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Introduction

The Balearic Islands (Spain) are located in the Mediter-
ranean Sea. In this area, the availability of fish, together
with a temperate and homogeneous climate in an arid
and mountainous geography allowed for the develop-
ment of specific agriculture (dry crops) and livestock

Does the diet of the Balearic population,
a Mediterranean type diet, still provide
adequate antioxidant nutrient intakes?

Summary Aims To evaluate the
intake of antioxidant nutrients, as
important components of the diet
of the Balearic population, a typical
Mediterranean type diet, as well as
socio-demographic, lifestyle and
dietary factors that could be associ-
ated to their consumption. Methods
Cross sectional survey: dietary in-
formation (replicated 24-h recall)
and socio-demographic and
lifestyle data were collected from a
representative sample of the
Balearic Islands population
(n=1200,498 males and 702 fe-
males) aged 16-65 years (response
rate 77.22%). A Dietary Antioxi-
dant Quality Score (DAQS) was
computed considering the risk of
inadequate intakes (< 2/3 RDI) for
selenium, zinc, B-carotene, vita-
mins C and E. This score (ranged
from 0, very poor dietary antioxi-
dant quality, to 5, high quality diet)
was divided into quartiles. Those
pertaining to the lower quartile
were defined as low antioxidant
consumers and compared to those
in the upper quartile in terms of

their socio-demographic, lifestyle
and dietary characteristics. Results
Inadequate intakes (< 2/3 RDI)
were estimated in nearly half of the
sample for zinc, B-carotene and vit-
amin E. Of the study population,
12.4% were identified as low an-
tioxidant consumers according to
DAQS. Pertaining to lower socio-
economic and educational level
and being born in a non-Mediter-
ranean Spanish region were the
most important determinants for
being a low antioxidant consumer.
A diet high in saturated fat but low
in total fat, fruit, vegetables and fi-
bre also determined a low intake of
antioxidants. Conclusions These
findings suggest a possible depar-
ture from the traditional Balearic
diet among certain groups of the
Balearic Islands population, and
this trend may be responsible for
the observed low intake of antioxi-
dant nutrients.

Keywords Mediterranean diet —
antioxidants - lifestyle — dietary
patterns — Balearic Islands

(mainly sheep, goats and pigs) that provided a confined
but varied Mediterranean diet.
Until recently the likely health benefits of the

Mediterranean diet were mainly attributed to its low
content of saturated fatty acids and the high content of
complex carbohydrates and dietary fibre. However, the
benefits on health of the Mediterranean diet may be
partly attributed to its antioxidant properties. While
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there is no direct evidence that these antioxidants are
central to the benefits of the Mediterranean diet, indi-
rect evidence from epidemiological data and the in-
creasing understanding of their mechanisms of action
suggest that antioxidants may play a major role [1]. Most
of the antioxidant components of the Mediterranean
diet consist of vitamins and minerals as well as
flavonoids and polyphenolic compounds contained in
fruits, vegetables, beverages and olive oil [1, 2]. These
food items can be considered the basis of the Mediter-
ranean diet, together with other components. Therefore,
the study of the consumption of some of the main an-
tioxidant nutrients can be used as a proxy measure for
the study of the Mediterranean diet in the Balearic Is-
lands, not only because most of the benefits of this diet
could be attributed to these nutrients but also because
the antioxidants food sources are those commonly eaten
in the Mediterranean diet [3-6].

Moreover, epidemiological evidence suggests that di-
etary patterns in the Mediterranean countries are
changing rapidly, with increased consumption of animal
products and saturated fat to the detriment of plant-
based foodstuffs [7]. Reasons for this development can
be found in the substantial socioeconomic changes
throughout Europe over the past 40 years. In Spain, the
most dramatic social and economic changes observed
after the 1960s were the massive rural-urban migration
accompanied by rapid urbanization processes, general-
ized incorporation of females into the paid work-force,
GNP per capita increase etc. All these have led to an ac-
celeration in dietary changes: changes in the organiza-
tion of family life and home meals, increased food avail-
ability, the greater relevance of processed foods and the
reduction in energy expenditure at work have induced
the so-called “Nutrition Transition” in Spain, which is
comparable to the loss of the Mediterranean diet ob-
served in many other areas [8,9]. The diet of the Balearic
Islands has also been affected by the development of a
tourist based economy. With the onset of tourism in the
1950s, new populations from other Spanish regions and
other parts of the world arrived in the Balearic Islands.
Currently, 10.4% people from abroad (6% from the
present European Union, fifteen countries) and 26.8 %
from other regions of Spain are living in the Balearic
Islands [10]. Now, the Balearic Islands reflect a mixture
of cultures, and consequently new socio-demographic
and lifestyle factors have been introduced. Furthermore,
the degree of loss or adherence to the Mediterranean
diet may be determined by socio-demographic and
lifestyle variables.

The aim of this study was to evaluate the intake of an-
tioxidant nutrients as one of the main components of
the Mediterranean diet as consumed in the Balearic Is-
lands, as well as the socio-demographic, lifestyle and
other dietary factors that could be associated with this
consumption.

