
1 
 

Association between dietary fibre intake and fruits, vegetables or whole grain consumption and 

the risk of cardiovascular disease. Results from the PREDIMED trial 

 

Pilar Buil-Cosiales1 2 3 4, Estefania Toledo1 2 4 5, Jordi Salas-Salvadó1 2 8, Itziar Zazpe1 2 4 5, Marta 

Farrás-Mané1 2 14 15, Francisco Javier Basterra-Gortari1 2 4 6, Javier Diez-Espino1 2 3 4 Ramon Estruch1 2 

20, Dolores Corella1 2 7, Emilio Ros1 2 9, Amelia Martí1 2 4 19, Enrique Gómez-Gracia1 2 10, Manuel 

Ortega-Calvo2 11, Fernando Arós1 2 12, Manuel Moñino2 13, Lluis Serra-Majem1 2 16, Xavier Pintó1 2 17, 

Rosa Maria Lamuela-Raventós1 2 18, Nancy Babio2 8, Jose I. Gonzalez2 7, Montserrat Fitó1 2 14 , MA 

Martínez-González1 2 4 5 for the PREDIMED investigators 

1,The PREDIMED (Prevención con Dieta Mediterránea) Research Network (RD 06/0045)  

2.Centro de Investigación Biomédica en Red Fisiopatología de la Obesidad y Nutrición (all authors), 

both from Instituto de Salud Carlos III, Madrid;  

3.Atención Primaria. Servicio Navarro de Salud-Osasunbidea. Navarra 

4.IdiSNA, Navarra Institute por Health Research  

5.Department of Preventive Medicine and Public Health, University of Navarra- 

6.Department of endocrinology.Hospital Reina Sofia. Servicio Navarro de Salud-Osasunbidea. 

Navarra 

7 Department of Preventive Medicine, University of Valencia, Valencia.  

8 Human Nutrition Department, Hospital Universitari Sant Joan, Institut d'Investigació Sanitaria Pere 

Virgili, Universitat Rovira i Virgili, Reus  

9 Lipid Clinic, Department of Endocrinology and Nutrition, Institut d'Investigacions Biomèdiques 

August Pi i Sunyer, Hospital Clinic, University of Barcelona, Barcelona  

10 Department of Preventive Medicine, University of Malaga, Malaga  

11 Department of Family Medicine, Distrito Sanitario Atención Primaria Sevilla, Centro de Salud 

Esperanza Macarena, Sevilla  

12 Department of Cardiology, University Hospital of Alava, Vitoria Área de Fisiopatología 

Cardiovascular y Epidemiología Nutricional. Instituto de Investigación Sanitaria de Palma ( 

13. Hospital Universitario Son Espases, Palma de Mallorca 

14  Cardiovascular and Nutrition Research Group, Institut de Recerca Hospital del Mar, Barcelona  

15 Program in Biochemistry, Molecular Biology and Biomedicine, Department of Biochemistry and 

Molecular Biology, Universitat Autònoma de Barcelona (UAB), Barcelona, Spain 

16 Department of Clinical Sciences, University of Las Palmas de Gran Canaria, Las Palmas 

  1 



2 
 

17 Lipids and Vascular Risk Unit, Internal Medicine, Hospital Universitario de Bellvitge, Hospitalet de 

Llobregat, Barcelona;  

18 Department of Nutrition and Food Science, School of Pharmacy, Xarxa de Referència en 

Tecnologia dels Aliments, Instituto de Investigación en Nutrición y Seguridad Alimentaria, University 

of Barcelona, Barcelona  

19 Department of Nutrition, University of Navarra;  

20 Department of Internal Medicine Institut d'Investigacions Biomèdiques August Pi i Sunyer, 

Hospital Clinic, University of Barcelona, Barcelona. 

*A complete list of PREDIMED INVESTIGATORS can be found at the end of this manuscript. 

 

Short title: fiber intake and cardiovascular disease 

 

KEY WORDS 2 

Cardiovascular disease, primary prevention, dietary fibre, fruit, vegetables. 3 

 

Correspondence and reprints:  

Dr. Estefania Toledo, MD, MPH, PhD.  Department of Preventive Medicine & Public Health, School 

of Medicine, University of Navarra, Irunlarrea 1, 31008-Pamplona, Navarra (Spain). E-mail: 

etoledo@unav.es. Tel: +34 948 42 56 00 Ext: 806224. Fax: + 34 948 42 57 40. 

 

1 figure 

5 tables 

LIST OF ABREVIATIONS 

CHD: coronary heart disease 

CVD: cardiovascular disease 

DF: dietary fiber 

FC: fruit consumption 

FFQ: food frequency questionnaire 

HBP: High blood pressure 

PREDIMED: PREvención con DIeta MEDiterránea 

T2D: type 2 diabetes 

VC: vegetables consumption 

 



3 
 

ABSTRACT  4 

Prospective studies assessing the association between fibre intake or fibre-rich foods consumption 5 

and the risk of cardiovascular disease (CVD) have often been limited by baseline assessment of 6 

diet. No study used yearly repeated measurements of dietary changes during follow-up. 7 

Moreover, previous studies included healthy and selected participants who do did not represent 8 

subjects at high cardiovascular risk. We used yearly repeated measurements of diet to investigate 9 

the association between fibre intake and CVD in a Mediterranean cohort of elderly adults at high 10 

cardiovascular risk. We followed 7216 men (55-80 y) and women (60-80 y) initially free of CVD for 11 

up to seven years in the PREDIMED study (registered as ISRCTN35739639). A 137-item validated 12 

food-frequency questionnaire was yearly repeated to assess diet. The primary end-point, 13 

confirmed by a blinded ad-hoc Event Adjudication Committee, was a composite of cardiovascular 14 

death, myocardial infarction and stroke. Time-dependent Cox regression models were used to 15 

estimate the risk of CVD according to baseline dietary exposures and to their yearly updated 16 

changes. We found a significant inverse association for fibre (p for trend= 0.020) and fruit (p for 17 

trend=0.024) in age-sex adjusted models, but the statistical significance was lost in fully-adjusted 18 

models. However, we found a significant inverse association with CVD incidence for the sum of 19 

fruit and vegetable consumption. Participants who consumed in total 9 or more servings/d of 20 

fruits plus vegetables had a HR=0.60 (95% CI 0.40 to 0.96) of CVD in comparison with those 21 

consuming <5 servings/d. 22 

INTRODUCTION: 23 

The US Department of Health and Human Services and other national agencies recommended a 24 

daily fibre intake between 20 and 30 g. This recommendation was based on several prospective 25 

cohort studies that had consistently shown that high consumption of fibre is associated with lower 26 

risk of stroke), coronary heart disease(3,4) and cardiovascular mortality(5). Moreover in clinical trials 27 

and epidemiologic studies, dietary fibre (DF), has been related to a lower incidence of type 2 28 

diabetes (T2D)(6), obesity(7), dyslipemia(8), high blood pressure (HPB)(9,10) and other surrogate 29 

markers of clinical atherosclerosis(11). 30 

Fruit, vegetables, legumes and grains are the main sources of DF, but some investigators have 31 

suggested that fibre content is not the only reason for the above-mentioned preventive effect of 32 

these foods. Alternatively, the different components in their natural matrix may play a more 33 
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important role than fibre per se. This possibility raises the interest in assessing the role of fibre-rich 34 

foods and not only of total DF intake. Although several cohort studies have shown inconsistent 35 

results for the association of fruit and vegetable consumption with stroke, Dauchet et al.(1) found 36 

an inverse association between fruits or the sum of fruits and vegetables and the risk of stroke, 37 

but not between vegetable consumption and the risk of stroke in a meta-analysis published in 38 

