/d in men
and over 50g/d in women >,

In addition, randomised clinical trials have also demon-
strated that moderate alcohol intake (30g/d) has bene-
ficial effects on insulin and TAG concentrations and insulin

esting that moderate alcohol consumption decreases the risk
of CVD and type 2 diabetes by improving insulin sensitivity.
Similar to that observed in other studies“®*”, RW drinkers
had significantly reduced BMI and waist circumference
qzWhen compared with non-drinkers in the present study.
Thus, moderate alcohol consumption, as observed in the
Tromso Study®”, as well as moderate RW consumption, as
observed in the Danish Diet Cancer and Health Study(%),
exerts a beneficial effect by lowering the risk of abdominal
obesity in women. Dietary factors including animal fat and
refined carbohydrates are postulated to induce oxidative
stress that stimulates inflammation in obesity. By contrast,
some foods including wine, fruits, vegetables, nuts and
others exert antioxidant and anti-inflammatory effects that
may prevent the development of the Mets“#4
The present study has a few limitations. First, as the
study participants were elderly Spanish people at a high risk
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of CVD, findings from the study cannot be extrapolated
to younger lower-risk populations from other countries.
Furthermore, studying high-cardiovascular risk individuals
is a limitation rather than an advantage for testing our
hypothesis. Another limitation is the cross-sectional nature of
the study, which does not allow inferring causal relationships
between the MedDiet and the MetS. The present study also
has strengths, such as the large sample size and the high
number of participants with the MetS, the use of a validated
FFQ and the ability to control for potential confounders due
to recording of comprehensive data on risk factors, diet and
sociodemographic variables. On the other hand, the study
population is not representative of the general Spanish popu-
lation. Although many potential confounders were controlled
for in multivariate models, other unknown or unmeasured
confounders may exist.

Conclusions

Compared with non-drinkers, moderate RW drinkers from
an elderly population at a high cardiovascular risk have a
lower risk of developing the MetS and having abnormal
waist circumference, low HDL-c concentrations, high BP and
hyperglycaemia, four of the five individual metabolic criteria
included in its definition.
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V. Discussio global

Una dieta rica en fruites, hortalisses i els seus derivats té nombrosos efectes beneficiosos
per a la salut. A part de les vitamines, els minerals i altres oligoelements, els productes
d’origen vegetal ens aporten polifenols, que sén components del metabolisme secundari de
les plantes. La hipotesi d’aquesta tesi plantejava que els polifenols de la dieta poden jugar
un paper important en la prevencié de malalties croniques en una poblacié d’edat avancada
amb factors de risc CV (la poblacié de l’estudi PREDIMED). L’objectiu, doncs, era avaluar
la certesa de la hipotesi mitjancant uns estudis més concrets.

En primer lloc, es va establir un metode per estimar detalladament el consum de polifenols
d’aquesta poblacié utilitzant una nova base de dades molt completa, el Phenol-explorer, i
identificar els polifenols que més contribuiren a la ingesta. A continuacié es van estudiar
les associacions entre les ingestes de polifenols i els esdeveniments CV (infart o ictus, amb
resultat final de mort o no), aixi com amb la mortalitat per qualsevol causa. De forma paral-
lela es va realitzar un subestudi per relacionar el consum de polifenols, estimat mitjangant
I’excrecié de polifenols en orina, amb una disminucié de la PA i un increment de la produccié
endotelial de NO en un subgrup de la poblacié del PREDIMED. Donat que el vi és un dels
aliments que aporta més polifenols en el PREDIMED, també es va estudiar la influencia del
consum d’aquesta beguda en la incidencia de SM. Addicionalment, es van dur a terme dues
revisions bibliografiques: la primera, sobre biomarcadors de consum de polifenols, i la segona
sobre la influéncia d’aquests en la PA i els mecanismes d’accié que explicarien aquest efecte.

La ingesta de polifenols i les principals fonts alimentaries es van estimar per a 7200 persones,
homes i dones, d’entre 55 i 80 anys, participants de 'estudi PREDIMED, utilitzant la base de
dades Phenol-explorer i els QFC basals. Aquesta ingesta a I'inici de I’estudi, calculada com a
suma de polifenols individuals, va ser de 820+£323 mg/dia. Aquest valor diferia dels 1193+510
mg/dia obtinguts, utilitzant la mateixa metodologia, en una cohort d’adults francesos en el
marc de Pestudi SU.VI.MAX!4  Donat que la ingesta de flavonoids era molt similar en
les dues poblacions (546 i 506 mg/dia, respectivament), la diferencia era deguda als acids
fenolics, ja que la mitjana de la poblacié espanyola era 248 mg/dia mentre que en el cas de la
francesa era 639 mg/dia. Trobem una valors d’acids fenolics similars als dels francesos en un
estudi dut a terme amb una cohort d’adults finesa (647 mg/dia) 145, Una possible explicaci6
seria que el consum de cafe o te, begudes amb un alt contingut d’acids fenolics, era més elevat
a les poblacions franceses i fineses que en la del PREDIMED, que era una poblacié amb una
mitjana d’edat de 67 anys.

La comparacié dels resultats obtinguts amb els d’altres autors és dificil per diverses raons.
En primer lloc, la majoria d’estudis previs se centraven només en un determinat grup de
polifenols, normalment, en els flavonoids[31:146-150] " També cal tenir en compte la base de
dades de polifenols utilitzada (USDA, Food Composition Database, Phenol-explorer, etc.),
aixi com la forma d’obtencié de les dades de consum a partir dels diferents giiestionaris. A
més, les cohorts estudiades també eren molt diferents entre elles pel que fa a edats, paisos,
caracteristiques de la poblacio, etc. Aquesta heterogeneitat limita la comparacié de les dades.

Generalment, el cafe, el te, el vi, les pomes i altres fruites com els citrics i les baies apareixen
en les primeres posicions de la llista d’aliments que més contribueixen al consum de polifenols.
En el cas de la poblacié del PREDIMED, hi havia coincidéncies en el cafe, les taronges, les
pomes i el vi, pero en sisena posicié hi havia ’oli d’oliva i les olives, que representaven 1'11%
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del total de polifenols consumits (90.4 mg/dia), fet que no es repetia en cap dels articles
publicats anteriorment i que, per tant, distingia la cohort estudiada de les altres.

Pel que fa a les subclasses de polifenols, els acids hidroxicinamics van ser els més abundants
en la dieta espanyola (276 mg/dia), seguits de les flavanones (132 mg/dia) i les proantocia-
nidines (117 mg/dia). Aquest perfil s’assemblava al de les cohorts francesa i danesa, on els
acids hidroxicinamics també eren els més consumits, seguits, en aquests casos, de les proan-
tocianidines i de les catequines. La diferéncia amb aquest ultim grup es podia explicar de
nou per les diferencies en el consum de te.

Pel que fa als polifenols individuals cal destacar que 3 dels 5 més consumits eren isomers
d’acid cafeoilquinic (que venen del cafe). Cal destacar que 7 dels 35 polifenols més consumits
pertanyien al grup dels “altres polifenols” i la seva font eren aliments tipicament mediterranis
com l'oli d’oliva. Per exemple, I'hidroxitirosol, 1’oleuropeina i els seus derivats provenien
unicament de les olives i oli d’oliva, excepte una part de ’hidroxitirosol que es troba també
al vi negre. Aquest fet és especialment rellevant ja que estudis recents han demostrat que
aquests polifenols de I'oli d’oliva, juntament amb els acids grassos monoinsaturats, milloren els
nivells lipidics en plasma i reparen els danys derivats de I'oxidacié [151,152] © A quests beneficis
demostrats han portat a la EFSA (European Food Safety Administration) a acceptar, ’any
2011, una declaracié de propietats saludables sobre I'efecte antioxidant dels polifenols de 1’oli
d’oliva, concretament ’hidroxitirosol i els seus derivats, en el colesterol LDL 153,

Segons les variables sociodemografiques, es posa de manifest que els homes consumien més
polifenols que les dones. Aixo coincidia amb quasi tots els estudis144148] tot i que en una de
les cohorts era al revés [149:150], Alguns estudis, pero, dividien el consum de polifenols entre les
calories consumides per corregir el fet que els homes solen menjar més. Fent aquesta correccid
en el PREDIMED es mantenia que els homes consumien més polifenols, principalment degut
al vii al cafe.

Curiosament, els fumadors i els que consumien més alcohol també tenien ingestes superiors
de polifenols. El fet s’explica perque en els dos casos consumien més begudes alcoholiques
(sobretot vi) i més cafe. En altres estudis['46:148] els fumadors, al tenir dietes menys saluda-
bles, eren els menors consumidors de polifenols. En tots els casos144148-150] ¢]g polifenols es
correlacionaren positivament amb el nivell educatiu.

Estudis previs han demostrat que els polifenols i els seus metabolits poden reduir la PA, aixi
com marcadors d’inflamacié i d’oxidacié. També milloren la disfuncié endotelial a través de
diferents mecanismes 54, Per tots aquests motius es creu que un major consum d’aquests
compostos pot estar relacionat amb una millora de les condicions de salut, per exemple, dis-
minuint el risc de patir malalties croniques i, per tant, allargant Pesperanca de vida341%5, En
la poblacié del PREDIMED es van trobar associacions inverses entre el consum de polifenols
totals i malalties CV o mortalitat per qualsevol causa. Comparant els quintils extrems, la
reduccié va ser del 46% pels esdeveniments CV i del 37% per la mortalitat total, tot i que en
aquest ultim cas no hi havia una tendencia lineal (P-tendencia=0,12).

Associacions similars es van trobar per lignans i esdeveniments CV i mortalitat total quan
es va valorar el consum dels diferents grups de polifenols. Aquestes associacions es poden
explicar per I'elevat consum d’oli d’oliva i olives d’aquesta cohort. Els lignans modulen I’accié
dels estrogens i, per tant, poden afectar en les malalties relacionades amb les hormones, com
les CV, el cancer, la osteoporosis o els stmptomes de la menopausa!'56157) Recentment, s’ha
observat que aquests compostos poden disminuir el cancer de bufetal’®8 i la incidencia de
diabetis tipus 2 en dones'®]. De fet, en la mateixa direccié, s’ha demostrat que els polifenols
de P’oli d’oliva milloren els factors de risc de malalties CV [151.152]  Altres estudis s’han centrat
en lefecte del consum de vilt69 i del seu polifenol més caracteristic, el resveratrol 121 amb
resultats que també sén consistents amb ’associacié inversa que es va trobar pels estilbens i
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la mortalitat.

En la cohort PREDIMED, els flavanols es van associar a una disminucié del 60% del risc
de malaltia i mort CV, pero no de mortalitat total. Aixo es correspon amb els resultats
d’un meta-analisi sobre flavanols i biomarcadors de risc CV[B%, En una cohort gallesa, la
ingesta de flavonols es va associar amb la mortalitat C'V, la mortalitat per cancer i la totall33].
Recentment, els flavonols també s’han associat amb una menor incidencia de cancer de bufeta
en la cohort de l'estudi EPIC1%8]. Geleijnse i col. també van trobar resultats similars pel
consum de te, els flavonoids i Pinfart de miocardi’®!. Pel que fa als acids fendlics, els
hidroxibenzoics també es van associar amb els esdeveniments CV, pero no hi ha altres estudis
epidemiologics per comparar. No obstant, s’ha vist que ’acid protocateqiiic té propietats

antioxidants i antiinllamatories (1621,

L’efecte dels polifenols sobre la PA esta avalat per molts dels estudis d’intervencié en humans
resumits a la Taula 1.4 de la introduccié. Nombrosos aliments rics en polifenols com el raim,
el cacau, el te i la soja han demostrat la seva capacitat de disminuir la PA en hipertensos
mitjancant la millora de la funcié endotelial. En efecte, els polifenols poden induir la va-
sorelaxacié de les arteries a través de la produccié de NO i de EDHF 1631651 Aix{ doncs,
els polifenols no només tenen un efecte antioxidant, siné que també participen en vies de
senyalitzacié que intervenen en la funcié cellular 266,

La SM és un problema de salut creixent en els paisos desenvolupats que, a més, comporta
un augment dels casos de malalties CV i diabetis tipus II. Nombrosos estudis han demostrat
que alguns patrons dietétics, aixi com certs grups d’aliments o nutrients poden disminuir la

incidencia de SM a través de la millora dels seus components[167-168],

En diversos estudis amb humans, els polifenols del raim i de la xocolata milloraven els simpto-
mes associats a la SM 3169 En un altre estudi transversal realitzat en una poblacié iraniana
de 2618 adults de totes les edats, un consum elevat de flavonoids es va associar amb un menor
risc de tenir SM, aixi com un perimetre de cintura elevat, hipertrigliceridémia, hiperglucemia,
el colesterol HDL baix, i hipertensié. Per contra, el consum elevat de lignans es va associar
amb un major risc de hipertrigliceridemia i hiperglucemia i, el d’estilbens, amb un major risc
d’hipertensi 7).

Les begudes alcoholiques sempre han estat motiu de controversia ja que el benefici-risc esta
estretament lligat al tipus de beguda i, sobretot, a la dosi. L’estreta unié entre el consum
d’alcohol i Destil de vida fan diffcil Pestudi dels seus efectes en la salut 170, El consum moderat
de begudes alcoholiques sembla afavorir el metabolisme lipidic i els mecanismes que regulen
la glucosa pero, d’altra banda, ’alcohol és una font de calories extra ja que se sol afegir a
la dieta en comptes de substituir-lo per algun altre aliment!7). A més, alguns estudis han
relacionat el consum d’alcohol amb un major risc d’hipertrigliceridemia’™ perd un menor
risc d’hipertensié. Pel que fa al risc d’obesitat, les dades no sén concloents ja que depenen,
sobretot, de la quantitat i el tipus de beguda consumida 173,

En relacié a la SM, els resultats de diferents estudis son divergents: mentre alguns han trobat
una relaci6 lineal inversa!!7# 176 o en forma de U7 entre el consum de begudes alcoholiques
i la SM que és consistent amb els nostres resultats, altres no han trobat cap associacié178l o
bé una associacié positival7 182 Aquesta divergencia es deu, en part, als diferents tipus de
poblacions estudiades, al tipus de beguda alcoholica (alta o baixa graduacid) i a la quantitat
ingerida.

Un dels punts fort d’aquests treballs és el nivell de detall obtingut en I'estimacié del perfil
fenolic consumit, amb grups de polifenols que rarament s’havien estimat abans, i aprofundint
fins al consum de polifenols individuals. Aixo va ser possible gracies a la utilitzacié d’un QFC
ben validat i una base de dades de compostos fenolics molt completa. La metodologia que es
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va fer servir es va aplicar per quantificar el consum de polifenols d’una poblacié relativament
gran, de més de 7000 persones, no només a l'inici de 'estudi siné al llarg dels anys, i es
van calcular les ingestes de polifenols acumulades i ajustades per calories. Aquest disseny
prospectiu, la mida de la cohort i una extensa informacié sobre variables d’ajust també formen
part dels punts forts de la tesi, aix{ com la comprovacié del esdeveniments CV, que els va
realitzar un comite extern.

D’altra banda, també es va utilitzar un biomarcador de consum de polifenols en orina per
contrastar part dels resultats obtinguts. Aix{ doncs, es va demostrar que, efectivament, podien
influir en una de les principals variables de risc CV mitjancant I'increment de la produccié
de NO, fet que comporta una disminucié de la PA.

Les conclusions derivades d’aquesta tesi estan condicionades a les limitacions propies dels
estudis. En primer lloc, hi ha les limitacions inherents a ’estimacié de la ingesta de polifenols,
que és el primer pas que es va dur a terme. Tot i que la base de dades Phenol-explorer és la més
completa d’avui en dia, hi mancava informacié sobre alguns aliments que eren ampliament
consumits en la nostra cohort, com per exemple els cigrons, la mel o Iall. A més, alguns
acids fenolics com les proantocianidines es van subestimar donada 1’abséncia de dades fiables
a la literatura"*4. Tampoc es tenien dades sobre la maduresa de les fruites, les condicions
de cultiu i emmagatzematge o el meétode de coccid, que se sap que afecten el contingut
fendlic[67) aix{ com la freqiiencia d’is d’especies que, tot i que es consumeixen en poques
quantitats tenen una concentracié de polifenols molt alta. Per 1ltim, s’han de tenir en ment
les limitacions derivades dels QFC anuals que, tot i estar validats, mai sén una fotografia
perfecta de la situacié real.

En els dos articles on s’estudia ’associacié entre consum de polifenols i malalties croniques, la
primera limitacié fa referéncia a ’estimacié de polifenols, com ja s’ha comentat en el paragraf
anterior. En segon lloc trobem les limitacions relacionades amb el disseny de 'estudi: al
tractar-se d’un post-analisi de les dades d’un estudi d’intervencié on aquesta era diferent de
I’exposicié estudiada no es va poder establir cap relacié causa-efecte. Parlarem, per tant,
d’associacions, tendencies o resultats que senyalen cap a una direccié determinada. D’altra
banda, tot i que els models es van ajustar per moltes variables de confusid, no es pot descartar
I’existencia d’altres variables desconegudes que poguessin afectar als resultats. L'tis de QFC
en comptes de biomarcadors va limitar el coneixement de I’efecte de la biodisponibilitat dels
polifenols. Per ultim, el nombre de casos no va ser prou elevat per estudiar, per exemple, la
influencia del consum de polifenols sobre la mortalitat per diferents causes: cancer, malalties
respiratories, malalties neurodegeneratives, etc.

La principal limitacié del sise article referent a la determinacié de polifenols en orina és la
mida de la mostra, molt menor que la utilitzada en tots els altres casos degut, sobretot, al cost
d’analitzar els polifenols totals i els nivells de NO plasmatic. S’hi han d’afegir també altres
limitacions propies de I'is de biomarcadors, com la variabilitat interindividual, I’error propi
de l'analisi i assumir que els valors de polifenols excretats es corresponen amb els ingerits.

Pel que fa a 'article on es relaciona el consum de vi amb la SM, la primera limitaci6 és 1'is
de dades transversals en comptes de longitudinals. A més, el fet d’estudiar una poblacié
amb una prevalenca tan elevada de SM fa que les dades no siguin extrapolables a la poblacié
general.

Aquesta restriccié és comuna en tots els estudis que es van realitzar, ja que la cohort utilitzada
té unes caracteristiques que, si bé sén forca habituals entre la gent gran, no sén represen-
tatives de la societat. El fet d’estudiar una poblacié malalta incrementa els beneficis de les
intervencions mentre que és més dificil millorar la salut de les persones sanes. No obstant,
els productes d’origen vegetal, rics en polifenols, ja formen part de les recomanacions gene-
rals que els professionals de la salut donen als seus pacients per reduir el risc de malalties
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croniques.

El que aquesta tesi aporta és una visié global, perdo amb detall, dels possibles efectes dels
polifenols en la salut, mentre que d’altres estudis se centren en un polifenol concret o en un
sol subtipus. De moment, el missatge que podriem donar a la poblacio seria que cal augmentar
el consum d’aliments rics en polifenols, especialment d’aquells que continguin flavanols, acids
hidroxibenzoics, lignans, estilbens, i isoflavones, traduit a aliments, aixo significa incrementar,
per exemple, el consum de fruits secs, oli d’oliva verge, cereals sense refinar, soja o altres
llegums, vi, i fruits vermells.

Aquests resultats pretenen ser una guia per estudis futurs on, prioritzant aquells grups de
polifenols que han donat millors associacions, es poden dissenyar estudis d’intervencié per
comprovar si existeix una relacié causal. A més, s’haurien d’estudiar amb detall les interac-
cions amb el sexe, 'alcohol, el tabac i amb altres aliments. També seria interessant estudiar
I’efecte del consum de polifenols sobre altres malalties d’elevada taxa de mortalitat com el
cancer, les malalties neurodegeneratives o la diabetis.
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A diet rich in fruits, vegetables and their products has numerous health benefits. Besides
vitamins, minerals and other trace elements, plant-derived products are a source of polyp-
henols, which are plant secondary metabolites. The hypothesis raised in this thesis is that
dietary polyphenols can play a crucial role in the prevention of chronic diseases in an el-
derly population at high cardiovascular risk (the PREDIMED population). Therefore, our
objective was to evaluate the truth of the hypothesis by specific studies.

Firstly, we set a method to carefully estimate the polyphenol intake of the cited population
using the newly launched and comprehensive database, the Phenol-explorer, and to identify
which food most contributed to this intake. We then studied the associations between polyp-
henol intake and cardiovascular events (myocardial infarction or stroke, ending with death
or not), as well as all-cause mortality. Simultaneously, we conducted a substudy on the rela-
tionship between polyphenol intake, estimated by the excretion of polyphenols in urine, and
reduced BP and an increase of endothelial NO production in a subsample of the PREDIMED
cohort. Wine was an important source of polyphenols in the PREDIMED cohort, so their
consumption was also correlated with the risk of MS in this population. Additionally, we per-
formed two bibliographic revisions: the first one was about biomarkers of polyphenol intake,
and the second one was about the influence of polyphenol intake on BP and the mechanisms
of action that can explain this effect.

Intake of polyphenols and their main food sources were estimated for 7200 participants of the
PREDIMED study, men and woman aged between 55 and 80 years, using the Phenol-explorer
database and baseline FFQ. Polyphenol intake at baseline, calculated as the sum of individual
polyphenols, was 820+£323 mg/day. This value differed from the 1193+510 mg/day obtained,
using the same method, in a cohort of French adults within the SU.VL.MAX study 4. Since
the intake of flavonoids was very similar in the two populations, the difference was due to
the intake of phenolic acids: 248 mg/day for the Spanish cohort and 639 mg/day for the
French[15], We found very similar values of phenolic acids in a cohort of Finnish adults
(647 mg/day) 145, One possible explanation could be that the consumption of coffee or tea,
beverages with a high polyphenol content, was greater in the French and Finnish populations
than in the older PREDIMED population, with an average age of 67 years.

Comparing these results with those of other studies is difficult for several reasons. First of
all, most of the studies were focused only on a specific group of polyphenols, usually the
flavonoids [?1:146-150] - Other factors include the use of different databases (USDA, Food Com-
position Database, Phenol-explorer, etc.), as well as the type of questionnaire for assessing
dietary intake. Moreover, the studied cohorts were very different in terms of age, country,
population characteristics, etc. This heterogeneity limits the comparison of the data.

Generally, coffee, tea, wine, apples, and other fruits such as citrus and berries are at the
top of lists of food that most contribute to polyphenol intake. This was also the case in the
PREDIMED population, with coffee, oranges, apples, and wine in the first positions, but in
sixth place was olive oil and olives, which represented 11% of total polyphenol intake (90.4
mg/day). This was a distinguishing characteristic of the studied cohort.

Among the polyphenol subclasses, hydroxycinnamic acids were the most abundant subclass in
the Spanish diet (276 mg/day), followed by flavanones (132 mg/day) and proanthocyanidins
(117 mg/day). This profile was similar to the French and Danish cohorts, where hydroxy-
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cinnamic acids were also the most consumed subclass, followed by proanthocyanidins and
catechins. Differences in catechin consumption could also be explained by differences in tea
drinking.

With respect to individual polyphenols, we noticed that 3 of the 5 most consumed were caffe-
oylquinic acid isomers in coffee. Also notable was that 7 of the 35 most consumed polyphenols
belonged to the “other polyphenols” group and their sources were typically Mediterranean fo-
ods such as olive oil. For instance, the only source of hydroxytyrosol, oleuropein and their
derivatives was olive oil and olives, except for hydroxytyrosol, which is also found in red
wine. This is noteworthy since recent studies have demonstrated that polyphenols from olive
oil, together with monounsaturated fatty acids, improve lipid levels in plasma and repair
oxidation-derived damage*®152] On the basis on these proven benefits, in 2011 EFSA (Eu-
ropean Food Safety Administration) accepted a health claim about the antioxidant effects of
olive oil polyphenols, specifically hydroxytyrosol and its derivatives, on LDL cholesterol 123,

Depending on sociodemographic variables, men were found to consume more polyphenols
than women, in agreement with all other studies!44 148! except for one cohort 1491501 Some
studies adjusted polyphenol intake by calories. After this correction in our cohort, men still
consumed more polyphenols, mainly due to the consumption of wine and coffee.

Curiously, smokers and individuals who consumed more alcohol also had higher intakes of
polyphenols, because both groups consumed more alcoholic beverages, mainly wine and coffee.
On the contrary, other studies'46:148] have reported that smokers, who generally have poorer
diets, consumed fewer polyphenols than non-smokers. Polyphenols were always positively

correlated with the educational level] [144,148-150]

Previous studies have demonstrated that polyphenols and their products can reduce BP, as
well as acting as markers of inflammation and oxidation. They also improve endothelial
dysfunction through different mechanisms!*>4. For these reasons, polyphenol intake can be
associated with an improvement of health conditions, for instance, by decreasing the odds of
developing chronic diseases and, therefore, extending the lifespan (34,155 ' T the PREDIMED
population we found inverse and significant associations between total polyphenol intake and
CV diseases or all-cause mortality. Comparing extreme quintiles, reduction was 46% for
CV events and 37% for total mortality, although in this case we did not find a lineal trend
(P-trend=0.12).

When studying polyphenol subgroups, similar associations were found between lignans and
CV events and total mortality, which can be explained by the high consumption of olive oil
and olives in this cohort. Lignans modulate estrogen action, so they can affect hormone-
related diseases such as CV diseases, cancer, osteoporosis or menopausal symptoms156:157],
Recently, two differents groups found that lignans could reduce bladder cancer risk[*58! and
type-2 diabetes in women 59, Similarly, it has been demonstrated that polyphenols from
olive oil improve CV risk factors!!53:152 Other studies have focused on the consumption of
wine 19 and its well-known polyphenol, resveratrol2, with results that are also consistent
with the inverse association we found for stilbenes and mortality.

In the PREDIMED cohort, flavanols were also associated with a 60% decrease in risk of
CV event or CV mortality, but not with all-cause mortality. These results agree with the
conclusion of a meta-analysis of flavanols and CV risk factors3%. In a Welsh cohort, intake
of flavonols was associated with lower CV and cancer mortality and all-cause mortality 33,
Recently, flavonols has also been associated with a lower risk of bladder cancer in the EPIC
study cohort?8].  Geleijnse et al. found a similar relationship between the consumption
of flavonoids in tea and myocardial infarction'61l. Regarding phenolic acids, hydroxyben-
zoics were also inversely associated with CV events, and although there is no other study to
compare these findings, protocathecuic acid has proven antioxidant and anti-inflammatory
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properties [162]

The effects of polyphenols on BP have been demonstrated by several human intervention
studies, summarized in the introduction Table 1.4. Many polyphenol-rich foods, such as
grapes, cocoa, tea or soy, are able to decrease BP in hypertensive subjects by improving
endothelial function. Indeed, polyphenols induce arterial vasodilation through the production
of NO and EDHF [163-165] " Thus, polyphenols not only have antioxidant properties, but also

participate in cellular signaling pathways 166,

MS is a growing public health concern in developed countries that implies an increase of the
incidence of CV diseases and type-2 diabetes. Several studies have demonstrated that certain
dietary patterns, as well as groups of food and nutrients, can decrease the incidence of MS
through an enhanced intake of their components167:168],

In human studies, polyphenols from grapes and chocolate improved MS-related symptoms 53169

In a cross-sectional study within an Iranian cohort of 2618 adults of all ages, a high intake of
flavonoids was associated with a decreased risk of MS, abnormal waist circumference, hyper-
triglyceridemia, hyperglycemia, low HDL-cholesterol, and hypertension. On the other hand,
high consumption of lignans was associated with a major risk of hypertriglyceridemia and
hyperglycemia and stilbenes, with hypertension 7.

Alcoholic beverages have always been controversial because the risk-benefit ratio is closely
related to the type of drink and, above all, to the dose. The effects of alcohol on health are
difficult to quantify due to the tight union between alcohol consumption and lifestyle70.
Moderate alcohol consumption seems to enhance lipid metabolism and the mechanisms that
regulate glucose, yet alcohol is an extra source of calories in that it is usually added to the
diet without replacing any other food ™). Other studies have associated alcohol consumption
with a greater risk of hypertriglyceridemia but a lower risk of hypertension!7?. With respect
to ob[esit]y7 data are not conclusive since they depend on the dose and type of alcoholic
drink 173/,

Related to MS, results from different studies diverge: while some have reported an inver-
se linear 1741761 o U-shaped177) relationship between alcoholic beverages and MS, which
is consistent with our results, others have found no association['™ or a positive relations-
hip 179182 This divergence is partially due to the differences in studied populations, the
type of beverage (high-grade or low-grade) and the amount consumed.

The main strength of the work presented here is the level of detail obtained in the estimation
of the dietary phenolic profile, which included polyphenol groups never studied before, and
provided more in-depth data about individual polyphenols. This was achieved through the
use of a well-validated FFQ and a comprehensive polyphenol database. We applied the same
method to quantify the phenol intake of a relatively large population, more than 7200 people,
not only at the beginning of the study, but also over the years. Moreover, we calculated the
cumulative polyphenol intake adjusted by calories. The prospective design, the cohort size
and comprehensive information about the adjustment variables are other strengths of this
thesis, as well as the verification of the CV events, performed by an external committee of
experts.

Additionally, a biomarker of polyphenol intake in urine was used to verify some of our results.
We were therefore able to demonstrate that polyphenols can indeed influence one of the main
CV risk factors by enhancing NO production, which leads to a decrease in BP.

The conclusions derived from this thesis are conditioned by the intrinsic limitations of the
studies. These include the limitations related to the estimation of polyphenols, the first
step of the work. Although the Phenol-explorer is the most complete database available
today, information on some foods extensively consumed in our cohort, such as chickpeas,
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honey or garlic, is still scarce. Moreover, some phenolic acids like proanthocyanidins were
underestimated due to the lack of reliable data in the literature**4. Neither did we have
information about fruit maturity, cultivation and storage conditions, or cooking methods,
all being features that affect the phenolic content 6.7 or the use of condiments and spices,
which although consumed in small amounts, have a very high phenolic content. Lastly, the
limitations of the yearly FFQ should be taken into account, since these can never provide a
perfect picture of reality despite validation.