Subjects and methods
Subjects

This study considered the cross-sectional data from the
Nutrition Survey of the Balearic Islands (NSBI) that was
carried out from 1999-2000 [11]. The study population
consisted of all inhabitants of the Balearic Islands aged
between 16 and 65 years. The sample was obtained by
multi-step stratified random sampling procedures by
age, gender and habitat, proportional to population den-
sity. Inclusion criteria stipulated to have been living in
the Balearic Islands for two years before the study; this
criterion was adopted in order to ensure that individu-
als were fully adapted to a regular life in the Balearic
Islands, led usual activities and had adopted the customs
of the immediate environment. Pregnant women were
not considered in this study. The theoretical sample size
was set at 1500 individuals, taking into account an antic-
ipated 70 % participation rate, and to provide a specific
relative precision of 5% (type I error=0.05; type II er-
ror=0.10).

Anthropometric measurements

The anthropometric measures used in this study were
height, weight, and body mass index (BMI, weight in
kg/height? in meters).

Height was determined using a mobile anthropome-
ter (Kawe, 44444, France) to the nearest mm, with the
subject’s head in the Frankfurt plane. Body weight was
determined to the nearest 100 g using a digital scale
(Tefal, sc 9210, France). The subjects were weighed in
bare feet and light underwear, which was accounted for
by subtracting 200-400 g from the measured weight.
Prevalence of overweight and obesity was calculated ac-
cording to BMI cut-off limits [12].

Questionnaires

Dietary questionnaires and an overall questionnaire in-
corporating questions related to socio-economic status,
educational level and lifestyle factors were utilised. The
dietary questionnaires included two 24-hour diet re-
calls. The 24-hour recall was carried out twice during the
study period, the first in the warm season (May-Sep-
tember) and the second in the cold season (November-
March). This was done to avoid the influence of seasonal
variations. The questionnaires were administered in the
subject’s home. To avoid bias brought on by day-to-day
intake variability, the questionnaires were administered
homogeneously from Monday to Sunday. In order to es-
timate volumes and portion sizes, the household mea-
sures found in the subjects’ own homes were used. In-
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formation on smoking habits, physical activity, and al-
cohol intake was collected using specific questionnaires
[13, 14]. Social class was estimated by the occupation of
the head of the family according to the methodology de-
scribed by the Spanish Society of Epidemiology [15].

Food and nutrient intake

Conversion of food into nutrients was made using a
self-made computerized program based on Spanish
[16-18] and European Food [19] Composition Tables,
and complemented food composition data available for
Majorcan food items [20]. Information about traditional
Balearic recipes was also utilized [21]. Food composi-
tion data were specific for raw and cooked foods. Iden-
tification of under-reported food intake was made using
the following method: energy intake (EI)/basal meta-
bolic rate (BMR) ratio: < 1.14 classified the individual as
under-reporter [22].

Outcome variables: antioxidant nutrient intake

The outcome variables were the intake of certain vita-
mins and minerals that have been shown to act as di-
etary antioxidants: selenium, zinc, B-carotene, vitamin C
and vitamin E. The consumption was estimated for each
interviewed individual as the average intake reported in
the two 24-hour recalls. The nutritional density of each
antioxidant nutrient was calculated dividing the average
intake of these nutrients by the total energy intake (M])
in order to avoid bias caused by different intakes of en-
ergy. Since there are no current recommendations for
intakes of antioxidant nutrients for the reduction of
chronic diseases [23], diet adequacy in terms of its an-
tioxidant nutrients was evaluated by comparison to Rec-
ommended Daily Intakes (RDI) for Spanish people [17]
and to proposed RDI for Europeans [24] when no refer-
ence data was given for Spanish persons. The percentage
of the RDI as well as the proportion of individuals with
intakes below the RDI, 2/3 of the RDI and 1/3 of the RDI
were calculated. The proportion of individuals with in-
takes below 2/3 of the RDI was the criterion used to es-
timate the risk of inadequate intake [25].

A dietary antioxidant quality score (DAQS) was com-
puted considering the risk of inadequate intakes for the
antioxidant nutrients considered. A value of 0 or 1 was
assigned to each of the five antioxidant nutrients. Per-
sons whose consumption was below 2/3 of the RDI for
each antioxidant were assigned a value of 0,and persons
whose consumption was at or above 2/3 of RDI were as-
signed a value of 1. Thus, the total dietary antioxidant
quality score ranged from 0 (very poor quality) to 5
(high quality). In order to examine socio-demographic
and lifestyle differences as well as food intake patterns

for high and low consumers of antioxidants, the DAQS
data were divided into the corresponding quartiles and
comparisons were made between the upper and lower
quartile. Those in the upper quartile were people with
inadequate intakes (intakes below 2/3 RDI) of just one or
any antioxidant; those in the lower quartile were those
who presented an inadequate intake for 4 or 5 (all) an-
tioxidant nutrients.

