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ABSTRACT

Purpose: The aim of the present study was to assess the association between the dietary total antioxidant
capacity, the dietary intake of different antioxidants and mortality in a Mediterranean population at high
cardiovascular disease risk.

Methods: A total of 7,447 subjects from the PREDIMED study (multicenter, parallel-group, randomized
controlled clinical trial), were analyzed treating data as an observational cohort. Different antioxidant
vitamin intake and total dietary antioxidant capacity were calculated from a validated 137 item food
frequency questionnaire at baseline and updated yearly. Deaths were ascertained through contact with
families and general practitioners, review of medical records and consultation of the National Death
Index. Cox regression models were fitted to assess the relationship between dietary total antioxidant
capacity and mortality. Dietary total antioxidant capacity was estimated using FRAP assays (ferric-
reducing antioxidant power).

Results: A total of 319 deaths were recorded after a median follow-up of 4.3 years. Subjects belonging to
the upper quintile of antioxidant capacity were younger, ex-smokers, with high educational level, more
active and had higher alcohol intake. Multivariable-adjusted models revealed no statistically significant
difference between total dietary antioxidant capacity and mortality (Q5 vs Q1 ref HR=0.85; 95% CI 0.60-
1.20) neither for the intake of all the vitamins studied.

Conclusions: No statistically significant association was found between antioxidant capacity and total

mortality in elderly subjects at high cardiovascular risk.
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INTRODUCTION

It has been widely reported that high consumption of fruits and vegetables might positively impact human
health [1-4]. The antioxidants present in these food items reduce the adverse effects of both oxygenated
and nitrogenous free radicals that are produced in the normal physiological functioning of the organism.
But fruits and vegetables are not the only sources of antioxidants in the diet. Other foods like chocolate,
coffee, tea, wine, beer and fresh herbs and apices [5,6] also have an important contribution in antioxidant

levels.

For years, multiples studies conducted predominantly in middle-aged populations have showed
associations between antioxidant substances and all cause or cardiovascular disease mortality. Evidence
that mortality may be associated with vitamin C, vitamin E, carotenoids and selenium intake or status has

been obtained in several previous studies [7-11].

Given the diversity in the sources of antioxidants and the interaction that exists between the different
nutrients of different food items that constitute our diet, is important to use an indicator that reflects
adequately the daily exposure to antioxidants and that takes into account the synergic effect of all the
antioxidants substances present in the food [12]. Dietary total antioxidant capacity measures the overall
antioxidant capacity of diet and has been shown to be an indicator of diet quality [13,14]. Similarly to
individual antioxidants, total dietary antioxidant capacity has also been inversely associated to stroke
[13,15], cancer [16] and heart failure [17].

The antioxidant capacity of the diet determines chronic inflammatory states [18,19]. Given the
relationship between the inflammation and some chronic diseases and death, the aim of the present study
was to assess the association between the dietary total antioxidant capacity, the dietary intake of different

antioxidant vitamins and mortality in a Mediterranean population at high cardiovascular risk.



MATERIALS AND METHODS

Study design

This study was conducted within the frame of the PREDIMED study (PREvencion con Dleta
MEDiterranea): a randomized, multicenter, parallel group, single-blinded dietary intervention ftrial
conducted in Spain with the aim to analyze the effect of the Mediterranean Diet (MeDiet) on the
prevention of major cardiovascular disease. Participants were randomly assigned to three groups: MeDiet
supplemented with extra virgin olive oil (MeDiet + EVOO), MeDiet with nuts (MeDiet + nuts), and the
control group [20]. The main results of the trial on the primary end point have been published

elsewhere [21].

The PREDIMED study included 7447 participants, men aged between 55 and 80 years and women
between 60 and 80 years who were at high cardiovascular risk. Subjects, who had no cardiovascular
disease at enrolment, met at least one of the following criteria: presence of type 2 Diabetes Mellitus
(T2DM) or the presence of three or more cardiovascular risk factors (current smoking, hypertension,

dyslipemia, overweight or obesity, or family history of premature CVD.

The present analysis was conducted as an observational prospective cohort study considering baseline
data before the individuals were randomized to the intervention group. The protocol was approved by the
institutional review boards of each recruitment center and all participants provided a written informed

consent prior to their inclusion in the study

For this analysis, we excluded subjects without follow-up (n=201), and with values of total energy intake
outside of predefined limits (<800 or >4000 kcal/d in men and: <500 or >3500 kcal/d in women) (n=231)
[22]. Overall, 7,015 subjects were analysed in this study.

