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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death

worldwide.1 It was estimated to cause 17.8 million deaths in 20172

and one third occurred in people younger than 70 years.1 There is

clear evidence that intervention strategies have helped to reduce

mortality trends but, despite this progress, CVD remains a public

health challenge.3

The incidence of CVD is largely explained by several risk factors,

mostly related to lifestyles, which are in turn potentially

modifiable and susceptible to prevention. These includes cigarette

smoking, low physical activity levels and unhealthy dietary

patterns, all of which can contribute to high blood pressure,

high body mass index (BMI), high total cholesterol levels, and high

fasting plasma glucose levels.4 One of the dietary patterns which

has shown benefits in relation to CVD is the Mediterranean diet.5 It

is postulated that the beneficial effect of the Mediterranean diet is
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A B S T R A C T

Introduction and objectives: Quantification of cardiovascular risk has been based on scores such as

Framingham, Framingham-REGICOR, SCORE or Life’s Simple 7 (LS7). In vitro, animal, and randomized

clinical studies have shown that polyphenols may provide benefits to the vascular system and reduce the

inflammatory response. However, some clinical-epidemiological studies have yielded inconsistent

results. Our aim was to assess the possible association between intake of the various polyphenol classes

and established cardiovascular scores.

Methods: This cross-sectional analysis involved 6633 PREDIMED-Plus study participants. Food

polyphenol content was estimated by a semiquantitative food frequency questionnaire, adjusted for

total energy intake according to the residual method. The association between polyphenol intake and

cardiovascular risk was tested using linear regression analyses.

Results: Total polyphenol and flavonoid intake were directly and significantly associated only with the

LS7 scale. Intake of lignans was directly and significantly associated with SCORE and LS7 scales, stilbene

intake with SCORE, and phenolic acid intake with Framingham and Framingham-REGICOR scores. Other

polyphenol classes were associated in a protective and significant manner in Framingham, SCORE and

LS7 scores. In women, intake of all the polyphenol classes, except phenolic acids, showed a protective

trend in the results of the Framingham, Framingham-REGICOR scores and LS7 scale.

Conclusions: An inverse association was found between consumption of the ‘other polyphenols’ class

and, especially among women, with estimated cardiovascular risk. The results were similar to those of

Framingham, Framingham-REGICOR and LS7 (after eliminating the diet component) and differed from

those of SCORE, but the predictors included were limited in the latter case.
�C 2021 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Ingesta de polifenoles y riesgo cardiovascular en el ensayo PREDIMED-Plus.
Una comparación de diferentes ecuaciones de riesgo

Palabras clave:

Polifenoles

Riesgo cardiovascular

Ecuación cardiovascular

R E S U M E N

Introducción y objetivos: La cuantificación del riesgo cardiovascular se basa en puntuaciones como las de

Framingham, Framingham-REGICOR, SCORE o Life’s Simple 7 (LS7). Los polifenoles pueden proporcionar

beneficios al sistema vascular y reducir la respuesta inflamatoria; sin embargo, los estudios clı́nico-

epidemiológicos muestran resultados discordantes. Nuestro objetivo es evaluar la posible asociación

entre la ingesta de diferentes clases de polifenoles y las puntuaciones cardiovasculares.

Métodos: Estudio transversal sobre 6.633 participantes del estudio PREDIMED-Plus. El contenido de

polifenoles se estimó mediante un cuestionario semicuantitativo de frecuencia alimentaria y se ajustó

por la ingesta energética total según el método de residuales. La asociación entre la ingesta de polifenoles

y el riesgo cardiovascular se evaluó mediante análisis de regresión lineal.

Resultados: La ingesta total de polifenoles y flavonoides se asoció directa y significativamente con la

escala LS7. Igualmente, los lignanos se asociaron directa y significativamente con las escalas SCORE y

LS7; los estilbenos, con la SCORE y los ácidos fenólicos, con las de Framingham y Framingham-REGICOR.

La clase «otros polifenoles» se asoció de manera significativa con las escalas de Framingham, SCORE y LS7.

En las mujeres, la ingesta de todas las clases de polifenoles, excepto los ácidos fenólicos, mostró una

tendencia directa en los resultados de Framingham y Framingham-REGICOR e indirecta con la escala LS7.

Conclusiones: Se encontraron asociaciones inversas entre el consumo de la clase «otros polifenoles» y,

especialmente en las mujeres, el riesgo cardiovascular estimado. Los resultados fueron similares con las

de Framingham, Framingham-REGICOR y LS7 (después de eliminar el componente de dieta) y diferentes

con la SCORE, pero los predictores que se incluyen en este son escasos.
�C 2021 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations

CVD: cardiovascular disease

FFQ: food frequency questionnaire

LS7: Life’s Simple 7
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due to its richness in antioxidant and anti-inflammatory sub-

stances, especially polyphenols.5–11

Polyphenols are found in foods including fruits, cereals,

vegetables, legumes and cocoa, and beverages such as coffee,

tea, and wine.12 These compounds have been observed to show

preventive properties against a wide variety of diseases, including

CVD.13–15 In addition, many studies have shown that polyphenols

may have protective effects in the vascular system and in reducing

inflammatory responses.12,16

In epidemiological studies, the relationship between polyphe-

nol intake and cardiovascular risk factors has been analyzed by

various approaches.7,8,10,17 In almost all of these, an inverse

relationship was observed between them, although results varied

with regard to the polyphenol classes or subclasses. Nevertheless,

the evidence is still too limited to lead to a recommendation for

daily polyphenol intake.