Determinants: socio-demographic, lifestyle
and dietary variables

The explanatory variables were socio-economic,
lifestyle, and dietary determinants that were thought to
be associated with the intake of antioxidant nutrients in
this population. The socio-demographic variables that
were considered for this study included: age group
(16-25 years; 26-45 years; 46-65 years); sex; region of
origin (defined as being born in the Balearic Islands,
East of Spain as representative of the Mediterranean
coast, other parts of Spain and other countries); marital
status (single, married, separated, divorced, widow); ed-
ucational level (grouped according to years and type of
education: low, less than 6 years at school; medium, 6 to
12 years of education; high, more than 12 years of edu-
cation) and socio-economic level (based on occupation
of head of household and classified as low, medium and
high). The lifestyle aspects that were analysed are:
Smoking habit (No; Yes, more than 1 cigarette a day; Oc-
casionally, less than 1 cigarette a day); Physical activity
(according to the level of exercise reported by inter-
viewees during their free time and classified as seden-
tary, light, moderate and vigorous); and finally BMI
classification according to established cut-off points:
underweight (BMI < 18.5); normal weight (BMI =18.5/
< 25); overweight (BMI=25/<30) and obese (BMI > 30)
[12]. Components of the diet that were also considered
as explanatory variables were the intake of fat and satu-
rated fat (percentage of energy intake), fruit & vegeta-
bles (g/d) and total dietary fibre (g/d). Data about the
consumption of these dietary components were divided
into the corresponding quartiles. An adequate and
balanced consumption of these dietary compounds
roughly defines a healthy and/or Mediterranean dietary
pattern [1-3,5-7].

Statistics

Analyses were performed with SPSS version 10.0. Un-
paired Student’s t-test and ANOVA one-way test were
used to test differences between means. Significant dif-
ferences in proportions were calculated by means of 2.
Spearman’s rank correlation coefficient (r) was used to
study the correlation between each dietary antioxidant
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intake and other antioxidant nutrients intakes. Logistic
regression models with the calculations of correspond-
ing adjusted odds ratios (OR) and 95% confidence in-
tervals were used to examine possible differences be-
tween low and high antioxidant consumers. Univariate
analysis was first carried out for all the socio-demo-
graphic and lifestyle variables as well as dietary factors
that could determine a low or high intake of dietary an-
tioxidants. Any factor that was significantly associated
was considered as a candidate for the multivariate
model (quartiles of total fat, saturated fat, fruit & veg-
etable and fibre consumption, age, place of birth, educa-
tional level, and socio-economic status). Sex was also in-
cluded in the logistic regression model, despite of its
statistical significance, in order to control for possible
gender differences in dietary habits and antioxidant nu-
trient intakes. Multiple logistic regression analyses were
used to simultaneously examine the effect of these
variables on the antioxidant adequacy of the diet. Se-
quential Bonferroni’s test was applied to control type-I
error [26]. Level of significance for acceptance was P-
value <0.05.

Results

A total of 1554 subjects were originally included in the
study but the final sample size was 1200 individuals
(77.22% participation). Participation rate in females
(87.5%) was higher than in males (66.22%). Non-par-
ticipation rates included potential subjects declining to
be interviewed as well as involuntary non-participation
due to census error caused by address changes, missing
persons or unavoidable impediments to survey collabo-
ration. Under-reporters were excluded from the analysis
of dietary patterns and nutrient intake in order to avoid
respondent bias usually present in recall dietary meth-
ods.

Socio-demographic and lifestyle characteristics of
study participants are shown in Table 1. More men than
women formed part of the youngest age groups, were
single and were born in the Balearic Islands. Also, men
tended to have either lower or higher study level and
pertain also to lower or higher socio-economic statuses
when compared to women. Men had a higher prevalence
of overweight than women, but women had a slightly
higher prevalence of obesity than men. However, more
women than men were categorized as being under-
weight or normal weight. Women tended to be less phys-
ically active than men (sedentary or light physical activ-
ity level) and men tended to perform more moderate
and vigorous exercises. The prevalence of current smok-
ers was similar between men and women, however, more
women than men had never smoked and more men re-
ported to smoke occasionally.

The percentage of energy (mean * SD) from total fat

(38.6% + 8.5%) and SFA (13.3% + 4%) were above the
recommended (RDI) and the intake of fruit & vegetables
(358 g/d = 240 g/d) and dietary fibre (15.9g/d = 8.2 g/d)
were lower than desirable, in comparison to the Inter-
mediate Nutritional Objectives for the Spanish Popula-
tion [28, 29] (Table 2).

Table 3 summarizes the sex differences observed in
antioxidant nutrient intakes. Broadly we can observe
that the average intakes of selenium and vitamin C were
almost double the RDI in both sexes whereas intakes of
zing, B-carotene and vitamin E were lower than recom-
mended. Inadequate antioxidant nutrient intakes (de-
fined as intakes below 2/3 of RDI) were more prevalent
for zinc, B-carotene and vitamin E in both men and
women. We can also observe that there are some differ-
ences according to sex. If we look at the percent achieve-
ment of the recommendations (% of RDI), taking into
account that RDI differs according to sex, we observe
that males seem to present more adequate intakes of se-
lenium, zinc and vitamin E compared to females,
whereas women show greater adequacy in the intake of
B-carotene and vitamin C (although the gender differ-
ence is not statistically significant for vitamin C).