Antioxidant capacity intake and dietary assessment

Trained dieticians used a 137-item food frequency questionnaire (FFQ) to assess dietary habits by face-
to-face interviews. This FFQ was repeatedly administered at baseline and each year during follow-up.
The FFQ has been previously validated in a sample of participants of the PREDIMED study [23,24].
Energy (kcal/d) and nutrient intake (g/d) were calculated as frequency multiplied by nutrient
concentration in a specified portion size, where frequencies were measured in nine categories for each
food item. Nutrient data bank was updated using the latest available information included in food
composition tables for Spain [25]. Alcohol intake was also ascertained through the use of this

questionnaire.

Dietary total antioxidant capacity was estimated using published databases that provided the antioxidant

capacity measured in foods by assays FRAP (ferric reducing antioxidant power) [6].

Outcome ascertainment



All-cause mortality was determined by review of the End Point adjudication Committee whose members
were unaware of the interventions assignments or any dietary exposure. Information on all-cause
mortality was updated yearly. The sources of information were initially obtained from the continuous
contact with participants and their families that we had during the trial, contact with family physicians,
the yearly comprehensive review of all medical records and by yearly consultation of the National Death

Index. The analyses included cases confirmed between October 1st, 2003, and December 1st, 2010.

Co-variates assessment

At baseline socio-demographic information, medical history and use of medication and lifestyle habits
were collected via specific questionnaires. Trained personnel carried out anthropometric and blood
pressure measurements. Height and weight were measured wearing light clothes, barefoot, using a wall-
mounted stadiometer and calibrated scales. BMI was estimated as weight (kg) divided by the height (m?
squared. Physical activity was assessed using a validated Spanish version of the Minnesota leisure-time

physical activity questionnaire [26].

Statistical analysis

Baseline characteristics of the population were summarized according to quintiles of dietary total
antioxidant capacity. Follow up time was calculated from the date of recruitment to the date of either
death or end of follow-up (the date of the last visit or the last recorded clinical event of participants still
alive). To assess the risk of all-cause mortality by quintiles of antioxidant intake and quintiles of dietary
antioxidant capacity different Cox regression models were used to estimate multivariable-adjusted hazard

ratios (HR) and their 95% confidence intervals.

We used Cox regression models with time-dependent exposures with update diet and covariates. For

dietary measures, we used the cumulative average of food intakes from baseline to the censoring events.

To ascertain the association between the quintiles of dietary total antioxidant capacity and total mortality,
a first model was adjusted for recruitment center, intervention group, age (years, continuous), sex,
education (low, middle, high), marital status (married, other), BMI (underweight, normal, overweight and
obese), smoking habit (never, past, current), leisure-time physical activity (METs-min/d score,
continuous), alcohol intake (g/d, continuous), total energy intake (kcal/d, continuous), and self-reported
history of cancer, arterial hypertension, history of dyslipidemia and cardiovascular disease (yes, no). A
second model was additionally adjusted for energy-adjusted intake of saturated fatty acids (g/d),
polyunsaturated fatty acids (g/d), monounsaturated fatty acids (g/d) and glycemix index. Tests of linear
trend across increasing quintiles of dietary total antioxidant capacity were conducted by assigning the
medians to each quintiles and these variables were treated as continuous in the multivariable models.
Moreover, to assess the presence of interactions between the dietary total antioxidant capacity and
different variables such as intervention group, sex, obesity or smoking at baseline, product terms were
built and included in the multivariable models.



To estimate multivariable-adjusted HR and their 95% CI for all-cause mortality according quintiles of
each antioxidant intake the model was adjusted for the same variables used to adjust the second model in

the dietary antioxidant capacity index analysis.

Statistical analyses were performed using SPSS software package for Windows version 19.0 (SPSS Inc.,
Chicago, IL, USA) and Stata 12.0 (StataCorp, College Station, TX, USA). The significance level was set
at p <0.05.