2005. In another meta-analysis published one year later, He et al.(2) found an inverse association 39 

between fruit or vegetable consumption and the risk of stroke. On the other hand, Dauchet(4) 40 

published another meta-analysis (including seven cohorts from USA and two from Finland), 41 

assessing the association between fruit and vegetable consumption and coronary heart disease 42 

(CHD). According to this latter meta-analysis, the risk of CHD decreased by 4% for each additional 43 

daily serving of fruit and vegetables and by 7% for fruit consumption (FC) but the funnel plot 44 

suggested a potential publication bias. In the EPIC cohort, Crowe el al (12) observed that a higher 45 

consumption of fruits and vegetables was associated with a reduced risk of ischemic heart disease 46 

mortality. 47 

The available prospective studies, especially those with the greatest sample size, included in the 48 

aforementioned studies and other meta-analyses (13, 14), were mostly conducted in highly selected 49 

subjects, i.e., in healthy and well-educated participants with a low cardiovascular risk. Usually, 50 

participants at high cardiovascular risk at baseline, such as those with T2D or dyslipidemia(3), were 51 

explicitly excluded, because they could have changed their dietary habits. Nevertheless we thought 52 

it would be interesting to assess the health effects of fibre, fruits and vegetables consumption 53 

especially among these patients because they are at high cardiovascular risk. 54 

To our knowledge, no prospective study has assessed the association between fibre intake or 55 

fibre-rich foods consumption and the risk of cardiovascular disease (CVD) in a cohort entirely 56 

composed of subjects at moderate to high cardiovascular risk. On the other hand, prospective 57 

studies on this issue have often been limited to a single baseline assessment of diet without 58 

repeated measurements during follow-up. To our knowledge no previous study has included 59 

yearly repeated measurements of diet to account for changes in the diets of participants during 60 

follow-up. This is an important methodological aspect frequently absent in studies of nutritional 61 

epidemiology because the use of repeated measurements of diet allows to capture longer term 62 

variation in diets and improves the validity estimates of food-frequency questionnaires(15). 63 

Therefore the need for updating the information on dietary habits using repeated food frequency 64 
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questionnaires has been advocated because the use of a single measurement of dietary data at 65 

baseline may lead to an increased measurement error, and to an unrealistic assumption about the 66 

induction period and, thus, to a potential attenuation of the true association(16, 17). It is also 67 

possible that the cumulative averages, which reflect long-term diet, are more relevant etiologically 68 

than either the most remote (baseline) or the most recent diets. Therefore, in the present study 69 

we used repeated measurements of intake to investigate the association of fibre, fruit, vegetables 70 

and whole grains consumption with CVD in a Mediterranean cohort of elderly adults at high 71 

cardiovascular risk. 72 

SUBJECTS AND METHODS 73 

The present study was conducted within the framework of the PREvención con DIeta MEDiterránea 74 

(PREDIMED) trial, the design of which has been described in detail elsewhere(18, 19). The PREDIMED 75 

study is a large, parallel-group, multicenter, randomized, controlled field clinical trial which aims to 76 

assess the effects of the Mediterranean diet on the primary prevention of CVD 77 

(www.predimed.es). The PREDIMED study was conducted in Spain and registered as 78 

ISRCTN35739639. Recruitment took place between October 2003 and January 2009, and the 7447 79 

participants were randomly assigned to one of three interventions (two Mediterranean diets 80 

enriched with extra virgin olive oil or mixed nuts, and a control low-fat diet). Participants were 81 

men aged 55–80 years and women aged 60–80 years, who were free of CVD at baseline but who 82 

had either T2D or at least three CHD risk factors out of current smoking, hypertension (blood 83 

pressure ≥140/90 mmHg or treatment with antihypertensive medication), high plasma LDL-84 

cholesterol (≥160 mg/dl or lipid lowering therapy), low plasma HDL-cholesterol (≤40 mg/dl in men 85 

and ≤50 mg/dl in women), overweight or obesity (BMI≥25 kg/m2), and family history of premature 86 

CVD (≤55 years in men and ≤60 years in women). The exclusion criteria for the PREDIMED study 87 

were the presence of any severe chronic illness, previous history of CVD, alcohol or drug abuse, 88 

BMI ≥40 kg/m2 and history of allergy or intolerance to olive oil or nuts. The intervention took place 89 

in 11 different centres around Spain. 90 

At baseline examination and yearly in follow-up visits, trained personnel performed 91 

anthropometric and blood pressure measurements and obtained samples of fasting blood. 92 

DIETARY ASSESMENT 93 
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Dietary intake was measured with the use of a validated 137-item food-frequency questionnaire 94 

(FFQ) repeatedly administered by trained dieticians every year in a face-to-face interview. Our 95 

published validation study indicated an adequate correlation between the information collected 96 

with the FFQs and the information collected with four 3-day dietary records. The correlation 97 

coefficients were 0.66 for fibre intake, 0.72 for fruit consumption, and 0.81 for vegetable 98 

consumption(20). The reproducibility of the FFQ was also appropriate, as we have previously 99 

reported in a specific publication (21). The frequencies of consumption of the food items were 100 

reported on an incremental scale with nine categories (never or almost never, 1–3 times per 101 

month, once per week, 2–4 times per week, 5–6 times per week, once per day, 2–3 times per day, 102 

4–6 times per day and >6 times per day). We included thirteen vegetable items (a serving or 200 g 103 

of chard/spinach, cabbage/cauliflower, lettuce/chicory, tomato, carrot/pumpkin, zucchini/cucumber, 104 

pepper, asparagus, onion, mushrooms, thistle/leek, beans and “gazpacho”), ten fruit items (a piece 105 

of orange/tangerine/grapefruit, apple/pear, banana, peach/apricot/nectarine, melon, watermelon, 106 

strawberries, cherries/prune, kiwi and grape), and three whole grain products (bread, breakfast 107 

cereals and biscuits). Nutrient intakes were computed using a Spanish food composition 108 

database(22). 109 

PRIMARY END-POINT 110 

The primary end-point was the same that in the final results of the PREDIMED trial. This CVD 111 

primary end-point is a composite of cardiovascular death, myocardial infarction and stroke. 112 