The Spearman correlation analysis between the in-
takes of antioxidant nutrients (Table4) showed that
there were statistically significant positive associations
between intakes of all antioxidant nutrients. This asso-
ciation was observed not only for the overall population,
but also when the Spearman correlation analysis was
carried out separately by genders (data not shown). The
higher the consumption of one antioxidant nutrient the
higher the consumption of all other antioxidants.

According to the Dietary Antioxidant Quality Score
(DAQS), 12.4% of the population was classified as low
antioxidant consumers (lower quartile of the score) and
35.4% of the sample was defined as high antioxidant
consumers (upper quartile of the score). Table 5 shows
the association between the DAQS and intake of dietary
total fat, saturated fat, fruit & vegetables and fibre. Peo-
ple in the lower quartile of total fat consumption (Q1)
were at higher risk (OR=1.63) of being a low antioxi-
dant consumer (lower quartile of DAQS) when com-
pared to those in the upper quartile of total fat (Q4). The
opposite trend was observed when only saturated fat
was taken into consideration: people in the lower quar-
tile of saturated fat intake (Q1 and Q2) were less likely to
be a low antioxidant consumer (OR of Q1 =0.63; OR of
Q2=0.41) in relation to people with higher intakes of
saturated fat. People in the lower quartiles of fruit & veg-
etables consumption were at higher risk of being a low
antioxidant nutrient consumer (OR of Q1 =2.54; OR of
Q2=2.16; OR of Q3 =3.30) when compared to those in
the upper quartile (Q4). Lower intakes of fibre were also
associated with higher risk of low antioxidant intake;
however this association was only statistically signifi-
cant when the third quartile of fibre was compared to
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Table1 Characteristics of the sample. Percentage of
males and females in each socio-demographic and n;en (n=498) vgomen (n=702) t;)tal (n=1200)  p-value*
lifestyle category (%) (%) (%)
Age group
16-25 years 36.3 253 29.9 0.0001
26-45 years 40.8 41.2 41.0
46-65 years 229 335 29.1
Marital status
Single 49.2 324 37.7 0.0001
Married 37.1 59.4 55.0
Widow 1.0 3.0 2.6
Separated 2.7 29 2.8
Divorced 0 23 1.8
Place of birth
Balearic Islands 81.0 68.2 70.7 0.0001
Spanish East coast 2.1 5.7 5.0
Other Spanish regions 14.2 21.1 19.8
Other country 24 5.0 45
Educational level
Low (< 6Y) 18.9 15.5 16.2 0.0001
Medium (6-12y) 64.2 70.8 69.4
High (> 12y) 17.0 13.7 14.4
Socio-economic status
Low 533 45.8 473 0.0001
Medium 315 452 424
High 15.2 9.1 10.3
BMI classification
Underweight 2.0 53 46 0.0001
Normal weight 48.0 54.8 53.4
Overweight 37.8 24.7 273
Obese 12.2 15.1 14.6
Physical activity
Sedentary 34.6 423 40.9 0.0001
Light 413 51.5 49.7
Moderate 17.8 5.2 74
Vigorous 6.7 1.0 2.1
Current smoking habit
Yes 16.3 16.5 16.5 0.01
No 76.9 82.0 81.1
Occasionally (< 1 cig/d) 6.7 1.5 24

* P-values < 0.05 show that there is a statistically significant difference between sexes (y*-test)

Table2 Description of food patterns of the Balearic Islands population and com-
parison to Intermediate Nutritional Objectives for the Spanish Population [29]

Dietary characteristics Mean (SD) Intermediate Nutritional
Objectives for the Spanish
population

% of Energy from proteins 17.94 (5.37) <15

% of Energy from CHO 42.78 (9.56) > 50

% of Energy from total Fat 38.56 (8.50) <35

% of Energy from SFA 13.33 (4.03) <10

Fruit & vegetables (g/d) 357.27 (370.37) > 550

Fibre (g/d) 15.12(7.73) >22

the fourth (OR =1.51). These associations remained sta-
tistically significant in the multivariate analysis.

Low antioxidant consumers were compared to high
consumers in terms of their socio-demographic and
lifestyle characteristics (Table 6). Multivariate analysis
showed that younger age groups (26-45 years) were at
higher risk of being low antioxidant consumers when
compared to the 46-65 year age group (OR=1.84).
Those born in other Spanish regions (but not in the
Spanish East coast) also showed a statistically signifi-
cant increased risk (OR =1.45) for being a low antioxi-
dant consumer in relation to those born in the Balearic
Islands. People with low educational level (OR =1.87)
and low (OR=3.05) or medium (OR =2.35) socio-eco-
nomic category also had increased risk of being a low
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Table3 Description of the antioxidant nutrient