In the two articles about polyphenol intake and chronic illnesses, the first limitation concerns
the polyphenol estimation, as discussed in the previous paragraph. The study design was
also found to have limitations: no cause-effect relationship could be established because
the exposure variable differed from the intervention. Therefore, we can only talk about
associations, trends or results that point in a given direction. Furthermore, even though all
models were adjusted for all confounder variables, the influence of other unknown variables
cannot be discarded. The use of FFQ instead of biomarkers limits the understanding of
polyphenol bioavailability. Lastly, the number of cases was too low to study, for example,
the influence of polyphenols on mortality due to specific causes, such as cancer, respiratory
diseases, neurodegenerative diseases, etc.

The main limitation of the article about polyphenols in urine and NO, the sixth, is sample
size, which was smaller than those from other studies due to the high cost of the analysis
of total polyphenols and plasma NO. We should also add the intrinsic limitations of the
biomarkers: individual variability, measurement error of the analysis and the assumption
that the amount of polyphenols excreted in urine corresponds to the intake.

In the study about wine consumption and MS, the first limitation is that the design is
cross-sectional rather than longitudinal. Moreover, the results cannot be extrapolated to the
general population because the prevalence of MS in our cohort was very high.

This latter restriction is shared by all our studies, due to the characteristic profile of the
PREDIMED cohort. Although these characteristics are common among the elderly, they
are not representative of the general population. Studying non-healthy populations improves
the benefits of the interventions, while it is difficult to improve the risk factors in a healthy
population. However, products of plant origin, rich in polyphenols, are currently part of the
general recommendations that health professionals give to their patients to reduce the risk of
chronic diseases.

This thesis provides not only a global but also a detailed vision of the possible effects of
polyphenols on our health, in contrast with other studies, whose focus has been limited to
a particular polyphenol or a single subgroup. For now, the message we can give to the
population is that we should increase our intake of polyphenol-rich foods, especially those
containing flavanols, hydroxybenzoic acids, lignans, stilbenes, and isoflavones. Translating
this information into food items this means increasing the consumption of nuts, virgin olive
oil, whole-grain cereals, soy and other legumes, wine and berries.

These results aim to serve as a guide for future studies that will give priority to those polyp-
henols found to have the best associations. Intervention studies should be performed to
evaluate causal relationships. Moreover, the interactions between polyphenols and sex, alco-
hol, smoking habits, and other foods should be studied in detail. It would be very interesting
to elucidate the effect of polyphenol intake on other diseases with high mortality outcomes,
such as cancer, neurodegenerative diseases and diabetes.
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V1. Conclusions

Conclusions generals

v

v

S’ha estimat de forma detallada la ingesta de polifenols i les seves principals fonts alimenta-
ries per part d’'una poblacié d’edat avancada i en risc cardiovascular: 1’estudi PREDIMED.

La ingesta elevada de polifenols, estimada mitjangant qiiestionaris de freqiiéncia de consum
i la base de dades Phenol-explorer, s’ha associat de forma inversa amb la incidéncia d’ac-

cidents cardiovasculars i amb la mortalitat per qualsevol causa en un analisi longitudinal
de la cohort PREDIMED.

El consum de polifenols, estimat mitjancant I'analisi colorimetric de Folin-Ciocalteu en
mostres d’orina puntuals, s’ha associat amb una disminucié de la PA i amb un increment
de la produccié d’NO en plasma en la poblacié del PREDIMED al cap d’un any.

El consum moderat de vi esta associat amb una disminucié de la prevalenca de SM i amb
alguns dels seus principals components en un analisi transversal de la cohort PREDIMED.

Conclusions especifiques

v

El consum de polifenols totals abans de la intervencié per part de la poblacié del PRE-
DIMED, calculats com a suma de polifenols individuals a partir de les dades obtingudes
dels FFQ i de la base de dades Phenol-explorer, va ser de 820+323 mg/dia. La meitat
d’aquests eren flavonoids i el 37%, acids fenolics.

El grup d’aliments que més contribueixen a la ingesta de polifenols sén les fruites (44%), les
begudes no alcoholiques (23%), les verdures (13%) i les begudes alcoholiques (8%). Tenint
en compte els aliments individualment, els que més contribuiren foren el cafe (18%), les
taronges (16%), les pomes (12%), ’oli d’oliva i les olives (11%) i el vi negre (6%).

Els acids hidroxicinnamics van ser la subclasse de polifenols més abundants en la dieta de
la cohort estudiada (276 mg/dia), seguits de les flavanones (132 mg/dia), les proantocia-
nidines (117 mg/dia) i els flavonols (80 mg/dia).

Alguns dels polifenols del grup “altres polifenols”, com 1’oleuropeina i ’hidroxitirosol, que
es troben en olives i oli d’oliva, fan que el perfil fenolic de la poblacié espanyola sigui molt
diferent dels de cohorts d’altres paisos com Franca i Finlandia.

Es va observar una reduccié significativa del 46% del risc d’esdeveniment cardiovascular en
els voluntaris del cinque quintil d’ingesta de polifenols totals comparats amb el del primer,
aixi com una reducci6 del 37% del risc de mortalitat per qualsevol causa.

Tenint el compte els grups de polifenols, els lignans, els flavanols i els acids hidroxibenzoics
es van associar significativament i inversament amb els esdeveniments cardiovasculars,
mentre que els estilbens i els lignans es van associar amb la mortalitat total. Sembla que
el consum de isoflavones també pot tenir un efecte beneficiés pero el seu consum en la
poblacié estudiada és massa baix per treure’n conclusions.
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v Els polifenols excretats a través de la orina, analitzats seguint el metode colorimetric de
Folin-Ciocalteu i ajustats per creatinina, sén un bon biomarcador del consum de polifenols.
Gracies a aix0 s’ha relacionat de forma objectiva I'increment de polifenols totals en orina
amb la disminucié de la PA i amb 'augment de la produccié de NO plasmatic.

v El consum moderat de vi negre s’ha associat amb un menor risc de patir sindrome meta-
bolica i, en concret, s’ha relacionat amb una disminucié de la obesitat abdominal, de la
pressi6 arterial i dels nivells de glucosa plasmatica en deji, i amb una millora del colesterol
HDL.



V1. Conclusions

General conclusions

v

v

The polyphenol intake and its main food sources in an elderly population at high cardio-
vascular risk were comprehensively estimated.

A high polyphenol intake, estimated by use of food frequency questionnaires and the
Phenol-explorer database, was inversely associated with the incidence of cardiovascular
events and all-cause mortality in a longitudinal analysis within the PREDIMED cohort.

Total polyphenol intake, estimated in spot urine samples using the Folin-Ciocateu colo-
rimetric analysis, was associated with a decrease in blood pressure and an increased NO
production in plasma within the PREDIMED population after one year of follow-up.

Moderate wine consumption was associated with a lower prevalence of metabolic syndrome
and some of its main components in a cross-sectional analysis of the PREDIMED study.

Specific conclusions

v

The total polyphenol intake by the PREDIMED population at baseline, calculated as the
sum of individual polyphenols using data from the FFQ and the Phenol-explorer database,
was 820+323 mg/day. Half of these were flavonoids and 37% were phenolic acids.

The food groups which mostly contributed to this intake were fruits (44%), non-alcoholic
beverages (23%), vegetables (13%), and alcoholic beverages (8%). Taking into considerati-
on the food items individually, coffee was the main contributor (18%), followed by oranges
(16%), apples (12%), olive oil and olives (11%) and red wine (6%).

Hydroxycinnamic acids were the most abundant polyphenol subclass in the diet of the
studied cohort (276 mg/day), followed by flavanones (132 mg/day), proanthocyanidins
(117 mg/day) and flavonols (80 mg/day).

Some of the polyphenols from the “other polyphenols” group, such as oleuropein and
hydroxytyrosol, found in olives and olive oil, gave the phenolic intake of the studied po-
pulation a very different profile from that of the cohorts of other countries such as France
or Finland.

We observed a 46% reduction in the risk of cardiovascular events when comparing the
fifth with the first quintile of total polyphenol intake, and a 37% reduction in the risk of
all-cause mortality.

Among the polyphenol groups, lignans, flavanols and hydroxybenzoic acids were signifi-
cantly and inversely associated with cardiovascular events, whereas stilbenes and lignans
were associated with all-cause mortality. Health benefits for isoflavones were also sugges-
ted, but their intake in our population was too low to draw conclusions.

Polyphenols in urine analyzed by the Folin-Ciocalteu colorimetric method and adjusted
by creatinine are a suitable marker of polyphenol intake. As a result, the increase of total

169
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polyphenols in urine was objectively related with a decrease in blood pressure and an
increase of NO production in plasma.

v Moderate wine consumption was associated with a decreased risk of metabolic syndrome,
particularly a decrease in abdominal obesity, blood pressure and fasting plasma glucose
and higher HDL cholesterol.
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This paper describes for the first time a complete characterisation of the phenolic compounds in different
anatomical parts of the Albarifio grape. The application of high-performance liquid chromatography cou-
pled with two complementary techniques, hybrid quadrupole time-of-flight and triple-quadrupole mass
spectrometry, allowed the phenolic composition of the Albarifio grape to be unambiguously identified
and quantified. A more complete phenolic profile was obtained by product ion and precursor ion scans,
while a neutral loss scan at 152 u enabled a fast screening of procyanidin dimers, trimers and their gal-
loylated derivatives. The compounds were confirmed by accurate mass measurements in QqToF-MS and
QqToF-MS/MS modes at high resolution, and good fits were obtained for all investigated ions, with errors
ranging from 0.2 to 4.5 mDa. To the best of our knowledge, two flavanol monomer hexosides were
detected in the grape berry for the first time.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Albarifio (Vitis vinifera L.) is the most important white grape
variety grown in the northwest of Spain (Galicia), notably in the
Rias Baixas Denomination of Origin. Although there are five differ-
ent varieties of grape cultived in this region, Albarifio grape pro-
vide 95% of the annual harvest obtaining a total of 40 million kg
of grapes to produce 286,000 hectoliters of wine annually. Albarifio
wine is characterised by an appreciated aromatic profile and orga-
noleptic properties (Diéguez, Lois, Gomez, & de la Pefia, 2003; Vila-
nova, Genisheva, Masa, & Oliveira, 2010). Masa, Vilanova, and
Pomar (2007) and Rodriguez-Bernaldo de Quirés, Lage-Yusty, and
Lopez-Hernandez (2009) determined the flavonoid profile of Alba-
rifio grape skin and the antioxidant activity of Albarifio wines by
high performance liquid chromatography (HPLC) (Masa et al,
2007; Rodriguez-Bernaldo de Quirds et al., 2009).

Phenolic compounds are responsible for the colour, astringency
and bitterness of wines and it has been demonstrated that the sen-

* Corresponding author. Address: Nutrition and Food Science Department,
XaRTA, INSA, Pharmacy School, University of Barcelona, Av. Joan XXIII s/n, 08028
Barcelona, Spain. Tel.: +34 934034843; fax: +34 934035931.

E-mail address: lamuela@ub.edu (R.M. Lamuela-Raventés).

0308-8146/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.foodchem.2013.08.115

sory perception of coarseness increases with the degree of galloy-
lation of proantocyanidins (Vidal et al., 2003).

Grape phenols consist of a wide range of structures diversely
distributed in every part of the berry (Adam, 2006), but they are
present mainly in the skin and seed (Rodriguez Montealegre,
Romero Peces, Chacén Vozmediano, Martinez Gascuefia, & Garcia
Romero, 2006; Dietmar, Achim, Reinhold, & Schieber, 2004).

The most abundant phenolic compounds in white grape skin are
flavonols, while flavan-3-ol monomers such as (+)-catechin and
(—)-epicatechin, as well as dimers, trimers and polymeric forms,
also called procyanidins (2-10 units), are present mainly in grape
seed. These compounds may contain subunits of gallic acid, epigal-
locatechin or epicatechin gallate linked by an interflavan bond
(Hayasaka, Waters, Cheynier, Herderich, & Vidal, 2003).

In last two decades liquid chromatography mass spectrometry
has been widely employed for the characterisation of several food
matrices (Justesen, Knuthsen, & Leth, 1998; Zhou, Xu, & Choi,
2009). Electrospray ionisation has proven to be a powerful tool that
facilitates the analysis of non-volatile, thermally labile compounds.
Different mass analysers, triple-quadrupole instruments (Sanchez-
Rabaneda et al., 2004; Cavaliere et al., 2008), ion-trap mass analys-
ers, and high-resolution instruments such as time-of-flight (or the
hybrid configuration quadrupole-time-of-flight, Vallverdi-Queralt,
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Jauregui, Di Lecce, Andrés-Lacueva & Lamuela-Raventés, 2011b)
and Fourier trasformation mass spectrometry (FTMS, Vallverdu-
Queralt, Jauregui, Medina-Remén, Andrés-Lacueva, & Lamuela-
Ravent6s, 2010) have been used for chemical characterisation of
food matrices.

Specifically, polyphenol composition in food has been analysed
using triple quadrupole instruments, applying MS/MS techniques
such as product ion scan (PIS), precursor ion scan (Prl), and neutral
loss scan (NL) (Sanchez-Rabaneda et al., 2004; Vallverdu-Queralt
et al., 2010). A quadrupole instrument in full scan mode shows a
poor signal-to-noise-ratio (if compared with the ratio of a high res-
olution instrument) but MS/MS techniques such as Prl or NL allow
polyphenol families to be screened. In addition, hybrid high-reso-
lution instruments such as Qg-ToF and IT-FTMS can produce
high-quality MS/MS spectra, including high-resolution data for
the determination of molecular formulae. Both MS and MS/MS
experiments can be performed for high accuracy and high resolu-
tion analysis.

As far as we know, recent studies of the phenolic profile of the
Albarifio cultivar have only described the flavonoid composition.
The aim of this paper is to report the first study on the qualitative
and quantitative characterisation of phenolics in the different ana-
tomical parts of the Albarifio grape using two complementary
QqToF and QgQ instruments to determine structures based on
fragmentation patterns.

2. Materials and methods
2.1. Chemicals

The standards were handled without exposure to light. Vanillic
acid, 4-hydroxybenzoic acid, 3-hydroxybenzoic acid, trans-caffeic
acid, trans-ferulic acid, protocatechuic acid, m-, o- and p-coumaric
acids, gallic acid, homovanillic acid, (+)-catechin, (—)-epicatechin,
trans-resveratrol, trans-piceid, kaempferol, myricetin, apigenin,
(—)-epigallocatechin, (+)-catechin-gallate, quercetin, quercetin-3-
O-rutinoside, quercetin-3-O-glucuronide, quercetin-3-O-glucoside,
isorhamnetin-3-0-glucoside and i-tryptophan were purchased
from Sigma-Aldrich (St Louis, MO, USA). Kaempferol-3-0-gluco-
side, procyanidin dimers A2, B1 and B2, trimer C1, (—)-epicatechin-
gallate, ethyl gallate, catechin-gallate and tyrosol were purchased
from Extrasynthéese (Genay, France). cis-Resveratrol and cis-piceid
were obtained after exposure of the trans-isomer standards to UV
light (Romero-Pérez, Ibern-Gémes, Lamuela-Raventds, & de la Tor-
re-Boronat, 1999), whereas trans-caftaric and trans-coutaric acids
were isolated from grapes (Vrhovsek, 1998). HPLC-grade acetoni-
trile and acetic acid were purchased from Scharlau Chemie S.A.
(Barcelona, Spain), while ultrapure water was obtained from a Mil-
lipore system (Millipore, Bedford, MA, USA).

2.2. Extraction procedure

Albarifio grape berries were harvested at the Miguel Torres win-
ery in Vilafranca del Penedés (Barcelona, Spain). The samples were
collected at 22 + 0.6 Brix and immediately frozen (—20 °C) until
analysis. Sample extraction was performed in a dark room with a
red safety light to prevent oxidation of the analytes during the pro-
cess. Frozen grapes were manually separated into skin (0.5 g), pulp
(5 g) and seeds (0.5 g). The extraction procedure, for the three frac-
tions, was carried out under low temperature, as previously de-
scribed by our research group (Vallverdiu-Queralt et al., 2011a),
using 5 mL of ethanol/water 80:20 (v/v) at pH 3.5 (acetic acid).
The homogenates, obtained by an Ultra Turrax (IKA, Staufen, Ger-
many), were centrifuged (2500g, 20 min at 4 °C), and the superna-
tants were collected; the extraction procedure was repeated two

times. Both fractions were combined and the ethanolic portion
was evaporated with a sample concentrator (Techne, Duxford,
Cambridge, UK) at room temperature under a stream of nitrogen
gas. After filtration of the aqueous extracts with 0.45 pm PTFE syr-
inge filters (Waters Corporation, Massachusetts, USA), the samples
were stored at —20 °C and then injected into the HPLC-UV-QqToF
and QgQ systems.

2.3. HPLC-UV and mass spectrometry conditions

The chromatography was performed with an HPLC Agilent 1200
RRLC (Santa Clara, CA, USA), using a Nucleosil 120 C18 column
(250 mm x 4 mm, 5 pm particle size, Teknokroma, Barcelona,
Spain). A constant flow rate of 0.8 mL min~! was used with two
solvents: solvent A consisted of water with 0.8% acetic acid (pH
2.65), and solvent B was 20% solvent A mixed with 80% acetoni-
trile; injection volume was 20 pL. The column was kept at 40 °C
and the separation of phenolic compounds was carried out in
45 min under the following conditions: 0 min, 100% A; 5 min,
98% A; 10 min, 96% A; 15 min, 90% A; 30 min, 80% A; 35 min,
70% A; 40 min 0% A and 45 min, 100% A (Betés-Saura, Andrés-Lacu-
eva, & Lamuela-Raventos, 1996). The column was equilibrated for
5 min prior to each analysis. The chromatograms were monitored,
with UV detector Agilent SL Plus, at three wavelengths: 280, 320,
and 365 nm. Each wavelength was suitable for each group of com-
pounds: 280 nm was used for hydroxybenzoic acids, flavan-3-ols
and the oligomeric procyanidins, 320 nm for hydroxycinnamic
acids and their tartaric esters, and 365 nm for flavonols.

Individual compounds were quantified using a calibration curve
of the corresponding standard compound. When reference com-
pounds were not available, the calibration of structurally related
substances was used. All analysis were performed in triplicate.

2.3.1. QqToF analysis

The HPLC system was coupled on-line to a hybrid quadrupole
time-of-flight QSTAR Elite (ABSciex, Concord, Ontario, Canada).
The MS acquisition was performed using negative ionisation be-
tween m/z 100 and 1050 with the Turbo lonspray source. In addi-
tion, QqToF was used to obtain product ion information. The MS
parameters were: ion spray voltage, —4200; declustering potential
(DP), —60; focusing potential (FP), 190; declustering potential two
(DP2), 15; ion release delay (IRD), 6 V; ion release width (IRW),
5 ms; nebulizer gas, 50 (arbitrary units), curtain gas, 60 (arbitrary
units), and auxiliary gas N,, 6000 cm® min~! heated at 400 °C.
The QqToF-MS instrument was calibrated after every three sam-
ples injected using two external reference compounds at m/z
112.9854 (CF3CO0~) and m/z 1033.9880 (P3N3(OCH(CF,)CF,H)s.
CF5C00™), respectively (1 pmol uL~!, ESI Tuning Mix Agilent solu-
tion). The MS/MS acquisition was also performed using
information-dependent acquisition (IDA) between m/z 100 and
1050. IDA experiments were done at a fixed collision energy of
30V and modified if no-fragmentation (or excessive) was pro-
duced. Acquisition and analysis of data were performed with Ana-
lyst QS 2.0 software (ABSciex, Concord, Ontario, Canada).

2.3.2. QqQ analysis

An API 3000 triple quadrupole mass spectrometer (ABSciex,
Concord, Ontario, Canada) equipped with a Turbo lonspray source
in negative-ion mode was used to obtain product ion and neutral
loss information. Turbo Ionspray source settings were as follows:
ion spray voltage, —3500 V; nebulizer gas, 10 (arbitrary units); cur-
tain gas, 12 (arbitrary units); collision gas, 4 (arbitrary units);
focusing potential, —200 V; entrance potential, 10 V; drying gas
(N3), heated to 400°C and introduced at a flow rate of
8000 mL min~'. The DP and collision energy (CE) were optimised
for (+)-catechin (DP —50 and CE —25 V), procyanidin B1 (DP —50
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and CE —35 V), trans-caffeic acid (DP —40 and CE —20 V), and quer-
cetin-3-0-glucoside (DP —60 and CE —30V) in infusion experi-
ments. Individual standard solutions (10 pg mL~!) dissolved in
50:50 (v/v) mobile phase were infused at a constant flow rate of
5 ul min~!, using a syringe pump (Harvard Apparatus, Holliston,
MA, USA). Data acquisition was performed scanning from m/z
100 to 1050 in profile mode and using a cycle time of 2 s with a
step size of 0.1 u and a pause between each scan of 2 ms. In NL
experiment, loss of 162 u corresponds to the loss of a glucose or
galactose, while loss of 152 u, derived from the product of Retro-
Diels-Alder rearrangement, correspond to dimer and trimer procy-
anidins as well as flavanol galloyl derivatives. Neutral loss experi-
ments at 162 u and 152 u, were performed by scanning within the
range of 300-600 u and from 250-900 u, respectively.

3. Results and discussion

3.1. HPLC-ESI-QqToF-MS and HPLC-ESI-QqQ-MS for the
determination of phenolic compounds in grape skin, pulp and seed
extracts

Phenolic extracts of skin, pulp and seed of Albarifio grapes were
analysed with two complementary QqToF and QqQ instruments to
determine structures based on fragmentation patterns, using
QqToF in PIS mode and QqQ in Prl and NL mode. In addition, infor-
mation-dependent acquisition (IDA) by QqToF was used to gener-
ate a peak list of ions present in the spectrum at the time of
analysis; this peak list was subjected to a series of user-defined cri-
teria to select precursor ions of interest based on filters such as
intensity threshold, charge state, isotope pattern and others. In
general, we observed the deprotonated molecule [M-H]™ and its
characteristic product ions by MS/MS experiments. The 43 com-
pounds are depicted in Fig. 1 and listed in Table 1 along with their
retention time, molecular formulae and mDa of error between the
experimental mass and the theoretical mass of each phenol
investigated.

Thus, bearing in mind the importance of phenolic compounds
as taxonomical markers (Vallverdu-Queralt et al., 2010), a precise
characterisation of Albarifio grape was obtained.

3.1.1. Hydroxybenzoic acid and its derivatives

Gallic acid (m/z 169) was the first compound to elute in skin and
seed extract chromatograms. The product ion scan of the deproto-
nated molecule [M-H]~ showed the typical loss of CO,, giving an
ion at m/z 125 [M-H-44] as the characteristic fragment. This com-
pound was confirmed by comparison with the calculated mass er-
ror (0.9 mDa) and reference compound.

LC-QqToF-MS analysis of seeds showed ions at m/z 331 and 315
(peaks 2, 14 and 4, 10, respectively), which were tentatively iden-
tified as deprotonated molecules of isomers of gallic acid hexose
and protocatechuic acid hexose, respectively. Product ion scan of
both ions showed the loss of hexose [M-H-162], followed by the
loss of CO, [M-H-162-44]". It was not possible to differentiate be-
tween the isomers on the basis of fragments and relative intensi-
ties in MS/MS spectra in PIS mode (Table 1).

Gallic acid dihexose (m/z 493) was also tentatively identified in
seed and skin extracts: the PIS of the deprotonated molecule (m/z
493) showed two ions at m/z 331 and 169 derived from the loss
of one and two hexose units, respectively. Furthermore, a very
low mass error (0.3 mDa) was obtained with the QqToF instru-
ment. The identification hypothesis was strengthened by the infor-
mation obtained with the QqQ instrument, through neutral loss
scan of 162 u and precursor ion scan of m/z 169.

3.1.2. Hydroxycinnamic acid and its derivatives

The skin extract revealed the presence of p-coumaric acid (m/z
163), which was corroborated by product ion scan experiment
showing a predominant ion at m/z 119 (loss of CO,). The presence
of coumaric acid hexose (m/z 325) was also detected in skin and
pulp. The PIS of this ion showed a characteristic fragmentation
involving cleavage of the intact sugar [M-H-162]" (m/z 163), and
an ion corresponding to the loss of a methyl (m/z 148) and CO,
from aglycone (m/z 119). Peak identification was accomplished
by comparing MS/MS fragmentation with reported data obtained
by LC-ESI-MS in negative mode (Vallverdu-Queralt et al., 2010).
NL of 162 u and Prl of m/z 163 by QqQ were useful for providing
an unequivocal identification of hydroxycinnamic hexose.

3.1.3. Hydroxycinnamic tartaric esters

The skin and pulp extract chromatograms showed two ions at
m/z 311 (peaks 7 and 8), two ions at m/z 295 (peaks 15 and 17),
and one ion at m/z 325 (peak 21). These deprotonated molecules
[M-H]~ were tentatively identified as hydroxycinnamic acid tar-
taric esters. The ions at m/z 311 were identified as cis and
trans-caffeoyl tartaric acid (caftaric acid); their PIS revealed a
fragment at m/z 179 corresponding to caffeic acid, after the cleav-
age of the ester bond, and a low intensity signal at m/z 135 was
ascribed to decarboxylated caffeic acid. MS/MS data were corrob-
orated by comparison with reference compounds isolated from
grape pomace (Vrhovsek, 1998). The ions at m/z 295 showed a
fragmentation pattern similar to caftaric acid and were identified
as cis and trans-coumaroil tartaric acid (coutaric acid) after com-
parison with the reference compound. The PIS produced only one
ion fragment at m/z 163, which was ascribed to coumaric acid. In
contrast, the deprotonated molecule at m/z 325 showed a frag-
ment at m/z 193 attributed to ferulic acid, and an ion at m/z
149 that indicated a loss of CO, from the free ferulic acid. It
was not possible identify the isomeric configuration of feruloyl
tartaric acid, otherwise known as fertaric acid. The Prl at m/z
179, 163 and 193 confirmed the presence of the described peaks.
Only cis and trans-caftaric acid and fertaric acid were found in
the pulp extract. Among the aforementioned compounds, trans-
caftaric acid is considered a major substance for coupled oxida-
tion and enzymatic browning reactions in grape processing
(Kroon & Williamson, 1999).

3.1.4. Flavan-3-ols

Reverse phase HPLC procedures provided a good baseline reso-
lution for the flavan-3-ols, which consisted of (+)-catechin, (—)-epi-
catechin, their condensed product and corresponding galloylated
derivatives that exhibited monomeric, dimeric and trimeric de-
grees of polymerisation. When the degree of polymerisation in-
creased, the procyanidins were eluted as a single peak at the end
of the chromatogram (Fig. 1). The resolved procyanidins present
in Albarifio seed, skin and pulp are mainly dimers (m/z 577) and
trimers (m/z 865) in which the elemental units are linked by C4-
C8 interflavan bonds (B-type). Structural variations in procyanidin
oligomers may also occur with the formation of a second interflav-
anoid bond by C-O oxidative coupling to form A-type oligomers.
Due to the complexity of this conversion, A-type procyanidins
are not as frequently encountered in nature as B-type oligomers.
Procyanidin A-type linkage shows a different fragmentation path-
way than B-type linkage (Flamini, 2003), and in Albarifio grapes
no procyanidin A-type linkages were observed.

Peaks 23 and 28 (m/z 289) were identified as (+)-catechin and
(—)-epicatechin, respectively, after comparison with the authentic
standard. Both flavan-3-ols were identified in the three different
fractions, with mass errors below 0.7 mDa. Up to four procyanidin
dimers (m/z 577, peaks 19, 20, 26 and 27) were identified in the
seed extract. The PIS at m/z 577 showed a Retro-Diels-Alder
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(RDA) product with a neutral loss of 152 u [M-H-152]" followed by
loss of a water molecule [M-H-152-H,0] . Other fragments at m/z
289 and 245, derived from the interflavanic bond cleavage, were
also observed (Table 1). Procyanidins B1 and B2 were corroborated
by reference compounds, while the elution order of dimers B3 and
B4 were assigned referring to the study by Monagas, Suarez,
Gomez-Cordovés, and Bartolomé (2005).

LC-QqToF-MS analysis of the seed extract revealed four peaks
(6, 24, 25 and 30) at m/z 865. Product ion scan showed a base peak
at m/z 289 and two minor ions at m/z 577 and 425, which were also
observed for the reference procyanidin C1. Additionally, an ion at
m/z 695 was registered due to the RDA and successive loss of water
[M-H-152-H,0] . Peaks 24, 25 and 30 were tentatively identified

654
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as procyanidin trimer isomers, but complete identification was
not possible without standards.

Thus, on the basis of information obtained by PIS, when a NL
experiment of 152 u was conducted by QqQ, the total ion current
showed deprotonated molecules belonging to dimer (m/z 577) and
trimer procyanidins (m/z 865, Fig. 3). Various studies of oligomeric
and polymeric procyanidins in grape seed extracts have proposed a
fragmentation scheme of ions derived from B-type procyanidins
(Zhao, Pang, & Dixon, 2010; Sun & Miller, 2003; Gu et al., 2003).

Waterhouse, Ignelzi, and Shirley (2000) demonstrated that in
grape seeds, the single unresolved peak, at the end of the chro-
matogram, corresponds to a mixture of high molecular mass
procyanidin polymers.
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Fig. 1. HPLC-DAD chromatograms at 4= 280 nm of phenolic compounds identified in seed (a) and skin (b) of Albarifio grape. (c) Flavonol profile (. =365 nm). Peak

identification is shown in Table 1.
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Fig. 2. TIC of seed extract in neutral loss scan mode of 152 u. Peak identification: 6, procyanidin trimer C1; 13, (epi)catechin-hexose; 19, 20, 26 and 27, procyanidin dimers;
29, 31 and 32, (epi)catechin-(epi)catechingallate; 35, (—)-epicatechin-3-O-gallate; 38, dimer digallate.
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Fig. 3. The MS/MS product ion scan of m/z 451 (epi)catechin-hexose.

3.1.4.1. Flavanol hexosides. In Albarifio seed, two flavan-3-ol hexo-
side isomers (peaks 13 and 16) at m/z 451 were tentatively identi-
fied as (+)-catechin or (—)-epicatechin-hexose. In PIS mode these
flavanol hexosides showed a peak at m/z 289 due to the hexose
moiety and the fragment at m/z 245 was attributed to (+)-catechin
or (—)-epicatechin fragmentation (Fig. 2); the accurate mass mea-
surements presented the same error for both compounds (2.1
mDa). The NL of 162 u and the Prl at m/z 289, in LC-ESI-QqQ-MS,
confirmed the tentative identification of flavanol hexosides.