Incident events were identified through four information sources: repeated contacts with the 113 

participants or their family, contacts with the participants’ family physicians, a comprehensive 114 

yearly review of medical records of all participants by a team of medical doctors who were blinded 115 

to group allocation and nutrient information, and yearly consultation of the National Death Index. 116 

The Event Adjudication Committee, whose members were unaware of the nutrients’ intake of 117 

participants, blindly examined all medical records related to end-points. Only end-points that were 118 

confirmed by the Event Adjudication Committee and that occurred between October 1, 2003, and 119 

June 30, 2012, were included in this analysis. This corresponds to the time of the intervention plus 120 

two years and 6 month of extended follow-up without active intervention.  121 

STATISTICAL ANALYSIS 122 
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Participants were categorized into quintiles of consumption for each of the assessed foods. We 123 

used the residual method to adjust dietary fibre, fruit, vegetables and whole grain consumption 124 

for total energy intake(23). We excluded participants with total energy intake out of predefined 125 

limits (800 and 4,000 Kcal/day for men and 500 and 3,500 Kcal/day for women). 126 

Baseline characteristics are presented according to quintiles of baseline consumption of fruit and 127 

of vegetables, as mean (SD) for quantitative traits and n (%) for categorical variables. 128 

Cox regression models were used to assess the relationship between quintiles of baseline fibre, 129 

fruit, vegetables and whole grain consumption and the subsequent incidence of CVD during 130 

follow-up. Hazard ratios (HR) and their 95% confidence intervals (95% CI) were calculated using 131 

the first quintile as the reference category. Entry time was defined as the date at recruitment. Exit 132 

time was defined as the primary end-point’s date, the date of completion of the last interview or 133 

date of death, whichever came first. 134 

To minimize any effects of variation in diet we also calculated the average food consumption for 135 

each food group or food item using yearly updated information for each participant from the 136 

repeated FFQs collected at baseline and during follow-up after up to 8 years. 137 

Multivariate models were adjusted for known or suspected predictors of CVD. First we adjusted 138 

only for age and sex. In model 2 additional adjustments for smoking status (current or former 139 

smokers and never smokers), T2D at baseline (dichotomous), baseline systolic blood pressure (mm 140 

Hg) and diastolic blood pressure (mm Hg), waist-to-height ratio, educational level (up to primary 141 

school, university graduate, or others), use of statins (yes or no), dyslipidemia at baseline, total 142 

energy intake (Kcal/d), physical activity (METs-min/d), alcohol intake (g/d), and family history of 143 

early myocardial infarction (defined as infarction before age 65 y for a participant’s mother or 144 

before age 55 y for a participant’s father), and intervention group were done and stratified by 145 

recruitment centre. We also fitted model 3 with additional adjustment for extra-virgin olive oil 146 

consumption (g/d) and vegetable (g/d) and whole-grains (g/d) consumption in the analysis of fruit 147 

consumption, and/or fruit (g/d) and whole-grains (g/d) consumption in analyses that assessed 148 

vegetable consumption, and/or vegetable (g/d) and fruit (g/d) consumption in analyses of whole-149 

grains consumption. 150 
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To test for linear trends across successive quintiles we created a continuous variable with the 151 

median value in each quintile of consumption and regressed the risk of CVD on this variable (which 152 

was treated as a continuous variable). 153 

We also estimated the average of all the repeated measures of intake during follow-up and 154 

participants were categorized in quintiles according to their cumulative average of fibre, fruit, 155 

vegetables and whole grain consumption. Cox regression models with time-varying exposures 156 

were used to assess the relationship between quintiles of each nutritional exposure and the 157 

composite end-point, after adjusting for the same variables mentioned above. 158 

Finally, we categorized the variables fruits and vegetables into servings/day instead of using 159 

quintiles. We defined a serving as 80 gr of fruit or vegetables(24), and classified our participants 160 

according to the recommended intakes. We created a new variable with the sum of fruits and 161 

vegetables daily servings and we assessed the association between this variable and the incidence 162 

of CVD using the same Cox regression model. 163 

In addition, we analyzed specific subgroups of fruits and vegetables. The definition of composite 164 

groups was based on a report by Joshipura et al.(25) and adapted to our FFQ and to the usual habits 165 

of the Spanish population. The fruits and vegetables in each subgroup could be seen in table 1. 166 

Finally, we did restricted cubic spline analyses to assess a non-linear component in the association 167 

between fibre intake or vegetable, fruit or whole grains consumption and CVD. 168 

Statistical tests were two-sided, and P values of less than 0.05 were considered to indicate 169 

statistical significance. 170 

Statistical analyses were performed with STATA software, v.SE 11 (College Station, Texas 2009) 171 

RESULTS 172 

We recruited 7447 participants in the PREDIMED trial. For the present analyses, we excluded 173 

subjects who were outside of predefined limits for total energy intake (n=158), and those who had 174 

missing values in baseline intake (n=71). Therefore, the final sample comprised 7216 participants. 175 
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The median follow-up was 6 years (mean=5.8 years). We observed 342 confirmed cases of CVD 176 

during this extended follow-up period: 118 cases of acute myocardial infarction, 169 of stroke and 177 

104 cardiovascular deaths (participants could have more than one event). 178 

Table 2 presents the characteristics of the study population according to categories of baseline 179 

fruit consumption. Participants in the highest quintile were older, more likely to use statin 180 

medication, to be former-smokers and also to be physically more active. On the other hand, fruit 181 

consumption was positively related to carbohydrate, protein and fibre intake, and to whole grains 182 

and vegetable consumption, but inversely associated with total energy, total fat, saturated fat, 183 

monounsaturated fat, polyunsaturated fat and alcohol intake. 184 

The main characteristics of the participants categorized according to their vegetable consumption 185 

are displayed in Table 3. Subjects with a lower consumption were older, had higher systolic and 186 

diastolic blood pressure, and were less physically active and more likely to be current smokers. 187 

These participants had also the lowest protein and fibre intake, and the lowest fruit and whole-188 

grains consumption. 189 

Table 4 shows the association of fibre intake, fruit, vegetable or whole grains consumption at 190 

baseline, with the incidence of CVD. We observed that a higher consumption of fibre, fruit and 191 

vegetables at baseline was associated with a lower risk of developing CVD in the age and sex 192 

adjusted model. However only the estimate for the fifth versus the first quintile of vegetable 193 

consumption remained significant after adjusting for further potential confounders: HR: 0.67 (95% 194 