daily consumption in the study population according mean + 5D % of sample
to sex group intake/M)’! % RDI2 <RDI <2/3RDI < 1/3RDI
Se (pg) Males 154+8.1 237.3+107.5%* 5.4%% 24 1.7
Females 14.5+5.6 178.98+80.4 15.2 4.4 1.6
Zn (mg) Males 13104 72.7£33.9%%* 80.9%**  483*** 75
Females 1.3+0.5 59.7+£27.3 92.5 66.5 13.6
[-carotene (mg) ~ Males 433.7 £574.7*** 56.1£64.7*** 85.0%**  64.3%**  5.4%**
Females 622.2+749.7 78.8+80.1 732 523 39.5
Vitamin C (mg) Males 13.4+13.4%%% 178.9+144.6 37.1 248 838
Females 17.2£143 184.9+£145.0 34.4 209 5.5
Vitamin E (mg) Males 1.1£0.5%* 76.1£49.7** 78.6 51.4 143
Females 1.2+0.6 67.4+39.9 835 58.6 16.1

' Daily intake of Antioxidant nutrients adjusted by total energy intake (MJ)

2 RDI Recommended Dietary Intake for the Spanish population [25] with the exception of Se, whose RDI comes
from the recommendations for the European Union [31].

Differences between sex groups were tested with Anova one-way test (for means) and ?-test (for proportions).
* p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. All p-values are corrected by sequential Bonferroni's

Test to control type-1 error

Table4 Array of Spearman correlation coefficients

(r) between the intakes of antioxidant nutrients (nu- Selenium Zinc B-Carotene Vitamin C Vitamin E
trient density) Se (ug/M)) - 039 01 0.09 0.15
Zn (mg/MJ) 0.39 - 0.17 0.13 0.10
[3-carotene (mg/MJ) 0.11 0.17 = 0.48 0.31
Vitamin C (mg/MJ) 0.09 0.13 0.48 = 0.27
Vitamin E (mg/MJ) 0.15 0.10 0.31 0.27 -

All correlation coefficients are statistically significant (P-values < 0.001, corrected by sequential Bonferroni's test

to control type- error)

antioxidant consumer compared to those in the highest
levels of studies or occupation. All other possible socio-
demographic and lifestyle factors that could determine
an increased risk of low antioxidant nutrient consump-
tion were not significantly associated.

Discussion

According to the present study findings, low antioxidant
consumers present different socio-demographic and di-
etary characteristics compared to high antioxidant con-
sumers. These results suggest that, if any dietary inter-
vention had to be carried out to enhance the
consumption of antioxidant nutrients, this should be
targeted to specific population sections and probably
based on the promotion of a specific-type diet.

Results from this and previous studies [11, 27] sug-
gest that there are some special features in the macronu-
trient and micronutrient content of the Balearic diet that
represent a slight departure from the traditional
Balearic diet and the healthy Mediterranean dietary pat-
tern. Comparisons of the diet of the Balearic Islands
with the intermediate nutritional objectives for the

Spanish population [28] showed that the consumption
of total fat and saturated fat is higher than desirable
whereas vegetable, fruit, and fibre intakes are lower than
recommended values.

This study has analysed the consumption of some vi-
tamins and minerals that act as antioxidant nutrients
and it was observed that a high percentage of the whole
sample showed inadequate intakes of zinc, B-carotene
and vitamin E. Nevertheless, it has to be pointed out that
the intakes of selenium and vitamin C are above the rec-
ommendations. We should bear in mind that selenium is
a trace element showing high variability depending on
the origin of crops and the type of food item containing
this element. Therefore, it is possible that the conversion
of food into nutrients using food composition tables did
not accurately estimate the real intake of selenium [18].

Several papers have reported inadequate intakes for
some vitamins in the Spanish population: a meta-analy-
sis that was carried out on the results of vitamin status
studies performed in Spain over 10 years showed that a
rather high number of people had intakes below that
recommended for vitamins A and E, although the per-
centage of subjects with inadequate intakes of vitamin C
was small [29]. The eVe study also showed that mean in-
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Table5 Dietary determinants of low and high an-