The multifactorial nature of CVD events has led to the

development of multivariable risk assessment tools or CVD risk

scores,18 including Framingham,19 Framingham-REGICOR,20 and

SCORE.21.The Life’s Simple 7 (LS7)22 is an alternative to calculate

optimal cardiovascular health and provide a new approach to the

previous tools. There is wide variability between scores in terms of

in the population on which they are based or in the traits they

include, so they are not exempt from limitations and agreement

problems.23

The aim of this study was to provide a new approach using

different cardiovascular risk scores. Since the scores include

cardiovascular risk factors (cholesterol, hypertension, smoking,

diabetes, overweight/obesity, and other nonmodifiable factors

such as age and sex), commonly gathered in the participants

included in the PREDIMED-Plus trial, the aim was to assess the

possible association between intake of different polyphenol classes

and the Framingham, Framingham-REGICOR, SCORE and LS7

instruments.

METHODS

Study population

This study was based on the cross-sectional analysis of the

baseline data of participants included in PREDIMED-Plus. This is an

ongoing 6-year multicenter, parallel-group, randomized trial,

which is currently being conducted in 23 Spanish recruiting

centers. The trial was registered at the International Standard

Randomized Controlled Trial Registry (ISRCTN89898870). The

study protocol includes more detailed information and is available

in previous publications24–26 and at the ISRCT website.27

Participants consisted of women aged 60 to 75 years and men

aged 55 to 75 years, with a BMI between 27.0 and 40.0 kg/m2 and

meeting at least 3 criteria for metabolic syndrome28 and with no

CVD at enrolment. All participants provided written informed

consent, and the study protocol and procedures were approved

according to the ethical standards of the Declaration of Helsinki by

all the participating institutions.

A total of 9677 people were contacted, of whom 6874 partici-

pants were eligible for the study, and were included in the trial.

After exclusion of participants with missing data for the main

variables and with implausible values for mean daily energy intake

(< 500 and > 3500 kcal/d for women, < 800 and > 4000 kcal/d for

men), 6633 participants were included in the present analysis

(figure 1).

Variables and data collection

Data on age, sex, educational level, anthropometric measure-

ments, dietary habits, and lifestyle were collected at baseline.

Anthropometric evaluations were measured according to the

PREDIMED-Plus protocol. Physical activity was evaluated using

the validated REGICOR Short Physical Activity Questionnaire,29

while the validated Spanish version of the Nurses’ Health Study

questionnaire was used to assess sedentary behavior.30

Adherence to an energy-reduced Mediterranean diet was

assessed with a 17-item questionnaire (17-item erMedDiet),

which is a modified version of the previously validated question-

naire used in the PREDIMED trial.31

Information on sociodemographic and lifestyle habits, individ-

ual and family medical history, smoking status, medical conditions,

and medication use was evaluated by self-reported questionnaires.

Biochemical analyses were performed using overnight fasting

blood samples by standard enzymatic methods. Low-density

lipoprotein cholesterol was calculated using the Friedewald

formula. Blood pressure was measured in triplicate with a

validated semiautomatic oscillometer in a seated position.

Variables included in the cardiovascular risk tools are shown in

table 1, detailing their units. The LS7 scores each of 7 healthy habits

favourably (plus 1 point).

Figure 1. Flowchart of participants from the PREDIMED-Plus trial.
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Estimation of dietary polyphenol intake

Registered study dietitians assessed baseline diet with a

semiuantitative 143-item food frequency questionnaire (FFQ),32

which has been previously validated in the Spanish popula-

tion.33,34

Dietary intake of the aglycone forms of polyphenols was

estimated from the European Phenol Explorer database.35

This procedure standardizes the data of the results of

different analytical methods and facilitates cross-study

comparisons.36

Polyphenol intake was calculated in mg/d (without applying a

retention factor) using food consumption data from the FFQ and

the aglycone polyphenol content of each food contained in the

Phenol Explorer database. The data from the Phenol Explorer

contains information on polyphenol concentration obtained from

both chromatography and chromatography after hydrolysis

analytical methods.

Polyphenol intake values were adjusted for total energy

according to the Willett residuals method37 to obtain intake of

polyphenols, which is not correlated to total energy intake, and

were categorized in sex-specific quintiles.

Statistical analysis

Descriptive statistics were used to define participants’ baseline

characteristics. Data are shown as mean and standard deviation

(SD) and prevalence is expressed as frequency (No.) and

percentage (%). The correlation between the scales was evaluated

with Pearson pairwise correlations.

Linear regression models were carried out using CVD risk

(Framingham, SCORE, Framingham-REGICOR and LS7) as the

dependent variable and total polyphenol intake and the intake

of their classes in quintiles as the independent variable.

The original risk equations were evaluated and, subsequently,

the included CVD risk factors were eliminated from each equation

one by one (total cholesterol, smoking status, BP, diabetes, and

high-density lipoprotein cholesterol) and physical activity, BMI,

healthy diet, and fasting plasma glucose were eliminated in the

case of the LS7.

All regression models were stratified by sex and adjusted for

recruiting center, intervention group, and cluster. Values are

shown as beta coefficients and 95% confidence intervals (95%CI).

The analyses were performed with the Stata statistical software

package version 15.1 (StataCorp LP, United States).