CI: 0.46-0.97, p for trend=0.050). 195 

The HRs for the incidence of CVD according to the cumulative average of each dietary variable are 196 

shown in Table 5. We found almost the same results for fibre intake and fruit consumption during 197 

follow-up: a higher consumption was inversely associated with the risk of CVD in the age-sex 198 

adjusted model. This association persisted but lost slightly its significance after further 199 

adjustments. Regarding vegetable and whole grain cumulative consumption, the comparison 200 

between extreme quintiles showed a decreased risk of CVD among those subjects with a higher 201 

cumulative consumption. Nevertheless, these associations were not statistically significant and 202 

there was no apparent significant linear trend for them. 203 
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We did not find any association between whole grain consumption and CVD in either the baseline 204 

or the cumulative analysis. 205 

 When we stratified our analyses by intervention group, we found a strong inverse association 206 

between the cumulative average of fruit consumption and CVD only in the Mediterranean diet 207 

group supplemented with extra virgin olive oil (HR for the fifth quintile vs. the first quintile 0.48; 208 

95% CI: 0.27-0.86 p=0.025). 209 

During follow-up, we found a higher average fruit and vegetable consumption than at baseline 210 

with median values for the first quintiles increasing from 153 to 203 g/d for fruit consumption and 211 

from 178 to 205 g/d for vegetable consumption. 212 

When we analyzed the consumptions of food groups as servings/day, the linear inverse 213 

association between fruit or vegetable consumption and CVD was not significant, though it 214 

approached the conventional limit of statistical significance for fruit consumption (p for trend= 215 

0.07 for fruit and p=0.27 for vegetable). The lowest risk of CVD was associated with the 216 

consumption of 5-7 servings/d of fruit (HR 0.73 95% CI: 0.51-1.04) or 5 servings/d of vegetables 217 

(HR 0.63 95 %CI: 0.42-0.97) (Figure 1). When we added up the daily-consumed servings of both 218 

fruits and vegetables, the linear dose-response inverse association between fruit plus vegetable 219 

consumption and CVD was clearly significant (p for trend 0.005). The participants who consumed 220 

in total 9 or more servings/d of fruits plus vegetables had a HR = 0.60 (95% CI 0.40 to 0.96) of CVD 221 

in comparison with those consuming <5 servings/d. 222 

Higher intakes of cruciferous vegetables [HR 0.62 (95% CI 0.42 to 0.90)] were associated with a 223 

lower CVD risk in the baseline analysis [fifth vs. first quintile HR 0.62(95% CI 0.42 to 0.90)] and in 224 

the cumulative analysis [fifth vs. first quintile HR 0.64(95% CI 0.42 to 0.97)]. Green leafy 225 

vegetables reached statistical association only in the baseline analysis [fifth vs. first quintile HR 226 

0.65(95% CI 0.47 to 0.91)] and apple intake only in the cumulative analysis [fifth vs. first quintile 227 

HR 0.48(95% CI 0.31 to 0.74)]. These results are shown in table 6 228 

Finally, no non-linear component of the spline analyses for fibre intake or vegetable, fruit or whole 229 

grains consumption and CVD was statistically significant. 230 

DISCUSSION 231 
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To the best of our knowledge, our study is the first prospective study that has evaluated the 232 

association of fibre, fruit, vegetables and whole grains consumption with CVD among elderly 233 

adults at high cardiovascular risk using repeated measurements of dietary information. We 234 

observed that higher baseline vegetable consumption (fifth quintile vs. first quintile) was 235 

associated with a statistical significant reduction CVD [HR 0.67 (95% CI 0.46-0.97); p for 236 

trend=0.05] after adjusting for the main potential confounders. As far as fibre intake, fruit and 237 

whole grain consumption are concerned, all comparisons between extreme categories suggested a 238 

protective association but the results were no longer statistically significant in our multivariable 239 

analyses. In the cumulative analyses using repeated measurements of diet, again we observed 240 

inversed associations between extreme categories for CVD but the differences were not 241 

statistically significant in the fully adjusted models. The inverse association between fruit 242 

consumption and CVD was stronger and statistically significant in the group randomly assigned to 243 

the Mediterranean diet supplemented with extra-virgin olive oil. Thus, fruit consumption may 244 

exert its beneficial effect especially when consumed within the frame of a Mediterranean diet 245 

with a very high consumption of extra-virgin olive oil. 246 

The risk of CVD appeared to decrease with a consumption of 5 servings/d (400 g/d) of fruit or 247 

vegetables, and higher intakes did not appear to provide additional protection. However, when we 248 

considered fruit and vegetables consumption together, we found a clear inverse linear trend. Fruit 249 

and vegetable consumption combined at levels beyond 5 servings/day was associated with a slight 250 

and non-statistic significant decreased risk for CVD, and further increments in consumption (≥ 9 251 

servings/day or ≥720 g/day) showed statistically significant risk reductions. 252 

Our results have to be interpreted in the frame of an intervention trial where participants were 253 

encouraged to have a sufficiently high consumption of fruits and vegetables. Since fruit and 254 

vegetable consumption were higher in the intervention groups during the follow up compared to 255 

control group
(19)

 our results may be partially driven by the intervention effect. 256 

Our findings are consistent with those of other studies: four meta-analysis conducted by He(2), 257 

Dauchet(1,4) Joshipura (25) and more recently by Dan Hu(26) found an inverse association between 258 

fruit and vegetables consumption and the risk of stroke or CHD but almost none of the individual 259 

studies alone reached statistic significance. In addition, most of the included studies had been 260 

conducted in North America, in the north of Europe or in Asia, but in Mediterranean populations 261 
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only the EPIC study (that included Mediterranean populations) has analyzed fatal CVD (27). This 262 

latter study found an inverse association between vegetables or vegetables and fruit consumption 263 

and fatal CVD, but not for fruit consumption alone. On the other hand Eshak found in a Japanese 264 

population an inversely association between intakes of fruit fibre but not with vegetable fibre with 265 

risk of CHD mortality (28). Finally, compared to our study participants, the participants in previous 266 

studies were in general younger and had a lower cardiovascular risk. Crowe et al. found in the EPIC 267 

study a HR of 78 (95% CI 0.67 to 0,91) for cardiovascular mortality (12) for a consumption of 5 to 7 268 

servings of fruit and vegetables. A recent study(29) assessed the relation between fruit and 269 

vegetables consumption and CVD according to their servings in the Nurses’ Health Study and the 270 

Health Professional Follow-Up study , and found similar results a statistically significant HR of 0.84 271 

(95% CI: 0.77-0.91) for 4 servings/day, and 0.80 (95% CI: 0.72-0.90) for 9 or more servings/day. 272 

Therefore a smaller fruit and vegetables consumption was enough to show a significant 273 

association. The large sample size (123,276 participants), the long follow-up (more than 22 years), 274 

and the participants’ characteristics in these cohorts (younger age, conscious and responsible 275 

health professionals, without T2D) could contribute to explain the slight differences between their 276 

findings and our results. Our participants were older subjects at high cardiovascular risk and 277 

roughly half of them had T2D. Thus, a higher level of fruit and vegetable consumption might be 278 

necessary to achieve the same degree of protection in a higher risk population. Another difference 279 

between our study and previous reports is the higher average fruit and vegetable consumption in 280 

our participants, which represents the typical amount of fruit and vegetables consumed in 281 

previous studies conducted in the Mediterranean area(30, 31, 32). Nevertheless our FFQ has the same 282 

items for fruits than the Nurses and the Health Professionals Study, but fewer items for vegetables 283 