To the best of our knowledge, this is the first time that flavanol
monomer hexosides have been detected in grapes, although they
have been reported in other plants. Two research groups previ-
ously described the presence of flavanol hexose in barley (Wolf-
gang & Rudolf, 2002) and lentils (Duefias, Sun, Herndndez,
Estrella, & Spranger, 2003).

Catechins are associated with health benefits, but they are
unstable during storage, processing and during gut transit (Zho
et al., 2002). However, recent evidence suggests that catechin-glu-
coside is more stable (between pH 4 and 8) than (+)-catechin. Raab
et al., (2010) have shown that (+)-catechin-3’-O-p-D-glucopyrano-
side presents the greatest stability.

3.1.4.2. Flavan-3-ol galloylated derivatives. An ester derivative iden-
tified as (—)-epigallocatechin was found only in the skin. In fact the
skin profile gave a peak at m/z 305, which represented a flavanolic
unit; its confirmation was possible by comparing the chromato-
graphic information with an authentic standard. As far as we know,
flavan-3-ol galloylated derivatives have not been previously de-
scribed in Albarifio grape skin. Several monomeric and oligomeric
flavanols linked to gallic acid were detected in the seed extract.
Peak 9 showed an ion at m/z 457 which in PIS mode generated a
preponderant fragment at m/z 305, probably produced by the loss
of a galloyl group to epigallocatechin or gallocatechin. It was not
possible to confirm the molecular structure of epigallocatechin-
gallate or gallocatechin-gallate due to the lack of reference com-
pounds. Three isomers of (epi)catechin-(epi)catechin-gallate, com-
monly known as dimer gallate (m/z 729), were also tentatively
identified in seeds with mass errors below 1.5 mDa. The PIS of
m/z 729 generated an ion at m/z 577 corresponding to the loss of
gallic acid, while the more intense fragment at m/z 289 was due
to the loss of (+)-catechin-gallate or a (—)-epicatechin-gallate unit.
For the dimer gallates, the Prl by LC-ESI-QqQ-MS at m/z 289
showed peaks at m/z 729, thus providing further useful informa-
tion for checking characteristic phenolic compounds of grape seed.
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Another peak present only in the seed fraction at m/z 441 was iden-
tified as (—)-epicatechin-3-0-gallate as its retention time and mass
spectra matched the standard. Moreover, the PIS showed two frag-
ment ions resulting from the cleavage of the ester bond at m/z 289
for deprotonated (—)-epicatechin and at m/z 169 for a deproto-
nated gallic acid moiety. A prodelphynidin compound was also
found in both seed and skin. LC-ESI-QqToF-MS analysis revealed
the existence of a deprotonated molecule at m/z 593 and the PIS
showed fragments at m/z 423, 305 and 289, which confirmed the
presence of (epi)gallocatechin-(epi)catechin. In addition, another
ion was detected in the seed extract at m/z 881, which was tenta-
tively identified as (epi)catechin-(epi)gallocatechin-(epi)catechin
or (epi)gallocatechin-(epi)catechin-(epi)catechin due to another
(epi)catechin linked to the molecular structure. The PIS experiment
suggests that the more abundant fragment was at m/z 729, which
corresponds to the gallate unit moiety (Lazarus, Adamson, Ham-
merstone, & Schmitz, 1999). As depicted in Fig. 3, the total ion cur-
rent of NL at 152 u could also be used for a fast screening of flavan-
3-ol galloylated derivatives.

As described by Flamini (2003), dimer gallates were first identi-
fied in Niagara grapes. Other authors have confirmed that the
grape seed phenolic profile is characterised by the presence of flav-
anol derivatives esterified with gallic acid and their occurrence can
be considered typical of grape seeds (Santos-Buelga, Francis-Ari-
cha, & Escribano-Bailén, 2005; Rodriguez Montealegre et al., 2006).

3.1.5. Flavonols

In the skin fraction three flavonol-O-hexosides (peaks 36, 37
and 41), two -O-glucuronides (peaks 34 and 40), one -O-rutinoside
(peak 33) and one -O-pentoside (39) were plausibly identified
(Fig. 1b and c). In this work, we found only -O-glycoside derivatives
arising from cleavage of the glycosidic bond and loss of the sugar
moieties (Castillo-Mufioz, Gémez-Alonso, Garcia-Romero, & Her-
mosin-Gutiérrez, 2010). LC-ESI-QqToF-MS analysis of the skin phe-
nolic extract revealed mass signals at m/z 609, 477 and 463,
corresponding to deprotonated quercetin-3-O-rutinoside (also
called rutin), quercetin-3-O-glucuronide and quercetin-3-O-gluco-
side (quercitrin), for peaks 33, 34 and 36, respectively. The depro-
tonated molecule at m/z 609 in PIS mode showed an intense
fragment at m/z 301 due to the rutinoside moiety, and a fragment
at m/z 151 typical for quercetin. Similar MS? experiments have
been done for quercetin-3-O-glucuronide and quercetin-3-0-glu-
coside, showing the same fragment at m/z 301 for the glucuronide
and glucoside moieties. The presence of the three quercetin deriv-
atives was also checked by Prl at m/z 301 and by matching the
retention time and mass spectra with data of available standard
compounds. The presence of another quercetin derivative was de-
tected by LC-ESI-QqToF-MS which showed a deprotonated molec-
ular [M-H]~ at m/z 433 and the PIS showed a fragment at m/z 301.
In this case, NL and Prl experiments did not yield any information
due to the low intensity of the peak. This compound was tenta-
tively assigned to quercetin-3-O-pentose and, as far as we know,
this is the first time that this phenolic compound has been re-
ported in Albarifio grape skin. The chromatogram of the skin ex-
tract in QqToF-MS also showed a deprotonated molecule at m/z
449 with an error of 2.0 mDa. The PIS of m/z 449 gave a product
ion at my/z 303, which suggested the probable presence of dii-
hydroquercetin-3-O-rhamnoside, as described by Masa and Vila-
nova (2008) for Albarifio skin. Analysis of the skin phenolic
profile also revealed the presence of two ions at m/z 461 and 447
corresponding to kaempferol-3-O-glucuronide and kaempferol-3-
O-glucoside, respectively. The PIS in LC-ESI-QqToF-MS bore out
these results, in both cases showing a preponderant fragment at
m/z 285. Additionally, as described above, NL and Prl experiments
characterised kaempferol-3-O-glucuronide and kaempferol-3-0O-

glucoside, which were corroborated by comparison with the stan-
dard compounds (Table 1).

Flavonoid-C-glycosides, which show a different fragmentation
pattern from -O-glycosides (Sanchez-Rabaneda et al., 2003; Han
et al., 2008), were not detected in the Albarifio grape.

3.1.6. Stilbenes

Stilbenes were eluted in the final part of the Albarifio skin chro-
matogram. Peaks 42 and 43 showed deprotonated molecules at m/z
389 and 227 [M-H]~, and were identified as trans-piceid and trans-
resveratrol, respectively. Both stilbenes were corroborated by com-
parison with the reference compounds. The presence of resveratrol
and its glucoside in red as well as white grapes has been ascribed
to ultraviolet irradiation or stress, especially plant interaction with
pathogens (Romero-Pérez, Lamuela-Raventos, Andreés-Lacueva, &
de la Torre-Boronat, 2001).

Furthermore, as reported by Lamuela-Raventos, Romero-Pérez,
Waterhouse and de la Torre-Boronat, (1995), trans isomers are
transformed to the cis forms when grapes are exposed to UV radi-
ation. Probably due to the extraction procedure, which was per-
formed in a dark room with a red safety light, we did not detect
cis isomer forms in Albarifio skin. Stilbenes have been extensively
studied as critical contributors to the health benefits of grapes and
wine (Lamuela-Raventés & Waterhouse, 1999).

3.2. A nitrogen compound with phenolic structure: L-tryptophan

A nitrogen compound identified as L-tryptophan (peak 11) was
found in all the anatomical parts of Albarifio grapes. In LC-ESI-
QqToF-MS, this peak showed an ion at m/z 203 and the PIS revealed
two ions at m/z 116 and 142. The compound identity was con-
firmed by comparing its mass spectra with those of an authentic
standard. L-tryptophan can be present in white must and is as-
cribed to the metabolic pathway of 2-aminoacetophenone, a causal
agent of an ‘untypical ageing off-flavour’ in wine. In another study,
Mattivi, Vrhovsek, and Versini, (1999) found levels of -tryptophan
in Chardonnay musts and wines ranging between 62 and 417 ug
L. (Mattivi et al., 1999).

3.3. Quantification of phenolic compounds found in skin, pulp and seed

The most abundant class of phenols found in Albarifio grape
berries were the monomeric and oligomeric form of flavan-3-ols,
which were present in hypodermal layers of skin and in the soft
parenchyma of the seed. The total content of flavanols was
611 mg « 100 g~ ! of fresh matter (Table 2), while the compounds
at the highest concentration were (+)-catechin and (-)-
epicatechin.

Albarifio grape skin exhibited a predominance of flavanols and
flavonols but a considerable amount of hydroxycinnamates was
also found. The major hydroxycinnamic acid present was cis-cou-
taric acid (see Table 2), followed by caftaric isomers. Flavonols
were always found in glycoside form, principally as 3-glucosides;
small amounts of rutinoside and glucuronide flavonols were also
detected. The content of flavonols ranged between 0.39 and
124 mg«100g~! of fresh matter for quercetin-3-O-rutinoside
and quercetin-3-0-glucoside, respectively. As reported by Downey,
Harvey, and Robinson (2004), the flavonol content cannot be con-
sidered as characteristic of a grape cultivar because the flavonol
concentration is strongly affected by the degree of illumination
of the grape cluster (Downey et al., 2004).

The phenolic content in the pulp was very low. Hydroxycin-
namic acids were the most representative compounds, with a total
content of about 1.63 mg 100 g ! of fresh matter. Small amounts
of catechin, epicatechin and procyanidin B3 were also found.
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Table 2
Content of phenolic compounds in the different anatomical parts of Albarifio grape
(mg *100 g~ of fresh matter). Mean values (tstandard errors); nd, not detected.

Compounds Skin Pulp Seed
Gallic acid 1.19 nd 1.92
Gallic acid hexose I nd nd 0.79
Gallic acid dihexose 1.13 nd 1.25
Protocatechuic acid-O-hexoside nd nd 0.45
Gallic acid hexose II nd nd 1.36
Protocatechuic acid-O-hexoside nd nd 1.54
Hydroxybenzoic acids 2.32+0.1 nd 7.31+03
cis-caftaric acid 2.53 0.11 nd
trans-caftaric acid 4.04 0.37 nd
cis-coutaric acid 6.23 nd nd
trans-coutaric acid 0.27 nd nd
Coumaric acid-O-hexoside 227 1.03 nd
Fertaric acid 1.68 0.12 nd
p-coumaric acid 1.96 nd nd
Hydroxycinnamic acids 1898+0.8 1.63+0.1 nd
(epi)gallocatechin-(epi)catechin nd nd 3.58
Procyanidin trimer C1 nd nd 12.65
(epi)gallocatechin-3-gallate nd nd 1.54
Epigallocatechin 2.09 nd nd
(epi)catechin-3-hexose nd nd 1.49
(epi)catechin-3-hexose nd nd 3.52
Procyanidin B3 nd 0.57 44.65
Procyanidin B1 nd nd 3.09
(+)-catechin 11.45 0.55 106.5
Procyanidin trimer I nd nd 31.43
Procyanidin trimer II nd nd 18.54
Procyanidin B4 8.04 nd 58.39
Procyanidin B2 8.65 nd 64.53
(—)-epicatechin 2.67 0.23 77.51
(epi)catechin-(epi)catechingallate I nd nd 26.76
Procyanidin trimer III nd nd 13.54
(epi)catechin-(epi)catechingallate I nd nd 23.73
(epi)catechin-(epi)catechingallate IIl nd nd 2143
(—)-epicatechin-3-0-gallate nd nd 76.54
Dimer digallate nd nd 21.43
Flavanols 329+27 135%0.1 610.8+358
Quercetin-3-0O-rutinoside 0.42 nd nd
Quercetin-3-0-glucuronide 0.98 nd nd
Quercetin-3-0-glucoside 12.43 nd nd
dihydroquercetin-3-O-rhamnoside 5.65 nd nd
Quercetin-3-0-pentoside 0.23 nd nd
Kaempferol-3-0-glucuronide 3.21 nd nd
Kaempferol-3-0-glucoside 8.43 nd nd
flavonols 3145+1.6 nd nd
trans-piceid 6.93 nd nd
trans-resveratrol 143 nd nd
Stilbenes 8.36+0.4 nd nd
Total 94.21+51 298+0.2 618.1+36.1

As described by other authors, the concentration of phenolics
and their profile in grapes, depends on the grapevine variety as
well as intrinsic factors such as genetics and extrinsic aspects
linked to viticulture and the environment. The degree of ripeness
and berry size are also influential (Rodriguez Montealegre et al.,
2006). In accordance with previous papers, the results presented
in this study demonstrate that grape berries generally present a
very high polyphenolic content, which contributes to their value
as an agricultural crop (Rodriguez Montealegre et al., 2006; Diet-
mar et al., 2004).

4. Conclusions

Using a combination of spectrometric techniques we were able
to identify up to 43 compounds, two of which, (+)-catechin or (—)-
epicatechin hexosides, as far as we know, have never been reported
before in the grape berry. The QqToF-MS was very useful for its
combination of high sensitivity, high resolution and high mass
accuracy, also allowing the characterisation of deprotonated mole-
cules from PIS experiments in HRMS mode. Good fits were ob-

tained for all investigated ions, with errors ranging from 0.2 to
4.5 mDa. The QqQ system was effective for obtaining information
about the phenolic composition of grapes through NL and Prl
experiments that allowed a first screening of families of com-
pounds. In particular, an NL of 152 u was found to be helpful for
a rapid screening of procyanidin dimers and trimers and gallate
flavanols.

A wide range of phenolic compounds was found diversely dis-
tributed in every part of the Albarifio grape berries but mainly in
the skin and seed. Thus, this investigation resulted in an exhaustive
characterisation of the phenolic profile of the different anatomical
parts of the Albarifio grape, and provides useful information for
selecting suitable by-products for the extraction of potential
health-promoting compounds.
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List of Abbreviations

CVD Cardiovascular diseases

CGA Chlorogenic acid

NO Nitric oxide

EDHF Endothelium-derived hyperpolarizing factor
LDL Low-density lipoproteins

VLDL Very low-density lipoproteins

DCHA Dihydrocaffeic acid

CHD Coronary heart disease

OR Odds ratio

EPIC European Prospective Investigation into Cancer and Nutrition
(BP) Blood pressure

FMD Flow-mediated dilation

HHQ Hydroxyhydroquinone

42.1 INTRODUCTION

The high prevalence of cardiovascular diseases
(CVDs) worldwide has an enormous health and socio-
economic impact.! CVD includes mainly atherosclerotic
and hypertensive diseases, particularly cerebrovascu-
lar and ischemic heart diseases.! Effective strategies to
prevent and reduce CVD involve changes in diet and
lifestyle. The Mediterranean diet has been proposed as
a dietary pattern that can cut the risk of CVD by 30%.?
Beyond the traditional Mediterranean diet components,
polyphenols and polyphenol-rich foods have been asso-
ciated with a reduced CVD risk profile.?

Polyphenols are bioactive compounds found mainly
in plant foods and plant-derived beverages such as
wine, tea, or coffee. Numerous studies have associated
polyphenol consumption with a reduced risk of cer-
tain chronic diseases: certain cancers, type 2 diabetes,

Coffee in Health and Disease Prevention
http://dx.doi.org/10.1016/B978-0-12-409517-5.00042-5

cognitive dysfunction, and CVD.#Polyphenols are known
to improve vascular health, for example, by stimulat-
ing vasoprotective factors such as nitric oxide (NO) and
endothelium-derived hyperpolarizing factor (EDHF) to
promote vasodilatation and platelet activation.*

Coffee is one of the most commonly consumed bever-
ages in the world, together with tea, and its popularity is
increasing. This infusion of ground roasted coffee beans
is a complex chemical mixture of carbohydrates, lipids,
nitrogenous compounds, vitamins, minerals, alkaloids,
and phenolic compounds.® According to the Phenol-
Explorer database (www.phenol-explorer.eu), filtered
coffee is the most polyphenol-rich beverage, with 214 mg
of total polyphenols per 100ml.° In many Western diets,
coffee is the main source of total polyphenols, particu-
larly phenolic acids and hydroxycinnamic acids.

Other components of coffee play a crucial role in its
beneficial or detrimental effects on the cardiovascular
system, although results from epidemiological studies
are inconclusive and controversial. The optimal health
effects of coffee have been observed with a moder-
ate consumption, while the protective effects revert at
higher doses (J-shaped relationship).”

The purpose of this chapter is to review the available
literature on the relationship between polyphenol intake
from coffee and CVD risk in humans.

42.2 COFFEE: AN IMPORTANT SOURCE
OF POLYPHENOLS

Coffee beverages are a rich source of bioactive con-
stituents, including methylxanthines, amino acids,

© 2015 Elsevier Inc. All rights reserved.

10042-PREEDY-9780124095175



A.16

B. Capitols de llibre/Book chapters

2 42. COFFEE POLYPHENOLS AND HIGH CARDIOVASCULAR RISK

minerals (magnesium, potassium), and polyphenols.®
While caffeine (1,3,7-trimethylxanthine) is the most
recognized bioactive phytochemical, polyphenols have
recently been attracting interest worldwide. The phe-
nolic profile of coffee depends on the variety, type of
processing, how the green coffee beans are roasted, and
brewing method. The distribution of polyphenols in
coffee is shown in Figure 42.1. The most abundant poly-
phenols are hydroxycinnamic acids (phenolic acids),
which represent more than 98% of the total polyphe-
nol content (Table 42.1). The remaining 2% is composed
of alkylmethoxyphenols, alkylphenols, methoxyphe-
nols, and other polyphenols such as catechol, phenol,
and pyrogallol (data from Phenol-Explorer database,
www.phenol-explorer.eu).'> A 100-ml cup of coffee pro-
vides approximately 200 mg of hydroxycinnamic acids
and about 43-117mg of chlorogenic acid (CGA), also
known as 5-O-caffeoilquinic acid. In Western diets, in
areas where coffee is consumed more than tea, this bev-
erage is the main source of total polyphenols and phe-
nolic acids.®16-18

42.3 BIOAVAILABILITY OF COFFEE
POLYPHENOLS

Chlorogenic acids are a family of esters formed by the
binding of quinic acid and trans-cinnamic acids.® In cof-
fee, these trans-cinnamic acids are caffeic and ferulic acid
(Figure 42.2). The most abundant individual polyphenol

100 -
90 -
80 -

70

in coffee, and also the most studied, is 5-caffeoylquinic
acid, which is usually known as CGA (Figure 42.3). This
polyphenol and its degradation products have been
considered as key to the association between coffee con-
sumption and chronic disease prevention, but their bio-
availability has not been taken into account.'”

Plasma pharmacokinetic analyses have shown that
CGA is absorbed in both the small and large intestines.?’
Two different studies reported that approximately 33% of
CGA is absorbed intestinally.??! The remainder reaches
the colon, where it is metabolized by the colonic microflora
into metabolites, mainly glucuronide and sulfat deriva-
tives of caffeic acid, which are subsequently absorbed and
distributed to tissues. At least ten conjugates, dihydroi-
soferulic acid 3-O-glucuronide, caffeic acid 3-sulfate, as
well as the sulfate and glucuronide derivatives of 3,4-dihy-
droxyphenylpropionic acid, have been identified in
human plasma and/or urine after coffee consumption in
a clinical trial conducted by Fumeaux et al.” (Table 42.2).

Studies in rats suggested that the absorption of these
microbial metabolites is up to 57% of the CGA con-
sumed.” The antioxidant activity of these metabolites is
still unclear, often being lower than that of the parent
compounds.® In this respect, it is important to take into
account the food matrix as well as high interindividual
variability in absorption, which varied from 7% to 72%.°
Although information is still scarce, some studies indi-
cate that addition of milk or creamers to coffee may
have a minimal impact on the bioavailability of coffee
polyphenols.'?
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FIGURE 42.1 Polyphenol distribution in coffee.
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TABLE 42.1 Phenolic Composition of Coffee Beverages (Means of Different Varieties). Data from Phenol-Explorer Database
(www.phenol-explorer.eu)
Polyphenol Class Polyphenol Subclass Polyphenol Mean (Min-Max), mg/100g Reference
Phenolic acids Hydroxycinnamic acids 3,4-Dicaffeoylquinic acid 4.93 (2.66-7.55) 9,10
3,5-Dicaffeoylquinic acid 3.74 (1.55-6.34) 9,10
3-Caffeoylquinic acid 47.3 (32.3-57.9) 9-11
3-Feruloylquinic acid 3.46 (2.74-4.17) 9,10
4,5-Dicaffeoylquinic acid 3.75 (1.54-8.34) 9,10
4-Caffeoylquinic acid 43.8 (19.0-60.3) 9-11
4-Feruloylquinic acid 15.3 (8.57-30.1) 9,10
5-Caffeoylquinic acid 76.4 (43.1-117) 9-13
5-Feruloylquinic acid 10.5 (4.64-16.6) 9,10
Caffeic acid 0.03 (0.03-0.03) 9-13
Other polyphenols Alkylmethoxyphenols 4-Ethylguaiacol 0.91 (0.64-1.18) 9
4-Vinylguaiacol 0.61 (0.46-0.75) 10
Alkylphenols 3-Methylcatechol 0.11 (0.11-0.11) 10,14
4-Ethylcatechol 0.13 (0.13-0.13) 10,14
4-Methylcatechol 0.04 (0.04-0.04) 10,14
Methoxyphenols Guaiacol 0.22 (0.16-0.27) 10,14
Other polyphenols Catechol 0.33 (0.04-0.54) 10,14
Phenol 0.09 (0.07-0.12) 10
Pyrogallol 0.46 (0.39-0.54) 10,14
II{ 0
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FIGURE 42.2 From left to right, chemical structures of caffeic and
quinic acid.

42.4 IN VITRO AND HUMAN CELL
STUDIES

The main source of antioxidants in several Western
diets is coffee, due to its high polyphenol content.>* The
in vitro antioxidant properties of CGA, the major poly-
phenol contained in coffee, are due to its phenolic groups,
which can scavenge radicals via proton transfer. Some
studies indicate that CGA and caffeic acid can inhibit
the oxidation of low-density lipoprotein (LDL) and very

FIGURE 42.3 Chemical structure of chlorogenic acid (CGA).

low-density lipoprotein (VLDL) particles, which are the
major carriers of cholesterol and triglycerides, respec-
tively.?*2¢ CGA provides more effective protection against
lipoprotein oxidation than do antioxidant vitamins and
gallic acid, although it has lower activity than other poly-
phenols, such as catechin, quercetin, or caffeic acid.

The powerful antioxidant effect of coffee is also due to
the synergism between all the polyphenols it contains.?*
Since coffee and its polyphenols can inhibit the oxidation
of atherogenic lipoproteins in vitro, it is logical to think
that similar properties may be observed in vivo.
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TABLE 42.2 Chlorogenic Acid Metabolites Detected in Human
Plasma and Urine after Ingestion of 200 ml of Coffee

Location

CGA Metabolite Plasma Urine

Dihydrocaffeic acid 3'-sulfate X
Dihydrocaffeic acid 3'-O-glucuronide

Caffeic acid 4-sulfate

Dihydroferulic acid 4-sulfate

Caffeic acid 3"-sulfate

Dihydroferulic acid 4-O-glucuronide

Ferulic acid 4-sulfate X
Isoferulic acid 3-sulfate

Dihydroisoferulic acid 3-O-glucuronide

X X X X X X X X X X

Isoferulic acid 3'-O-glucuronide

Adapted from Fumeaux et al.””

CGA is metabolized in human small intestine endothe-
lial cells and liver cells, forming methylation, sulfation,
and glucuronidation derivatives.?”?® Dihydrocaffeic acid,
a caffeic acid metabolite quantified in human plasma
after ingestion of coffee, also protects human endothe-
lial cells from oxidation by scavenging reactive oxygen
species.?’

On the other hand, NO bioavailability is related to the
development of hypertension and other CVD risk fac-
tors. In experimental studies using cultured cells, Huang
et al.”” found that dihydrocaffeic acid (DCHA) enhanced
NO synthase activity in a dose-dependent manner. NO
has also been associated with BP reduction, inhibition of
platelet aggregation, and vasoprotective activity.*

To sum, preincubation cellular studies with human
cells indicate that coffee polyphenols such as CGA, feru-
lic acid, and/or their metabolites can prevent oxidative
damage in vivo and increase levels of NO synthase.

42.5 ANIMAL STUDIES

Since biological processes are essentially similar in the
different organisms and many diseases affect both ani-
mals and humans, experimental animals are considered
as a good model for evaluating the effects of coffee poly-
phenols on the body. For instance, gut microflora that
form microbial metabolites play a key role in the bio-
availability of CGA in rats as well as in humans.?®> The
effect of CGA in spontaneously hypertensive rats was
investigated by Suzuki et al.>! They observed that dietary
CGA reduced BP and oxidative stress and enhanced NO
bioavailability through the inhibition of excessive pro-
duction of reactive oxygen species in the vasculature,

which led to the attenuation of endothelial dysfunc-
tion. However, the main concern in extrapolating these
results to humans is that the lowest dose administered to
rats, 30 mg/kg, was much higher than the 5mg/kg com-
monly consumed by humans.

Another study analyzed the effect of CGA and caf-
feic acid (0.02% wt/wt dose) on body fat in high-fat
diet-induced obese mice. Both CGA and caffeic acid
significantly lowered body weight, visceral fat mass,
obesity-related hormone levels (leptin and insulin), tri-
glycerides, and cholesterol concentrations compared to
the high-fat control group. The results also suggested
that CGA was more effective in reducing body weight
and regulating lipid metabolism than caffeic acid.>?

In type 2 diabetic mice, caffeic acid significantly
increased superoxide dismutase, catalase, and glutathi-
one peroxidase and lowered glucose and lipid peroxi-
dation products.®® A summary of these studies on coffee
polyphenols and animals is shown in Table 42.3.

42.6 EPIDEMIOLOGICAL STUDIES

Most of the currently available information about
coffee and CVDs has been obtained from human epi-
demiological studies, whose conclusions raise several
issues. First, epidemiological evidence can never prove
cause-and-effect but can only be discussed in terms of
associations. Problems of misclassification and potential
confounders should also be considered when interpret-
ing the results from these studies. Like consumers of
alcohol, in many countries coffee drinkers have a signifi-
cantly less healthy lifestyle than nondrinkers, with a ten-
dency to smoke more, eat less healthy diets, and be more
sedentary. When classifying exposure, the collection of
consumption data can be skewed by variability in cup
size. Another variable factor is caffeine content, which
depends on the coffee variety and brewing process. It is
also important to distinguish between filtered and non-
filtered (boiled) coffee, since the oils from coffee, which
are largely removed by paper filters, are hypercholester-
olemic in humans.®?* There is also a genetic component
that leads to individual variation in the metabolism of
compounds in coffee. Perhaps the most important chal-
lenge of all is to determine whether the health effects of
coffee are related to caffeine, polyphenols, oils, or other
compounds or to a synergism between them.

It is not surprising, then, that epidemiological studies
conducted in the last three decades have reached conflict-
ing conclusions. The most recent dose-response meta-
analysis is a compilation of five independent prospective
studies that assessed the association between habitual cof-
fee consumption and the risk of heart failure. The authors
observed a statistically significant J-shaped relationship
between coffee and heart failure, where the strongest

II. EFFECTS OF COFFEE CONSUMPTION

10042-PREEDY-9780124095175



Annex A19
42.7 CLINICAL TRIALS 5

TABLE 42.3 Summary of Studies on Coffee Polyphenols in Animal Models
Species Polyphenol Dose Administration  Effect Reference
Spontaneously CGA 0.5% (~300 mg/day)  Oral 1 Blood pressure 31
hypertensive rats 1 Urinary excretion of hydrogen peroxide

1 Urinary excretion of NO metabolites

| Production of reactive oxygen species in

the vasculature
20 male C57BL/Ks]-  Caffeic acid 0.02% (wt/wt) Oral 1 Blood glucose 32
db/db mice 1 Glycosylated hemoglobin

1 Plasma glucagon

1 Plasma insulin

1 Plasma C-peptide

1 Plasma leptin

T Glucokinase activity

| Glucose-6-phosphatase and

phosphoenolpyruvate carboxykinase

activities

T Superoxide dismutase, catalase, and

glutathione peroxidase activities
32 male Diet- CGA or caffeic  0.02% (wt/wt) Oral 1 Body weight 33
induced-obese mice acid | Visceral fat mass

1 Plasma leptin

| Plasma insulin

1 Triglyceride and cholesterol
concentrations

inverse association was found for four servings per day.
Gender and baseline history of myocardial infarction and
diabetes did not change the relationship significantly.>

Sofi et al. conducted a meta-analysis of 13 case-con-
trol and 10 cohort studies to summarize the relationship
between coffee consumption and coronary heart dis-
ease (CHD) risk. The summary of odds ratios (ORs) for
the case—control studies showed statistically significant
associations between a high consumption of coffee (>3
cups/day) and CHD, while no significant association
emerged for low daily coffee intake (<2 cups/day). The
analysis of long-term follow-up cohort studies did not
show any association between the consumption of coffee
and CHD.?

Another meta-analysis aimed to summarize the effect
of coffee on BP and CVD in hypertensive individuals,
using data from controlled trials and cohort studies. In
three controlled trials studying the effect of a 2-week
intake of coffee, no increase in BP was observed in
comparison with a caffeine-free diet or intake of decaf-
feinated coffee. In seven cohort studies, no association
between habitual coffee consumption and a higher risk
of CVD was observed.3®

A recent prospective study not included in the afore-
mentioned meta-analyses has investigated the relation-
ship between coffee consumption and the risk of the most
widespread chronic diseases, including type 2 diabetes,
cancer, and CVDs such as myocardial infarction and
stroke.’” The authors collected and analyzed data from
42,659 participants (followed during a mean of 9.8 years)

in the European Prospective Investigation into Cancer
and Nutrition (EPIC) cohort using food frequency ques-
tionnaires and multivariate Cox regression models. They
concluded that coffee consumption, caffeinated or decaf-
feinated, was not associated with CVD or cancer, but it
seemed to be linked to a lower risk of type 2 diabetes.