RESULTS

Table 2 shows the main characteristics of the 6633 participants

from the PREDIMED-Plus study according to quintiles of total

dietary polyphenol intake. Participants included in the fifth

quintile of polyphenol intake were mainly men, with the highest

score in the 17-item MedDiet questionnaire and higher physical

activity and energy dietary intake than in the other quintiles. In

addition, participants in the fifth quintile had less diabetes and

lower BMI than those in the other quintiles.

The 4 scores were statistically significantly correlated

(P < .001): the coefficient was 0.849 for Framingham and

Framingham-REGICOR, 0.731 for Framingham and SCORE,

�0.309 Framingham and LS7 was, 0.602 for Framingham-REGICOR

and SCORE, �0.333 for Framingham-REGICOR and LS7, and �0.249

for SCORE and LS7.

The associations between the energy-adjusted dietary intake of

polyphenols and cardiovascular risk for the different risk equations

are shown in table 3 and in the supplementary tables. Total

polyphenol and flavonoid intake were only directly and signifi-

cantly associated with the LS7 scale. Total polyphenol and

flavonoid intake were only directly and significantly associated

with the LS7 scale. Regarding Q1 of total polyphenol intake, the

participants in Q5 showed an improvement in cardiovascular

health of 10% (bQ5vs.Q1 = 0.10; 95%CI, 0.04-0.17). For those in Q5 of

flavonoid intake, the improvement in cardiovascular health was

17% (bQ5vs.Q1 = 0.17; 95%CI, 0.10-0.24). Similarly, Q5 intake of

lignans (in relation to Q1) was associated with an increase in the

risk of cardiovascular death of 48% (SCORE: bQ5vs.Q1 = 0.48; 95%CI,

0.25-0.71) and with an increase in cardiovascular health of 23%

(LS7: bQ5vs.Q1 = 0.23; 95%CI, 0.16-0.30). The Q5 intake in stilbenes

was associated with a 38% increase in the risk of cardiovascular

death (SCORE: bQ5vs.Q1 = 0.38; 95%CI, 0.15-0.62), Q5 intake of

phenolic acids with a 191% increase in total CVD risk (Framingham:

bQ5vs.Q1 = 1.91; 95%CI, 0.76-3.06) and with a 27% increase in

coronary risk (Framingham-REGICOR: bQ5vs.Q1 = 0.27; 95%CI, 0.00-

0.54). Intake of other polyphenols was significantly associated in

Framingham (bQ5vs.Q1 = �1.22; 95%CI, �2.37 to �0.07) and SCORE

(bQ5vs.Q1 = �0.32; 95%CI, �0.55 to �0.08), decreasing total CVD risk

by 122% and coronary risk by 8%, respectively.

For the stratified analysis by sex, in women, the intake of all the

polyphenol classes, except phenolic acids, showed an indirect

association in the results of the Framingham and Framingham-

REGICOR scores and a direct association in the LS7 scale. Other

polyphenol intake also showed the same result for the SCORE

equation. In men, total polyphenol intake was directly associated

Table 1

Traits included in the estimation of the different cardiovascular risk scores

Scores

SCORE REGICOR Framingham Life’s Simple 7

Age Age Age BMI (< 25 kg/m2)

Sex Sex Sex Healthy diet (� 12 point in 17-item MedDiet

questionnaire)

Total colesterol, mmol/L Total colesterol, mg/dL Total colesterol, mg/dL Total colesterol (� 200 mg/dL)

Smoking status (current/nonsmoker) Smoking status

(current/nonsmoker)

Smoking status

(current/nonsmoker)

No smoking

SBP, mmHg SBP, mmHg SBP with treatment, mmHg BP (SBP � 120 and DBP � 80)

DBP, mmHg SBP without treatment, mmHg Physical activity (� 500 METs-h/wk)

HDL-cholesterol, mg/dL HDL-cholesterol, mg/dL Fasting plasma glucose (� 100 mg/dL)

Diabetes Diabetes

BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; SBP, systolic blood pressure.
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Table 2

Baseline characteristics of the PREDIMED-Plus participants according to quintiles of polyphenol intake

Total polyphenol intake (mg/d)

Range Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P

(� 402.7) (403.0-507.8) (507.8-620.7) (620.7-786.5) (� 786.6)

No. 1327 1327 1326 1327 1326

Age, y 65.3 � 4.9 65.1 � 5.0 65.1 � 4.9 65.0 � 4.9 65.1 � 4.9 .67

Female sex, % 711 (53.6) 676 (50.9) 674 (50.8) 597 (45.0) 551 (41.6) < .001

Smokers 163 (12.3) 176 (13.3) 155 (11.7) 159 (12.0) 168 (12.7) .76

Systolic blood pressure 140 �18 140 � 17 139 � 16 140 � 17 139 � 17 .83

Diastolic blood pressure 80.33 � 10.18 80.58 � 9.84 80.95 � 9.72 81.13 � 10.06 81.33 � 9.90 .07

HDL-C 48 � 12 48 � 12 48 � 12 49 � 12 48 � 12 .16

Total colesterol, mg/dL 197 � 38 196 � 38 196 � 38 197 � 36 198 � 38 .58

Presence of diabetes 378 (28.5) 394 (29.7) 386 (29.1) 366 (27.6) 301 (22.7) < .001