RESULTS

The subjects in the highest quintile of dietary total antioxidant capacity were more likely to be younger,
ex-smokers, physically more active, with secondary or university level of education and with higher
alcohol intake. In contrast, subjects in the highest quintile of adherence to the antioxidant capacity index
were less likely to have a history of hypertension. The antioxidant capacity index was also directly

associated to alcohol and red wine consumption, fruit and cereal intake (table 1).

During follow-up (median 4.3 years), 319 deaths were reported. Table 2 shows the association between
the quintiles of antioxidant capacity index and mortality risk. There was an inverse association with total
mortality (multivariable HR: 0.85; 95% CI: 0.60-1.20) and with mortality from cardiovascular disease
(multivariable HR: 0.79; 95% CI: 0.43-1.43), for participants in the highest quintile of antioxidant
capacity index compared with participants in the lowest quintile, although these associations were not
significant. Neither was significant the association for antioxidant capacity index and death from cancer.
Additional adjustment for several dietary factors such as fatty acids and glycemic index did not change

the reported results.

After repeating the analyses including several product terms in the multivariable models, only a
significant interaction was found for dietary total antioxidant capacity and smoking at baseline for cancer
mortality (p for interaction=0.046). Thus, the analysis for this outcome was re-analysed after stratifying
the sample by smoking status (never/former vs. current smokers). No significant association between
dietary total antioxidant capacity and cancer mortality was found among never and former smokers.
However, an important reduction (around 80%) in the risk of cancer death was reported for those
participants who were current smokers and belonged to the third and fourth quintiles of dietary total
antioxidant capacity as compared to those within the first category (reference). HR and 95% CI were 0.18
(0.04-0.83) and 0.23 (0.07-0.79) respectively.

In the analysis of the effect of several single antioxidants and mortality (table 3), no significant
association was found between vitamin intake and mortality risk. Although the estimates did not reach
statistical significance, other antioxidants such as vitamin C, B-cryptoxanthin, phytosterols or selenium
were inversely associated to the risk of death from any cause with reductions of around 20 to 30%. HR
and 95% CI for extreme quintiles of vitamin C intake were: 0.78 (0.51-1.18); HR and 95% CI for extreme
quintiles of B- cryptoxanthin intake were: 0.70 (0.48-1.02); HR and 95% CI for extreme quintiles of
phytosterols intake were: 0.73 (0.47-1.11); and HR and 95% CI for extreme quintiles of selenium intake
were: 0.74 (0.49-1.10).



DISCUSSION

In this large prospective study in a population of older subjects with cardiovascular risk factors, we found
no association between dietary total antioxidant capacity of the diet and mortality. Only subjects in the
fourth quintile of dietary total antioxidant capacity had a lower risk of all-cause mortality when
comparing to subjects belonging to the first quintile. These differences disappeared when additionally the
results were adjusted for fatty acids and glycemic index intake. Also subjects in the fourth quintile had a

32% lower risk of cancer mortality.

The results did not change after carrying out several sensitivity analyses (data not shown), excluding the
deaths occurring in the first two years of follow-up or participants with less than two years of follow-up,
including only participants aged with less 60, 65 or 70 years at baseline or including only deaths

occurring < 60 or <70 years.

The beneficial effect that antioxidants have on health is well known. However, the action of individual
antioxidants can not be entirely determined due to the complex synergistic interactions present among
these substances. Total antioxidant capacity has been recognised as a new tool to investigate the
relationship between dietary antioxidant intake and mortality/diseases, providing the anti-oxidant
potential of the total diet rather than that of single nutrients [12]. The antioxidant capacity of the diet is
consider a good indicator of plasma antioxidant status [27-29] and also an indicator of nutritional quality
[14].

Several cohort studies have investigated the protective effect of dietary total antioxidant capacity on the
risk of some diseases. However, we haven't found any study that related dietary total antioxidant capacity
with mortality in elderly population. In the EPIC cohort, with a large number of subjects form different
European countries and aged between 35 and 70 years, results showed that a high dietary intake of
antioxidant capacity was associated with a reduced risk of gastric cancer [16]. A case-control study
conducted in an Italian population found a consistent inverse relation between this index and colorectal

cancer [30].