42.7 CLINICAL TRIALS

As mentioned in the previous section, epidemiologi-
cal studies can never prove the relationship between
cause and effect. However, randomized controlled trials
provide the most compelling evidence of a causal rela-
tionship between exposure and effect. In clinical trials,
the investigators manipulate the administration of a new
intervention and measure the effect of that manipula-
tion, whereas epidemiological studies only observe asso-
ciations between the exposure and the health status or
diseases of the participants.

42.7.1 Effects on Antioxidant Activity

Some clinical trials have focused on the antioxidant
activity of coffee. Natella et al. compared the effect of
coffee and tea on plasma redox homeostasis in humans.
The antioxidant capacity of plasma before and after
supplementation with 200ml of coffee (0, 1, and 2h) was
measured by the tartrate-resistant acid phosphatase and
crocin tests. The authors concluded that molecules other
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than uric acid, probably phenolic compounds, were
responsible for the increase in plasma antioxidant capac-
ity after coffee consumption.®

The effect of Italian-style coffee consumption on
the plasma concentration of plasmatic glutathione and
homocysteine was studied by Esposito et al. Plasma glu-
tathione increased by 16% (p <0.05) among participants
who consumed five cups of coffee per day for 1 week and
returned to the original concentration after the washout
period. No significant changes were observed in homo-
cysteine concentration.’® Another group found similar
results for plasma homocysteine concentrations after
short- and long-term consumption of filtered coffee.*’

The most recent study has been performed in Brazil to
compare the effects of medium light roast and medium
roast (lower CGA and higher caffeine content) paper-
filtered coffee on antioxidant capacity and lipid per-
oxidation in 20 healthy volunteers. Similar effects were
observed for both types of coffee consumption: a signifi-
cant increase in plasma total antioxidant status, catalase
activity, and levels of erythrocyte superoxide dismutase
and gluthation peroxidase. However, oxygen radical
absorbance capacity only increased after medium light
roast coffee intake. No significant alteration in lipid per-
oxidation biomarkers was observed.*!

42.7.2 Effects on Blood Pressure and
Endothelial Function

High blood pressure (BP) and endothelial dysfunc-
tion are associated with an increased risk of CVD.
Endothelial dysfunction is an early event in the patho-
genesis of vascular disease, and NO plays a crucial role
in maintaining healthy endothelial function and vascu-
lar tone.

In 2005, Noordzij et al. performed a meta-analysis of
randomized controlled trials to assess the chronic effects
(>7days) of coffee intake on BP. A significant rise of
2.04mm Hg (95% confidence interval [CI] 1.10-2.99) in
systolic BP and 0.73mm Hg (95% CI 0.14-1.31) in dia-
stolic BP was found after pooling coffee and caffeine tri-
als, but these increases were no longer significant when
caffeine trials were removed from the analysis. This
means that caffeine may be chiefly responsible for the
BP increase, but it has a lower effect when consumed in
coffee.*?

In order to investigate the effects of coffee on endo-
thelial function, two similar crossover studies were car-
ried out with healthy, nonobese subjects. Brachial artery
flow-mediated dilation, the method most commonly
used to assess endothelial dysfunction, increased in a
dose-response manner after decaffeinated coffee con-
sumption but decreased after intake of caffeinated cof-
fee. Similar results were obtained for BP and heart rate:
caffeinated coffee induced unfavorable cardiovascular

effects. Again, caffeine seems to blunt the demonstrated
health effects of polyphenol components of coffee.*34*

Coffee consumption may also affect serum lipids.*>46
This has been extensively explained in the chapter by Ma
etal.

42.7.3 Clinical Trials with CGA

To date, considerable research has been dedicated
to the effects of coffee on human health but more clini-
cal trials focusing on the polyphenols in coffee, rather
than the complete beverage, are required to establish
which coffee components are beneficial or detrimental.
In this regard, Watanabe et al.*’ performed a placebo-
controlled, randomized clinical trial with 28 subjects
with mild essential hypertension. Participants received
treatment with either CGA (140mg/day) from green
coffee bean extract or a placebo. Systolic and diastolic
BP decreased significantly during the ingestion period
only in the CGA group. No difference was found in body
mass index and pulse rate between groups.

Green coffee bean extract has been shown to have
hypertensive effects in spontaneously hypertensive rats
and healthy humans, apparently due to its content of
polyphenols, mostly CGA. Volunteers who drank green
coffee bean extract for 3-4months had a higher reactive
hyperemia ratio and showed a significant decrease in
the plasma total homocysteine level than those who con-
sumed a placebo, and this led to an improvement in vaso-
reactivity.*> However, hydroxyhydroquinone (HHQ) or
benzene-1,2,4-triol (Figure 42.4), a phenol formed during
the roasting of coffee beans, inhibits the antihypertensive
effect of chlorogenic acids in brewed coffee. A Japanese
research group investigated the effects of HHQ-reduced
coffee on hypertension and vasoreactivity in mild hyper-
tensive subjects. In those participants who consumed the
HHQ-reduced coffee, that is, coffee with 300mg of CGA
per 184ml of beverage, endothelium-dependent, flow-
mediated vasodilation impairment and systolic BP were
significantly improved and urinary isoprostane levels
decreased, suggesting a reduced oxidative stress.*’

H
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FIGURE 42.4 Chemical structure of hydroxyhydroquinone
(HHQ).

II. EFFECTS OF COFFEE CONSUMPTION

10042-PREEDY-9780124095175



Annex

A21

REFERENCES 7

More recently, Mubarak et al. designed a random-
ized, double-blind, placebo-controlled, cross-over
trial to investigate the acute effects of CGAs, the most
abundant coffee polyphenol, on BP, endothelial func-
tion, and NO status. After administration of 400 mg,
the equivalent to two cups of coffee, to 23 healthy men
and women, they observed a significant reduction of
systolic and diastolic BP (-2.41mm Hg, 95% CI -0.03
to —4.78, p = 0.05; and -1.53mm Hg, 95% CI -0.05 to
-3.01, p = 0.04) compared to the control group. Nei-
ther markers of NO status nor endothelial function
were significantly influenced.*” However, more stud-
ies are required with a larger cohort and nonhealthy
subjects to support these conclusions. Moreover, there
is no available evidence about the effects of long-term
(chronic) intake of CGA.

42.8 SUMMARY POINTS

¢ Coffee is one of the most polyphenol-rich beverages
consumed worldwide, containing 214 mg of total
polyphenols per 100ml. In Western diets, it is
usually the main source of phenolic acids and
hydroxycinnamic acids, especially CGA.

® A third of the ingested CGA is absorbed in the
small intestine. The remainder, on reaching the
colon, is metabolized by the colonic microflora into
metabolites such as caffeic acid glucuronide and
sulfate.

¢ CGA has potential cardiovascular benefits via
antioxidant mechanisms, related to BP, endothelial
function, LDL oxidation, and NO bioavailability.

¢ Caffeine and lipids from unfiltered coffee may blunt
the beneficial effects of polyphenols.

¢ Considerable research has focused on the effects of
coffee as a beverage, but only a few studies, mainly
in vitro, cell, and animal, have investigated the
specific effects of CGA.

¢ Further studies are needed to investigate the long-
term effects of coffee CGA in humans, especially in
subjects with cardiovascular diseases.
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1. INTRODUCTION

Hypertension, defined as diastolic blood pressure
(BP) greater than 90 mm Hg or systolic BP greater than
140 mm Hg, is a major public health problem, and a
leading cause of premature death and disability in
both developed and developing countries, affecting
one-quarter of the world’s adult population.'

High BP, which is one of the main cardiovascular
risk factors in the elderly, is the result of interacting
genetic and environmental factors. Hypertension can
be managed by following a healthy diet such as the
traditional Mediterranean diet (TMD)” or the Dietary
Approaches to Stop Hypertension (DASH) diet,® and
lifestyle modifications, including smoking cessation,
moderate alcohol consumption, limiting alcoholic bev-
erages to two drinks a day for men and one drink a
day for women, sodium intake restriction to less than
2300 mg a day, weight reduction, maintaining a body
mass index (BMI) between 18.5 and 24.9 Kg/m2 and
regular physical activity for at least 2.5 hours a week
to increase the heart rate.”

Since the publication of the landmark DASH trial’
and the ensuing DASH-Sodium trial with added salt
restriction,” a DASH-type diet, based on vegetables,
whole cereals, low-fat dairy products and fish, with
restriction of meat and meat products, whole dairies
and sweets, has been the epitome of an antihyperten-

epidemiological and clinical evidence points to the
TMD as an alternative dietary pattern for BP con-
trol.° ® The healthy diets recommended to subjects
with or at risk of hypertension should be low in salt’
and rich in fruits and vegetables (F&V), which are an
abundant source of phytochemicals.'’

Numerous epidemiological studies have shown an
inverse association between polyphenol-rich foods
such as cocoa, F&V, tea, olive oil, and wine®'' "' and
the risk of hypertension. Moderate consumption of
fish, another characteristic food of the Mediterranean
diet, and low-fat dairy products may also reduce the
risk of hypertension,”'”?' whereas a high intake of
refined cereals, meat, and meat products has been
associated with a greater cardiovascular risk.*'*** The
effects of the dietary intake of sodium and potassium,
vitamin C, or other antioxidant compounds on BP
have also been analyzed.”>** However, only one study
to date has evaluated the role of excreted total dietary
polyphenols as a biomarker of total polyphenol (TP)
intake.””

Biomarkers of nutrient intake constitute an estab-
lished alternative to traditional dietary assessment
tools, offering a semi-quantitative index of exposure to
individual food constituents, measured in a fluid or
tissue. In comparison with food frequency question-
naires (FFQ), biomarkers of nutrient intake measured
in blood and urine provide more precise data and

sive dietary pattern. More recently, increasing more objective measurements, so their development is
Polyphenols in Human Health and Disease. _
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essential for accurate estimations of polyphenol con-
sumption. However, the study of the relationship
between dietary intake and fluid biomarker concentra-
tions is highly complex.*®

In this chapter, we summarize recent observational
studies on the relationship between polyphenol intake
and BP, as well as the plausible mechanisms by which
polyphenols may exert their cardioprotective role.

2. GENERAL CHEMISTRY AND
CLASSIFICATION OF POLYPHENOLS

Phytochemicals or phytonutrients are compounds
present in food that have the capacity to alter biochem-
ical reactions and consequently affect human health.
One such group of compounds is the polyphenols, sec-
ondary plant metabolites that constitute the most
abundant antioxidants in the human diet. They are
classified into different groups, mainly flavonoids and
non-flavonoids, according to the number of phenol
rings they bear and the structural elements that bind
these rings to each other.

The flavonoid group comprises compounds with a
C6—C3—C6 structure, and includes flavonols, flavones,
flavanones, isoflavones, favan-3-ols or flavanols, antho-
cyanidins, dihydroflavonols, and proanthocyanins.
This classification is based on the oxidation of the

75. POLYPHENOL CONSUMPTION AND BLOOD PRESSURE

central ring and the type of substituents in the hetero-
cyclic ring.”” Flavonoids have a skeleton of diphenyl
propanes, with two benzene rings (A and B) connected
by a three-carbon chain forming a closed pyran ring
with the benzene A ring. Exhibiting a high structural
diversity, flavonoids have the capacity to associate
with a variety of carbohydrates and organic acids as
well as with one another. In plants, they usually occur
in a glycosylated form, generally with glucose or
rhamnose, although they can also be linked with galac-
tose, arabinose, xylose, glucuronic acid or other sugars.
The number of glycosil moieties usually varies from
one to three, but some flavonoids have been identified
with four and even five moieties (Table 75.1).%"
Non-flavonoids are classified according to the num-
ber of carbons they bear and comprise the following
subgroups: simple phenols, benzoic acids and alde-
hydes, hydrolyzable tannins, hydroxycinnamic acids,
coumarins, stilbenes, chalcones, and lignans. They also
include other groups like acetophenones, phenylacetic
acids, benzophenones, xanthones, and secoiridoids.
Simple phenols (C6) are formed with an aromatic
ring substituted by an alcohol in one or more posi-
tions. Hydrolyzable tannins are mainly glucose esters
of gallic acid. Hydroxycinnamic acids are included in
the phenylpropanoid group (C6—C3) and are formed
with an aromatic ring and a three-carbon chain. They
consist of four basic structures: the coumaric acids,

TABLE 75.1 Flavonoid Polyphenols Chemistry and Classification
Class Sub-class Structure Name Source
FLAVONOIDS Flavonols R. Quercetin, kaempferol, External tissues of fruit and
C6—C3-C6 myricetin, isorhamnetin vegetables; cappers, onions,
OH berries, asparagus, spices
HO o
Ry
CH
OH o]
Flavones R Apigenin, luteolin, Parsley, thyme, oregano,
oH tangeretin chicory
HO 0
CH o

(Continued)
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TABLE 75.1 (Continued)
Class Sub-class Structure Name Source
Flavanones Ry Eridictiol, hesperedin, Citrus fruits
oR, haringenin
1
R;0 \( // y /OH\
S \\H,_/
CH o]
Isoflavones R0 F - Genistein, genistin, Soy.
‘ | glicetin, daidzein, daidzin
\"\
Ry O
CH
Flavanols or Catechin, epicatechin, Tea, cocoa, red wine, cherries,
favan-3-ols galocatechin, walnuts
epigalocatechin, teaflavin,
galocatechin
HO
CH
Anthocynidins Ry Cyanidin, delphinidin, Berries, purple grapes,
malvidin, pelargonidin, cherries
CH petunidin, peonidin
HO ot
\“\ S ‘R3
SN
OR 4
CH

caffeic acids, ferulic acids, and sinapic acids. In nature,
they are usually associated with other compounds
such as chlorogenic acid, an ester of caffeic acid and
quinic acid. Coumarins belong to a group of com-
pounds known as the benzopyrones, all of which con-
sist of a benzene ring joined to a pyrone. They may
also be found in nature in combination with sugars
such as glycosides. They can be categorized as simple,
furanocoumarins, pyranocoumarins and coumarins
substituted in the pyrone ring.”” Chalcones, bearing a
C6—C3—C6 structure, are flavonoids lacking a hetero-
cyclic C ring and are generally not accumulated in
plants (Table 75.2).

3. ABSORPTION, METABOLISM AND
BIOAVAILABILITY OF POLYPHENOLS

Polyphenols are the most abundant antioxidants in
the human diet and are widespread constituents of
fruits, vegetables, cereals, dry legumes, chocolate, and
beverages such as tea, coffee, or wine.” Roughly,
1000 mg total dietary polyphenols are ingested daily,”'
which is around 10 times higher than the intake of vita-
min C and 100 times higher than vitamin E and carote-
noids. However, various factors make it difficult to
estimate polyphenol consumption: their presence in a
wide variety of foods, their diverse chemical structures,

8. CARDIAC HEALTH AND POLYPHENOLS
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TABLE 75.2 Non-flavonoid Polyphenols Chemistry and Classification

Class Sub-class Examples Sources
NON- Simple phenols Hydroxytyrosol, Wine, coffee grains,
FLAVONOIDS Cé6 tyrosol, eugenol, oranges, virgin olive
guaiacol, oil
vinylguaiacol

Phenolic acids
and aldehydes
C6-C1

Hydrolyzable
tannins (C6-C1)n
(Gallic acid)n

Hydroxycinnamic
acids C6—C3

Coumarins
C6—-C3

Stilbenes
C6—-C2—-C6

Chalcones
C6—-C3-C6

Lignans (C6—C3)2

p-Hydroxybenzoic
acid, gallic acid,
syringic acid,
protocatequic acid,
sinapinic acid

Ellagitanin,
gallotannin

Caffeic acid, ferulic
acid, p-coumaric
acid, sinapic acid,
chlorogenic acid

Furanocoumarin,
scopoletin, esculin,
merazin

Piceid, resveratrol,
piceatannol

Chalconaringenin
floretin-glucoside

Secoisolariciresinol

Redcurrant, berries,
cherries, apple, coffee,
black tea, white wine

Pomegranate, apple
and grape juices,
strawberries, berries,
seeds

Fruit and vegetables,
mainly in the skin.
Coffee, berries,
potatoes, tomatoes,
grapes, carrots

Essential oils, green
tea, fruits, carrots,
celery

Grapes and wine,
peanuts

Tomato skin, apples,
cider, “orujo”

Wine, tea, chocolate,
soy
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and while certain polyphenols, such as quercetin, are
found in the majority of plant products, others, such as
flavanones, isoflavones, and phloridzin, are specific to a
particular food (citrus fruit, soy, and apples, respec-
tively). Polyphenol content in foods can also differ
according to the degree of ripeness at harvesting, envi-
ronmental factors, conditions of processing and storage,
and even plant variety. Furthermore, there is no stan-
dardized method to estimate polyphenol content in
foods, resulting in a variety of analytical approaches
among studies. To evaluate polyphenol effects on
health, it is necessary to take into account the phenol
type as well as the TP content, since structural differ-
ences may change biological properties.*”

The health properties of polyphenols depend on their
respective intakes and variable biocavailability.”® The most
common polyphenols in the human diet are not necessar-
ily the most active in vivo, either due to a lower intrinsic
activity or because they are poorly absorbed, highly
metabolized, or rapidly eliminated.”® Furthermore, some
modifications, such as glycosylation of flavonoids and
esterification of phenolic acids, should be considered,
because they can affect absorption from the gut.***

After ingestion, polyphenols have several potential
fates, including absorption in the small intestine or
colon, and/or excretion in the feces or urine. In the
small intestine, polyphenols can enter the mucosa
through passive diffusion. In some instances, hydro-
phobic moieties must be cleaved for absorption to take
place. In the colon, polyphenols are firstly digested
into smaller phenolic structures by gut microflora.
After this initial digestion, polyphenols and their meta-
bolites may be absorbed.’’?° As a general rule, poly-
phenol metabolites are quickly eliminated from
plasma, which indicates that a daily intake of plant
products is necessary to maintain high concentrations
of these metabolites in the bloodstream.”

Most dietary polyphenols (75—99%) are not found in
urine, and the quantities detected intact vary from one
phenolic compound to another.” This may be due to
reduced absorption through the gut barrier, hydrolysis
and/or metabolization by intestine or liver enzymes,
excretion to the bile or metabolization by colonic
microflora.””

Absorption, metabolism, tissue distribution, and uri-
nary or biliary excretion of polyphenols are separate
physiological processes that all contribute to the
time-dependent plasma values and determine bioavail-
ability. Numerous researchers have investigated the
kinetics and extent of polyphenol absorption by mea-
suring plasma concentrations and/or urinary excretion
after the ingestion of a single dose of polyphenols in
adults, supplied as a plant extract, pure compound or
whole food/beverage. The relative urinary excretion
ranged from 0.3 to 43% of the ingested dose,

975

depending on the polyphenol. Gallic acid and isofla-
vones are well absorbed, followed by catechins, flava-
nones, and quercetin glucosides, but with different
kinetics. Proanthocyanidins, galloylated tea catechins,
and anthocyanins are the least well-absorbed polyphe-
nols,” being the only flavonoids absorbed from the
stomach, and occurring as glycosides in plasma. This
is reflected in their very low bioavailability, a rapid
appearance in plasma after ingestion, and the presence
of intact anthocyanidin glycosides in the circulation.

The most effective absorption takes place in the
small intestine, which has a large surface area com-
pared with the stomach or colon, resulting in peak
plasma values between 1 and 3 hours after ingestion.
Monomeric flavanols such as catechin and epicatechin
are absorbed from the small intestine,” while galloy-
lated catechins such as epigallocatechin gallate bind to
proteins in the gut, which may be another explanation
for their low bioavailability.*’

Most flavonoids, with the exception of flavanols,
occur in foods as glycosides, which are the only ones
absorbable in the small intestine. The type of sugar
moiety determines where absorption can take place,'
for example, quercetin glucoside is absorbed from the
small intestine, whereas quercetin rutinoside (rutin)
can only be absorbed from the colon after hydrolysis
of the rutin moiety. After absorption in the small intes-
tine, glucosides are hydrolyzed by the lactase phlorid-
zin hydrolase in the brush border membrane.*

Flavonoids that are not absorbed from the small
intestine or stomach are metabolized by colon micro-
biota. Glycosides are absorbed in the colon after
hydrolysis, with peak plasma values being reached
only after 4—6 hours.®® Flavonoids are also broken
down to a variety of smaller molecules, including the
phenolic acids,” and as a result, the bioavailability of
flavonoids absorbed from the colon is usually much
lower than those absorbed from the small intestine.

After absorption, polyphenols are readily metabo-
lized in intestinal cells to form glucuronide and sulfate
conjugates, which appear in portal blood.**
Methylation of catechol units may also occur.”” As a
result, only conjugated forms of polyphenols are gen-
erally present in blood. Additional conjugation and
methylation may occur in the liver, altering polyphe-
nol biological activity, for example, the antioxidant
activity of quercetin conjugates, which is on average
about half that of aglycone.”

The total amount of metabolites excreted in urine is
roughly correlated with maximum plasma concentra-
tions. A rapid new method, a modified Singleton and
Rossi Folin-Ciocalteu (F-C) assay,47 has been recently
described to determine total polyphenols in complex
matrices such as urine samples, thus providing an
accurate biomarker of polyphenol-rich food intake."®

8. CARDIAC HEALTH AND POLYPHENOLS
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4. EPIDEMIOLOGICAL STUDIES ON
POLYPHENOL INTAKE AND BLOOD
PRESSURE

Since the biological activity of plant polyphenols
depends on their bioavailability, kinetics and exposure
time,"” intestinal absorption and metabolism of poly-
phenols are rate-limiting steps for their endothelium-
dependent protective effects.

Numerous epidemiological studies have provided
evidence for the protective effect of F&V against car-
diovascular disease (CVD).'"'? For instance, a relation-
ship between F&V intake and CVD risk factors was
examined in urban south Indians by Radhika et al.”’
The volunteers of this study, 983 individuals aged 20
years or more, were selected from the Chennai Urban
Rural Epidemiological Study (CURES). After adjusting
for potential confounders, the linear regression analy-
sis revealed that the highest quartile of F&V intake
showed a significant inverse association with systolic
BP (3=-26mm Hg; p=0.027) compared with the
lowest quartile. A high intake of F&V explained 48%
of the protective effect against CVD risk factors. A
high F&V intake was also correlated with a reduced
risk of CVD in a study among 2682 men in Finland.”

In the Nurses’ Health Study,” F&V intake was also
inversely associated with systolic and diastolic BP,
whereas the consumption of refined cereals and meat
was directly associated with high systolic BP. Also, the
prevalence of non-previously diagnosed hypertension
in the SUN study'” was inversely correlated with F&V
consumption in a Mediterranean population with a
very high intake of both fat- and plant-derived foods.

In the Chicago Western Electric Study, after an 8-
year follow-up of 1714 employed middle-aged men,
intake of vegetable protein and beta-carotene, and an
antioxidant vitamin score based on vitamin C and
beta-carotene were inversely and significantly related
to an average annual change in BP.”®> On the other
hand, Hung et al>* evaluated the association of F&V
consumption with peripheral arterial disease in a
cohort of 44,059 men initially free of CVD and diabe-
tes, reporting no evidence that F&V consumption pro-
tects against peripheral arterial disease. In the age-
adjusted model, men in the highest quintile of F&V
intake had a relative risk of 0.55 (95% CI = 0.38—0.80)
for peripheral arterial disease, compared with those in
the lowest quintile. However, the associations were
greatly weakened after adjustment for smoking and
other traditional CVD risk factors.

Quercetin, one of the most abundant flavonoids
present in F&V, reduced BP in several experimental
models of hypertension, including spontaneously
hypertensive rats and rat models of metabolic

75. POLYPHENOL CONSUMPTION AND BLOOD PRESSURE

syndrome. A high dose of quercetin also reduced BP
in stage 1 hypertensive patients in a randomized,
double-blind, placebo-controlled, crossover stucly.5 5

The intake of flavonoid-rich juice®™ and flavonoid-
rich dark chocolate significantly reduced BP and
improved endothelium-dependent flow-dilated vasodi-
latation, which contributes to healthy blood flow, in a
well-designed, double-blind, cross-over trial. 15

In a randomized, single-blind, cross-over s;tudy,15 20
men and women (mean age 44 years) with never-
treated essential hypertension and impaired glucose
tolerance, daily consumed dark chocolate (100 g)
containing 500 mg polyphenols (including 66 mg epi-
catechin and 22 mg catechin) or flavanol-free white
chocolate (90 g) for 15 days. Baseline endothelium-
dependent flow-mediated dilation of the brachial
artery was significantly lower in hypertensive subjects
compared with controls (7.4*=14% vs. 99*0.9%;
p<0.0001) and significantly increased in hypertensive
subjects after consumption of dark chocolate
(89*+1.4%; p<0.0001) but not after consumption of
white chocolate (7.5 1.3%). Endothelium-dependent
flow-mediated dilation also increased significantly in
the control group after consumption of dark chocolate
(11.8 £1.3%; p<0.0001) but not after consumption of
white chocolate (10.1 = 0.9%).

Similarly, in a cross-sectional study with Kuna
Indians (Panama), it was observed that daily consump-
tion of flavanol-rich cocoa (from home-grown and
Columbian cocoa powder) lowers BP.””

In a randomized, controlled, double-blind, cross-
over trial,” 20 patients on secondary prevention for
coronary artery disease (64 = 3 years of age) received a
high-flavanol (HF) cocoa drink (375 mg), and a macro-
nutrient- and micronutrient-matched low-flavanol (LF)
cocoa drink (9mg) twice daily (750 mg/day and
18 mg/day, respectively) over 30 days, with one week
of wash-out between interventions. At the end of the
periods, flow-mediated dilation values significantly
increased to 5.7 + 0.5%, p <0.001 for LF and 8.4 +0.8%,
p<<0.001 for HF, compared with pre-intervention
values, and the post-HF values were significantly
greater than post-LF values (p<0.001 between
groups).

In 21 obese but healthy volunteers, Berry et a
observed that a single dose of high-flavanol (701 mg
cocoa flavanols; 139 mg epicatechin) cocoa beverage
significantly increased flow-mediated dilation com-
pared to a single dose of a low-flavanol (22 mg cocoa
flavanols; 0 mg epicatechin) cocoa beverage (from
3.4+0.5% to 6.1 +0.6%).

In another randomized, double-blind, placebo-
controlled, cross-over study with healthy adults,” the
flow-mediated dilation was unchanged after placebo

159
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ingestion (0 g cocoa) but significantly increased 1 and
2 hours after consumption of 2, 5, 13 and 26 g of cocoa
in a dose-dependent manner.

In a randomized crossover trial, which included 13
healthy individuals, the intake of consecutive daily
doses of 100g of polyphenol-rich dark chocolate
(500 mg of polyphenols) decreased both systolic and
diastolic BP in patients with mild isolated systolic
hypertension.(‘1 In another similar study, Taubert
et al.®* determined the effects of low doses of
polyphenol-rich dark chocolate on BP in a randomized,
controlled, investigator-blinded, parallel-group trial
involving 44 adults aged 56 to 73 years (24 women, 20
men) with untreated upper-range prehypertension or
stage 1 hypertension without concomitant risk factors.
Participants were randomly assigned to receive for 18
weeks either 6.3 g/day of dark chocolate containing
30mg of polyphenols or matching polyphenol-free
white chocolate. From baseline to 18 weeks, the dark
chocolate intake reduced mean (SD) systolic BP
by —2.9 (1.6) mm Hg (p<0.001) and diastolic BP
by —1.9 (1.0) mm Hg (p <0.001). In addition, hyperten-
sion prevalence declined from 86 to 68%.°

Cocoa flavanols help maintain endothelium-
dependent vasodilation, which contributes to normal
blood flow. In order to obtain the claimed effect, 200 mg
of cocoa flavanols should be consumed daily, which can
be provided by 2.5 g of high-flavanol cocoa powder or
10 g of high-flavanol dark chocolate, both of which can
be consumed in the context of a balanced diet.*®

In another study conducted with 60 volunteers who
had fasting blood glucose levels of >or = 6.1 mmol/L
or nonfasting blood glucose levels of >or =7.8 mmol/L,
supplementation with green tea-extract powder pro-
duced a borderline significant reduction in diastolic
BP and no significant changes in systolic BP. The inter-
vention group consumed a packet of green-tea-extract
powder containing 544 mg polyphenols (456 mg cate-
chins) daily for the first 2 months and then entered the
2-month nonintervention period.** Erlund et al.”® in a
single-blind, randomized, placebo-controlled interven-
tion trial with 72 middle-aged unmedicated subjects
with CVD risk factors, investigated the effects of berry
consumption during 8 weeks on BP. In this study,
berry consumption significantly decreased (p =0.05)
systolic BP, the decrease mostly occurring in subjects
with high baseline BP (7.3 mm Hg in highest tertile;
p=0.024).%

Morand et al.*® investigated the effect of orange juice
and its major flavonoid, hesperidin, on BP in 24 healthy,
overweight men (aged 50—65), which were included in
a randomized, controlled, crossover study during three
4-week periods. Volunteers consumed 500 mL/day of
orange juice, 500 mL control drink plus hesperidin, or
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500 mL control drink plus placebo. Diastolic BP was
significantly lower after the 4-week consumption of
orange juice or the control drink plus hesperidin than
after consumption of the control drink plus placebo
(p< 0.03; both).® However, systolic BP was similar
after the 4-week supplementation period.

In a similar study with Concord grape juice, both
systolic and diastolic BP in hypertensive Korean
patients had decreased by an average of 7.2 and
6.2 mm Hg, respectively, at the end of 8 weeks.”

In 10 healthy volunteers, aged between 24 and 37
years, the coronary flow-velocity reserve was increased
after the intake of a polyphenol-rich beverage (1 g/kg
ethanol as red wine) but not after drinking the same
quantity of alcohol as vodka (polyphenol-free) or white
wine (medium polyphenol content).”® Endothelium-
dependent vasodilatation was also improved after acute
intake of 500 mL of red wine and dealcoholized red
wine.®” In hypertensive patients, a reduction in total and
saturated fatty acid intake and an increase of extra-
virgin olive oil intake favorably affected BP.”"