BMI, kg/m2 32.8 � 3.5 32.5 � 3.5 32.6 � 3.5 32.6 � 3.5 32.2 � 3.3 < .001

Blood glucose 114 � 30 115 � 32 114 � 29 113 � 27 112 � 27 .06

17-item MedDiet questionnaire (� 12 points) 104 (7.8) 150 (11.3) 191 (14.4) 208 (15.7) 273 (20.6) < .001

Physical activity (METs-h/wk) 38.5 � 36.7 40.3 � 33.3 42.5 � 38.6 44.7 � 40.5 46.5 � 41.0 < .001

Total energy intake (kcal/d) 1971 � 460 2208 � 470 2351 � 482 2523 � 483 2773.36 � 501.16 <.001

Antihypertensive treatment 1017 (76.7) 1038 (78.2) 1031 (77.8) 1029 (77.5) 1038 (78.3) .83

Lipid-lowering treatment 700 (52.8) 684 (51.5) 686 (51.7) 663 (50.0) 674 (50.8) .82

Familiar history of CVD 539 (41.7) 545 (41.9) 539 (41.3) 535 (41.3) 539 (41.4) .99

BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol.

The data are expressed as No. (%) or mean � standard deviation.

Table 3

Association between polyphenol intake and cardiovascular risk scores stratified by sex in the PREDIMED-Plus trial

Polyphenol intake Framingham quintile 5 vs quintile 1 Framingham-REGICOR quintile 5 vs quintile 1

All Men Women All Men Women

Flavonoids �0.71 (�1.86; 0.43)

(P = .222)

�0.02 (�1.61; 1.57)

(P = .980)

�1.52 (�2.57; �0.47)

(P = .005)

�0.13 (�0.39; 0.14)

(P = .344)

0.17 (�0.24; 0.57)

(P = .418)

�0.45 (�0.71; �0.19)

(P < .001)

Lignans 0.56 (�0.59; 1.71)

(P = .341)

1.41 (�0.18; 3.00)

(P = .083)

�0.31 (�1.37; 0.74)

(P = .558)

0.04 (�0.23; 0.31)

(P = .773)

0.40 (�0.01; 0.80)

(P = .054)

�0.34 (�0.60; �0.08)

(P = .009)

Stilbenes 0.15 (�1.00; 1.30)

(P = .798)

0.97 (�0.62; 2.56)

(P = .231)

�0.65 (�1.70; 0.41)

(P = .230)

�0.1 (�0.36; 0.17)

(P = .472)

0.25 (�0.15; 0.66)

(P = .218)

�0.47 (�0.73; �0.21)

(P < .001)

Phenolic acids 1.91 (0.76; 3.06)

(P < .001)

2.79 (1.20; 4.37)

(P < .001)

0.85 (�0.20; 1.90)

(P = .114)

0.27 (0.00; 0.54)

(P = .047)

0.38 (�0.02; 0.79)

(P = .063)

0.13 (�0.13; 0.39)

(P = .340)

Other polyphenols �1.22 (�2.37; �0.07)

(P = .038)

�0.75 (�2.34; 0.84)

(P = .353)

�1.79 (�2.84; �0.73)

(P < .001)

�0.17 (�0.44; 0.09)

(P = .202)

0.08 (�0.32; 0.49)

(P = .688)

�0.46 (�0.72; �0.20)

(P < .001)

Total Polyphenols �0.13 (�1.28; 1.02)

(P = .823)

0.97 (�0.62; 2.56)

(P = .230)

�1.40 (�2.45; �0.35)

(P = .009)

�0.02 (�0.29; 0.25)

(P = .879)

0.42 (0.01; 0.82)

(P = .043)

�0.50 (�0.76; �0.24)

(P < .001)

Polyphenol intake SCORE quintile 5 vs quintile 1 Life’s Simple 7 quintile 5 vs quintile 1

All Men Women All Men Women

Flavonoids 0.12 (�0.12; 0.35)

(P = .328)

0.31 (�0.05; 0.68)

(P = .088)

�0.12 (�0.36; 0.12)

(P = .335)

0.17 (0.10; 0.24)

(P < .001)

0.18 (0.09; 0.27)

(P < .001)

0.23 (0.13; 0.33)

(P < .001)

Lignans 0.48 (0.25; 0.71)

(P < .001)

0.73 (0.37; 1.09)

(P < .001)

0.19 (�0.05; 0.43)

(P = .128)

0.23 (0.16; 0.30)

(P < .001)

0.23 (0.14; 0.33)

(P < .001)

0.28 (0.18; 0.38)

(P < .001)

Stilbenes 0.38 (0.15; 0.62)

(P < .001)

0.64 (0.28; 1.00)

(P < .001)

0.13 (�0.12; 0.37)

(P = .314)

0.03 (�0.04; 0.1)

(P = .220)

�0.04 (�0.14; 0.05)

(P = .366)

0.13 (0.03; 0.24)

(P = .009)

Phenolic acids 0.02 (�0.22; 0.25)

(P = .899)

�0.01 (�0.37; 0.35)

(P = .949)

0.03 (�0.21; 0.27)

(P = .813)

�0.03 (�0.10; 0.03)

(P = .191)

�0.06(�0.16; 0.03)

(P = .169)

�0.03 (�0.13; 0.07)

(P = .605)

Other polyphenols �0.32 (�0.55; �0.08)

(P = .008)

�0.30 (�0.66;0.06)

(P = .102)

�0.32 (�0.56;�0.08)

(P = .010)

0.06 (�0.01; 0.12)