tioxidant consumers expressed as the percentade of Quartiles of consumption ~ Low antioxidant  High antioxidant ~ Crude OR? Adjusted OR*
low and high antioxidar?t consumers inpeach qugrtile consumers' consumers® (95%Cl) (95%Cl)
(Q1, Q2, Q3 & Q4) of % of energy from total fat and (2 =183) (n = 522)
saturated fat (SFA) intake, fruit & vegetables con- (%) (%)
symption (9/d), gnd. fibre intake (g/MJ/d) . Informg- % Energy from Total Fat
te':c"h'guzrrfflzets indicates the mean intake £ 5D in Q1(27.20+5.23) 279 176 163 (1.15-2.33)*  3.38 (1.44-7.95)%
Q2 (35.74+1.59) 240 25.1 0.99 (0.70-1.41)  1.89(0.89-3.98)
Q3 (40.92+1.50) 224 289 0.82(0.70-1.41)  1.18(0.59-2.35)
Q4 (48.90+4.63) 25.7 284 1.00 (ref.) 1.00 (ref.)
% Energy from SFA
Q1(7.82+1.98) 213 218 0.63 (0.44-0.90)*  0.24(0.10-1.58)*
Q2(11.63£0.71) 153 28.0 0.41(0.28-0.60)*  0.24(0.11-0.53)*
Q3 (14.18+0.76) 27.9 26.6 0.79(0.57-1.10)  0.44 (0.23-0.84)*
Q4(18.20£2.12) 355 236 1.00 (ref.) 1.00 (ref.)
Fruit & Vegetables (g/d)
Q1(203.90+92.2) 279 25.1 2.54(1.70-3.79)*  1.71(0.85-3.46)
Q2 (596.10+57.1) 246 238 2.16 (1.43-3.26)*  1.90(0.94-3.84)
Q3 (825.86+81.5) 35.0 228 3.30(2.22-4.90)*  3.19(1.63-6.24)*
Q4(1138.4+99.4) 12.6 284 1.00 (ref.) 1.00 (ref.)
Fibre (g/MJ)
Q1(7.00+2.01) 25.1 220 1.45(0.99-2.10)  1.65(0.83-3.27)
Q2 (11.81£1.17) 30.6 28.2 1.35(0.92-1.88)  1.49(0.76-2.92)
Q3 (16.47+1.52) 25.1 232 1.51(1.05-2.18)*  2.13 (1.06-4.28)*
Q4(25.32+7.12) 19.1 26.6 1.00 (ref.) 1.00 (ref.)

! Individuals who scored below the lower quartile of the Dietary Antioxidant Quality Score, DAQS (intake of 4 to
5 antioxidant nutrients below 2/3 RDI)

2 Individuals who scored above the upper quartile of the Dietary Antioxidant Quality Score, DAQS (intake of 0 to
1 antioxidant nutrients below 2/3 RDI)

3 Univariate analysis (logistic regression analysis considering the effect of one determinant)

4 Multivariate analysis (multiple logistic regression analysis considering the simultaneous effect of several ex-
planatory variables that were significantly associated in the univariate analysis: quartiles of total fat, saturated
fat, fruit & vegetable and fibre consumption)

* P-values < 0.05, corrected by sequential Bonferroni's test to control type-I error

takes for vitamin A and E were below RDI for Spanish
men and women [25]. The risk of inadequate intake of
individual antioxidants differs according to sex. It has to
be pointed out that women are more likely to present in-
adequacies in the micronutrient content of their diet
compared to men, since their energy needs are lower but
the requirements of micronutrients can be even higher
than in men. Nevertheless, the intakes of B-carotene and
vitamin C are significantly higher in females. It may re-
flect a higher consumption of fruit and vegetables
among women, a trend also observed in previous stud-
ies [25, 30].

In order to obtain a clearer picture of socio-demo-
graphig, lifestyle and dietary determinants of overall low
antioxidant intake, a Dietary Antioxidant Quality Score
(DAQS) was created. Significant associations were found
between the DAQS and age, educational level, occupa-
tional category, and place of birth. People from the low-
est educational and socio-economic categories were
identified as low consumers in both the univariate and
multivariate analysis. Low antioxidant consumers were
more likely to be born in Spanish regions other than the
Balearic Islands and from the Spanish East coast.

Younger age groups also showed a higher risk of being
low antioxidant consumers. Despite the fact that any of
the lifestyle variables were significantly associated to
low antioxidant consumption, the odds ratios observed
suggest that those with “less favourable lifestyle vari-
ables” such as smoking, sedentary level of physical ac-
tivity or higher BMI were at higher risk of low antioxi-
dant intakes.

Similar findings have also been observed in many
studies carried out in other Mediterranean and not
Mediterranean countries. A less healthy diet, less intake
of fruit & vegetables,lower intake of vitamins and miner-
als is observed in determined groups of the population:
younger generations, lower socioeconomic status, lower
educational level, as well as people with a less healthy
lifestyle (smokers, sedentary people, etc.) [31-41].