Among various studies involving pomegranate
juice, Aviram et al.”! observed in 10 hypertensive indi-
viduals a consistent 5% reduction in systolic BP after a
50mL/d pomegranate juice intake for 2 weeks,
whereas a 21% reduction in systolic BP was observed
when the same volume of juice was given to a larger
group of participants with asymptomatic severe
carotid artery stenosis for a year.”® In contrast, Sumner
et al”> described a reduction in stress-induced ische-
mia but no effect on BP after the intake of 240 mL/d of
pomegranate juice, a higher volume than in the
Aviram study, by a larger group of participants
(n =45), with ischemic coronary disease, for an exten-
sive period (90 days).”” A possible reason for these dis-
crepant results is that the juices used in the studies
were derived from different sources and therefore dif-
fered in polyphenolic content. Sumner’s group used a
commercial pomegranate juice, which undergoes tech-
nological processing that may affect the polyphenolic
composition, while Aviram’s group produced an in-
house concentrated form of pomegranate juice, which
was chemically analyzed.

In a double-blind, placebo-controlled, parallel trial,
Naruszewicz et al. analyzed 44 patients (11 women
and 33 men, mean age 66 years) who had survived
myocardial infarction and received statin therapy for
at least 6 months. The subjects were randomized to
receive either 3 X 85 mg/day of chokeberry flavonoid
extract (Aronia melanocarpa E) or a placebo for a period
of 6 weeks. Compared with the placebo, the choke-
berry flavonoid extract significantly reduced systolic
and diastolic BP by an average of 11 and 7.2 mm Hg,
respectively.”
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A meta-analysis of randomized, controlled trial
data’ showed that consumption of chocolate reduced
systolic (—5.88 mm Hg; 95% CI: —9.55, —2.21; 5 stud-
ies) and diastolic (—3.30 mm Hg; 95% CI: —5.77,
—0.83; 4 studies) BP. A soy protein isolate significantly
reduced diastolic BP (=1.99 mm Hg; 95% CI: —2.86,
—1.12; 9 studies), while the effect on systolic BP was
not significant (—1.60 mm Hg; 95% CI: —3.62, 0.42; 9
studies). The consumption of black tea caused an acute
increase in systolic BP (5.69 mm Hg; 95% CI: 1.52, 9.86;
4 studies) and diastolic BP (2.56 mm Hg; 95% CI: 1.03,
4.10; 4 studies), but these increases may be due to the
known effects of caffeine on BP observed in another
me’ca—analysis.76

In a second meta-analysis of 172,567 participants
and 37,135 incident cases of hypertension,77 habitual
coffee consumption of >3 cups/day was not associ-
ated with an increased risk of hypertension compared
with <1 cup/day. However, a slightly elevated risk
(9%) appeared to be associated with light-to-moderate
consumption of 1-3 cups/day.

Chiva-Blanch et al. evaluated the effects of red wine
fractions (alcoholic and non-alcoholic) on BP in 67 men
at high cardiovascular risk;”® systolic and diastolic BP
decreased  significantly (—5.8mm Hg, p=0.0001
and —23mm Hg, p=0.017, respectively) after the
dealcoholized red wine intervention and these changes
were correlated with increases in plasma NO.

75. POLYPHENOL CONSUMPTION AND BLOOD PRESSURE

In a cross-sectional trial* involving 589 participants,
263 men aged 53 to 82 years and 326 women aged 58
to 82 years, free of CVD at baseline, performed within
a larger clinical trial, the PREDIMED study,z'm urinary
polyphenols have been inversely associated with BP
and positively associated with a reduction in the risk
of coronary heart disease (Figure 75.1). After adjust-
ment for different potential confounding factors, in
multivariate linear regression analyses with systolic
and diastolic BP as dependent variables, and a quartile
of total phenol excretion (TPE) in spot urine samples
(mg GAE/g creatinine) as the exposure variable, sys-
tolic and diastolic BP exhibited a monotonic inverse
association with TPE in spot urine samples. The non-
standardized coefficients, 3=—-1.73 (p=0.024) and
B=-1.26 (p =0.003), represent the expected change in
systolic and diastolic BP, respectively, corresponding
to an increase in TPE to the upper quartile. A higher
polyphenol excretion in urine was associated with
lower systolic and diastolic BP.

In a multivariate logistic regression analysis for car-
diovascular risk factors according to quartiles of TPE
expressed as mg gallic acid equivalent (GAE)/g creati-
nine, using the lowest quartile group as the reference
category, the participants in the highest quartile
(>160.23 mg GAE/g creatinine) had a significantly
reduced prevalence of hypertension (OR=0.64,
p=10.015) compared with those in the lowest quartile
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of TPE (<88.99 mg GAE/g creatinine) after adjustment
for all possible confounding factors. Participants in the
highest quartile had a 36% reduced odds ratio of
hypertension compared to those in the lowest quartile.

Given that a greater excretion of polyphenols in urine
usually means a high TP consumption, we suggested
that the inverse association observed between the objec-
tively measured TPE in urine samples with BP may be
related to a favorable effect of TP intake on BP levels.

Lastly, the relationship between BP and polyphenol-
rich food patterns, such as the DASH and
Mediterranean diets, has also been examined. The
DASH diet is widely promoted in the USA for the pre-
vention and treatment of hypertension.” In a free-
living UK population,80 systolic and diastolic BP were
found to decrease significantly (p<0.05) by 4.6 and
39mm Hg, respectively, in those who followed a
DASH-style diet. Obese hypertensive patients showed
lower systolic and diastolic BP after 3 weeks on the
DASH diet than those following the usual diet
(-76*x14/-53*+1.4mmHg, p<0.001/0.02) or the
usual diet supplemented with potassium, magnesium
and fiber (-62*14/—-37+14mmHg, p<0.005/
0.06), whereas BP did not differ significantly between
the usual and supplemented diets. In lean normoten-
sives, BP values did not differ among the three diets.”'
In another study with 27 men and women who fol-
lowed a DASH or a control diet, the DASH-diet group
showed a significant reduction in systolic (p <0.001)
and diastolic (p = 0.005) BP.*

After a 6-year follow-up in the SUN study,
adherence to the Mediterranean diet was associated
with reduced mean levels of systolic (moderate adher-
ence, —2.4 mm Hg; high adherence, —3.1 mm Hg) and
diastolic BP (moderate adherence, —1.3 mm Hg; high
adherence, —1.9 mm Hg), but it was not associated
with hypertension.*> In an intervention feeding trial
(PREDIMED study) Estruch et al? compared the short-
term effects of two Mediterranean diets with those of a
low-fat diet on intermediate markers of cardiovascular
risk. Participants following the Mediterranean diet,
supplemented with either olive oil or nuts, showed a
significant decrease in systolic and diastolic BP after 3
months of intervention compared to the low-fat diet
group. In a crossover study, Vinson et al.** observed a
significant decrease of 4.3% in diastolic BP and 3.5% in
systolic BP when 18 hypertensive subjects received six
to eight small microwaved purple potatoes twice daily
for 4 weeks compared with a control group on a
potato-free diet.

All this weight of epidemiological evidence sup-
ports the hypothesis that polyphenol-rich diets may
prevent BP from increasing and help to reduce high
BP levels.
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5. BIOMARKERS OF TOTAL
POLYPHENOL INTAKE

In epidemiological studies, nutritional markers have
several advantages over FFQ for obtaining dietary
data, as shown by the significant correlations observed
between urinary excretion of polyphenols and food
consumption in intervention studies with specific food
items.”® Nevertheless, few studies have assessed
whether TP in spot urine samples can act as valid bio-
markers of TP intake. In a clinical trial,*® TP consump-
tion was positively and significantly correlated with
TPE in spot urine samples, based on the observed rela-
tionship between polyphenol content in ingested food
according to FFQ and recoveries in urine samples.
Recently, Vinson et al®* determined the antioxidant
capacity of urine due to polyphenol content measured
by the F-C reagent after correction for nonphenolic
interferences with a solid phase (Polyclar) procedure.

Some authors® ¥ have reported that phenolic com-
pounds in spot urine samples collected from free-living
subjects can be used as biomarkers of specific
polyphenol-rich foods: chlorogenic acid for coffee, phlore-
tin for apple, naringenin for grapefruit, resveratrol for
wine and hesperetin for orange consumption. The pres-
ence of a combination of several polyphenols (isorhamne-
tin + hesperetin + naringenin + kaempferol + phloretin)
may be a good indicator of total fruit consumption.

Recently, Vinson et al.®* determined the antioxidant
capacity of urine due to polyphenol content measured
by the F-C reagent after correction for nonphenolic
interferences with a solid phase (Polyclar) procedure.
Plasma antioxidant capacity was also measured by fer-
ric reducing-antioxidant power in a single-dose study
with eight normal fasting subjects who received six to
eight microwaved potatoes with skins or a comparable
amount of refined starch in cooked biscuits. In this
study, potatoes caused an increase in plasma and urine
antioxidant capacity, whereas refined potato starch
caused a decrease in both; purple potato consumption
caused a 92% increase in 24 hours urine polyphenols,
whereas the refined starch produced a small net
decrease (3.5%).

Since flavonoids are widely distributed in F&V,
some investigators™ * have examined the usefulness
of urinary concentrations of polyphenols as non-
specific biomarkers of F&V consumption. In a con-
trolled dietary intervention study, a significant positive
correlation between changes in F&V intake and uri-
nary flavonoid excretion was observed after six weeks
on a diet either low or high in F&V and berries. Total
urinary excretion of quercetin, flavanone, and total fla-
vonoids in 24-hour urine samples was measured by
LC-MS.*
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Mennen et al.*® and Krogholm et al®” studied the
correlation between polyphenol concentration in urine
samples determined by LC-MS/MS and the intake of
polyphenol-rich foods and beverages. Their results
suggest that several polyphenols measured in urine
samples can be used as biomarkers of polyphenol-rich
food intake. A positive correlation was also observed
between TP metabolites in 24-hour urine samples and
F&V intake following one-day consumption of a basic
diet supplemented with 300 or 600g of F&V."
However, in observational studies, only spot urine
samples, and rarely 24-hour urine samples, have been
collected to investigate the potential beneficial effect of
F&V on health.

A rapid new method to determine TP in complex
matrices such as urine samples, which may contain
many interfering substances, was pioneered by our
group. A modified F-C method was applied to deter-
mine TP in urine using Oasis®™ MAX 96-well plate car-
tridges for solid phase extraction (SPE) to avoid any
interference with the F-C reagent in the urine sam-
ples,*® and TPE was found to be an accurate biomarker
of polyphenol-rich food intake. Roura et al.* arrived at
similar conclusions, correlating TPE in urine, mea-
sured by the F-C assay, with polyphenol consumption
from cacao drinks.

Zamora-Ros et a evaluated the relationship
between dietary TP intake and TPE, expressed by both
24-hour volume and urinary creatinine normalization,
in 928 participants from the INCHIANTI study. Both
urinary TPE expression models correlated with TP
intake, but 24-hour volume was found to be the more
accurate biomarker. Nevertheless, 24-hour urine collec-
tion is not practical in large-scale epidemiological stud-
ies, being tedious for both participants and
investigators, and in cases when 24-hour volume is not
available, creatinine-corrected urinary TPE may be
used as a suitable biomarker of dietary TP intake in a
free-living population.”® The aforementioned high-
throughput F-C method, further improved to detect
TPE in creatinine-normalized urine, is particularly
suitable for clinical and observational studies in which
volunteers consume a wide variety of polyphenols in
their habitual diet. The use of 96-well microtiter plates
allows the simultaneous determination of TP in large
batches of samples for daily analysis. This method is
rapid, simple, cheaper and more environmentally
friendly than others previously described. It has poten-
tially useful application in studies evaluating the util-
ity of urinary polyphenols as markers of intake,
bioavailability and accumulation of these compounds
in the body.

A PREDIMED substudy” also provides evidence that
total phenol, F&V, coffee, and wine intake in the
Mediterranean diet are positively correlated with the
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excretion of TP in spot urine samples. The standardized
coefficients (3) showed that F&V intake contributed
more to urinary TPE than coffee and wine consumption.

6. PLAUSIBLE MECHANISMS OF ACTION

Blood vessels have the ability to self-regulate tone
and adjust blood flow and distribution in response to
changes in the local environment due to their capacity
to respond to physical and chemical stimuli in the
lumen. Numerous blood vessels respond to an increase
in flow or, more specifically, shear stress, by dilating, a
phenomenon known as flow-mediated dilation.
Endothelium-dependent vasodilation contributes to
the maintenance of an adequate blood flow to body
cells and tissues.

Various studies indicate that regular intake of
polyphenol-rich beverages and foods is associated
with a protective effect on the cardiovascular system.
The health benefits of polyphenols have been attrib-
uted to their ability to reduce vascular oxidative stress,
not only through their direct superoxide anion (O37)
scavenging properties and interaction with other reac-
tive oxygen species (ROS) such as hydroxyl radicals
("OH) and peroxy radicals” 2 but also through their
stimulatory effect on endogenous antioxidant enzymes
and their inhibitory effect on xanthine and NADP)H
oxidases, two major enzymes that generate large
amounts of ROS.”’ The OH-groups located in the
B-ring of the flavonoid molecule are essential determi-
nants for inhibition of O~ release. Flavonoids
methylated at a single OH-group in the B-ring are only
inhibitory when they react with activated neutrophils
in the presence of myeloperoxidase.”

Particular structural groups determine polyphenol
radical-scavenging and antioxidant potential, as
reviewed by van Acker ef al.,”* who showed the exis-
tence of multiple mesomeric structures for aroxyl radi-
cal species of polyphenols. The O-dihydroxy (catechol)
structure in the B ring, the obvious radical target site
for all flavonoids with a saturated C2—C3 double bond
(flavan-3-ols, flavanones, cyanidin chloride) confers
great scavenging ability. A pyrogallol (trihydroxy)
group in ring B of a catechol produces even higher
activity; the C2—C3 double bond of the C ring appears
to enhance scavenging behavior because it stabilizes
the phenoxy radicals produced. The C2—C3 double
bond in conjunction with a 4-oxo (keto double bond at
position 4 of the C ring) increases scavenger activity
by delocalizing electrons from the B ring. The 3-OH
group on the C ring generates an extremely active
scavenger and the 5-OH and 7-OH groups may also
add scavenging potential in certain cases.
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Polyphenols might also protect the cardiovascular
system by improving the endothelial function.”” The
endothelium plays a key role in the control of vascular
tone by releasing several vasorelaxing factors, which
have been recognized as nitric oxide (NO) and the endo-
thelium-derived hyperpolarizing factor (EDHF).”* '

Polyphenols cause NO-mediated endothelium-
dependent relaxations and increase the endothelial for-
mation of NO, as has been seen in experiments with iso-
lated arteries. Wine, grape juice, and grape skin extracts
induce concentration-dependent relaxation in rat aortic
rings with endothelium, but only minor relaxation in
rings without endothelium.'”" The grape-derived pro-
ducts increased the endothelial NO synthase activity
leading to the formation of NO, and successively
relaxing the vascular smooth muscle via the guanosine
cyclic monophosphate (c-GMP)-mediated pathway
(Figure 75.2); the polyphenol-induced relaxation associ-
ated with an increase in the c-GMP content in intact
aortic rings and both the relaxation and the formation of
c-GMP are prevented by NO synthase inhibitors.
Additionally, the endothelium-dependent relaxation
appears to be strongly correlated with polyphenol con-
centration in red wines.'”” These endothelium-
dependent relaxations induced by polyphenols from
grape-derived products have been subsequent}]y
observed in various types of animal blood vessels.'”'®>
Moreover, polyphenols from several other sources such

Grape and wine
polyphenols
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Endothelial cell
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FIGURE 75.2
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as cocoa, tea, wine or honey, have also been shown to
induce endothelium-dependent NO-mediated relaxa-
tions in arteries.”®'%° 1%

Since endothelium-dependent relaxations have been
observed in response to anthocyanin-enriched extracts
of chokeberry and bilberry, the phenolic composition
of berries is regarded as determinant for their vasore-
laxant activity, although only a minor effect was
observed with elderberry.''’ Endothelium-dependent
relaxations have also been detected in response to
some authentic polyphenolic compounds including
resveratrol''! or soy isoflavones.'?

The calcium signal (Figure 75.2) is an important sig-
nal pathway leading to the activation of endothelial NO
synthase (eNOS). Red wine polyphenols and delphini-
din, at a concentration of 10 mg/L, have been shown to
activate eNOS by increasing the intracellular free cal-
cium concentration ([Ca®>"];) in bovine aortic endothelial
cells.'” The phosphatidylinositol 3-kinase/Akt (PI3-
kinase/Akt) pathway also significantly activates eNOS.
Red wine polyphenols''* and a polyphenol-rich fraction
of black tea in porcine aorta'" activated the PI3-kinase/
Akt pathway in endothelial cells, producing the phos-
phorylation of eNOS at Ser1177 (an activator site) and
dephosphorylation of eNOS at Thr495 (an inhibitor site),
which increased the formation of NO. This calcium-
dependent stimulatory effect involves both intracellular
and extracellular calcium, as well as the p38 mitogen-

Polyphenols

activation

Intracellular signaling pathways of polyphenols as potent inducers of the endothelial formation of nitric oxide. [Ca®"];,

cytosolic calcium concentration; Cav-1, caveolin-1; cGMP, cyclic guanosine monophosphate; eNOS, endothelial NO synthase; ERK1/2, extra-
cellular signal-regulated kinase '/2; GTP, guanosine triphosphate; L-Arg, L-Arginine; MAPK, mitogen-activated protein kinases; NO, nitric
oxide; P, phosphorus; PDK1, phosphoinositide-dependent kinase 1; PI3-K, phosphatidylinositol 3-kinase; PIP,, phosphatidylinositol-4,5-
diphosphate; PIP3, phosphatidylinositol-3,4,5-triphosphate; ROS, reactive oxygen species; sGC, soluble guanylyl cyclase.
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activated protein kinase (p38 MAPK) upstream of the
PI3-kinase/ Akt pathway. Low concentrations of resvera-
trol from grape and wine are able to activate estrogen
receptors resulting in the activation of p38 MAPK and
eNOS in endothelial cells.''® A calcium-dependent acti-
vation of eNOS has been shown in response to the tan-
nin 1-a-O-galloylpunicalagin, which is related with the
PI3-kinase/Akt pathway.''® Consequently, changes in
cytosolic [Ca**]; in endothelial cells probably contribute
to the redox-sensitive activation of eNOS in response to
polyphenols via the PI3-kinase/Akt-dependent path-
way. Other investigations have identified Src kinase as a
redox-sensitive mediator, which plays upstream of the
PI3-kinase/Akt pathway leading to eNOS activation in
response to grape-derived polyphenols.'’”

In bovine aortic endothelial cells, green tea polyphe-
nols down-regulate caveolin-1 gene expression, a
major negative regulator of eNOS activity, both time-
and dose-dependently, via the activation of
extracellular signal-regulated kinase 1/2 (ERK 1/2)
and inhibition of p38 MAPK signalin% pathways
(Figure 75.2), increasing eNOS activation.''

In endothelial cells, the expression level of eNOS
has also been enhanced by polyphenols, leading to an
increased formation of NO; for example, the
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stimulatory effect of resveratrol is mainly mediated by
an increase in the activity of the eNOS promoter and a
stabilization of eNOS mRNA.'"’

Moreover, polyphenols induce EDHF in several
types of arteries. The role of polyphenols in
endothelium-dependent EDHF-mediated relaxations
was first observed in isolated porcine coronary arter-
ies.'” Red wine polyphenols at concentrations ranging
from 1 to 100 mg/L produced concentration-dependent
relaxations and hyperpolarizations of vascular smooth
muscle cells (Figure 75.3). It was also demonstrated that
Concord grape juice, a rich non-alcoholic source of
grape-derived polyphenols, is capable of inducing
endothelium-dependent EDHF-mediated relaxations of
porcine coronary arteries.''” EDHF-mediated endothe-
lium-dependent relaxations have also been observed in
the isolated mesenteric arterial bed in response to
alcohol-free  lyophilized Brazilian red wine.'®
Resveratrol has been shown to activate IKCa channels
in pancreatic islet endothelial cell lines by increasing
their opening probability.'*' Red wine polyphenols
induced EDHF-mediated relaxation of porcine coronary
arteries by the redox-sensitive activation of PI3-kinase
leading to Akt phosphorylation in endothelial cells.'*
However, the option that the PI3-kinase/Akt pathway

Intracellular signaling pathways of polyphenols as potent inducers of the endothelial formation of endothelium-derived

hyperpolarizing factor (EDHF) via the phosphatidylinositol 3-kinase/Akt pathway. IKc,, intermediate-conductance Ca**-activated K*; P,
phosphorus; PDK1, phosphoinositide-dependent kinase 1; PI3-K, phosphatidylinositol 3-kinase; PIP,, phosphatidylinositol-4,5-diphosphate;
PIP;, phosphatidylinositol-3,4,5-triphosphate; ROS, reactive oxygen species; Skc,, small-conductance Ca?"-activated K*.
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modulates myo-endothelial gap junctions and/or
potassium channel activity remains to be investigated.

Polyphenols also prevent the development of an
endothelial dysfunction by normalizing the excessive
vascular formation of superoxide anions, which react
with NO to form peroxynitrites. The protective effect
of these compounds on the endothelial function is
explained by their ability to prevent the increased vas-
cular expression of NADPH oxidase, a major vascular
source of superoxide anions, and the cyclooxygenase-
dependent formation of endothelium-derived contract-
ing factors.'” Moreover, the beneficial effect might
also be due to the down-regulation of the angiotensin
II type I receptor (AT1) in the arterial wall.'?*

7. CONCLUSIONS

Experimental and observational data support the
argument that a polyphenol-rich diet may have a bene-
ficial effect on BP, helping to lower high BP and pre-
venting it from increasing. Overall, these studies
highlight the potential of dietary polyphenols to
improve or restore vascular protection by enhancing
the two major endothelial vasoprotective mechanisms:
the production of NO and EDHF-mediated responses,
and also by reducing oxidative stress in the arterial
wall, which stimulates pro-inflammatory and pro-
thrombotic responses. Future intervention studies
should include a detailed assessment of the bioavail-
ability of polyphenols, beyond feeding trials carried
out with polyphenol-rich foods. More studies with
individual polyphenols are also required to establish
their role in the prevention of CVD.
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Chapter 26

Fruit and Vegetable Polyphenol Consumption
Decreases Blood Pressure

Rosa-Maria Lamuela-Raventos, 12 Alexander Medina-Remon,!-2
Anna Tresserra-Rimbau,’2 and Ramon Estruch?3

"Nutrition and Food Science Department, XaRTA, INSA. Pharmacy School,
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University of Barcelona, Spain
E-mail: lamuela@ ub.edu. Telephone: +34-934034843. Fax +34-934035931

Hypertension is one of the main cardiovascular risk factors.
modifiable by dict. On the other hand, an inverse association
between risk for cardiovascular disease and consumption of
polyphenol-rich foods has been found in several epidemiologic
studies.  The aim of the current study was to evaluate the
usefulness of total polyphenols excreted in urine as a new
biomarker of total polyphenols intake and to correlate it with
blood pressure (BP) and the prevalence of hypertension in a
large cohort of high-risk subjects included in the PREDIMED
trial.  Participants in the highest quartile of urinary total
polyphenols excreted had a 36% reduced prevalence of
hypertension compared to those in the lowest quartile. In
addition, systolic and diastolic BP were inversely associated
with urinary total polyphenols excreted after adjustment for
potential confounders (£ <0.05) in an elderly Mediterranean
population at high cardiovascular risk. We concluded that high
consumption ol polyphenol-rich foods reduces the prevalence

ol hypertension,
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Essential hypertension, defined as systolic blood pressure (BP) greater
than 140 mmHg or diastolic BP greater than 90 mmHg, is the major cause of
cardiovascular morbidity, as well as the major modifiable cause of death in both
economically emerging and developed countries (/). In population studies, a
reduction in the entire distribution of BP by 5§ mmHg has been hypothesised to
produce a 40% decrease in the incidence of stroke and a 20-25% reduction in
CHD (2-4).

Lifestyle changes may help to prevent hypertension. These changes include
the maintenance of a body mass index (BMI) between 18.5 and 24.9 Kg/m?,
reduction of sodium intake to less than 2,300 mg a day, which is about 1 teaspoon
of salt, and to perform exercise that raises heart rate at least 24 hours a week.
Other measures are to fotlow-up a healthy diet and limit alcoholic beverages to 2
drinks a day for men and 1 drink a day for women. In fact, the Mediterranean (3)
and the DASH (Dietary-Approaches-to-Stop-Hypertension) diets (6) have also
demonstrated to reduce high BP. Similarly, other clinical trials have observed that
following a diet rich in fruits, vegetables and cocoa also decreases BP (6-10).
However, up to now. clinical trials focused on the relationship between phenolic
compounds from fruits and vegetables (F&V) and BP have reported conflicting
results, mainly because the food studied had very different phenolic profile and
the effect of microbiota was not well established.

There is evidence suggesting that the high consumption of F&V lowers
BP and may protect against CVD and stroke (//-15). F&V contains high
amounts of polyphenols, micronutrients that have exhibited a broad spectrum of
biological activities (/6) for human health including anti-hypertensive properties
(/7). Table I summarizes the results of different intervention clinical trials
with polyphenol-rich foods on BP (/8-33). It is difficult to draw conclusions
since some results are contradictory and many variables may affect the results
observed, such as subject characteristics (healthy. hypertensive or with other
cardiovascular risk factors), the amount and class of polyphenols given, food
matrix, and duration of the study. Thus, for instance, to lower blood pressure is
more difficult in normotensive than in hypertensive subjects. Another example of
variability is the different results obtained in various studies using pomegranate
juice. A consistent 5% reduction in systolic BP was reported when Aviram er al.
(18) gave 50 mL/d pomegranate juice to 10 hypertensive individuals for 2 weeks,
whereas 21% reduction in systolic BP was observed when the same volume of
juice was given to a larger group of participants with asymptomatic severe carotid
artery stenosis for a year (/9). By contrasts, Sumner and colleagues (27) reported
a reduction in stress-induced ischaemia, but no effect on BP after 240 mL/d of
pomegranate juice, even though a larger volume than Aviram’s was consumed
for a longer length of time (90 d) in a much larger group of participants (#
45) with ischaemic coronary disease (20). The explanation for these discrepant
results is unclear and counterintuitive. A possible reason is that juices used in the
studies were derived from different sources and thus had different polyphenolic
content.  Sumner’s group used a commercial pomegranate juice, which suflers
more technologic processing that may affect the polyphenolic composition, while
Aviram’s group produced an in-house concentrated form of pomegranate juice,
which was chemically analysed.
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The differences in the health status of the participants in the studies and the
length of dietary intervention may also explain part of these discrepancies. Thus,
available data is weak since it include few and small studies. Therefore, long-
term clinical or epidemiological trials are needed to definitively clarify the benefits
deriving from long-term consumption of polyphenol-rich foods or a polyphenol-
rich diet pattern.

In epidemiological trials, biomarkers of the intake of some nutrients are
more precise and provide better objective measures than data obtained from food
frequency questionnaires (FFQ). The development of biomarkers, measured in
blood or urine. is essential for making accurate estimates of polyphenol intake.
However, the relationship between dietary intake and nutritional biomarkers has
been often highly complex (34).

The major and still unresolved drawback in evaluating polyphenol
bioavailability is the fact that after strict dietary monitoring (i.e., diets free
of those phenolic compounds of interest), and following hours of fasting, it
remains impossible to eliminate all phenolic compounds in biological fluids (33).
Therefore, a basal concentration of phenolics will be found in the urine, even
avoiding polyphenol-containing food intake for some days.

Water accounts for about 95% of the total volume of urine and the remaining
5% consisting of solutes derived from cellular metabolism and outside sources. A
wide range of water-soluble compounds, including mineral salts, vitamins, amino
acids, enzymes, hormones. antigens, fatty acids, nucleosides, immunoglobulins,
pigments, uric acid, urea, hippuric acid, etc, are believed to be present in urine
normally, although other substances like proteins, glucose, erythrocytes, and
ketones bodies can also be found when the body’s processes are not operating
efficiently (36). Thus. the Folin-Ciocalteu (F-C) assay could prove a poor
method for determining the total phenolic concentration in urine, due to the
above-mentioned interfering elements. However, we reported that the application
of a Solid Phase Extraction (SPE) procedure to urine samples can remove such
reductant water-soluble compounds. Following this with the Singleton and Rossi
F-C assay (37) with certain modifications, provides an effective technique to
measure total phenolics compounds excreted in urine (38). SPE with 96-well
plate cartridges (Oasis® MAX) was performed in the urine samples to avoid any
interference with F-C reagent. For all the spot urine samples, total polyphenols
excreted (TPE) was analyzed as described by Medina-Remon A. er al (38) and
expressed as mg gallic acid equivalent (GAE)/g of creatinine. To ensure that
there are not interfering reductant substances, an evaluation of the main reductant
substances from urine and the major drugs consumed in Europe was performed
(see Table 11). Before SPE cleaning up procedure, some interfering substances at
the level that may be present in urine react with the F-C reagent (Fe(Il), Vitamin
(., adrenaline, noradrenaline and dopamine: however after the SPE clean-up
any of them react with F-C. From the drugs studied, only paracetamol can give
interference, after the cleaning process, on TP results and therefore paracetamol

intake should be registered i all questionnaires and evaluations.
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Table I1. Possible interferences in urine by Folin-Ciocalteu Assay

. ; . F-C F-C post
Reductant compounds ( maximum levels in urine) f

Assay SEE
Sugars: Glucose (2 mg/L) and Fructose (1 mg/L) = 2
Fe (I) (1 mg/L) ' 5
Organic acids: Oxalic. Citric and Tartaric acids (100 mg/L) 2 =
Aminoacids: Phe, Tyr. Glut, Arg (1 mg/L) Weak -
Vitamin C (100 mg/1.) : =
Folic acid (100 mg/L) > =
Hippuric acid (10 mg/L) i - -
Epinephrine or adrenaline (0.02 mg/L) ' -
Norepinephrine or noradrenaline (0.08 mg/L) ' =
Dopamine (0.4 mg/L) - -
Drugs (use) :‘“f“ !E’[f;mf

Paracetamol (analgesic. antipyretic)

AAS (analgesic, antipyretic) - =

Celecoxib (analgesic. antidysmenorrhoea, antirheumatic,
anti-inflammatory)

Diclophenaco (NSAIDs) - -

Ibuprofen (NSAIDs) - -

Digoxine (antiarrhytmic, cardiotonic) - 3

Manidipine (antihypertensive) - >

Hidrochlorotiazine (antihypertensive) = =

Enalapril Maleate (antihypertensive) 5 =

Losartan (antihypertensive) = %

Amlodipino (antihypertensive) - -

Atenolol (antihypertensive) = =

Doxazocina (antihypertensive) = s

Rupatadine (antihistaminic) - -

Simvastatine (hypolipidemic) = —

Bezafibrate (hypolipidemic) =

Omeprazol (inhibits gastric acidity)

Alopurinol (reduces uric acid production)

Glimepiride (oral antidiabetic)

Continted o next paae
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Table IL. (Continued). Possible interferences in urine by Folin-Ciocalteu
Assay

Drugs (use) : 1;‘\'_\5! i i 2 jfj:.m

Metformina (oral antudiabetic)

Gliclazida (oral anudiabetic)

Insulina (injectable antidiabetic)

Paroxetina (anxiolytic)

Aprazolam (anxiolytic)

Melatonina (anti jet-lag)

(+) Substances that react with the F-C. (=) There is no reaction, so this substance does not

interfere.