(P < .001)

0.11 (0.02; 0.21)

(P = .015)

0.19 (0.09; 0.29)

(P < .001)

Total polyphenols 0.10 (�0.13; 0.34)

(P = .384)

0.29 (�0.70; 0.65)

(P = .114)

�0.13 (�0.37; 0.12)

(P = .300)

0.10 (0.04; 0.17)

(P < .001)

0.11 (0.01; 0.20)

(P = .024)

0.20 (0.10; 0.30)

(P < .001)

The table shows the adjusted mean difference in the cardiovascular risk scores for the 5th vs the 1st quintile of polyphenol intake and the P for trend. The data are expressed as

beta coefficients and 95% confidence intervals. Results from multivariable linear regression models adjusted for recruiting center, intervention group, and cluster.
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with the Framingham-REGICOR and LS7 equations. Intake of

lignans was directly associated with SCORE and LS7 equations,

stilbene intake with SCORE, and intake of other polyphenols with

the LS7 scale.

Table 4 shows the main results derived from linear regression

models after removal of 1 risk factor at a time from each score. In

general, for Framingham, Framingham-REGICOR and SCORE, the

inverse associations were maintained even if some risk factors

were not taken into account in the equations (for Framingham and

Framingham-REGICOR in flavonoids and total polyphenols, and for

the 3 equations in other polyphenols). The direct association was

reversed in Framingham and Framingham-REGICOR equations

when blood pressure was eliminated for lignans and, in Framing-

ham for stilbenes when cholesterol, blood pressure and diabetes

were removed. The best cardiovascular health (higher score on LS7

scale) was found when consumption of all polyphenol classes

(except for phenolic acids) was highest, regardless of removing

traits from the equation, except when a healthy diet was removed.

DISCUSSION

In this cross-sectional study, we evaluated the relationship

between intake of different polyphenol classes and estimated

cardiovascular risk measured with different tools in the cohort of

the PREDIMED-Plus trial.

Previous evidence, mainly from in vivo or in vitro studies,

suggests that polyphenol intake reduces CVD probably due to their

anti-inflammatory effect, since they lower blood pressure, protect

pancreatic cells, improve insulin resistance, inhibit platelet

aggregation, reduce very low-density lipoprotein, reduce plasma

triglyceride levels, improve nitric oxide homeostasis, antagonize

atherogenesis, and improve atherosclerosis.12,38

A few previous studies have evaluated the association between

the Mediterranean diet39 and other dietary patterns40 with

cardiovascular risk but none has evaluated the association

between polyphenol intake and overall cardiovascular risk

measured by risk equations. Previous reports were of associations

with individual cardiovascular risk factors, mostly focused on the

flavonoid family41 and on components of the metabolic syn-

drome.42–44

Our results are consistent with those already published from

the PREDIMED-Plus trial9,10 in which intake of stilbenes and

lignans showed a direct association, while intake of flavonoids and

other polyphenols showed an inverse association with systolic and

diastolic blood pressure. All polyphenol classes were directly

associated with high-density lipoprotein cholesterol. The direct

association between phenolic acids with the equations and their

inverse association with LS7 could also be seen in the aforemen-

tioned study,10 in which this family showed a direct and significant

association with fasting plasma glucose and, in another study, with

higher levels of low-density lipoprotein cholesterol.45 However,

another study reported that phenolic acids showed an inverse

association with blood pressure, glucose and lipid metabolism, as

well as a stronger independent association with metabolic

syndrome.42 The main source of phenolic acids in our participants

was coffee,10 and some studies have suggested a J-shape

relationship between coffee and cardiovascular risk,45,46 which

could partly explain the inconclusive results.

Other polyphenol intakes showed a tendency for a protective

effect against CVD risk measured by all scores. One of the main

sources of these polyphenols in our participants were olives and

olive oil,10 which have shown health benefits, mainly attributable

to their polyphenol content, which include improvements in lipid

profile, insulin sensitivity and endothelial function, as well as

antiatherosclerotic and antithrombotic properties.47,48

Interestingly, in the analyses stratified by sex a stronger

protective trend was observed in women (except for the phenolic

acid family) and, in most cases, results were statistically

significant and in the opposite direction than for men. In general,

the effects of the Mediterranean diet appear to be greater in men

than in premenopausal women when cardiometabolic changes

are considered,49 although in this trial the women were

postmenopausal. However, the results of the present study are

in line with those previously observed in the trial.10Another study

also reported that consumption of foods rich in flavonoids was

inversely associated with cardiovascular risk factors in premeno-

pausal women but not in men.50 As in the aforementioned

publication, men’s habits may have changed due to diagnosis of

high cardiovascular risk. In fact, men showed higher CVD risks,

measured with all scales, than women. Therefore, reverse

causality may have taken place.

Regarding risk equations, the results were concordant for

Framingham, Framingham-REGICOR, and LS7. The SCORE equation

has shown direct associations with the intake of all the polyphenol

classes (except for other polyphenols in all participants and

flavonoids and total polyphenols in women).

Differences between polyphenol classes were assessed by a

sensitivity analysis. The healthy diet (adherence to the Mediterra-

nean diet) was eliminated from the LS7 scale to check whether the

direct association was due to the correlation between diet and

polyphenols. In many cases, the direct association was maintained,

although in others (stilbenes, other polyphenols, total polyphe-

nols) the association became inverse. The latter suggests that this

scale was in harmony with the results shown in the rest of the

scores.