A higher consumption of whole grains did not have any association with the risk of CVD in our 284 

cohort in either the baseline or the cumulative analysis. This can be probably explained by the low 285 

average consumption of whole grain products (mean 29.9 gr, median 5.06) and the small 286 

between-subjects variability in consumption in our participants. Moreover, in our study brown 287 

bread (wheat whole-grain bread) was the principal whole grain product consumed and in our 288 

country whole-grain bread is almost always made from wheat and not from other cereals. Studies on 289 

the cardiovascular effects of whole-grain wheat bread are scarce. Helnaes assessed in a 290 

Scandinavian cohort the association of total whole grain and whole-grain species (wheat, rye, and 291 

oats) with the risk of MI. When the specific cereal species were considered, rye and oats, but not 292 
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wheat, were associated with lower risk of MI.
(33). As far as we know no other studies have assessed  293 

the association between different species of whole grains and cardiovascular disease. As far as 294 

intermediate cardiovascular markers are concerned, a recent meta-analysis failed to find a 295 

statistically significant association between whole grain wheat consumption and blood cholesterol 296 

concentrations (34). 297 

Most of the previous investigations conducted their analyses using only one dietary assessment of 298 

diet at baseline, while we yearly updated the information from the FFQ from baseline to the 299 

censoring event. Some investigators(15, 16, 17) have postulated that the cumulative average of 300 

nutrient intake better represents the long-term integration of dietary exposures and thus helps to 301 

minimize undue effects of within-person variations. Moreover changes in diet over time may 302 

confound the diet-disease association(35). Nevertheless, we are aware that this model may likely 303 

underestimate the magnitude of the inverse association between nutrient intake and CVD(16). 304 

Unlike other authors, we did not stop updating the dietary information after an intermediate 305 

outcome occurred because our participants had risk factors before study entry (e.g., dyslipidemia, 306 

hypertension and T2D). Also, we assumed that nutrient intakes before and after the identification 307 

of cardiovascular risk factors were equally important regarding CVD.  308 

Various studies have assessed the association between various fruits or subgroups of fruits with 309 

CVD with heterogeneous results
(29,36,37,38)

. We found an inverse association between cruciferous 310 

vegetables consumption and CVD in the baseline analysis and in the cumulative analysis. We also 311 

observed a significant trend between apples and pears consumption and CVD but only the highest 312 

cumulative consumption seemed to be inversely associated with CVD risk. Our participants 313 

increased their consumption of these fruits during follow-up and the median of the fifth quintile 314 

became higher (265 g/d vs. 165 g/d). On the other hand we found an inverse association between 315 

green leafy vegetables and CVD only in the baseline analysis. Since the participants in the first 316 

quintile increased their consumption, we might not have had a wide enough range to appraise the 317 

association. Other authors have found different associations between some individual foods or food 318 

groups of fruits or vegetables and CVD
(26,29,39)

, although evidence is inconsistent 
(36,37)

. Mostly, the 319 

inverse association has been observed for green leafy vegetables in the literature
(29 26)

. Thus, the 320 

association between subtypes of fruits and vegetables remains unclear. 321 

The mechanisms behind the protective effect of fruit and vegetables on CVD are unclear but there 322 

is some biological basis to explain this association. Fruits and vegetables are rich sources of fibre 323 
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but also antioxidants (vitamin C, manganese, beta-carotene and flavonoids), potassium, folate and 324 

others phytochemicals. All of them could play an important role in the atherosclerosis process; 325 

they have shown in randomized clinical trials to be associated with a reduced risk of intermediate 326 

indicators (high blood pressure(40,41,42), carbohydrate metabolism(43), oxidized LDL(44,45,46), plasma 327 

C-reactive protein(47) and vascular function(48)), also there are cohorts studies that have inversely 328 

associated fruit and vegetable consumption with blood pressure(49,50), dyslipemia(51), weight 329 

loss(52), T2D(53), but randomized clinical trials are scarce(54). Possibly the combined or even 330 

synergistic effects of different bioactive components in their natural food matrix may be important 331 

in the prevention of CVD(55)  332 

We are aware that the current study has also the following limitations. First, although the used 333 

self-reported FFQ was validated(20,21), this method for dietary assessment may lead to some 334 

measurement errors and misclassification bias. However, the FFQ used has been extensively 335 

validated in Spain for the dietary assessment and the cumulative average estimate of 336 

consumptions may be more representative for long-term diet than a one-time assessment. 337 

Moreover a dietician checked the FFQ with the participant to ensure there were no missing in it. 338 

Second, even though we have adjusted for a wide range of cardiovascular risk factors, residual 339 

confounding may still explain part of the observed associations. Third our participants have had an 340 

intervention increasing their fruits and vegetables consumption. And finally, the generalizability of 341 

our study results may be limited because the studied population was composed of Mediterranean 342 

elderly individuals at high cardiovascular risk. However, the findings from our study are broadly 343 

consistent with those from other populations. 344 

The strengths of our study are its prospective design, the large sample size, excellent completion 345 

rates, its good compliance, the use of cumulative dietary exposures during follow-up, the 346 

homogeneity of the participants, and the wide adjustment for potential confounders. 347 

In summary, this study provides further evidence of the inverse association of fruit and vegetable 348 

consumption with CVD also in an elderly Mediterranean population at high cardiovascular risk. 349 

Our results suggest that people at high cardiovascular risk may need to eat more and both fruits 350 

and vegetables (more than 9 portions a day) than the people at moderate or low cardiovascular 351 

risk, and should eat both of them. 352 

 353 
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TABLE 1: Definitions for various fruit and vegetable subgroups 568 

Sub-groups Individual food 

Orange group Orange, tangerine, grapefruit 

Apple/pear group Appel, pear 

Green leafy vegetables Spinach, lettuce, chard greens 

Cruciferous vegetables Broccoli, cabbage, cauliflower, Brussels sprouts 

Beta carotene rich fruit and vegetables Carrots, spinach, pumpkin, chard greens 

Lutein rich fruit and vegetables Spinach, chard greens 

Lycopene rich fruit and vegetables Tomatoes, tomato sauce, “gazpacho”* 

Vitamin C rich fruit and vegetables Orange, tangerine, grapefruit, peppers 

*cold tomato-based soup with pepper, cucumber, garlic and onion 569 

TABLE 2. Demographic, lifestyle characteristics and daily nutrient intakes according to baseline quintiles of fruit 570 

intake 571 

 Q1 Q2-Q4 Q5 

Median fruit consumption (g/d) 153 333 613 

n 1444 4329 1443 

Age 66.4 (6.2) 67.2 (6.2) 67.1 (6.1) 