When the food patterns of low antioxidant con-
sumers were assessed, we observed that a low antioxi-
dant intake was associated with low intakes of total fat,
fruit & vegetables, fibre and high intake of saturated fat.
Low intake of total fat and high intake of saturated fat
seem to be the main dietary determinants of low antiox-
idant intake. This may reflect a low intake of unsaturated
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Table6 Socio-d hic and lifestyle character-
is?i cseof | O(xlzn der:%ghrafmlizi?d ar:tescglnesjmaer;c :;_ Socio-demographicand ~ Low antioxidant  High antioxidant ~ Crude OR? Adjusted OR*
pressed as the percentage of low and high antioxi- lifestyle variables consumers' consumers? (95% Cl) (95% Cl)
dant consumers in each socio-demographic and (n=183) (n=522)
lifestyle group (%) (%)
Sex
male 40.3 42.8 0.86 (0.56-1.30)  0.77 (0.48-1.33)
female 59.7 57.2 1.00 (ref.) 1.00 (ref.)
Age group
16-25 years 317 29.5 1.56 (1.11-2.18)*  1.17(0.76-1.81)
26-45 years 443 374 1.69(1.23-2.30)*  1.84(1.22-2.77)*
46-65 years 24.0 33.1 1.00 (ref.) 1.00 (ref.)
Marital status
Single 40.4 385 1.13 (0.87-1.48)
Divorced 0.5 1.9 0.30(0.04-2.37)
Widow 22 2.1 1.08 (0.47-2.47)
Separated 5.5 27 1.87 (1.00-3.52)
Married 51.4 54.8 1.00 (ref.)
Place of birth
Other country 3.9 5.0 0.79(0.42-1.48)  0.80(0.36-1.75)
Other Spanish regions ~ 25.0 18.3 1.48(1.09-1.99)*  1.45(1.00-2.11)*
Spanish East coast 33 4.6 0.72(0.38-1.46)  0.82(0.36-1.88)
Balearic Islands 67.8 72.1 1.00 (ref.) 1.00 (ref.)
Educational level
Low (< 6Y) 19.3 144 1.73(1.05-2.85)*  1.87(1.05-3.35)*
Medium (6-12) 67.3 69.9 1.11(0.73-2.67)  0.93(0.58-1.51)
High (> 12y) 13.3 15.8 1.00 (ref.) 1.00 (ref.)
Socio-economic status
Low 48.6 449 2.62(1.29-5.32)*  3.05(1.63-5.72)*
Medium 45.7 413 2.68(1.31-5.46)* 2.35(1.28-4.33)*
High 5.7 13.8 1.00 (ref.) 1.00 (ref.)
BMI classification
Underweight 44 4.6 0.78 (0.40-1.52)
Normal weight 51.4 55.4 0.79 (0.56-1.13)
Overweight 26.8 25.5 0.92 (0.62-1-37)
Obese 17.5 14.6 1.00 (ref.)
Physical activity
Sedentary 54.4 38.9 1.79 (0.79-4.07)
Light 36.8 49.8 0.89 (0.38-2.05)
Moderate-Vigorous 8.8 11.3 1.00 (ref.)
Current smoking habit
Yes 15.8 15.5 1.00 (0.55-1.83)
Occasionally 1.8 2.7 0.42 (0.08-5.43)
No 82.5 81.8 1.00 (ref.)

1 Individuals who scored below the lower quartile of the Dietary Antioxidant Quality Score, DAQS (intake of 4 to
5 antioxidant nutrients below 2/3 RDI)

2 Individuals who scored above the upper quartile of the Dietary Antioxidant Quality Score, DAQS (intake of 0 to
1 antioxidant nutrients below 2/3 RDI)

3 Univariate analysis (logistic regression analysis considering the effect of one determinant)

# Multivariate analysis (multiple logistic regression analysis considering the simultaneous effect of sex, age, place
of birth, educational level, and socio-economic status)

* P-values < 0.05, corrected by sequential Bonferroni's test to control type-I error

fat that can be responsible for inadequate intakes of vit-
amin E. Moreover, people in the highest quartile of an-
tioxidant intake not only show a high intake of total fat
and low intake of saturated fat, but also the intake of
fruit, vegetables and fibre is high.

Similar trends have been observed in other studies
carried out in Spain in which intakes of fruit & vegeta-
bles were assessed [30, 40, 41]. It has also been demon-
strated that a high intake of fruit is linked to a low intake
of saturated fatty acids whereas a high intake of vegeta-
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bles is associated to a high intake of monounsaturated
fatty acids [41]. A study aimed to evaluate the dietary de-
terminants of olive oil consumption in Spain (the main
source of monounsaturated fatty acids in this country)
showed that individuals with higher olive oil intake had
significantly more favourable food profiles in line with
Mediterranean diet patterns. Furthermore, the intake of
vitamins E, C and carotenes was greater in men and
women with higher olive oil consumption [2]. These
previous and the present study would support the hy-
pothesis that a higher consumption of olive oil promotes
higher consumption of vegetables in the Mediterranean
countries [42].

According to these results two different food patterns
can be clearly distinguished in the two antioxidant con-
sumer groups. The group with the highest consumption
of antioxidants presents a diet more in line with the
Mediterranean dietary pattern, not only because of the
high intake of fruit, vegetables and fibre, but also be-
cause the intake of total fat is high whereas the intake of
saturated fat is low, suggesting high intakes of unsatu-
rated fat. On the other hand, those classified as low con-
sumers of antioxidant nutrients present a less
favourable diet: the intake of fruit, vegetable and fibre is
slightly lower but the fat consumption is mainly in the
form of saturated fat.

Furthermore, it is worth remembering that the cor-
relation analysis of the intake of all antioxidants showed
that the intake of each antioxidant nutrient was posi-
tively associated with the intake of all other antioxi-
dants. This suggests that the risk of low intake of one an-
tioxidant is accompanied by the risk of low intakes of all
other antioxidants. Taking into account that the main
food sources of the antioxidant nutrients analysed are
fruit, vegetable, cereals and olive oil (main food sources
of antioxidant nutrients in the Balearic diet, data not
shown), low intakes of all antioxidants involve the con-
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sumption of a type of diet poor in these typically
Mediterranean food items. Therefore, inadequacies in
the intake of antioxidant nutrients tend to cluster and it
may be the consequence of an overall unhealthy dietary
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ranean diet towards a more western dietary pattern and
the health consequences that these changes may have in
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verse outcomes of this possible nutrition transition in
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to take robust action to prevent the loss of one of the
most important and enjoyable elements of the Balearic
culture: its traditional Mediterranean diet.