In the present study, the 4 scales showed a significant

correlation, in addition to showing similar results when they

were related to polyphenol intake. Although no studies have been

found that compared the equations in this way, those that

compared them with each other have shown variation between

these scores. The main differences or limitations of these equations

are the variables included and the ages for which they were

designed. In addition, the risks measured are different, since

Framingham addresses total CVD risk, REGICOR addresses coro-

nary risk, SCORE addresses cardiovascular mortality and LS7

measures cardiovascular health. Discrepancies in the detection of

high risk have also been shown, specifically, SCORE and Framing-

ham classify different patients as high risk51 and REGICOR

classifies fewer individuals as high risk than SCORE.52 In general,

most equations work similarly in terms of discrimination, but

calibration can vary widely, depending mostly on the population to

which it is applied.53

Limitations and strengths

We acknowledge that our study may have some limitations.

First, and given the cross-sectional design of the study, there is a

problem in determining the temporal relationship of a presumed

cause and effect. Moreover, our entire study population is at high

cardiovascular risk due to the trial protocol. Furthermore, the

outcome is not an event, but an estimate of cardiovascular risk

and the equations take into account factors that cannot be

influenced by polyphenol intake (eg, age, sex, smoking status)

and others that have shown benefits (eg, total cholesterol, high-

density lipoprotein cholesterol, blood pressure). SCORE is the

equation that includes most of these factors. In addition, no

adjustment for lifestyle or other dietary factors was made, to

compare the results for the equations with others, although LS7

includes physical activity and the results between them

were similar. Another limitation is that self-reported dietary
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Table 4 (Continued)

Sensitivity analyses for the association between polyphenol intake and cardiovascular risk scores stratified by sex

Framingham. Quintile 5 vs quintile 1 F-REGICOR. Quintile 5 vs quintile 1 SCORE. Quintile 5 vs quintile 1 Life’s Simple 7. Quintile 5 vs quintile 1

All Men Women All Men Women All Men Women All Men Women

Other

polyphenols

Original �1.22

(�2.37; �0.07)

�0.75

(�2.34; 0.84)

�1.79

(�2.84; �0.73)

�0.17

(�0.44; 0.09)

0.08

(�0.32; 0.49)

�0.46

(�0.72; �0.20)

�0.32

(�0.55; �0.08)

�0.30

(�0.66; 0.06)

�0.32

(�0.56; �0.08)

0.06

(�0.01; 0.12)

0.06

(�0.04; 0.15)

0.06

(�0.04; 0.16)

Without total

cholesterol

�1.41

(�2.69; �0.13)

�0.95

(�2.69; 0.79)

�1.97

(�3.12; �0.83)

�0.28

(�0.63; 0.06)

�0.15

(�0.64; 0.33)

�0.45

(�0.71; �0.18)

�0.40

(�0.66; �0.13)

�0.40

(�0.80; 0.01)

�0.38

(�0.64; �0.13)

0.08

(0.02; 0.14)

0.06

(�0.02; 0.14)

0.10

(0.02; 0.18)

Without blood

preassure

�0.12

(�0.92; 0.68)

0.22

(�0.88; 1.32)

�0.47

(�0.96; 0.02)

0.00

(�0.23; 0.23)

0.19

(�0.14; 0.53)

�0.20

(�0.37; �0.03)

�0.06

(�0.17; 0.06)

�0.06

(�0.24; 0.12)

�0.04

(�0.15; 0.07)

0.04

(�0.03; 0.10)

0.04

(�0.05; 0.13)

0.04

(�0.05; 0.13)

Without

diabetes /

fasting plasma

glucose

�1.62

(�2.59; �0.64)

�1.77

(�3.09; �0.45)

�1.51

(�2.29; �0.73)

�0.25

(�0.48; �0.02)

�0.16

(�0.52; 0.19)

�0.35

(�0.54; �0.17)

0.09 (0.03; 0.15) 0.13 (0.05; 0.22) 0.05

(�0.04; 0.13)

Without

healthy diet

�0.03

(�0.09; 0.03)

�0.03

(�0.12; 0.05)

�0.02

(�0.11; 0.07)

Total

polyphenols

Original �0.13

(�1.28; 1.02)

0.97

(�0.61; 2.56)

�1.40

(�2.45; �0.35)

�0.02

(�0.29; 0.25)

0.42 (0.01; 0.82) �0.50

(�0.76; �0.24)

0.10

(�0.13; 0.34)

0.29

(�0.07; 0.65)

�0.13

(�0.37;0.12)

0.10 (0.04; 0.17) 0.08

(�0.01; 0.18)

0.13

(0.03; 0.23)

Without total

cholesterol

�0.29

(�1.57; 0.99)

0.66

(�1.07; 2.40)

�1.49

(�2.63; �0.35)

�0.09

(�0.43; 0.25)

0.19

(�0.30; 0.68)

�0.43

(�0.69; �0.17)

0.09

(�0.17; 0.35)

0.28

(�0.13; 0.68)

�0.16

(�0.42; 0.10)

0.12 (0.06; 0.18) 0.11 (0.03; 0.19) 0.13

(0.05; 0.22)

Without blood

preassure

0.14

(�0.66; 0.94)

0.76

(�0.35; 1.86)

�0.58

(�1.07; �0.09)

0.05

(�0.18; 0.27)

0.39 (0.05; 0.72) �0.32

(�0.50; �0.15)