Male sex (%) 42.5 42.6 42.6 

BMI
a
 (Kg/m

2
) 30.1 (4.0) 29.9 (3.8) 30.0 (3.8) 

Systolic blood pressure (mm Hg) 148.6 (19.4) 148.8 (19.1) 148.2 (19) 

Diastolic blood pressure (mmHg) 83.1 (10.5) 82.8 (10.1) 82.4 (10.1) 

Use of statin medication (%) 37.9 40.0 43.3 

Current smokers (%) 19.9 12.7 11.6 

Former smokers (%) 23.7 24.9 24.6 

Olive oil intervention group, n (%) 33.0 33.6 37.6 

Nuts intervention group, n (%) 31.5 33.3 32.3 

Educational level. University (%) 4.2 3.5 4.0 

Educational level. High School (%) 19.7 19.0 16.5 

Physical activity (METs-min/d) 200.5 (230.1) 232.8 (234.2) 256.1 (257.5) 

Energy (Kcal/d) 2361 (564) 2170 (530) 2308 (535) 

Carbohydrate (% of energy) 40.1 (7.7) 41.2 (6.7) 45.1 (6.7) 

Protein (% of energy) 16.2 (2.7) 16.8 (2.9) 16.5 (2.7) 

Fat (% of energy) 40.5 (7.1) 39.7 (6.6) 36.5 (6.4) 

SFA
b
 (% of energy) 10.6 (2.4) 10.0 (2.1) 9.2 (2.2) 

MUFA
c
 (% of energy) 20.2 (4.8) 19.8 (4.5) 17.9 (4.2) 

PUFA
d
 (% of energy) 6.4 (2.0) 6.3 (2.1) 6.0 (2.1) 

Long chain omega-3 fatty acids (g/d)* 0.8 (0.5) 0.8 (0.5) 0.8 (0.5) 

Short chain omega-3 fatty acids  (g/d)* 1.3 (0.6) 1.4 (0.7) 1.4 (0.7) 

Alcohol (g/d)* 11.3 (17.5) 7.9 (13.4) 6.8 (11.6) 

Fiber (g/d)* 20.4 (6.9) 24.9 (6.3) 31.17 (7.4) 
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Whole grains (g/d)* 27.5 (64.7) 29.3 (55.4) 31.9 (59.8) 

Vegetable (g/d)* 291.8 (128.5) 337 (132) 378.0 (175) 

Data are presented as mean (standard deviation) or percentage 572 

*adjusted for total energy intake by the residual method 573 

a
Body-mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. 574 

b
SFA: saturated fatty acids. 

c
MUFA: monounsaturated fatty acids. 

d
PUFA: polyunsaturated fatty acids.  575 

  576 
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TABLE 3. Demographic, lifestyle characteristics and daily nutrient intakes according to baseline quintiles of 577 

vegetable consumption  578 

 Q1 Q2-Q4 Q5 

Median vegetable consumption (g/d) 178 314 503 

n 1444 4329 1443 

Age 67.5 (6.3) 67.1 (6.2) 66.5 (6.1) 

Male sex (%) 42.6 45.6 42.6 

BMI
a
 (Kg/m

2
) 30.1 (3.8) 30.0 (3.8) 29.8 (4.0) 

Systolic blood pressure (mm Hg) 149.5 (19.1) 148.8 (19.1) 147.2 (18.8) 

Diastolic blood pressure (mmHg) 83.4 (10.1) 82.7 (10.2) 82.2 (10.0) 

Use of statin medication (%) 38.5 40.2 42.1 

Current smokers (%) 16.3 13.6 12.4 

Former smokers (%) 23.1 24.2 27.0 

Olive oil intervention group, n (%) 32.3 34.0 37.0 

Nuts intervention group, n (%) 31.2 33.1 33.0 

Educational level. University (%) 4.0 3.4 4.2 

Educational level. High School (%) 19 17.6 21.3 

Physical activity (METs-min/d) 197.9 (200.3) 232.3 (239.6) 260.5 (266.5) 

Energy (Kcal/d) 2297 (562) 2205 (533) 2269 (552) 

Carbohydrate (% of energy) 42.2 (7.4) 41.4 (7.0) 42.1 (7.1) 

Protein (% of energy) 15.7 (2.7) 16.6 (2.7) 17.5 (2.9) 

Fat (% of energy) 39.4 (6.7) 39.5 (6.7) 38.3 (7.0) 

SFA
b
 (% of energy) 10.4 (2.4) 10.0 (2.2) 9.6 (2.2) 

MUFA
c
 (% of energy) 20.0 (4.4) 19.7 (4.5) 18.9 (4.8) 

PUFA
d
 (% of energy) 6.2 (2.1) 6.3 (2.1) 6.2 (1.9) 

Long chain omega-3 fatty acids (g/d)* 0.7 (0.5) 0.8 (1.4) 0.9 (1.4) 

Short chain omega-3 fatty acids  (g/d)* 1.3 (0.6) 1.4 (0.7) 1.4 (0.7) 

Alcohol (g/d)* 9.5 (16.7) 8.3 (13.7) 7.2 (12.0) 

Fiber (g/d)* 20.6 (7.5) 24.8 (7.6) 31.0 (7.8) 

Fruits (g/d)* 317 (182) 365.0 (185) 430 (217.0) 

Whole grains (g/d)* 21.4 (54.1) 29.8 (57.4) 36.6 (63.6) 

Data are presented as mean (standard deviation) or percentage 579 

* adjusted for total energy intake by the residual method 580 

a
Body-mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. 581 

b
SFA: saturated fatty acids. 

c
MUFA: monounsaturated fatty acids. 

d
PUFA: polyunsaturated fatty acids.  582 

  583 
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TABLE 4. Hazard Ratio (HR) and 95% confidence intervals of cardiovascular disease according to baseline quintiles of fiber, fruit, 584 
vegetables and whole grain intake. 585 

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median dietary fiber intake 

(g/d) 

17 21 24 28 35 trend 

n n=1444 n=1443 n=1443 n=1443 n=1443  

Time at risk 8500 8491 8428 8240 8150  

No. of cases  79 77 74 62 51  

Age, sex-adjusted 1 (ref) 0.96 (0.70-1.31) 0.93 (0.67-1.28) 0.78 (0.56-1.09) 0.69 (0.48-0.99)* 0.024 

Multivariable adjusteda b 1 (ref) 0.95 (0.69-1.30) 0.94 (0.68-1.29) 0.82 (0.57-1.16) 0.72 (0.50-1.04) 0.061 

 
      

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median fruit 

consumption(g/d) 

153 256 339 439 613 trend 

n 1444 1443 1443 1443 1443  

Time at risk 8676 8607 8246 8207 8073  

No. of cases  81 69 76 59 58  

Age, sex-adjusted 1 (ref) 0.84 (0.61-1.16) 0.92 (0.67-1.26) 0.69 (0.49-0.96) 0.70 (0.49-1.00) 0.031 