Regarding to cardiovascular disease, the results by Rautiainen et al in the Swedish Mammography
Cohort, showed that the total capacity antioxidant of diet was associated with lower risk myocardial
infarction [31] and heart failure [17]. In this cohort of Swedish women researches also found an inverse
association between total capacity antioxidant of diet and haemorrhagic stroke but not with cerebral
infarction [13]. On the contrary, Del Rio et al in the EPIC cohort suggested that a diet rich in total
capacity antioxidant of diet reduce the risk of cerebral infarction but not the risk haemorrhagic stroke
[15].

In the Rotterdam Study, a prospective cohort that included 5,395 participants aged 55 years and older,
dietary total antioxidant capacity of the diet did not seem to predict the risk of major neurologic diseases
[32]. Other cohort studies have shown an inverse association between dietary total antioxidant capacity,

diabetes [33] and metabolic syndrome [34].



When the different dietary antioxidants were analysed separately, results showed that subjects in the
highest quintile had a lower mortality risk than those belonging to the lowest intake for most of the
antioxidants substances, but these differences were not significant. This finding is in concordance with
the results of other studies also conducted in elderly people and where the evidence of the association
between mortality and antioxidant vitamin intake is scanty [8,35,36]. However, in a previous analysis
conducted also in the frame of the PREDIMED study [37] results showed an inverse relationship between

polyphenol intake and mortality.

More evidence exists on the beneficial effect that the intake of fruits and vegetables with high antioxidant

power has in the prevention of certain chronic diseases and in all-cause mortality [1,2,38].

Though the epidemiological evidence shows that the consumption of food items rich in antioxidants is
related to a lower risk of mortality and incidence of chronic diseases there is no clear evidence that the
supplementation with high doses of antioxidant vitamins is effective in the reduction of the risk of this
type of pathologies. On the other hand it has been suggested that the beneficial effect of dietary
antioxidants is higher in subjects having some risk factors at baseline [39]. In our population the
possibility of oxidative stress is high though this is an elderly population at high cardiovascular risk.
Otherwise, the population studied in this analysis belongs to a dietary intervention trial in which three
groups of intervention are established: a Mediterranean diet supplemented with olive oil group, a
Mediterranean diet supplemented with mixed nuts group and a control group without dietetic

supplementation who received advice to follow a low fat diet.

Nevertheless, and as a possible explanation of our findings it is probable that dietary antioxidants levels in
this population were adequate from the beginning of the study though participants from the PREDIMED
are diabetics or have at least three risk factors of cardiovascular disease. So, these conditions preclude the

adoption of dietetic changes including the increase in the antioxidant intake.

The increase interest for the antioxidants substances has risen, also the development of methods to
estimate the antioxidant value of the diet. Given the synergistic interactions between the different
components of foods and the different mechanisms of action of each one it is more adequate to use a
combination of them to evaluate with more accuracy the antioxidant capacity of the food [12]. The use of
only this method to estimate the antioxidant capacity in our population could be a limitation of our study.

In fact, other specific assays such as (e.g., ORAC or ABTS) could complete the dietary antioxidant

capacity assessement [40].

Another fact to take into account is the influence that the dietary antioxidant capacity has on the total
antioxidant capacity. In spite of the strong consistence existing of the direct role of dietary antioxidants in
modulating the plasma antioxidant network it is necessary to consider the influence of multiple factors

that can modify the bioavailability of the antioxidants and therefore their activity in vivo [41].

Moreover, non-differential measurement error in the assessment of dietary total antioxidant capacity may

have biased our results. This bias is particularly important for this non-binary exposure [42]. The



estimation of dietary total antioxidant capacity was derived through a food frequency questionnaire that
included a limited number of food items. Thus, although the validity and reproducibility of the dietary
questionnaire has been previously evaluated the antioxidant capacity of the diet could have been
underestimated. Additionally, multiple factors including cultivation procedures, growing and harvesting

conditions and food.

Some strengths of our study also deserve to be mentioned. They included its prospective design, its long-
term follow up and the large simple size, thus it is not representative of general population. Also it is of
great interest the use of repeated measurements for calculating the dietary intake which could be used to

reduce measurement error due to intra-individual variation.

In conclusion, the results of this study in older people at high cardiovascular risk did not show any
association between dietary antioxidant capacity and the risk of total mortality, cardiovascular mortality
or cancer mortality. Further studies that combined this index with other indicators of antioxidant capacity
are needed to analyse more accurately the relationship between the adherence to a diet rich in antioxidants

and the occurrence of disease or death.
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