0.13 (0.02; 0.25) 0.22 (0.05; 0.40) 0.01

(�0.10; 0.12)

0.10 (0.04; 0.17) 0.08

(�0.01; 0.17)

0.12

(0.03; 0.21)

Without diabetes/

fasting plasma

glucose

0.20

(�0.77; 1.17)

0.93

(�0.38; 2.25)

�0.64

(�1.42; 0.14)

0.06

(�0.16; 0.29)

0.37 (0.02; 0.72) �0.26

(�0.45; �0.08)

0.10 (0.04; 0.15) 0.10 (0.02; 0.18) 0.09

(0.01; 0.18)

Without

healthy diet

�0.01

(�0.08; 0.05)

�0.03

(�0.12; 0.05)

0.01

(�0.08; 0.10)

The table shows the adjustedmean difference in the cardiovascular risk scores for the 5th vs the 1st quintile of polyphenol intake. The data are expressed as beta coefficients and 95% confidence intervals. Results frommultivariable

linear regression models adjusted for recruiting centre, intervention group and cluster.
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information may have led to some misclassification. However,

the FFQ used was previously validated in the adult Spanish

population and showed good reproducibility and validity.29

Finally, other factors affecting polyphenol content could be a

limitation: the estimation of their intake through the FFQ, the

differences in their absorption and in their bioactivity,54 the

synergies with other polyphenols, nutrients or compounds,55

factors related to climate stress, geography, and storage

conditions or losses during cooking.56 In addition, polyphenols

were grouped instead of considering only individual compounds

and therefore important associations for individual compounds

may have been missed.

On the other hand, our study also has important strengths, such

as its multicenter design, the large sample size and the high-

quality, detailed information collected by qualified interviewers.

Second, our database was built including all available information

on polyphenol content in Phenol Explorer, with a mixture of data

extracted from chromatography and chromatography after hydro-

lysis data and this consumption was adjusted using the residuals

method. In addition, 4 different scores were used to assess

cardiovascular risk, since CVD is a multifactorial disease and we

found similar results between the scores. The strength of these

findings was reinforced by the results obtained from the sensitivity

analysis. Another strength of this study is the analysis stratified by

sex, allowing us to detect differences with the overall analysis.

Finally, this is the first study to evaluate the influence of

polyphenol intake on cardiovascular risk as measured by these

4 different risk equations. The lack of epidemiologic studies

precluded us from comparing our results with those of other

studies.

CONCLUSIONS

This study shows the association between polyphenol classes

and global cardiovascular risk, showing an inverse association

between the class of other polyphenols and especially

among women. The results were similar for Framingham,

Framingham-REGICOR and LS7 (after eliminating diet). SCORE

showed different results, but the predictors considered in this

equation are limited and do not include some important ones such

as diabetes or high-density lipoprotein cholesterol, while it

includes other traits with which polyphenols may have no

associations.
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following projects: PI13/00673, PI13/00492, PI13/00272, PI13/

01123, PI13/00462, PI13/00233, PI13/02184, PI13/00728, PI13/

01090, PI13/01056, PI14/01722, PI14/00636, PI14/00618, PI14/

00696, PI14/01206, PI14/01919, PI14/00853, PI14/01374, PI14/

00972, PI14/00728, PI14/01471, PI16/00473, PI16/00662, PI16/

01873, PI16/01094, PI16/00501, PI16/00533, PI16/00381, PI16/

00366, PI16/01522, PI16/01120, PI17/00764, PI17/01183, PI17/

00855, PI17/01347, PI17/00525, PI17/01827, PI17/00532, PI17/

00215, PI17/01441, PI17/00508, PI17/01732, PI17/00926, PI19/

00957, PI19/00386, PI19/00309, PI19/01032, PI19/00576, PI19/

00017, PI19/01226, PI19/00781, PI19/01560, and PI19/01332), the

Especial Action Project entitled: Implementación y evaluación

de una intervención intensiva sobre la actividad fı́sica Cohorte

PREDIMED-Plus grant to J. Salas-Salvadó, the European Research
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D. Romaguera, J. López-Miranda, R. Estruch, M.R. Bernal-López,
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WHAT IS KNOWN ABOUT THE TOPIC?

- Polyphenols have shown benefits in improving cardio-

vascular risk factors, but the evidence is still too limited

to support a recommendation for daily polyphenol

intake for cardiovascular disease prevention.

- So far, no study has been found that relates polyphenol

intake with the cardiovascular risk scores used in this

study.

WHAT DOES THIS STUDY ADD?

- This is the first study to evaluate the relationship

between the intake of different classes of polyphenols

and cardiovascular risk measured by 4 different risk

scores.

- The results obtained allowed comparison of these

4 equations with each other.
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32. Fernández-Ballart JD, Piñol JL, Zazpe I, et al. Relative validity of a semi-quantitative
food-frequency questionnaire in an elderly Mediterranean population of Spain. Br J
Nutr. 2010;103:1808–1816.

33. Martin-Moreno JM, Boyle P, Gorgojo L, et al. Development and validation of a food
frequency questionnaire in Spain. Int J Epidemiol. 1993;22:512–519.

34. De la Fuente-Arrillaga C, Ruiz ZV, Bes-Rastrollo M, et al. Reproducibility of an FFQ
validated in Spain. Public Health Nutr. 2010;13:1364–1372.