The aim of the current study was to evaluate the usefulness of a new biomarker
(TPE) and to correlate it with BP and the prevalence of hypertension (/7).

Subjects and Design

The PREDIMED (PREvencion con Dleta MEDiterranea) study is a
large. parallel-group, multicenter, randomized, controlled S-year clinical trial

aimed to assess the effects of the Med-Diet on the primary prevention of

cardiovascular discase (www.predimed.org: ISRCTN35739639). The detailed
recruitment method and study protocol have been described previously (3). From
October-2003 to July-2004, we selected 612 potential participants in primary
health centers. Eligible participants were community-dwelling men aged 55 to 80
years and women aged 60 to 80 years, who were free of cardiovascular discasc at
baseline and fulfilled at least one of the following two criteria: (1) type-2 diabetes
mellitus and/or (2) three or more coronary heart disease (CHD) risk factors (39).
The participants provided written informed consent and the study protocol was
approved by the Institutional Review Boards of the two participating centres.

Measurements

At baseline, all participants completed a validated semiquantitative FFQ with
136-items (40). the validated Spanish version (4/) of the Minnesota Leisure Time
Physical Activity Questionnaire, and a 47-item questionnaire about cducation,
lifestyle. history of illnesses and medication used. Trained nurses measured BP
thrice with a validated semi-automatic oscillometer (Omron HEM-705CTP (42):
Hoofddorp, The Netherlands).  Energy and nutrient intake was derived from
Spanish food composition tables (43). TP consumption from plant food and
beverages (mg/g tresh matter) was quantified according to Saura-Calixto Foer al.
(44 and Brat P et al (45, Trom the data of the FEQ, For TP deternmation urine
samples were thawed on ace bed for 3 he they were centrifuged for 10 mian at 4
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°C and I mL of supernatants, catechin and gallic acid standards for calibrated line
(1. 2.4, 6, and 8 mg L-") were diluted with I mL of water Milli-Q and acidified
with 34 uL of hydrochloric acid at 35%: they were used to load the Oasis* MAX
96-well plate SPE cartridges separately. The extraction procedure described
above for Oasis*"MAX cartridges was applied and 15 uL of the eluted fractions
were mixed with 170 L of Milli-Q water in the thermo microtiter 96-well plate
(nunc™, Roskilde, Denmark), adding 12 uL of F-C reagent and 30 uL of sodium
carbonate (200 g/L). The multichannel pipette minimized differences in the times
(3 s) of the F-C reaction between the eight lines of the 96-well plate, ensuring
a similar reaction time for all samples analyzed on the same plate. The 96-well
plate permitted fewer reagents to be used in a more environmentally friendly
test. The mixtures were incubated for | h at room temperature in the dark. After
the reaction period, 73 pL of Milli-Q water were added with the multichannel
pipette. Absorbance was measured at 765 nm in UV/VIS Thermo Multiskan
Spectrum spectrophotometers (Vantaa, Finland). This spectrophotometer allowed
the absorbance of a 96-well plate to be read in only 10 s.

For creatinine in urine samples, 3 ul of urine were mixed with 60 uL of
aqueous picric acid solution (1%) and 5 pL of sodium hydroxide (10%). After
shaking. the mixture was left 15 min in the dark at room temperature: 232 uL
of Milli-Q water was added and the absorbance was measured at 500 nm in the
UV/VIS spectrophotometers. Total polyphenols were expressed as mg gallic acid
equivalent (GAE)/ g creatinine and mg catechin/ g creatinine.

Results and Discussion

Table 11T shows the average food consumption of study participants divided
according to quartiles of urinary TPE expressed as mg GAE/g creatinine.
Significant increasing trends across quartiles of TPE were observed for the intake
of fruits, vegetables, total F&V, dairy products. fish and TP intake; whereas
decreasing trends across TPE quartiles were observed for total alcohol intake,
cereals, common olive oil, pastries, cakes or sweets, as well as total energy intake.

The linear regression amalyses of TPE in spot urine samples and TP intake
(100 mg) and total F&V intake (100g) are presented in Table IV with various
models after adjusted for potential confounding factors. We observed a significant
positive association between urine TPE and daily intake of F&V in the unadjusted
model (f=0.131: P<0.001). Afier adjusting for potential confounding factors
the association remained statistically significant in the multivariate regression
analysis.  The standardized coefficients (Beta) are the regression coefficients
obtained with the regression model using the standardized values (measured in
standard deviation units), and are therefore independent of measurement units.
The standardized coefficients from this model showed that total phenol intake
(Beta=0.283) contributed more to urinary TPE than F&V intake (Beta=0.150)

On multivariate linear regression analyses. systolic and diastolic BP exhibited
a monotonic inverse association with TPE in spot urine samples (quartiles)
alter adjustment for potential confounders (Table V). The non-standardized
coclticients, /1731, 70.024 and po-1.264, 70003 represent the expected
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change of systolic and diastolic BP. respectively, corresponding to an increase
from a TPE to the upper quartile.

Logistic regression analysis showed an inverse association between urinary
TPE (by quartile) and the prevalence of hypertension (Table VI). Compared to
the participants in the lowest quartile of TPE (<88.99 mg GAL/g creatinine),
participants in the highest quartile (>160.23 mg GAE/ g creatinine) had a
significantly reduced prevalence of hypertension (OR=0.71, CI 0.53 to 0.95;
P=0.022) in the unadjusted model. In all three models, a significant difference
was observed between the top and the bottom quartiles for the prevalence of
hypertension, after adjustment for potential confounders. When the analysis was
adjusted for all possible confounding factors (model 4), participants in the highest
quartile had a 36% reduced odds of hypertension (OR=0.64, CI1 0.45 to 0.92;
P=0.0135), compared to those in the lowest quartile.

Finally, BP correlated better with urinary TPE than with TP intake assessed by
FFQ. In fact. a highly significant association between polyphenol intake assessed
via TPE in urine and systolic (£ for trend = 0.024) and diastolic BP (7 for trend
= (.003) was observed, whereas polyphenol intake assessed via FFQ tended to
be associated with BP values. but here the association did not reach the statistical
significance.

The results from the present study provide evidences that total phenol and
F&YV intake in the Mediterranean diet are positively correlated with the excretion
of TPs in spot urine samples. Thus, F&V consumption is the main contributor to
urinary TPE.

Polyphenols are the main dictary represent a wide variety of structures from
different subclasses. The biological effects of these compounds depend on their
bioavailability. their kinetics and exposure time (46). The main sources of these
compounds are fruit, vegetables and beverages such as wine, coffee and tea which
contain complex mixtures of often poorly characterized polyphenols (47). possibly
explaining the difficulties in determination of total phenol content in foods (43).

The most common polyphenols in the human diet are not necessarily the most
active in vivo. either because they have a lower intrinsic activity than others or
because they are poorly absorbed from the intestine, highly metabolized, or rapidly
eliminated (47).

The presence of multiple antioxidants in fruit- and vegetable-rich diets
may explain the lowering effect on BP observed in hypertensive patients. A
protect effect of F&V against cardiovascular disease (CVD) has been observed
in numerous epidemiological studies (7. &). Thus, high intake of F&V correlated
with a reduced risk of CVD in a study on 2682 men in Finland (48). Radhika
G. et al. (49) also examined the relationship between F&V intake and CVD
risk factors in urban south Indians. The study population was comprised of
983 individuals aged 20 years or more, selected from the Chennai Urban Rural
Epidemiological Study (CURES). Linear regression analysis revealed that after
adjusting for potential confounder factors, the highest quartile of F&V intake
showed a significant inverse association with systolic BP (/) 2.6 mmllg; P
0.027), when compared with the lowest quartile. A high mtake of F&V explained
48% of the protective effect against CVD sk lactors.
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Table II1. Daily intake of selected foods according to quartiles of excreted
total urinary polyphenols, expressed as mg GAE /g creatinine. Reprinted
from: Medina-Remon A, et al. (17). Total polyphenol excretion and blood
pressure in subjects at high cardiovascular risk, Nutr Metab Cardiovasc Dis
(2009), doi:10.1016/j.numecd.2009.10.019 Copyright 2009, with permission
from Elsevier

Urine mg GAE/ ¢ creatinine concentration quartile

(2 (89, ]- Q3 (119.6- 4 .
<8t _ g & 3 o SRS
01 (<89.0) 119.5) 160.2) (>160.3) P for trend
Urine total
polyphenol o 31 (R 138.2 226.1 -
(mg GAE/ g T28(14.6) 103.1 (8.2) (11.1) (69.8) = 0.001
creatinine)?
No. of subjects 147 147 147 147 0.742
Olive oil (g) 48.7(14.3)  47.3(13.7) 431 (14.6) 45.0(15.7) 0.014
Total nuts (g) 8.6 (10.7) 0.2 (11.3) 9.6(12.2) 9.1(10.9) 0.680
R 253.1 261.1 262.6 9797 o
Vegetables (8) (gq 5) (S1.1) (84.0) (92.1) 9933
Legumes (g) 17.9 (7.0) 17.9 (7.5) 17.7 (7.0) 16.5(7.6) 0.107
s 304.6 3193 315.1 360.8 5
brults (2) (143.6)  (1413) (1329  (151.2) LR
Total fruits and 357.7 580.4 STTT 633.5 0.001
vegetables (g) (176.8) (173.3) (162.1) (190.1) :

Fishorseafood o6 5340y 822(35.8) 88.7(369) 94.1(39.0)  0.030

(2)
Meat or meat 132.0 129.7 134.3 134.2 0.53]
products (g) (49.6) (43.7) (48.5) (47.5) o
Pastries, cakes | . s - _ i
4.8 (31, 27 8 25.3(2 237 8.7 :
orawesl e 34.8(31.6) 27.9(24.8) 5.3:(25.9) 23.7(28.7) 0.001
e 2437 235.8 228.7 2113 :
Cereals (2) (106.7) (91.6) (98.3) (83.3) 0.003
Milk and dairy 352.1 378.8 396.5 403.1 0.033
products (mL)  (214.8) (216.5) (222.1) (215.1) =
. 121.1 81.5 101.1 81.3
Ve () (14700 (13790 (1615)  (149.3) b7
Coffee (mL) 63.3(47.7) 69.6(32.9) 67.5(48.3) 74.5(56.0) 0.097
Tea (mL) 392 (16.4) 325(11.4) 4.16(12.6) 3547 (20.4) .332
Chocolate (g) 3.1(6.2) 2.4 (5.2) 2.3 (5.5) 1.9 (4.8) 0.063
Natural orange 7 25.19 3
i s 23.3 (54.3 2 3.4 (41.2 0.1 (50.8 0.199
juice (mL) (54.3) (57.8) 134 (41.2)  19.1 (50.8) I

Continued an next page
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Table I11. (Continued). Daily intake of selected foods according to quartiles
of excreted total urinary polyphenols, expressed as mg GAE /g creatinine.

Urine mg GAE' ¢ creatinine concentration quartile

02 (89.1- )3 (119.6- 04 '
< 8¢ % x r = ] e |
Q1 (<89.0) 119.5) 160.2) (>160.3) P for trend
Total
polyphenol 1075.6 1057.5 1086.2 1222.5 0.001
intake (mg ({354.9) (320.2) (322.3) i439.8) '
GAE)
Alcohol (g) 15.7(17.9)  10.2(16.0) 12.2(185) 99(17.8) 0.018
Fibre (g) 22.1(6:2) 22.0.(5.5) 21.9:(5.2) 225 (6.2) 0.606
353.6 328.6 340.5 342.1 -
o el 353. 5 )5
Cholesterol (g) (119.7) (93.7) (113.4) (89.4) 0.561
-~ 3347.7 3088.0 3232 31454
(4 i b 7 R [ l
Sodmi(mgid) (959 7) (905.4) (1006.5) (877.2) als
Potassium 3926.7 39294 3994.8 4029.7 0.161
(mg/d) (722.3) (700.9) (805.5) (659.7) '
Total energy, 2380.1 2238.0 2205.1 2138.5 < 0.001
Keal/d (386.8) (472.0) (547.4) (476.8) !

I One-factor ANOVA was used for continuous variables and z2-test for categorical
variables; 2 Mean (standard deviation). GAE: gallic acid equivalent.

In the Nurses™ Health Study. intake of F&V was also inversely associated
with systolic and diastolic BP, whereas the intake of cereals and meat was directly
associated with systolic BP (30). In the Chicago Western Electric Study vegetable
protein, beta-carotene, and an antioxidant vitamin score based on vitamin €
and beta-carotene were inversely and significantly related to an average annual
change in BP. after the 8-year follow-up in 1714 employed middle-aged men
(57). On the other hand, Hung HC er al. (52) evaluated the association of F&V
consumption with peripheral arterial disease in a cohort of 44,059 men initially
free of cardiovascular discase and diabetes, reporting no evidence that F&V
consumption protects against peripheral arterial disease. In the age-adjusted
model, men in the highest quintile of F&V had a relative risk of 0.55 (95% (1

(.38-0.80) for peripheral arterial disease, compared with those in the lowest
quintile. However, the associations were greatly weakened after adjustment for
smoking and other traditional cardiovascular risk factors. .
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Table I'V. Multivariate linear regression analysis with total polyphenol
excreted normalized, in spot urine samples (mg GAE/g creatinine) as the
dependent variable, and total polyphenol (100mg/d) and total fruit and
vegetable (100g/d) as exposure variable, adjusted for potential confounders.
Reprinted from: Medina-Remon A, et al. (17). Total polyphenol excretion
and blood pressure in subjects at high cardiovascular risk, Nutr Metab
Cardiovasc Dis (2009), doi:10.1016/j.numecd.2009.10.019 Copyright 2009,
with permission from Elsevier

Model s SE Beta P 95% CI
Yodl om0 006 0268 <0001 (S
Yorl om7 oo 0286 <0001 e D
II“"”] 0.116 0020 0283  <0.001 ::TE &
{':]"(‘}’(i]‘;”"' Weeetablos ?l”d“] 0.131  0.035  0.155 <0001 ::?33 ]
;'“"1”' 0.112 0033 0132 0.001 :::(]}2;; ©
Yol 0107 0034 0126 0002 90
FOU 0027 0036 0aso <0001 D950

f: Non-standardized coefficient (regression line coefficient): SE: Standard crror: Beta:
Standardized coefficient: CI: Confidence mterval: P: two-sided test of significance: Model
I: unadjusted: Model 2 was adjusted by sex. age and weight: Model 3 as in Model
2 plus smoking status, physical activity, educational level and energy expenditure in
physical activity: Model 4 was adjusted as in Model 3 plus total fish/seafood. olive oil.
beer. chocolate. natural owange juice. tea. cereals. milk and dairy products. meat or meat
products, nuts, pastries/cakes/sweets, fruits and vegetables, wine and coffee intake: GAE:
Gallic acid equivalent.
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Table V. Multivariate linear regression analyses with systolic blood pressure
and diastolic blood pressure as the dependent variables, and quartile of
total polyphenol excreted in spot urine samples (mg GAE/g creatinine) as
exposure variable, adjusted for potential confounders. Reprinted from:
Medina-Remon A, er al. (17). Total polyphenol excretion and blood pressure
in subjects at high cardiovascular risk, Nutr Metab Cardiovasc Dis (2009),
doi:10.1016/j.numecd.2009.10.019 Copyright 2009, with permission from
Elsevier

Model — f SE Beta P 95% C1
RIEle Model 1743 0712 0.104 0015 -3.141 10-0.345
blood 1
pressure Model
eER. L1805 09 0113 0011 -3.350 10 -0.440
Model. 1905 0743 0013 0011 -3.35410-0.436
s |
:"' Gdel yai 57 0103 0.024  -3.233 10 -0.228
Dinstolic Model ;705 0397 0.180  <0.001  -2.485 0 -0.925
blood 1
pressure Model
Vodel 1438 0408 -0.152 <0001  -2.238 10 -0.637
}IJIUdCI -1.4035 ().409 -0.148 0.00° -2.208 to -0.602
%o )
:“’""' 21264 0422 <0133 0,003 -2.09210-0.435

fi: Non-standardized coeflicient (regression line coefficient): SE: Standard crror: Beta:
Standardized coefficient: Cl: Confidence interval: P: two-sided tes: of significance: Model
I: unadjusted: Model 2: adjusted by sex. age and weight: Model 3 adjusted as in Model 2
plus smoking status. physical activity, and educational level: Model 4 adjusted as in Model
3 plus drug consumed in the last month, sodium and potassium intake and glomerular
filtration rate (GFR): GAE: Gallic acid equivalent.
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Table V1. Multivariate adjusted odds ratios (95% confidence intervals)
for cardiovascular risk factors (hypertension) according to quartiles
of total polyphenol excretion expressed as mg GAE/ g creatinine using
the lowest quartile group as reference category. Reprinted from:
Medina-Remoén A, et al. (17). Total polyphenol excretion and blood pressure
in subjects at high cardiovascular risk, Nutr Metab Cardiovasc Dis (2009),
doi:10.1016/j.numecd.2009.10.019 Copyright 2009, with permission from
Elsevier

Urine mg GALE/ g creatinine concentration yuartile

flflf"‘;‘;‘:]} 123 (83.7) 126 (85.1) 113 (76.9) 114 (77.6)  0.067
Model | 1.00 ]'31::]_‘](1";‘3' “'(’T';g'}w i “'?(]Lf)(;f 2 0.021
Model 2 1.00 1.40(0.21-9.24) “'(’}‘4“?}'}35' “'(”:_;3‘}4(" 0.006
Model 3 1.00 129(0.19-8.49) 03 I" _ ;2'}32‘ ”"‘S_f}(l}‘f‘?‘ 0.007
il 56 1.3;:].{;:}19- ().si_i:.}zn- tl,h(—:‘i{)!::.}-li- G

Model 1. unadjusted: Model 2 was adjusted for sex. age and weight; Model 3 adjusted as
in Model 2 plus smoking status, physical activity. educational level and energy expenditure
in physical activity: Model 4 was adjusted as in Model 3 plus medication intake: ACE
inhibitor. diurctics. statins (hypolipidemic drugs). insulin, oral hypoglycemic drugs, aspirin
or other antiplatelet drug supplements taken in the last month. sodium and potassium intake
and glomerular filtration rate (GFR): GAE: Gallic acid equivalent.

All these epidemiological evidence support the hypothesis that a diet rich
in F&V may prevent BP Trom increasing and may help to decrease elevated BP
levels. However, only one study (/7) has attempted to correlate the biomarker
of TP intake, determined in spot urine samples, with BP measurements or with
the prevalence of hypertension. Taking into account that greater excretion of
polyphenols in urine is determined by high TP consumption, we suggested that
the inverse association observed between the objectively measured TPE in urine
samples with BP may be related to a favorable eftect of TP intake on preventing
raised BP levels.

The BP lowering effects of fruit- and vegetable-rich diets in hypertensive
patients have mainly been attributed to the presence of multiple polyphenols
in these foods. In respect to the last point, some studies have suggested that
polyphenols contained in foods may exert antihypertensive effects and contribute
to the prevention of hypertension, due to its vasodilatation properties related to

the increasing release of endothelial-derived nitric oxide (53, 54).
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Conclusions

Total polyphenol consumption (TPE) can be used as a polyphenol intake
biomarker. It has been found a negatively association between high TPE in urine
samples and BP levels in an elderly Mediterranean population (/7). Thus. in order
to lower cardiovascular risk, which is associated to high blood pressure, a high
intake of polyphenol-rich diet mainly from fruits and vegetables is recommended.

On comparing the participants in the highest with those in the lowest quartile of

TPE a 36% reduction was observed in the odds ratio of hypertension. However.
the observation that systolic and diastolic BP decreases when TPE increases
should be confirmed in further intervention studies.
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LIGNANS, FLAVANOLS, AND HYDROXYBENZOIC ACIDS INTAKE

DECREASED CARDIOVASCULAR RISK IN THE PREDIMED TRIAL

Lamuela-Raventés RM'23; Tresserra-Rimbau A%23; Rimm E.B.%; Medina-Remén Al23; Martinez-Gonzalez
MAZ35; Estruch R235; on behalf of the PREDIMED Study Investigators.

INutrition and Food Science Dep., XaRTA, INSA, Pharmacy School, University of Barcelona, Avda. Joan XXIll, s/n, Barcelona, Spain. *Tel: +34-934034843, e-mail: lamuela@ub.edu
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3RETICS RDO6/0045/0003. Instituto de Salud Carlos Ill, Spain.
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SDepartment of Preventive Medicine and Public Health, School of Medicine, University of Navarra, Pamplona.
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Background and objectives

Cardiovascular diseases (CVD) are the leading cause of mortality and disability in developed countries. Epidemiologic and mechanistic evidence
showed an inverse association between flavonoids and CVD. However, data for other polyphenol groups is still scarce.

The aim of this study was to evaluate the association between intakes of all polyphenol subgroups, and the risk of major cardiovascular events
(myocardial infarction, stroke or death from cardiovascular causes in the PREDIMED.

We used Time-dependent Cox proportional hazards regression with updated diet and
covariates information was used to estimate the Hazard Risk (HR) to relate polyphenol
consumption and risk of cardiovascular event using the lowest quintile as the referent
group. All intakes were calories adjusted. Statistical analyses were conducted by using SAS
software, version 9.3. All P values were 2-sided and differences below the probability level
(P<0.05) were considered significant. Clinical Trial Registration: International Standard
Randomized Controlled Trial Number (ISRCTN of London, England) 35739639.

Re S U Its Table 1. Baseline ! in the PRI hert accarding to quintiles of total pelyphenal intake at baseline

Prediined

7172 " Yearly

55-80 years |
High CV risk Ea

{energy-adpsted).*

Over an average of 4.3 years of follow-up, 273 confirmed cases

of CVD were reported among the 7172 participants (96.3%) who s subjects i7172) 1434 1435 1434 135 1434
. . . Polyphencl intake {mg/d} 4832108 674236 794236 937250 12352199
completed the FFQ. After multivariate adjustment and ... omen S6(583)  S2(644) TI2608)  803(560)  645(452) <0.0001
comparing Q5 vs. Q1 different polyphenol subgroups intake, we — “&*¥ : GRote s B WA el fdul 00
N T Body mass index (kg/m’) 30.0¢3.7 303:37 297435 297237 196235 <0.0001
observed a significant association for flavanols (HR=0.40; Cl 0.23-  current smoker 27(150)  210(14.8) 194135  265(185)  317(221) <0.0001
. _ . - . . Physical activity at leisure time (MET-h/d) 3.37:3.56 3.62:383 3772366 4052425 4592454 <0.0001
0.72; P-trend=0.003), lignans (HR=0.51; CI 0.30-0.86; P-  (iietes 706492  6B0WT4) T2{406)  704(481)  GGBI4EE) 00
trend:0.007) and hyd roxybenzoic acids (HR:047 Cl 026_086 Hypertension 1230(85.8) 1224(85.3) 1192 (83.1) 1166 (81.3) 1117({77.9) <0.0001
4 ’ ’ Hypercholesterolemia 983 (68.6) 1018({70.9) 1053 (73.4) 1065(74.2) 1069 (74.6) 0.001
P-trend 0.02). Family history of CVD 403(281) 290(20.2) 310(216) 324(226) 446(3L1) 005
Intervention group of MedDiet with EVOO 489(34.1) 506 (35.3) 477 (33.6) 473 (33.0) 517 (36.1) 0.001
Intervention group of MedDiet with nuts 4443100 467 (31.5) 454 (3L.7) 491034.2) 519 (36.2)
Total energy intake (Keal/d) 2397+642  7180+589  2161s540  2279s563  2369s577  <0.0001

al variabler

M Dint, Muditornataan Set; EV00,

Table 2. The relationship between CVD and cumulative polyphenols subclasses intake (in quintiles) in participants from the
PREDIMED Study,

a1 az a3 04 Qs P for trend
Lignans (mg/d) 0.44 0.57 0.67 0.77 0.84
- No. of cases &9 57 53 44 50

3 - No. of person years 4525 6122 6859 6832 6530
s _’ Age and sex 100 061(040-095] 0.55(0.36-086) 0.57(0.35-091) 051(031-084)  0.004
1 Model 2 100 0.65(0.41-1.01) 0.55(0.35-0.87) 0.61(0.37-0.29) 0.50(0.29-0.85) 0.007
. Model 3 1.00 0.54(0.41-0.99) 0.54(0.34-0.85) 0.60(0.36-0.97) 0.51 (0.30-0.86) 0.007
COhC|USIOnS ik S eaon) A Caes o 1 2200k

No. of cases ] 51 58 58 s
. . i . . No. of person years 4B41 8409 058 BEED 5900
Greater intakes of flavanols, lignans, and hydroxybenzoic acids Age and sex 100 0.64(0.43-0.94) 0.65(0.44-0.95) 0.55(0.37-0.82) 0.33(0.21-0.53) <0.0001
were associated with a lower risk of CVD in a Spanish cohort of =~ Medei2 100 065(0.41-1.02) 0.70({0.44-1.09) 057(0.36-091) 0.36(0.20-063) 0.0004
. . . Model 3 100 0.70{0.44-1.10) 0.77{0.4%-1.21} 0.56(0.41-1.05) 0.40(0.23-0.72) 0.003
elderly people at high cardiovascular risk. Hydroxybenzolc acids (mg/d] 69 129 174 241 6.1
No. of cases -] 62 a7 55 40
No. of person years 5398 6603 6734 BBS3 5480
Refe re n ces Age and sex 100 0.80(0.54-1.17)" 0.60{0.40-0.50) 054 (0.36-0.82) 0.46(0.29-0.71) 0.0003
Model 2° 100 0.82(052-129) 065(040-1.06) 0.59(0.36-0.97) 0.37(0.20-0.66) 0.0006
" N Model 3° 100 0.51(0.57-1.43) 0.74(0.46-122) 0.73(0.44-121) 0.47 (0.26-0.86) 0.02
Labarthe DR. Circulation 2012, 125:2667-76. Chong MF. Nutr Rev 2006, 104:528-S39. T (95% Ci] c = 3 7 T
Sies H. Arch Biochem Biophys 2010, 501:2-5. Hollman PC. J Nutr 2010, 140:600-4. * Model 2 - age, s, smoking, BMI, aloohol, eneegy, physical activity, family history of CVD, aspirin use, antibypertensive drsgs, cardiovascular drugs, and
Andriantsitohaina R. Br J Nutr 2012, 108:1-18. Estruch R. Ann Intern Med 2006, 145:1-11. diabetes status.
Tresserra-Rimbau A. Nutr Metab Cardiovasc Dis 2014 [Epub ahead of print] Model 3 - maded 2 plus intake of proteins, saturated Eatty acids, pobyunsaturated fatty acids, monounsaturated fatty acids, and cholesterol
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A MEDITERRANEAN DIET PATTERN SUPPLEMENTED WITH NUTS OR EXTRA VIRGIN OLIVE OIL
INCREASES TOTAL POLYPHENOL EXCRETION AND SIGNIFICANTLY REDUCES INFLAMMATORY
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’ TGS FUNDACIO gee =
INTRODUCTION Prediied, | cLINIC CTberobn
Prevencion con Dieta Medtrerrares  [RSNERNEIED

Hypertension is one of the main cardlovascular risk factors among the elderly. In the earhesl stage of hypertension, il ion is i by proil y stimuli,
resulting in the secretion of i y that pi the generation of These molecules are to the blood circulation,
where they mediate the ion of ci ing ytes and lymphocytes to the vascular ium [1, 2]. A to the iti Mediterranean diet (DMed) in numerous
epidemiological studies have an inverse iation with a ion in hypertension; this protective effect has been attributed in part, to the richness of this diet in
antioxidants. Olive oil is the main natural fat in the DMed [3], the extra virgin olive oil (EVOO) has the highest antioxidant phenolic content [4]; nuts are also typical from DMed, they are a
rich sources of nutrients and antioxidant phytochemicals [5]. Previous studies have ated that polypl intake, in urine are correlate with polyphenol consumption
[6].

Aims: The aim of this study was to evaluate whether a one-year intervention with two traditi DMed with extra virgin olive oil (EVOO) or nuts increased total

polyphenol excretion (TPE), and their association with circulating inflammatory biomarkers related to atherogenesis in participants at high risk of cardiovascular disease.