Multivariable adjusted
 ab 

1 (ref) 0.86 (0.61-1.19) 0.91 (0.65-1.27) 0.70 (0.50-0.99) 0.72 (0.50-1.04) 0.046 

Additional multivariable 

adjusted b 

1 (ref) 0.87 (0.62-1.22) 0.96 (0.68-1.33) 0.74 (0.52-1.10) 0.76 (0.52-1.10) 0.098 

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median vegetables 

consumption (g/d) 

178 255 316 386 503 trend 

n 1444 1443 1443 1443 1443  

Time at risk 8493 8557 8323 8246 8189  

No. of cases  92 72 64 68 47  

Age, sex-adjusted 1 (ref) 0.81 (0.60-1.11) 0.74 (0.54-1.02) 0.81 (0.59-1.12) 0.59 (0.41-0.85)* 0.009 

Multivariable adjusted ab 1 (ref) 0.84 (0.62-1.16) 0.75 (0.54-1.10) 0.80 (0.58-1.11) 0.60 (0.42-0.87)* 0.010 

Additional multivariable 

adjusted c 

1 (ref) 0.88 (0.64-1.20) 0.80 (0.57-1.12) 0.86 (0.62-1.21) 0.67 (0.46-0.97)* 0.050 

QUINTILES Q1-Q2 Q3 Q4 Q5 p for 

Median whole grain 

consumption (g/d) 

0 5.06 19.39 84 trend 

n 2887 1443 1443 1443  

Time at risk 85478359 8304 8142 8455  

No. of cases  140 73 68 62  

Age, sex-adjusted 1 (ref) 1.05 (0.79-140) 1.03 (0.77-1.37) 0.84 (0.62-1.15) 0.225 

Multivariable adjusteda b 1 (ref) 1.01 (0.72-1.42) 1.04 (0.73-1.49) 0.86 (0.61-1.19) 0.275 

Additional multivariable 

adjustedd f 

1 (ref) 1.02 (0.73-1.43) 1.06 (0.74-1.53) 0.89 (0.64-1.25) 0.396 

a  Adjusted for age (years), sex, smoking status (current smokers or former and never smoked), type 2 diabetes at baseline (yes or no), waist/height 586 
ratio (continuous variable), baseline systolic (mm Hg) and diastolic arterial blood pressure (mmHg) and intervention group, use of statins (yes or no), 587 
alcohol intake (g/d), educational level  (elementary school, high school and university), physical activity (metabolic), total energy intake (Kcal/d), 588 
family history of premature CHD (yes or no), dyslipidemia at baseline (yes or no), stratified by intervention centre 589 
b Additionally adjusted for vegetable (gr/d), whole grain consumption (g/d) and extra virgin olive oil intake (g/d). 590 
c Additionally adjusted for fruit (gr/d) whole grain consumption (g/d) and extra virgin olive oil intake (g/d). 591 
d 

Additionally adjusted for fruit (gr/d) vegetable consumption (g/d) and extra virgin olive oil intake (g/d). 592 
* statistical significance 593 
 594 

595 
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TABLE 5. Hazard Ratio (HR) and 95% confidence intervals of cardiovascular disease according to cumulative average quintiles of fibre, fruit, 596 
vegetables and whole grain intake (yearly updated measurements of diet). 597 

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median dietary fiber intake 

(g/d) 

19 22 25 28 33 trend 

n       

No. of cases  85 77 66 57 57  

Age, sex-adjusted 1 (ref) 0.91 (0.67-1.24) 0.77 (0.56-1.06) 0.67 (0.47-0.94) 0.67 (0.47-0.95)* 0.018 

Multivariable adjusted † 1 (ref) 0.92 (0.67-1.26) 0.83 (0.59-1.16) 0.71 (0.50-1.02) 0.73 (0.50-1.06) 0.083 

 
      

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median fruit consumption 

(g/d) 

203 299 364 443 586 trend 

n       

No. of cases  76 66 82 50 58  

Age, sex-adjusted 1 (ref) 0.85 (0.61-1.19) 0.99 (0.73-1.37) 0.68 (0.48-0.97)* 0.68 (0.47-0.97)* 0.025 

Multivariable adjusted † 1 (ref) 0.87 (0.62-1.23) 1.03 (0.73-1.41) 0.72 (0.51-1.04) 0.70 (0.48-1.02) 0.052 

Additional multivariable 

adjusted ‡ 

1 (ref) 0.91 (0.64-1.28) 1.09 (0.78-1.52) 0.76 (0.53-1.10) 0.74 (0.51-1.08) 0.095 

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median vegetables 

consumption (g/d) 

205 276 327 381 475 trend 

n       

No. of cases  87 80 63 57 55  

Age, sex-adjusted 1 (ref) 0.97 (0.72-1.32) 0.78 (0.56-1.08) 0.72 (0.51-1.01) 0.72 (0.50-1.05) 0.054 

Multivariable adjusted
 
† 1 (ref) 1,01 (0.74-1,38) 0.80 (0.56-1.11) 0.74 (0.51-1.06) 0.75 (0.51-1.10) 0.087 

Additional multivariable 

adjustedꞨ c 

1 (ref) 1,07 (078-1.46) 0.87 (0.61-1.20) 0.82 (0.56-1.09) 0.85 (0.57-1.26) 0.309 

QUINTILES Q1 Q2 Q3 Q4 Q5 p for 

Median whole grain 

consumption (g/d) 

-3.5 0.61 7.17 33 89 trend 

n       

No. of cases  82 56 78 60 66  

Age, sex-adjusted 1 (ref) 0.71 (0.50-1.00) 1.01 (0.74-1.38) 0.78 (0.56-1.09) 0.79 (0.56-1.11) 0.338 

Multivariable adjusted
 
† 1 (ref) 0.66 (0.49-0.99) 0.76 (0.50-1.32) 0.75 (0.49-1.14) 0.76 (0.52-1.10) 0.381 

Additional multivariable 

adjusted ‖ 

1 (ref) 0.69 (0.45-1.02) 0.95 (0.63-1.41) 0.83(0.54-1.26) 0.82 (0.57-1.20) 0.620 

†  Adjusted for age (years), sex, smoking status (current smokers or former and never smoked), type 2 diabetes at baseline (yes or no), waist/height 598 
ratio (continuous variable), baseline systolic (mm Hg) and diastolic arterial blood pressure (mmHg) and intervention group, use of statins (yes or no), 599 
alcohol intake (g/d), educational level  (elementary school, high school and university), physical activity (metabolic), total energy intake (Kcal/d), 600 
family history of premature CHD (yes or no), dyslipidemia at baseline (yes or no), stratified by intervention centre 601 
‡Additionally adjusted for vegetable (gr/d), whole grain consumption (g/d) and extra virgin olive oil intake (g/d). 602 
Ꞩ Additionally adjusted for fruit (gr/d) whole grain consumption (g/d) and extra virgin olive oil intake (g/d). 603 
‖Additionally adjusted for fruit (gr/d) vegetable consumption (g/d) and extra virgin olive oil intake (g/d). 604 