35. Neveu V, Perez-Jimenez J, Vos F, et al. Phenol Explorer: an online comprehensive
database on polyphenol contents in foods. Database (Oxford). 2010. http://doi.org/
10.1093/database/bap024.

36. Balentine DA, Dwyer JT, Erdman JW, et al. Recommendations on reporting require-
ments for flavonoids in research. Am J Clin Nutr. 2015;101:1113–1125.

37. Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemio-
logic studies. Am J Clin Nutr. 1997;65(4 Suppl):1220S–1228S.

M. Rubı́n-Garcı́a et al. / Rev Esp Cardiol. 2022;75(5):401–411410

https://doi.org/10.1016/j.rec.2021.06.013
https://doi.org/10.1016/j.rec.2021.06.013
https://www.who.int/health-topics/cardiovascular-diseases/
https://www.who.int/health-topics/cardiovascular-diseases/
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0290
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0290
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0290
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0290
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0295
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0295
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0300
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0300
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0300
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0300
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0305
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0305
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0310
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0310
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0310
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0315
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0315
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0320
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0320
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0320
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0325
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0325
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0325
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0325
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0330
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0330
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0330
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0330
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0335
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0335
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0335
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0335
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0340
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0340
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0345
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0345
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0345
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0350
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0350
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0350
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0355
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0355
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0360
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0360
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0360
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0365
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0365
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0365
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0365
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0370
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0370
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0375
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0375
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0380
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0380
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0380
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0385
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0385
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0385
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0390
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0390
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0390
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0390
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0390
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0395
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0395
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0400
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0400
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0400
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0405
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0405
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0405
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0405
http://www.predimedplus.com/
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0420
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0425
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0425
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0430
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0430
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0430
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0435
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0435
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0435
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0435
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0440
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0440
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0440
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0445
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0445
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0450
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0450
http://dx.doi.org/10.1093/database/bap024
http://dx.doi.org/10.1093/database/bap024
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0460
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0460
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0465
http://refhub.elsevier.com/S1885-5857(21)00199-7/sbref0465


38. Santos CN, Gomes A, Oudot C, et al. Pure Polyphenols Applications for Cardiac
Health and Disease. Curr Pharm Des. 2018;24:2137–2156.

39. Bédard A, Dodin S, Corneau L, et al. Impact of the traditional Mediterranean diet on
the Framingham risk score and the metabolic syndrome according to sex. Metab
Syndr Relat Disord. 2014;12:95–101.

40. Shahavandi M, Amini MR, Shahinfar H, et al. Major dietary patterns and predicted
cardiovascular disease risk in an Iranian adult population. Nutr Health. 2020. http://
doi.org/10.1177/0260106020952591.

41. do Rosario VA, Schoenaker DAJM, Kent K, Weston-Green K, Charlton K. Association
between flavonoid intake and risk of hypertension in two cohorts of Australian
women: a longitudinal study. Eur J Nutr. 2020. https://doi.org/10.1007/
s00394-020-02424-9

42. Grosso G, Stepaniak U, Micek A, et al. Dietary polyphenols are inversely associated
with metabolic syndrome in Polish adults of the HAPIEE study. Eur J Nutr.
2017;56:1409–1420.

43. Vetrani C, Vitale M, Bozzetto L, et al. Association between different dietary
polyphenol subclasses and the improvement in cardiometabolic risk factors:
evidence from a randomized controlled clinical trial. Acta Diabetol. 2018;55:
149–153.

44. Sohrab G, Hosseinpour-Niazi S, Hejazi J, Yuzbashian E, Mirmiran P, Azizi F. Dietary
polyphenols and metabolic syndrome among Iranian adults. Int J Food Sci Nutr.
2013;64:661–667.

45. Wisnuwardani RW, De Henauw S, Forsner M, et al. Polyphenol intake and meta-
bolic syndrome risk in European adolescents: the HELENA study. Eur J Nutr.
2020;59:801–812.

46. Miranda AM, Steluti J, Fisberg RM, et al. Association between Coffee Consumption
and Its Polyphenols with Cardiovascular Risk Factors: A Population-Based Study.
Nutrients. 2017;9:276.

47. Ditano-Vázquez P, Torres-Peña JD, Galeano-Valle F, et al. The Fluid Aspect of the
Mediterranean Diet in the Prevention and Management of Cardiovascular Disease

and Diabetes: The Role of Polyphenol Content in Moderate Consumption of Wine
and Olive Oil. Nutrients. 2019;11:2833.

48. Mehmood A, Usman M, Patil P, Zhao L, Wang C. A review on management
of cardiovascular diseases by olive polyphenols. Food Sci Nutr. 2020;8:4639–
4655.

49. Franconi F, Campesi I, Romani A. Is Extra Virgin Olive Oil an Ally for Women’s and
Men’s Cardiovascular Health? Cardiovasc Ther. 2020;2020:6719301.

50. Mennen LI, Sapinho D, de Bree A, et al. Consumption of foods rich in flavonoids is
related to a decreased cardiovascular risk in apparently healthy French women. J
Nutr. 2004;134:923–926.

51. Baena Dı́ez J, del Val Garcı́a J, Salas Gaetgens L, et al. Comparación de los moldelos
SCORE y REGICOR para el cálculo del riesgo cardiovascular en sujetos sin enfer-
medad cardiovascular atendidos en un centro de salud de Barcelona. Rev Esp Salud
Publ. 2005;79:453–464.
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