Subjects and Methods

1139 free of CVD at baseline admitted trial ici| from the ) (I io “

Analyzed by the Folin-Ciocalteu assay, after a solid
phase extraction (SPE) with 96 well plate cartridges
from Waters Oasis® MAX (Mixed-Mode Anion-
eXchange and Reversed-Phase Solvent) [9].

con Dleta MEDiterranea) study is a large, parall
controlled 5-year clinical trial (www.predimed.org; ISRCTN35739639)

n=394
—

Urinary total
polyphenols

DMed + EV
Men: 55-80 years old led ‘00

Women: 60-80 years old
High CV risk without CVD
type 2 diabetics

One-year

Plasma Interleukin-6 (IL-6),
Monocyte Chemotactic Protein-1 (MCP-1),

3+ risk factors

DMed + Nuts
1. Smoking Inflammatory biomarkers > Soluble Inter-Cellular Adhesion Molecule-1 (ICAM-1),
2. Hypertension n=379, i Vascular Cell Adhesion Molecule-1 (VCAM-1) and
3. tLoL w "
4. LHDL Al Tumor Necrosis Factor Alpha (TNF-a).
5. Overweight/obesity j_-"":‘“
6. Family history CVD Control Low-fat

: |Table 3: Baseline level and 1-year changes in adiposity, blood pressure and total excreted.?
Resu Its Mediterranean diet
DMed+EVOO P Value® DMed+Nuts  PValue®  ControlDiet  PValue® P Value®
[Table 1: Baseline of the study 1 year of follow-up. ] N 304 366 379
Urine total polyphenol (mg GAE/ g
DMed+EVOO  DMed+Nuts  Control Diet " o", ceatinine)
e Baseline 1108 (47.1) ] 1275665 o000 138.2(81.3) 0903 <0.027%
No. of subjects. 394 366 379 1 year 1335 (74.7) 8 149.3 (85.6) 8 139.7 (87.8)
Weight (kg)
Age, (y) mean (SD) 67.2(6.1) 67.2(60) 68.3(5.9) 0025 Baseline 74.8(10.7) 75.3(11.3) 752 (11.2) 0195
1 year 747 (10.9) Qs 74.9 (11.3) Q=D 78.8 (49.9) Qs
Women, n (%) 219 (55.6) 181 (495) 228(602) 0013 BMI
BMI, (kg/m2) mean (SD) 202(32) 203 (34) 207 (35) D E:selme ;:.; 12? Qe ;g.? (i.;) QED 3219557 (23252) 0.208 oeE
Overweight or obese (BMI 225 . year BED) KI(EG) Siiz22)
Kg/m2), n (%) 356 (90.4) 332(90.7) 340 (89.7) 0.896 ! i o72(07) oo 97.5(10.3) o001 7.9 (10.4)
. . <04 0001 0435¢
Systolic BP (mm Hg), mean (SD) 1504(175)  1522(192)  1525(178) 0230 1 year 96.5(9.6) 96.3(10.2) 97.2(10.9)
Systolic B (mm Hg), mean (SD)
Diastolic BP (mmHg), mean (SD) 83.9(9.7) 85.3 (10.7) 84.0(9.9) 0.145. g { B g)| & 1506 (17.4) 152.2 (19.3) 152.4 (17.8)
aseline X 219 4(17.
ppatansenine) 302(766)  285(779)  314(628) 0082 - 147469 <0001 wosges 0% S 0404 0001
B mE) 168 (42.6) 161(44.0) 176 (464) 0561
o Diastolic BP (mmHg), mean (SD)
lipide 3
Oyslpidema.n (%) EBE0) 242(88.1) 242(639) 0.678 Baseline 84.1(9.6) <0001 85.5(10.7) 0.001 84.3(9.8) 0.538 0.056"
Current smoker, n (%) 64(162) 58(15.8) 64(16.9) 0927 1 year 826(9.7) : 84.1(10.1) : 84.0(95)
Family history of CHD, n (%) 76 (19.3) 64 (17.5) 64 (17.0) GG *Data are given as means (S.D.); * Diferences from baseline by no-parametric Wilcoxon test; P<0.05 indicates stafistcal significance. DMed: Mediterranean diet; VOO: virgin
) olive oil: GAE: gallic acid equivalent; ¢ P values for differences among diets, * Between DMed+VOO and Control diet, * Between DMed*Nuts and Control diet, / Between
Epeyiasendinsiphvecal 319(2413)  289.1(2123) 2407 (187.3)  <0.001 DIMed+V0O and DMed+Nts.

activity (kcalld), mean (SD)

2ANOVA-one factor was used for continuous variables and x*-test for categorical variables. BM: body mass CHD:
coronary heart disease; BP: blood pressure; DMed: Medterranean dist, VOO: virgin olive oil.

R I 6D S h Figure 2: Changes from baseline after 1-year with different intervention in plasma of the y
polyphenols excreted in spot urine samples
after one-year with different intervention. = i !
15 , il 1

ey 1 . ] H
B § - I H £ i
H - : 3 end |1 : 2
. ; il : i mm|i
i i H i i . H
i3 1= ¥
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*P<0.01, *P<0.05 indicates statistical significance between the baseline and 1-year of intervention period with a confidence interval of 95%. VCAM-1: Vascular Cell Adhesion Molecule-1; ICAM-1: soluble Inter-Cellular
Adhesion Molecule-1; IL-6: Plasma Interleukin-6; TNF-a: Tumor Necrosis Factor Alpha; MCP-1: Monocyte Chemotactic Protein-1.

**P<0.01, *P<0.05 indicates statistical significance between the baseline
and 1-year of intervention period with a confidence interval of 95%.

CONCLUSIONS

Urinary total are isti ignifi il in Mediterranean diets supplemented with extra virgin olive oil and nuts (figure 1).

The weight and BMI have not differences from baseline in any intervention groups or between groups after one year.

Both iti i diets with either EVOO or nuts had an anti-ii y effect, i i ignifi i in the plasma concentrations of
VCAM-1, ICAM, IL-6, TNF-a and MCP-1 compared with participants in the Control diet group (figure 2). Both Mediterranean diets ibif ial effects on i risk
factors.
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Mediterranea

INTRODUCTION Prediied " clinic C0tt miobn

Hypertension is one of the main cardiovascular risk factors among the elderly. Hypertension can be managed by following a healthy diet rich in fruits and vegetables, such as

3. TLoL

4. 4 HDL Fr S
5. Overweight/obesity ‘ #9088 - hd Lo
6. Family history CVD 5 &tw' :‘ = di:l:tro ow-fat
Results Q-

Table 2: Change in systolic and diastolic blood pressure at one-year to change in plasma nitric oxide.
[Table 1: Baseline of the study participants completing 1 year of follow-up. s, gen sy P Y ge in p
> Model B P 95% Cl

Med+VOO  Med+Nuts  Control Diet P Systolic blood pressure Model 1
No. of subjects 67 64 69 Med-EVOO vs. Control diet -6.14 0.042 -12.04 to -2.33
Age, (4) mean (5D) oEn ovEm GaEm e Med-Nuts vs. Control diet 269 0372 86210-3.24
Women, n (%) 39(58.2) 33(51.6) 41(59.4) 0.621 e
BMI, (kg/m?) mean (SD) 72.5(9.3) 74.4(10.1) 76.3 (9.6) 0.074 Med-EVOO vs. Control diet -5.98 0.033 -11.48 to -0.48
PR 1Y) 58.(90.6) 64(928) 0476 Ty G 830 0.029 19610065
Hypertension, n (%) 49(73.1) 50 (78.1) 55 (79.7) 0.639 o

the Mediterranean diet (Med-diet) [1, 2 3] and/or to imp lifestyle, for i by g body weight and increasing physical activity [4]. Many epidemiological studies
have ated an inverse to the iti Med-diet and death from coronary heart diseases. This protective effect has been partially
attributed to a high content of bioactive compounds. Olive oil is the main natural fat in the Med- et 51, the extra virgin olive oil (EVOO) has the highest antioxidant phenolic
content [6]; nuts are also typical from Med-diet, they are a rich sources of nu(rlents and i i [7]. In a previ study by our group,
yp intake, via total poly ted in urine, was neg: y with blood p levels in an elderly Mediterranean population at high
cardlovascular risk [8].
- |
Subjects and Methods -
AIMS: The aims of this work were to evaluate, whether a one-year intervention with a iti Med-diet il d total polyph If in spot urine samples compared
with a control diet, and if the in blood p due to polyp ion was i by plasma nitric oxide production.
200 free of CVD at baselme admitted trial participants from the PREDIMED
ién con Dleta a study is a large, parallel-group, multicenter, Analyzed by the Folin-Ciocalteu assay, after a solid
randomlzed controlled 5-year clinical trial (www.predimed.org; ISRCTN35739639). =67 ) : phase ion with 96 well plate cartridges from
i bk E - Med-diet + EVOO Waters Oasis® MAX (Mixed-Mode Anion-eXchange
Men: 55-80 years old Urinary total and Reversed-Phase Solvent) [9].
‘Women: 60-80 years old polyphenols
High CV risk without CVD n=64
type 2 diabetics —
3t riskfactors Med-diet + Nuts Plasma Nitric Oxide
1. Smoking random
2. Hypertension

- (mmHg)

Clinical measures \

e

Diastolic blood pressure Model 1
Diabetes, n (%) 41 (61.2) 38 (59.4) 46 (66.7) 0.661
& = 623 &5 Med-EVOO vs. Control diet 523 0001 820t0-225
Dyslipidemia, n (%) 46 (68.7) 46 (71.9) 52 (75.4) 0.684
Med-Nuts vs. Control diet 737 0.253 473t01.25
Current smoker, n (%) 9(13.4) 1(17.2) 13 (18.8) 0.686
Model 2
Family history of CHD, n (%) 33 (49.2) 29 (45.3) 30 (43.5) 0170 e E T 95 T D
Energy expenditure in physical

activity (kealld), mean (5B) 343.8(296.4) 2462(206.0) 199.6(178.3)  0.002

Med-Nuts vs. Control diet 291 0.033 55710 -0.24

AN was and BMI: body mass

index (calculated as weight in Kilograms CHD: 1y heart disease; SD:

) B: Non-standardzed cosfilnt, C: Confdance erval: P two-sded lest of sgnicance: Model 1 nedusied: Wodel 2 acusied by baselie bood pressure, change in
stanard doviaton. Med - Medtenanean diet: EVOO: exira irgi ol ol

plasma nitric oxide, s . BM, smoking staus, physial atviy, medication use statins or other idemic drugs, insuln, oral drugs
o i o oiher antiperlot 6108 s . sodium, potassium, y Med: et; EVOO: extra virgin olive oil

Figure 1: Correlation between the quartiles of change
in total polyphenols excreted, as biomarker of total
polyphenols intake, and change in plasma nitric

Figure 2: Mean * SD changes in total polyphenols excreted in spot urine samples, plasma nitric oxide, systolic and diastolic blood
pressure after 1-year with different intervention.

oxide.
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CONCLUSIONS I
Total polyphenols excreted in spot urine as biomarker of total polyp intake, are positively correlated with plasma ‘} d| o™
Nitric Oxide in Med-diet supplemented with EVOO or nuts. 2 vid
The isti in plasma NO were associated with a reduction in systolic and diastolic Blood Pressure |
wesivon s e

levels, after one year interventions with Mediterranean diets supplemented with EVOO or nuts, compared with the control .
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Bac und and objectives

Cardiovascular diseases (CVD) are the leading cause of mortality
and disability in developed countries. Epidemiologic and
mechanistic evidence supports an inverse association between
the consumption of certain groups of polyphenols and the risk
of chronic diseases. We assessed the hypothesis that polyphenol
intake is associated with a lower risk of total mortality and
cardiovascular death or event in the PREDIMED cohort.

Over an average of 4.3 years of follow-up, 273 confirmed cases of CVD and
327 deaths for any cause were reported among the 7172 participants (96.3%)
who completed the FFQ. After multivariate adjustment and comparing Q5 vs.
Q1 of total polyphenol intake, we observed a significant 46% reduction in risk
of CVD and 37% reduction for all-cause death.

Table 1. Baseline characteristics of participants in the PREDIMED cohort according to quintiles of total polyphenol
intake at baseline (energy-adjusted).

Prediined

7172 " Yearly
55-80 years [ FFQ >
High CV risk

We used Time-dependent Cox proportional hazards regression
to estimate the Hazard Risk (HR) to relate polyphenol
consumption and risk of cardiovascular event or death using the
lowest quintile as the referent group. All intakes were calories
adjusted. Statistical analyses were conducted by using SAS
software, version 9. All P values were 2-sided and differences
below the probability level (P<0.05) were considered significant.
Clinical Trial Registration: International Standard Randomized
Controlled Trial Number (ISRCTN of London, England) 35739639.

HR vs. quintiles of polyphenol intake

12
1
0.8 \
° ~CV event or
k] mortality
TO06
g [ — -=All-cause
£ mortality
0.4
0.2
0
1 2 3 4 5

Quintiles

a1 az a3 (] o5 F
Ha subjects (7172) 1834 1435 1434 1435 T1a34
yphenal intake (mg/d} 4838108 674235 794136 937450 12354159

Sex, women B36(583)  924(544)  TI2(60)  803(S60]  64B(452) <0.0001
Agely) 67.626.2 67.426.1 674259 B86.926.0 66.246.1 <0.0001
Body mass index (kg/m) 300637 303437 29735 297:37 296235 <00001
Current smoker A7(153)  210{146)  194(135)  2B5[185) 317221} <0.0001
Phiysical sctivity at letsure time (MET-h/d] 3374356 3622383 3772366 4.0524.25 4592454 <0.0001
Diabetes 06(49.2)  680(474)  TI2(496)  T04(45.1]  G6B(46E)  0.40
Hypertension 1230(858) 1224(85.3) 1152(831) 1166(813) 1117(77.9) <0.0001
Hypercholesterclemia 983(58.6) 10I8(70.9) 1053(73.4) 1065(742) 1069(746) 0001
Family histary of CVD 403(28.1)  290(202)  310(216)  324(226) &46(3L1) 005

13974642 21804589 21614540 22294563 1383577 «0.0001

Total energy intake (Keal/d)

ical variables: ssbjocts (percemtage). contimaos vansble: oxansSD
ay ANOVA tests {continnous varisbbed) of chi-iquared (cateporical varisbles)

Table 2. Cox Proportional Hazard Ratlos, HR(95%CI), accerding to quintiles of cumulative total pelyphenals Intake,

a oz a3 o a5 Ptrend
Total polyphenols (mg/d) 562 700 800 517 1170
Cardiovascular event or martality
No. of CVD cases ] 48 58 a5 51
o, of person years 31z S o) (2] 55548
Age and sex adjusted L00 0600380858 062035097  0S6[0.36051)  0.58(0.350.93) 008
Modid 2 100 0.57(0.36-0.92) 0.60 [0.38-0.95) 0.54 [0.34-0.87) 0.51 [0.30-0.84) oo
Model 3' LO0 060(038087) 067 (04L07)  0S9[037058)  0.54(0.330.51) 004
All-cause mortality
No. of cares 8 62 52 63 &2
o, of person years auls 4555 &rer busd 638
Age and sex adjusted 100 065044095  OSS{0IT0E2)  OTIOS0-105]  0.66(0.44-0.98) 01z
Model 2 L 0.68 (0.46-1.00) 0.6 (0.35-0.50) 0,75 (0.51-1.12) 060 [0.35-0.51) oo
Medel 3 Lod 0,71 {0.48-1.05) 0.62 (0.41-0.95) 0.79(0.53-1.17) 0,63 [0.41-0.57) 012

T . E
" Befjuated for age (<60, 60643, B5-63.3, T0-T4.9, »=T5 v, semoking [never, it and current. cigiettas (<5, 513, 20 par dyhor cigaes and pigws 1<3, 36, %6 par
B 2%, 2529, or v M) Kgfn ), baseluns dabates, sicobol [0, 0 118 9, 19299, ba 0 glawy], totas [Eat S ——
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Greater intake of polyphenols was associated with a lower risk of CVD and death
for any cause. Clinical trials are needed to confirm this effect and establish
accurate dietary recommendations.
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Background and objectives Results
Cardiovascular diseases (CVD) are the leading cause of mortality We observed a decrease in triglycerides levels (-9,6 mg/dL, P=0.05) and
and disability in developed countries. A healthy diet can improve glucose levels (-5.6 mg/dL, P=0.046) comparing moderated wine drinkers
cardiovascular risk factors. Specifically, polyphenols, bioactive with non-drinkers. Heart rate and BMI were significantly lower among wine
compounds mostly found in fruits, vegetables and derivatives, and beer consumers comparing to non-drinkers (P<0.05). There were no
have been associated with lower risk of CVD. Wine and beer are changes on SBP and DBP among non-drinkers and moderate wine drinkers,
polyphenol-rich beverages that are also very common in the although both pressures were increased among those who drunk >14
Mediterranean diet. The aim of this study was to compare the cups/week (SBP: +3.3 mmHg, P=0.001; DBP: +2.6 mmHg, P<0.001). No
main cardiovascular risk factors between wine and beer significant differences were observed in total cholesterol, HDL, and LDL
consumers and non-consumers from the PREDIMED study. concentrations.
Methods

73 - 150 -
The PREDIMED study is a large, parallel-group, multicenter, E”' g
randomized, controlled 5-year clinical trial aimed at assessing é“' =" = = Ei::
the effects of the Mediterranean diet on the primary prevention 3 | 20 *
of cardiovascular disease. The 7,447 eligible participants were %“' n I-I | %125' l
community-dwelling people aged 55 to 80 years, who were free £ : ] ; : : = ::
of cardiovascular disease at baseline. Nondrinkers 16 713 >u Nondrinkers 16 743 214
Wine and beer consumers and non-consumers (data from the ol cupsfueek - cupsveck copsfuec cupsfueelc cupsfueck
first year) were divided into groups to compare cardiovascular
risk factors such as triglycerides and glucose levels, heart rate, 202 ] -
BMI or blood pressure, among others. T 300 - 130

Statistical analyses (ANOVAs and Bonferroni tests) were z

Conclusions

Non drinkers

Fas i ol
. . . 327 - = S120

conducted using SAS software, version 9.3 (SAS Institute, Inc., g 24 . E - :
. % 292 - @120 -
Cary, North Carolina). 8 200 - g1s -
£ s - [
B 2856 - 14
] 112 -

16 | ' ' 713 ' 21

713 214 Non drinkers 16
Polyphenol-rich beverages can improve some cardiovascular risk
factors. These data will be useful to further investigate about Pvalues < 0,05 Pvalues < 0,05

R L. L Comparing different groups of consumers with non drinkers.
polyphenol intake and the incidence of several pathologies in the
PREDIMED cohort.
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INTRODUCTION

The first step in its management of hypertension is to follow a healthy diet such as the traditional Mediterranean diet (Med-diet) [1, 2, 3] and/or to improve lifestyle, for instance, by reduclng

body weight and increasing physical activity [4]. Adherences to the traditional Med-diet in numerous epidemiological studies have d an inverse withar in

hypertension; this protective effect has been attributed in part, to the richness of this diet i

has the highest antioxidant phenolic content [7]; nuts are also typical from Med-diet, they are a rich sources of nutrients and antioxidant phytochemicals [8]. Previous studies have
ated that polypl intake, in urine are correlate with polyphenol consumption [9].

rumpacia |pn APS

CLINIC
O

=

AJWIS: The aims of this study were to evaluate whether a one-year intervention with two traditi Med-diet d with EVOO or nuts il d the total polyphenol:

(TPE) in spot urine this bi ysis was correlated with change in plasma nitric oxide (NO), and this plasma NO change was associated W|th average systolic and
diastolic blood pressure (BP).

Subjects and Methods

MY
200 free of CVD at baseline admitted trial participants from the PREDIMED (PREvencién
con Dleta MEDiterranea) study is a large, parallel-group, multicenter, randomized, Analyzed by the Folin-Ciocalteu assay, after a solid
controlled 5-year clinical trial (www.predimed.org; ISRCTN35739639). n=67 4{ phase extraction (SPE) with 96 well plate cartridges
from Waters Oasis® MAX (Mixed-Mode Ani
AR Binppams : Med diet + EVOO rom Waters Oasis (Mixed-Mode Anion-

Men: 55-80 years old Urinary total eXchange and Reversed-Phase Solvent) [9].

Women: 60-80 years old polyphenols

High CV risk without CVD One-year | n=64

type 2 diabetics >

3+ risk factors

Med diet + Nuts

Plasma Nitric Oxide

1. Smoking

2. Hypertension

3. tLoL and di ic blood p (mmHg)

4. L HDL _ ) Clinical measures

5. Overwelghtiobesity Control Low-fat diet

6. Family history CVD

) [Table 2: Change in systolic and diastolic blood pressure at one-year fated to change in plasma nitric oxide.
Results Mediterranean diet
Model B P 95%CI
[Table 1: Baseline of the study participants ing 1 year of follow-up. ] Systolic blood pressure Model 1
Med-EVOO vs. Control diet -6.14 0.042 -12.0410-2.33
Med+VOO  Med+Nuts  Control Diet P
No. of subjects 67 64 69 Med-Nuts vs. Control diet 269 0372 -8.6210-3.24
Model 2
e D) 68.0(6.0) 67.7(63) 67.1(58) 0631 ——— o oo b
led-EVOO vs. Control it E 11,4810

) 39 (58.2) 33(51.6) 41(59.4) 0621
BMI, (kg/m?) mean (SD) 725(9.3) 74.4 (10.1) 76.3(9.6) 0.074 Med-Nuts vs. Control diet 630 0.029 -11.9610-0.65
Overweight or obese (BMI 225 Kg/m?),
n (%) E3(E) E3(En) GaERs) e Diastolic blood pressure Model 1
Hypertension, n (%) 49.73.1) 50 (78.1) 55(79.7) 0639 Med-EVOO vs. Control diet 523 0.001 820t0-2.25
Diabetes, n (%) 41612) 38 (59.4) 46 (66.7) 0561 Met:Nuts v, Control diet 737 0253 47310125
Dyslipidemia, n (%) 46 (68.7) 46(719) 52 (75.4) 0.684 Model 2
Current smoker, n (%) 9(134) 11(17.2) 13(18.8) 0686 Med-EVOO vs. Control diet <D Qs adeaes)
Family history of CHD, n (%) 33(49.2) 29(453) 30 43.5) 0.170 Med-Nuts vs. Control diet 291 0.033 -55710-0.24
Energy expenditure in physical acivity
PR 3438(2964)  2462(2060)  1996(1783) 0002

B: Non-standardized coefficient; Cl: Confidence interval; P: two-sided fest of significance; Model 1: unadjusted; Model 2: adjusted by baseline blood pressure, change in plasma nitric
oxide, sex, age, BMI, smoking status, physical activity, medication use (antihypertensive, statins or other hypolipidemic drugs, insulin, oral hypoglycemic drugs and aspirin or other
antiplatelet drugs) supplements taken in the last month, sodium, potassium, and total energy intake. Med: Medterranean dist; EVOO: extra virgin olive oil.

*ANOVA-one factor was used for continuous variables and x2-test for categorical variables. BMI: body mass index

(calculated as weight in kilograms divided by height in square meters); CHD: coronary heart disease; SD: standard

deviation. Med : Mediterranean diet; EVOO: extra virgin olive oil.

Figure 2: Mean £ SD changes in total polyphenols excreted in spot urine samples, plasma nitric oxide, systolic and diastolic blood ‘
Figure 1: Correlation between the quartiles of change in pressure after 1-year with different intervention.
total polyphenols excreted, as biomarker of total

polyphenols intake, and change in plasma nitric oxide.
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| Med: Medterranean diet; EVOO: Extra virgin olve ol GAE: gallc acid equivalent**P<0.01, “P<0.05 indicates statisical
| N ; § | significance between the baseline and 1-year of intervention period with a confidence interval (CI) of 95% H when 1

Carsies af change bn sl poliphrmels vcrrind

CONCLUSIONS

Total polyphenols excreted in spot urine as biomarker of total poly intake, are positively correlated with plasma Nitric Oxide
in Med-diet supplemented with either EVOO or nuts.

Ehange in Disanc bisest pranss
4 -

Change in plasma Nitric Oxide, decreased statistically significantly systolic and diastolic Blood Pressure, after one year

interventions with Mediterranean diets supplemented with EVOO or nuts, compared with the control diet.
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DMed+VOO  PValue®  DMedNuts ControlDiet  PValue® P Value®
N 394 366 379
Urine total polyphenol (mg GAE/ g
DMed+VOO ~ DMed+Nuts  Control Diet ceatinine)

Baseline 1108 (47.1) 127.5 (66.5) 138.2(81.3) <0.027°!
No. of subjects. 394 366 379 1 year 1335 (74.7) 149.3 (85.6) 139.7 (87.8)
Weight (kg)
Age, (y) mean (SD) 67.2(6.1) 672 (6.0) 68.3(5.9) 0025 Baseline 74.8(10.7) 753 (11.3) 752 (112)
- 1year 747 (10.9) 74.9(11.3) . 78.8 (49.9)
Women, n (%) 219 (55.6) 181(49.5) 228 (60.2) 0013 BMI

BMI, (kg/m2) mean (SD)

Overweight or obese (BMI 225
Kg/m2), n (%) 356 (90.4) 332(90.7) 340 (89.7) 0896 Baseline 97.2(9.7) 97.5(10.3) 97.9 (10.4)
Systolic BP (mm Hg), mean (SD) 150.4 (17.5) 152.2(19.2) 1525 (17.8) 0.230 . 1 year 96.5 (9.6) 96.3 (10.2) 97.2(10.9)

i Systolic BP (mm Hg), mean (SD)
Diastolic BP (mmHg), mean (SD) e
8060 g0 009 0145 Baseline 1506 (17.4) 152.2(19.3) 1524 (17.8)

1year 147.4(16.9) 149.3(18.6) 1519 (18.2)

Baseline 292(3.2) 29.3(3.4) 297 (3.5)

2282) 2334 2735 0128 1year 29.2(3.3) 29.1(35) 31.3(22.2)

Waist, cm

Hypertension, n (%) 302 (76.6) 285 (77.9) 314 (82.8) 0.082
Diabetes, n (%) 168 (42.6) 161(44.0) 176 (46.4) 0.561
Diastolic BP (mmHg), mean (SD)

Baseline 84.1(9.6) 85.5(10.7) 84.3(9.8) 0538

Eyslbiceniain () 256 (65.0) 242 (66.1) 242(63.9) 0.678

CuEsntsmaerne) 64(16.2) 58 (15.6) 64(16.9) 0.027 1 year 826(97) 84.1(10.1)
Family history of CHD, n (%)

76(19.3) 64(175) 64(17.0) 0875

Energy expenditure in physical
B P 311.9(2413)  289.1(2123) 2407 (187.3)  <0.001

Model B 95%Cl
Systolic blood ‘Model adjusted
(0 DMed-VOO vs. Control diet  -3:429 5,508 101,261

DMed-Nuts vs. Control diet ~ -2.268 4,450 100,086
Diastolic blood  Model adjusted
(R DMed-VOO vs. Control diet 1,382 247910-0,285

DMed-Nuts vs. Control diet 0,696 -1,803 10 0,410
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Olives and olive oil make a difference in the polyphenol
intake in an elderly Spanish population

Anna Tressema-Rimbau'23; Alexander Medina-Remén'23; Jara Pérez-Jiménez*; Miguel Angel Martinez-Gonzalez5;
Ramon Estruch??#; and Rosa M? Lamuela-Raventos’23; on behalf of the PREDIMED Study Investigators.

"Mutrition and Food Scence Department, XaRTA, INSA, Phammacy Schoal, University of Bancelona, Awvda. Joan X1, s/n, Barcelona, Spain. *Telephone: +34-934034843, e-mait lamueia@ub edu

“CIBER CB06/03 Fsiopatologia de la Obesidad y ka Nutricdn (CIBEROBN), Spain.
"RETICS RDOSD0450003. Insttuto de Salud Carlos I, Spain.

“Institute for d Ch of Catalonia (IQAC-CSIC), , Spain.
D  of Preventive Medicine and Public Health, School of Medicine, Uni f Navarra,
“Intemal Medicine D Hospital Cliric, Iy sons Bi Jes August Pi i Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain.

/Oive ol is the main fat in the Mediteranean Diet. It contains monoun=,
saturated fatty acids and it is a source of polyphenols, some of them
unique, Some studies reveal that the consumption of extra virgin olive |
oil has important benefits on health, and EFSA has recently accepted
a health daim about the role of olive polyphenols in the protection of |
LDL particles from oxidative damage.

The aim of this study is to estimate the weight of olives and olive cil in

the total intake of polyphenols in a Spanish population at high cardio- |
| vascular risk (PREDIMED study) by using individual food consump- |
«fion records and the recently launched Phenol-explorer database.

TOTAL INTAKE FROM... % INTAKE
DERIVED
OTHER INDIVIDUAL POLYPHENOLS

POLYPHENOL GROUP OLIVE OIL OLIVES FROM OLIVE INGESTED ONLY FROM OLIVES AND OLIVE OIL

(mg/day) (mg/day) AND OLIVE

[mg/day)
QIL
ANTHOCYANIDINS 000 4,49 338 11,7 .
Iserhaifolin
FLAVONES 0,39 151 352 512 Luteolin 6-Clucaside
PLAVONDLS om 25 435 51 = =
HYDROXYBENZOHC ACIDS 0.18 162 883 46,9 2,4-Ditydroxybenzoic acid
Hydronycafieic ackd

HYDROXYCINNAMIC ACIDS 0,10 10,82 m 4,70 Verbascoside

m-coumaric acid

3,4-Dihydroxyphenylacetic acid

HYDROEKYCNMANIC

OIS | FLAVONDOLS
OTHER PHENOLIC ACIDS 0,02 L2 029 914 Dihydro-p-coumaric acid e
Hoggeratiic &cld_ -:chr_uw DINS
OTHER POLYPHENOLS 21,0 58 0,12 676 Oleuropein, ligstroside, 3,4-DHPE-EDA and other tyrosols
3,4-Diliydronyphenylghycol HYDAOXIBENIONC IS
LIGNANS 0.85 0.01 224 74.7 L-Acetoxypinoresinol 1%
TOTAL POLYPHENOLS 26 541 738 941 e
o2 OTHER POLYPHENOLS.
s
LIGNANS
4%

Olives and olive oil daily provide 76,7 mg of polyphenols, which means more than 9% of total
intake, being the fifth polyphenol contributor in the diet after coffee (18%), apples (16%), oranges
(12%) and beans (10%). That makes the phenolic profile of the Spanish population unique.

POLYPHENOL INTAKE DERIVED FROM
OLIVE AND OLIVE OIL
(PREDIMED STUDY)

Covas MI, et al. Ann intem Med. 2008,145:333-41
De la Tome-Carbot K, et al. J Nutr, 2010;140:501-8
Estruch R, etal. Ann Intem Med, 2008:145:1-11
Motamicola M, et al. Genes MNutr. 2011,6:63-69

These data will be useful to investigate about polyphenol intake and the incidence of several Pérez-Jimémez, et al. Am J Clin Nulr. 2011 :93:1220-1228

pathologies in the PREDIMED cohort.