 605 

  606 
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TABLE 6. Hazard Ratio (HR) and 95% confidence intervals of cardiovascular disease according to baseline and cumulative average quintiles (yearly 607 
updated measurements of diet) of specific fruit and vegetables consumption. 608 

BASAL ANALYSIS 
 Q1 Q2 Q3 Q4 Q5 p for 

trend 
Orange group 

Median, g/d 8.6 52.6 74.3 141.6 167.6  
Multivariate HR 1 0.87 

(0.62-1,22) 
0.77 

(0.53-1.12) 
1.07 

(0.77-1.47) 
0.93 

(0.65-1.33) 
0.703 

Apple/pear group 
Median, g/d 10.4 62.9 107 148 165  
Multivariate HR 1 0.95 

(0.68-1.34) 
1.02 

(0.72-1.44) 
0.89 

(0.63-1.28) 
0.70 

(0.48-1.03) 
0.141 

Green-leafy vegetables group 
Median, g/d 24.7 49.5 70.8 88.15 118.26  
Multivariate HR 1 0.58 

(0.41-0.82) 
0.76 

(0.56-1.04) 
0.65 

(0.47-0.91) 
0.65 

(0.47-0.91) 
0.037 

Cruciferous vegetables group 
Median, g/d 0.10 8.8 9.9 19.7 22.8  
Multivariate HR 1 0.96 

(0.69-1.34) 
0.91 

(0.66-1.26) 
0.75 

(0.53-1.06) 
0.62 

(0.42-0.90) 
0.005 

Carotene-rich fruits and vegetables 
Median, g/d 11.0 24.1 33.1 50.7 89.55  
Multivariate HR 1 0.90 

(0.65-1.24) 
0.76 

(0.54-1.07) 
0.78 

(0.55-1.11) 
0.90 

(0.64-1.27) 
0.643 

Lutein rich fruits and vegetables 
Median, g/d 0.7 9.6 19.7 20.3 59.84  
Multivariate HR 1 0.84 

(0.60-1.17) 
0.89 

(0.63-1.25) 
0.84 

(0.59-1.20) 
0.94 

(0.67-1.32) 
0.961 

Lycopene rich fruits and vegetables 
Median, g/d 16.0 28.1 78.5 104.1 123.2  
Multivariate HR 1 0.95 

(0.69-1.32) 
0.88 

(0.63-1.23) 
0.96 

(0.69-1.33) 
0.75 

(0.52-1.09) 
0.224 

Vitamin c-rich fruits and vegetables 
Median, g/d 26.6 73.2 112.6 163.6 244.4  
Multivariate HR 1 0.73 

(0.51-1.04) 
1.01 

(0.72-1.41) 
0.96 

(0.69-1.32) 
0.94 

(0.66-1.33) 
0.853 

CUMMULATIVE ANALYSIS 
 Q1 Q2 Q3 Q4 Q5 p for 

trend 
Orange group 

Median, g/d 21.4 64.3 93.6 139.28 208.9  
Multivariate HR 1 0.95 

(0.68-1.34) 
1.03 

(0.72-1.48) 
1.21 

(0.88-1.68) 
1.29 

(0.91-1.85) 
0.126 

Apple/pear group 
Median, g/d 38.6 67.9 107 150 262.5  
Multivariate HR 1 1.05 

(0.76-1.45) 
0.87 

(0.63-1.21) 
1.02 

(0.73-1.42) 
0.48 

(0.31-0.74) 
0.011 

Green-leafy vegetables 
Median, g/d 32.16 53.6 70. 85 113  
Multivariate HR 1 0.89 

(0.65-1.24) 
0.82 

(0.59-1.14) 
0.86 

(0.62-1.21) 
0.74 

(0.50-1.09) 
0.174 

Cruciferous vegetables 
Median, g/d 3.1 9.3 12.9 20 30  
Multivariate HR 1 1.0 

(0.74-1.35) 
0.79 

(0.56-1.11) 
0.88 

(0.63-1.23) 
0.64 

(0.42-0.97) 
0.013 

Beta-carotene rich fruits and vegetables 
Median, g/d 16.7 30 40 50. 75  
Multivariate HR 1 0.96 

(0.71-1.31) 
0.81 

(0.57-1.16) 
0.87 

(0.60-1.25) 
0.90 

(0.61-1.31) 
0.432 

Lutein rich fruits and vegetables 
Median, g/d 9.3 14.6 20 27 40  
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Multivariate HR 1 0.72 
(0.52-1.17) 

0.82 
(0.61-1.12) 

0.86 
(0.58-1.28) 

0.80 
(0.57-1.15) 

0.320 

Lycopene rich fruits and vegetables 
Median, g/d 29.7 56.4 79.5 101.7 125  
Multivariate HR 1 1.03 

(0.75-1.43) 
0.84 

(0.60-1.18) 
0.94 

(0.67-1.33) 
0.80 

(0.56-1.15) 
0.241 

Vitamin c-rich fruits and vegetables 
Median, g/d 46.3 87.9 121.1 161 239.5  
Multivariate HR 1 0.71 

(0.50-1.02) 
0.90 

(0.63-1.27) 
1.07 

(0.77-1.48) 
1.03 

(0.73-1.46) 
0.328 

       
HR (95% CI) Adjusted for age (years),sex, smoking status (current smokers or former and never smoked), type 2 diabetes at baseline (yes or no), 609 
waist/height ratio (continuous variable), baseline systolic (mm Hg) and diastolic arterial blood pressure (mmHg) and intervention group, use of 610 
statins (yes or no), alcohol intake (g/d), educational level  (elementary school, high school and university), physical activity (metabolic), total energy 611 
intake (Kcal/d), family history of premature CHD (yes or no), dyslipidemia at baseline (yes or no), stratified by intervention centre 612 

  613 
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FIGURE 1. HR FOR CARDIOVASCULAR DISEASE ACCORDING TO CUMULATIVE 614 

SERVINGS/DAY OF FRUIT AND VEGETABLES CONSUMPTION* 615 

 616 

*Adjusted for age (years), sex, smoking status (current smokers or former and never 617 

smoked), type 2 diabetes at baseline (yes or no), waist/height ratio (continuous 618 

variable), baseline systolic (mm Hg) and diastolic arterial blood pressure (mmHg) use of 619 

statins (yes or no), alcohol intake (g/d), educational level (elementary school, high 620 

school and university), physical activity (metabolic), total energy intake (Kcal/d), family 621 

history of premature CHD (yes or no), dyslipidemia at baseline (yes or no) and 622 

intervention group; stratified by intervention centre 623 

 624 