EFSA Joumal 2011; 9(4):2033

We would like to thank all of the volunteers involved in the PREDIMED study. The authors would like to express their gratitude for financial support from CICYT
(AGL2010-22319-C03), RETICS RDOG/0045 from the Spanish Ministry of Science and Innovation (MICINN). The CIBERobn CB06/03 is an iniiative of the Institu-
to de Salud Carlos lll, Spain, A T-R would like to thank the ISCIIl for granting her a predoctoral fellowship (FI10/00265) and J.P-J would like to thank the MICINN for

a Sara Bomell postdoctoral contract (CDOS/00068).
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Dietary intake and major food sources of polyphenols in
a Spanish population at high cardiovascular risk

Anna Tresserra-Rimbau'2®; Alexander Medina-Remon'23; Jara Pérez-Jiménez*; Miguel Angel Martinez-Gonzalez>;
Ramon Estruch??#; and Rosa M? Lamuela-Raventos2?; on behalf of the PREDIMED Study Investigators.
Nuirition and Food Science Department, XaRTA, INSA, Phammacy School, University of Barcelona, Avda. Joan XXl sin, Barcelona, Spain. *Telephone: +34-034034843, e-mail: lamusla@ub.edu
2CIBER CBO08/03 Fisiopatokxgia de la Obesidad y la Nutricion (CIBEROBN), Spain.
*RETICS RDO6/0045/0003. Instituto de Salud Carlos 1, Spain.
‘Institute for Advanced Chemistry of Catalonia (IQAC-CSIC), Barcslona, Spain.
“Department of Preventive Medicine and Public Health, Schoal of Medicine, University of Navarra, Pamploha.
AIntemal Mediicine Department, Hospital Clinic, Institut d'Investigacions Biomédigues August Pii Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain.
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Epidemiological data have shown an inverse association between the risk of cardiovascu-
lar disease and the consumption of polypherol-rich foods™. To date, existing available
data abotit the intake of polyphenals are limited, due mainly ta the fact that data conceming
the palyphenol content of foods are insubstantial in literature and the existing databases in-
dude only alimited number of polyphenols. However, the recently launched Phenol-Explo-
rer database contains information about polyphenal content in foads®. The aims of this
shudy are to estimate the quantitative intake of polyphenols in a Spanish population at high
cardiovascular risk (Predimed cohort?) by using individual foad cansumption records®, and
to determine major dietary sources of polyphenals.
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Titol: Food polyphenols decrease blood pressure
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D E—— g Food Polyphenols Decrease Blood Pressure.

Rosa-Maria Lamuela-Raventos '2 Alexander Medina-Remon '2, Anna Tresserra-Rimbau 2, and Ramon Estruch 23"

'Nutrition and Food Science Department, XaRTA, INSA. Pharmacy School, Uniy ity of Spain; ?CIBER 6806/03 Fisiopatologia de la Obesidad y la Nutricion, (CIBEROBN), and RETICS
RD06/0045. Instituto de Salud Carlos Ill, Spain; ’Deparrment of Internal Medicine, Hospltal Clinic, IDIBAPS ity of 2P of Internal icine, Hospital Clinic, IDIBAPS, University of Barcelona,
Spain. Tel/Fax +34.93. ; e-mail : REST}
- pllBaPs
1. INTRODUCTION | Prediined g

" Prevenc an Diera M

irerranea ==

The first step in its management of hypertension is to follow a healthy diet such as the traditional Mediterranean diet (TMD) [1, 2, 3] and/or to improve lifestyle, for instance, by reducing
body weight and increasing physical activity [4]. Adherences to the TMD in numerous epidemiological studies have demonstrated an inverse association with a reduction in

hypertension; this protective effect has been attributed in part, to the richness of this diet in antioxidants. Olive oil is the main natural fat in the Mediterranean diet [6], the virgin olive oil

(VOO) has the highest phenolic content [7]; nuts are also typical from TMD they are a rich sources of nutrients and ioxi [8].P studies have demonstrated
thlt polyphenol |ntake, assessed |n urine are correlate with polyph 9]. § nutrmonal recommendatlons on overall food polyphenol consumption should be base
large scale ! tudies in which clinically rel d-points, such as blood pi e are 1|

We undertook this substudy in the frame of the PREDIMED study, in order to evaluate the effect of polyphenol intake measured by means of total

polyphenols excreted (TPE) in urine, a reliable biomarker of polyphenol intake, on blood pi ; after y inter with two traditional Mediterranean
diets supplemented with virgin olive oil (VOO) or nuts.
Y
1139 ‘admitted trial participants from the PREDIMED (PREvenclén con Dleta
study is a large, p 5-year L}
clinical trial (www. rg; ISRCTN35739639) n=394 -3 f
H Med Diet + Virgin Olive Oil < = i 7
Men: 5580 years old Al free of CVD at baseline pene o solid phase extraction el
Women: 60-80 years old (SPE): 96 well plate Py o
. ok i r
High CV risk without CVD T . cartridges from Waters were analyze
type 2 diabetics Oasis® MAX (Mixed- by the Folin-
Ciocal assa
3+ risk factors Mode A ﬂ I‘y’
3 Seking i and  Reversed-Phase after a solid
: T 7 AmencanHlean i hase extraction
2. Hypertension ‘Amociatien Solvent) to avoid any P!
3. 7LbL Leorn and Live interference with Folin- [9].
4. 4 HDL Control Lowdfat | Ciocalteu reagent.
5. Overweight/obesity T
6. Family history CVD
Table 3: Baseline level and 1-year changes i blood and total pols
Mediterranean diet L 4 ges in p polyphenol
DMed+VOO P Value® DMed+Nuts P Value® Control Diet P Value® P Value®
7 i N 394 366 379
[ Table 1: of the study p. completing 1 year of follow-up.
Urine total polyphenol (mg GAE/ g creatinine)
DMed+V0O DMed+Nuts Control Diet P for trend* Baseline 110.8 (47.1) <@ 127.5 (66.5) <@ 138.2 (81.3) 0.903 <0.027°¢
1 year 1335 (74.7) 8 1493 (85.6) 8 139.7 (87.8)
No. of subjects 394 366 379 Weight (kg)
Baselir 74.8(10.7) 75.3(11.3) 75.2(11.2) 0.195
Age, (y) mean (SD) 67.2(6.1) 67.2(6.0) 683 (59) 0.025 p ::‘ 6 E o g: 0392 5 f i 3} 0654 788 f4g.g); 0.330¢
Women, n (%) 219 (55.6) 181 (49.5) 228 (60.2) 0013 B
Baseline 292(32) 29.3(34) 29.7(3.5) 0.208 "
BMI, (kg/m2) mezn (SD) 292(32) 203(34) 207 (35) 0.128 1 year 202(33) 0384 201 (35) 001 313(222) Lo
Overweight or obese (BMI 225 Kg/m2), n Waist, cm
(%) 356 (90.4) 332(90.7) 340 (89.7) 0896 Baseline 97.2(9.7) 97.5(10.3) 97.9(104) )
Systolic BP (mm Hg), mean (SD) 1 year 965(96) 0022 963(102) <001 972 (109) ot e
) 150.4 (17.5) 152.2(19.2) 152.5(17.8) 0.230 Systolic BP (mm Hg), mean (SD)
R HEP (Tl 2z () 839(97) 853 (10.7) 84.0(9.9) 0.145 Baseline 1504 (17.5) 0008 1522 (19.2) 0008 152.5 (17.8) e T
Hypertension, n (%) 302 (76.6) 285 (77.9) 314 (828) 0082 1 year. 147.5 (16.9) 149.2 (18.6) 151.9(18.2)
(BEEED D) 168 (42.6) 161(44.0) 176 (46.4) 0.561 Diastolc BE (mmkig), meen (SD)
y Baseline 83.9(9.7) 85.3(10.7) 84.0(9.9) 0.370 0.056"
(o 0 256 (65.0) 242 (66.1) 242 (639) 0.678 1 year 826(9.7) LA 84.1(10.1) L 84.0(95)
Current smoker, n (%)
64(16.2) 58 (15.8) 64(16.9) 0927 % Data are given as Db i tost: # : e
Family history of CHD, n (%) 76(19.9) 64(175) 64(17.0) 0875 alive oil: GAE: gallc acid equivalent; P values for differences among diets, ¢ Between DMed+VOO and Control diet, * Between DMed+Nuts and Control diet, ' Between
Energy expenditure in physical actvty 3119(2413)  2891(2123) 2407 (1873) <0.001 e
(kcal/d), mean (SD) : - - -
[ Fi 7 h P p i tolic and diastoli
SANOVAone factor was used orconinous varabiesand ' est o categorcl variales. BMI: body mass CHD: LElare 1 Mean 15D s In total 11 S0t biinis samplds, blood p
coronary 0: virgin ofive ol | after one-year with different intervention.
Table 2: Covariate analysis with systolic blood pressure and diastolic blood| E pammil B
pressure at one-year as the dependent variables; intervention groups as the E e f.
2 3 s 113
Model B P 95%Cl k- xR e = -
‘Systolic blood pressure  Model adjusted = 10,004 & _z.00-
DMed-VOO vs. Control diet 3429 0,002 -5,598 0 -1,261 x = =
£ . 2 -2.08
DMed-Nuts vs. Control diet -2,268 0,042 -4,450 to -0,086 10,007 1 ~3.40
Diastolic blood pressure  Model adjusted T oo
. 1.0 =
DMed-VOO vs. Control diet 1,382 0,014 -247910-0,285 & o0 El -
- | =
DMed-Nuts vs. Control diet -0,696 0217 -1,803 10 0,410 o ©

B: Non-standardized coefficient; CI: Confidence interval: P: two-sided test of significance; Model adjusted by sex,
age, weight, smoking status, physical activity, educational level at baseline, medication intake: ACE inhibitor.
diuretics, stati insulin, oral or other antplatelet drug
supplements taken in the fast month, sodium and polassium intake and glomerular fitration rate; DMed:
Mediterranean diet: VOO: virgin olive ofl.

Med Diet. Mediterranean _diet;

VOO: virgin olive oil: GAE: gallic acid

_ equivalent “P<0,01, 'P<0.05 indicates statistical significance between  the g rood
4. CONCLUSIONS . o - =
Urinary total polyphenols excreted are ly significant i in Mediterranean diets supplemented with virgin olive E B T ’
oil and nuts (figure 1). E o
& ~1,80:
Participants in both Mediterranean diets had d d sy ic and blood pressure (figure 1). = ]
A one-year intervention with a Med-diet with either VOO or nuts increases total polyphenols excreted in ?
urine from elderly particiy and decreases systolic and diastolic BP. Both i i beneficial effects on [
cardiovascular risk factors.
Increase in polyphenol-rich foods may be helpful in the of BP in at high car risk.
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Taninos condensados y polifenoles hidrolizables en uvas tintas de variedad Cabernet
Sauvignon: Evolucion segun clima y grado de madurez.

Sara Arranz * 1:4, Ana Incer 2, llaria Tedeschi 2, Giuseppe Di Lecce 23, Anna Tresserra 24, Paola Quifer 4, Alexander
Medina-Remén 24, Nuria Tobella 5, Mireia Torres 5, Ramén Estruch 4, Rosa M? Lamuela 24,

1 Departamento de Medicina Interna, Hospital Clinico, Institut d'Investigacions Biomédiques August Pi i Sunyer (IDIBAPS), Uni idad de Barcelona, Esparia.
2 Departamento de Nutricion y Bromatologia, Facultad de Farmacia, Universidad de Barcelona, Avda. Joan XXIII, s/n, Barcelona, Espaiia.
3 Departamento SAIFET, Sez. Scienze e ie Alimentari, Uni» i Politécnica delle Marche, Ancona, Italia.

4 CIBER CBO06/03 Fisiopatologia de la Obesidad y la Nutricion, (CIBEROBN) y RETICS RD06/0045/0003. Instituto de Salud Carlos Ill, Espafia.
5 Bodegas Miguel Torres, S.A., M. Torres, 6, Vilafranca del Penedés, Barcelona, Espafia.
* saraarranz@gmail.com

INTRODUCCION MATERIAL Y METODOS
4 Estados de madurez
I PIEL, PULPA, SEMILLA

Una extraccion de polifenoles habitual se basa en la utilizacion de disolventes acuoso-

organicos dando lugar a la obtencion de polifenoles extraibles o de menor peso molecular ‘A e SR (1) Envero 5mL de la solucién etanol:agua

A q 0 i . 7 . (2) Premadurez (80:20) pH 3.5 (2 veces)
que se encuentran mas accesibles en el fruto. Sin embargo, existen compuestos de : Y (5) Madurez
mayor peso molecular que no son extraidos con soluciones acuoso-organicas o g (¢) Sobremadurez

" " * . olfenoles

generalmente formando polimeros de flavanoles o taninos condensados (TC) y
polifenoles hidrolizables (PH) que se encuentran asociados a la matriz vegetal y que 2 Zonas climéticas i e 9o w20
poseen menor accesibilidad y biodisponibilidad [1]. La manera de extraer estos
compuestos del fruto requiere condiciones méas drasticas como son la hidrélisis o la (1) Zona Continental o Fria Butanok:FeCIs/HCI (95:5)

A R o (2) Zona Medierrénea o Caiida 100°C,1h - -
depolimerizacion a altas temperaturas y en medios acidos o basicos [2]. Polifencles Hidrokzables )[4]
El objetivo de este trabajo consistio en la determinacion de polifenoles extraibles y no -
extraibles en las diferentes partes de la uva Cabernet Sauvignon (piel, pulpa y semilla) &

cultivada en diferentes zonas climaticas (zona continental o fria y zona mediterranea o
calida) y recogida en diferentes puntos de madurez.

RES ADOS

Los taninos condensados se encuentran presentes en las tres partes de la uva siendo mucho mayor su contenido en pieles y semillas. Los polifenoles hidrolizables se encuentran en piel
y pulpa siendo mayoritarios en piel aunque su contenido es menor que el de taninos condensados. Ademas el contenido de polifenoles no extraibles es de hasta diez veces superior al de
extraibles.

e St B
H iesisioiond

En cuanto a las diferencias seguin zona climatica, en la zona continental o mas fria se favorece la presencia de taninos condensados y polifenoles hidrolizables en la piel y pulpa mientras
que la semilla de la zona célida posee mayor contenido de taninos condensados. Este tipo de compuestos aumentan en general con el grado de madurez siendo el punto 4
(sobremadurez) el que mayor contenido presenta en comparacion con los grados 1 (envero), 2 (premadurez) y 3 (madurez) en piel y pulpa pero disminuye el contenido de los mismos en
el caso de la semilla, siendo las semillas en estado envero las que mayor cantidad presentan.

Es importante tener en cuenta ademas de los polifenoles extraibles, la cantidad tan importante de polifenoles no extraibles que la uva presenta. El clima frio parece favorecer la
acumulacion de estos compuestos a lo largo de la maduracién sobre todo en piel.
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INTRODUCCION

La variedad de uva blanca Chardonnay es una de las mas apreciadas en el mundo. Originaria de la Borgofia (Francia), su cultivo ha sido extendido a numerosas zonas del mundo entre las
que se encuentra Espafia. La uva Chardonnay es utilizada en la elaboracién de vinos blancos secos, cava y champagne. Se caracteriza por producir mostos suaves y aromaticos y por su
alto nivel de azucares [1, 2].

OBJETIVO

El objetivo de este trabajo es la identificacion de los compuestos polifendlicos presentes en la piel, pulpa y semilla de la uva
Chardonnay de la zona Penedés de Espafia mediante cromatografia de UHPLC-DAD acoplada a un detector de masas con trampa de
iones (LTQ-Orbitrap) que proporciona alta resolucién y masa exacta de los compuestos analizados como se ha descrito en trabajos
anteriores[3, 4, 5].

MATERIAL Y METODOS
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RESULTADOS

Tabla 1. Compuestos fendlicos identificados en piel, pulpa y semilla de la uva Chardonnay.
Compuesto identificado Parte e Im_nrﬁcursor Fragmentacién Férmula ARl
Acido galico pi, se 169,0151 169, 125 C7HB05 B
Hexosa de &cido galico se 331,0732 331, 169, 125 C13H16010
(+)-Catequina pu, pi, se 28,0710 245, 205 C15H1406
Epicatequina pu, pi, se 28,0712 245, 205 C15H1406
(-)-Epicatequin-3-O-galato se 441,0866 289, 271, 169, 125 C22H18010
Procianidina B1 se 577,1331 407, 289, 245 C30H26012 %
PI’OCIEnIdIna B2 pi, se 577,1331 407, 289, 245 C30H26012 i
Proci: ina B3 pu, pi, se 577,1334 407, 289, 245 C30H26012
Procianidina B4 pi, se 577,1325 407, 289, 245 C30H26012
Dimero galoilado se, pi 881,1945 881, 729, 407, 289 C45H38019
Uva Chardonnay Procianidina Trimera se 865,1854 865, 695, 577, 407, 289 C45H38018
Acido Cis-Caftarico pu, pi 311,0413 179, 135 C13H1209
Acido Cis-Cutarico pi 295,0469 163, 119 C13H1208
Acido Fertarico pu, pi 325,0585 193, 149 C14H1409
Acido Siringico pi 197, 0455 197, 153 C9H1005
Acido fertlico pi 193,0506 193, 149 C10H1004
Quercetin-3-O-rutindsido pi 609,1495 609, 301 C27H30016
Quercetin-3-O-glucurénido pi 477,0636 301,151 C21H18013
Quercetin-3-O-glucésido pi 463,0857 301,151 C21H20012
Canferol-3-O-glucésido pi 447,0972 447,285 C21H20011
Trans-Piceido pi 389,1256 227, 185, 143 C20H2208

Los compuestos mayoritarios identificados en piel son flavonoles, flavanoles, acidos hidroxicinamicos y
estilbenos. En la pulpa se identifican algunos flavanoles y acidos hidroxicinamicos. En la semilla se identifican
algunos &cidos benzoicos y principalmente flavanoles del tipo monémero, dimero y trimeros.

CONCLUSIONES

La mayor parte de compuestos fendlicos esta presente en la semilla en forma de flavanoles y en la piel en forma de flavonoles y flavanoles mientras que la pulpa posee un bajo contenido
fendlico formado principalmente por acidos hidroxicinamicos. Algunos compuestos como la catequina y la epicatequina se encuentran presentes en las tres partes de la uva.
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INTRODUCCION — - OBJETIVO
La variedad de uva blanca Albarifio es propia de zonas frias y hiumedas, y en Esparia se cultiva El objetivo de este trabajo es determinar el
ampliamente en Galicia dentro de las Denominaciones de Origen Rias Baixas y Ribeiro, aunque conteJnido de olifenoIer totales (PT)
también se puede encontrar en Cantabria, Castilla y Ledn y Catalufia. En los ultimos afios se ha roteinas reser’:tes en uva Albarifio de dog
observado que el aumento de la temperatura por el cambio climético influye en la maduracion del gonas cIirzéticas diferentes (continental
fruto lo que ha afectado a las caracteristicas sensoriales del producto final, por este motivo, se Mediterranea) a lo largo de la madurez y
estan buscando soluciones que permitan mantener el perfil del vino. 9 :
MATERIAL Y METODOS - RESULTADOS
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CONCLUSION AGRADECIMIENTOS
Los polifenoles y las proteinas de la baya se encuentran mayoritariamente en la semillay en la Al conjunto de empresas del proyecto CENIT-
piel. Las bayas recogidas en la zona calida o mediterranea (Miguel Torres, Finca Fransola) DEMETER FBG 305131,
presentan un mayor contenido de polifenoles totales que las de la zona continental (M.Codax). Palmira Valderas agradece a la Ayuda al
pero se observa el efecto contrario en las proteinas. Personal Investigador en Formacion de la
De este trabajo podemos concluir que la zona climatica influye en el contenido de polifenoles Universidad de Barcelona
totales y proteinas de la uva de la variedad Albarifio. :
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INFLUENCIA DEL CLIMA Y DE LA SOBREMADL’IRACI(’)N DE LAS UVAS VARIEDAD MERLOT
EN EL PERFIL FENOLICO DEL VINO
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5. CONCLUSIONES:

nts during ripening of grape herrics

Tas absorbancias a 280 nm v 320 nm on los vinos de la zona clida son mis elovadas pero no se obscrvaron difrencias L], tood seis 3, 173 130,

significativas on los parimatros de futensidad de: colar, tonalidad v absorbancia a 320 nm entre las dos zonas, En cuanto al - (2) Gonadlsz-Sanjoss, M. L Barrém, 1] R ; Janquera, 3 ; Robrede, L M. 1491 Application of principal comprmant analysis 4
Sl - ipening indices e ine grapes, nad Cotnpax, Ana 24325

perfil fendlico de los vinos, se abservo que los vinas Merlot pertenacientes a la zona cdlida presentan un mayor contenido fiponing indices graprs. ] Faod Compas, Anal., 4, 243235,

| el lfonol (3)Betés-Saura €, Amdrée-Lacusva C, Lamuela-Raventis RM. 1996; Fhenolics in whits [ree run juices and wines irom Fenedis by
n lasuma tofal de los polifeneles ¥ cone bigh-perterinancs Jiquid chromatography: changes durving vinifivation. Journal of Agricultural and Foad Chamistry 14:3040-6,
& observa una tendencia al aumento 4 Andrds Lacuzva, C., Shukit ale, B, Galli, R.1., Jauregui, ., Tamucla Raventds, R, Joseph, J.4. 7005 Anthocyaning in

d rats are found centrally and may enhance memory. Nutritional Neuroscience, $(2), 111-120.

retamente on los dcidos benzoicas y las il

anonas. Por ol contrario, los de la zona

firia prosentan nivelos mayares en antoeianidinas, Por Lo que respecta a la maduracién, s

de los flavanoles y las antacianidinas presentanda ina mayor diferencia entre ol gradu 4 con ol 1y 2, Por ol contrario, los aged blasberry
dcidos hidroxicingmicos disminuyen con la sobremaduracién presentando para ol grado 4 los valores mis pequefios.

La picl pr Tes mis clevados de_epicatoquina, quercetin galactosido y canferol glucdsido en Tazona fria. Tapulpa 7. AGRADECIEMIENTOS:
presenta diferencias en ¢l contenido de deido cafeico, catequina, epicatequina y acido p-cumdrico siendo mayores en la

zona edlida. Por lo que respecta a las semillas, presentan niveles mavores de dcido cafeico, p-cutirico, catequina, A BodegasTorres y Proyecio CENITDEMETER FBG 205131

nta ni

cpicatequina y canferal glucdsido en Ta zuna cilida v de cpigalocatequin galato, hexosa de dcide hidrosibenzoico y acida
fervailghicosido en Ta zana fria.
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Compuestos fenclicos identificador rt, tiempo de retencion, fracciones de los extractos de piel (pi), pulpa (pu) y semilla
(se); [M-HJ' i6n molécular deprotonado; fragmentos y porcentaje de los mayoritarios; PIS, product ion scan, PrIS,
precursor ion scan, NL, experimento de neutral loss, error milDalton y formula molecular; *confirmados con patrones.

de las diferentes partes anatémicas de la uva Albarifio. Hasta 20 mondmeros y oligémeros de flavan-3-oles y sus derivados
os y 8 flavonoles, asi como trans-resveratrol y su glucésido, fueron identificados. La piel resulté ser una rica fuente de &cidos
oles se presentaron principalmente en la semilla. La (+)-catequina y (-)-epicatequina fueron identificados en las tres partes de la
ones investigados, con errores que van desde 0,2 hasta 4,5 mDA. El valor observado de la desviacion de la masa no es mayor que
nte la medicion de masa exacta.

guez-Montealegre, R.; Romero-Peces, R.;

omero, E.J. 2006. [3] Betés-Saura, C.; _

ood Chem. 44 3040-3046. [4] Dietmar, K.; Al conjunto de empresas del proyecto CENIT-DEMETER FBG 305131.
. 52 4360-4367.
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_iIntroduccién —Material y Métodos

La disponibilidad de agua y la temperatura influyen en el crecimiento de la vid y en la calidad de la uva, tanto a
nivel quimico, como microbioldgico y sensorial. Los efectos del cambio climatico son &l adslantamisnto de los
periodos de cosecha, un incremento del azticar de la baya, que se traduce en un mayor grado alcehdlico en los
Vinos, Una menor acidez, mas compuestos fendlicos y la modificacion de algunos compuestos aromaticos. Las - 4 4
altas temperaturas dan lugar a la acumulacidn de metabolitos secundarios coma los polifenoles, que aungue
confieren el color al vino y tienen beneficios para la salud, algunos de gllos también son responsables del sabor
asfringente y amargo de la uva y el vino. PoMeoles ntales ‘“’Tu:','x.“" Y
En este trabajo se ha estudiado &l efecto de la radiacion solar y la disponibilidad de agua sobre los compuestos i oin Ciccaltent
fendlicos y las proteinas de la piel, pulpa y semilla de la uva Albarifio.
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[T 10}

Recogida
okrenadants

Uraporaciden el E108

102 e .
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La semilla y la piel son las partes mas ricas en prdtidos y polifenoles. En todas las partes de la iva los flavanoles (headtiond) m?ﬁ-‘"
son el grupo de palifenoles mayoritario (catequina, epicatequina, procianidinas, dimeros y trimeros). En la pisl, MUESTRAS e
destaca también la presencia de flavonoles {quercetina, quercetin-glucosido y caenferalglucdsido)y, enla pulpa, v - ectadas sinuits de dos vified " 0.0, Rias Bai I .
de acidos benzoicos {acido galico, protocateico y hexosas de &cido galico) y acidos hidroxicindmicos. C‘vasiﬁa :"m rec'o edad az smuéaneamen;e e‘d ods vifiedos gallegos (D.O. Rias Baixas) homogéneos.
Se ha chservado ademas, que las pieles y las pulpas de las uvas de los vifiedos con mayor potencial hidrico y s s CZ as seg'uli gral © elr'na L"‘EZ (Zor en;l lad) s
las orientadas hacia &l norte presentan, en general, una disminucion de compuestos fendlicos y proteinas. Las eparadas seginla orientacion en la vid {cara Norte y Sur)
semillas presentan la misma tendencia respecto a la radiacion solar pero inversa en el caso del potencial hidrico.
POLIFENGLES TOTALES ¥ PROTEINAS POR Ml TODOS POLIFENDLES INDIVIDUALES POR UHPLE |mg/100g) oo
COLORIMETRICOS D T e B . A, . s
Radiacion solar e MIeas: e R
I -r I E
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COLORMETRICOS.

POLIFENOLES INDIVIDUALLS POR UIPAE [me/100g]

Potencial hidrico

Los polifencles mayoritarios en todas las partes de la uva son los flavanoles. Tanto los comptiestos fendlicos como las proteinas aumentan con la
expasicion ala radiacion solar. En la piel yt la pulpa se obsarva una disminucion de estos compuestos con €l fisgo.
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1. Introduccion _' M " m

QI (<89.0) Q2(89.1-119.5) Q3(119.6-160.2) Q4 (>160.3) P for trend!

Polifenoles totales excretados (mg
GAE/ g creatinina)* 728(11.6) 103.1(8.2) 1382(11.1) 226.1(69.8) <0.001

Sujetos 147 148 147 147 0.742
Frutas, verduras y hortalizas totales (g) 557.7(176.8) 580.4(173.3) 577.7(162.1) 633.5(190.1) 0.001
Vino (mL) 121.1(147.0) 81.5(137.9) 101.1(161.5) 81.3(149.3) 0071
Polifenoles totales ingeridos (mg GAE) 1075.6 (354.9) 10575 (3202) 10862 (322.3) 12225 (439.8) 0.001
Alcohol (g) 157(179) 102(16.0) 122(18.5) 99(17.8) 0018
Fibra (g) 22162 220(5.5) 219(5.2) 225(62) 0.606
Sodio (mg/d) 3347.7(959.2) 3088.0 (905.4) 3123.2(1006.5) 3145.4(8772) 0.100
Potasio (mg/d) 3926.7(722.3) 3929.4 (700.9) 3994.8 (805.5) 4029.7(659.7) 0.161
Energia total, Keal/d 2380.1 (586.8) 22380 (472.0) 2205.1(547.4) 2138.5 (476.8) <0.001

2. Materially' Metodos

PT ingeridos (100mg) 0.041 10 0.106
007710 0.154

Frutas, verduras y hortalizas (100g) 0.064 10 0.199
0.056 10 0.198

Vino (100 mL) X . 0171 10 -0.009
0.020 10 0.222

QI (<88.99) Q2 (89-119.46) Q3 (119.47-160.22) Q4 (>160.23) P for trend

Hipertension, n
(%)

Modelo | 1.00 1.82(0.33-10.13) 0.67(0.29-1.55) 0.71(0.53-0.95) 0.021

Modelo 2 1.00 1.39/(0.19-10.34) 0.55 (0.20-1.48) 0.64 (0.45-0.92) 0.047

123 (83.7) 126 (85.1) 113 (76.9) 114 (77.6) 0.067

4. Conclusiones

| 5:Referencias / 6. Agradecimientos
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m CS-green W CS-soft CA-green m CA-soft

In some climate conditions, minor compounds from grapes, secondary
metabolites, do not evolve at the same rate than the major compound of
grapes sugars and acids, they are still immature or green at grape
maturity. Wines made from these green have an adequate alcohol

1. INTRODUCTION m CF-green ® CF- soft
concentration and acidity but the minor compounds give to the wine green
sensory properties, characterized by excess of acididity and astringency

8: o
17
3¢
compared to soft wines that have a light and finely textured astringency el 5 m ¢

1). Gallicacid (ppm) Protocatechuicacid (ppm) ‘Tyrosol (ppm) Catechin (ppm) Epicatechin (ppm)

The aim of this work was to determine differences between green
and soft wines across to specific parameters of the wine and characterize 23
some indicator responsible of this green mouthfeel properties. o ©5 | 109 60
4 22 a2

| ' 1, 104 ™
I | l n '
m B )

w2 M9 g M4 ms 17

Total phenols (2)
profile by HPLC-DAD (3)

cs: cF: ca:
Cabemet  Cabemet Carignan
Sauvignon  Franc.

Total polyphenols (2)
pialpolyphenolz(2) Absorbance at 765 nm =
in
r\ uvvis

24 pL diluted sample inIn e derk B -
— l
50 L Milli-Q water

184 pL Milli-Q water
12 L Folin-Ciocalteu reagent
& 30 pL sodium carbonate 20%

20m
Themo Nutiskan Specum

Phenolic profile by HPLC-DAD (3) ]

time |face A |face B
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faco A: Mill-Q water at 0.2% TFA

fowlat-Packard (HP) 1050

He
face B: acetonitrl at0.2% TFA (Palo Alto, CA)liquid
chromatograph with a diode

CS: Cabernet Sauvignon Ay dotachor P 1060 E
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Co-pigmentation grade at 520 nm
The color intensity of the green “green” wines are higher than “soft” wines from
- the corresponding grapevines.

Differences in total phenolics contents were observed among the “green” and the
soft wines.

Intensity Shade

I oolvphenol “Green” wines have higher grade of co-pigmentation than soft wines. Moreover

tot:

- o p::ZP enos the polymerized anthocyanins at 520 nm may be a good parameter to differentiate
green and soft mouthfeel wines, however more analysis with different are need
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