Acknowledgements This work has been granted by the Spanish
Ministry of Health (Programme of Promotion of Biomedical Re-
search and Health Sciences, Projects 97/0007-00, 97/0007-01and
P1021593), and also by the Balearic Islands Councillor of Health and
Consumerism (Project 17/2003). The authors are also grateful to Ms
M. Colomer, Mr M. Moiiino, and Ms M. Garcia for technical assistance.

Trichopoulou A, Vasilopoulou E (2000)
Mediterranean diet and longevity. Brit ]
Nutr 84(Suppl 2):5205-5209
Serra-Majem LI, Jgo de la Cruz J, Ribas
L, Tur JA (2003) Olive oil and the
Mediterranean  diet: beyond the
rhetoric. Eur J Clin Nutr 57(Suppl 1):
S$2-S7
Gotto AM (2003) Antioxidants, statins,
and atherosclerosis. ] Am Coll Cardiol
4:1205-1210
Hu FB (2003) The Mediterranean diet
and mortality - olive oil and beyond.
New Engl ] Med 348:2595-2596

. Martinez-Gonzdlez MA, Alonso A, Fer-
ndndez-Jarne E, de Irala J (2003) What
is protective in the Mediterranean diet?
Atherosclerosis 166:405-407

Trichopoulou A, Costacou T, Christina
B, Trichopoulou D (2003) Adherence to
a Mediterranean diet and survival in a
Greek population. New Engl ] Med 348:
2599-2608

Rumm-Kreuter D (2001) Comparison
of the eating and cooking habits of
Northern Europe and the Mediter-
ranean countries in the past, present
and future. Int J Vitam Nutrit Res 71:
141-148

Aranceta ] (2001) Spanish food pat-
terns. Public Health Nutr 4:1399-1402
Moreno LA, Sarria A, Popkin BM (2002)
The nutrition transition in Spain: a Eu-
ropean Mediterranean country. Eur J
Clin Nutrit 56:992-1003

10.

11.

12.

13.

INE - Spanish National Institute of Sta-
tistics (2003) The population and resi-
dence census 2001. INE, Madrid

Tur JA (2002) Nutritional Survey of the
Balearic Islands (ENIB, 1999-2000). Vol.
II. Rev Cienc (IEB) 30:1-140

SEEDO - Spanish Society for the Study
of Obesity (2000) SEEDO’2000 consen-
sus for the evaluation of overweight and
obesity and the establishment of crite-
ria for therapeutic intervention. Med
Clin (Barc) 115:587-597

Serra-Majem LI, Ribas L (eds) (1996)
Nutritional survey of Catalonia
(1992-1993). Barcelona: Generalitat de
Catalunya, Departament de Sanitat i Se-
guretat Social



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Serra-Majem LI, Santana-Armas JF,
Salmona E (2000) Dietary habits and
nutritional status in Spain. World Rev
Nutrit Diet 87:127-159

Alvarez C, Alonso J, Domingo A, Regi-
dor E (1995) La medicién de la clase so-
cial en ciencias de la salud. SG-Sociedad
Espaiola de Epidemiologia, Barcelona
Mataix J, Maifias M, Llopis ], Martinez de
Victoria E, Juan J, Borregén A (1998)
Tablas de composicién de alimentos es-
pafioles, 3¢ ed. INTA-Universidad de
Granada, Granada

Moreiras O, Carvajal A, Cabrera L,
Cuadrado C (2003) Tablas de composi-
cién de alimentos, 7* ed. Pirdmide,
Madrid

Jiménez A, Cervera P, Bacardi M (1997)
Tabla de Composicién de Alimentos.
Sandoz Nutrition SA. Barcelona
Feinberg M, Favier JC, Ireland-Ripert J
(1995) Répertoire géneral des aliments.
Tec & Doc Lavoisier, Paris

Bestard I, Barrio J, Cadiellas ] (1994) Al-
iments de les Illes Balears. Govern
Balear, Conselleria d’Agricultura i
Pesca, Palma de Mallorca

Ripoll L (1992) La cocina de las Islas
Baleares, 5" ed. Ripoll L (ed) Palma de
Mallorca

Goldberg GR, Black AE, Jebb SA, Cole
TJ, Murgatroyd PR, Coward WA, Pren-
tice AM (1991) Critical evaluation of
energy physiology. A. Derivation of cut-
off limits to identify under-recording.
Eur J Clin Nutr 45:569-581

Bagchi K, Puri S (1998) Free radicals
and antioxidants in health and disease.
EMH] 4:350-360

SCF - Scientific Committee for Food of
the European Community (1993) Pro-
posed nutrient and energy intakes for
the European Community: A report.
Nut Rev 51:209-212

Aranceta ], Serra-Majem LI, Pérez-Ro-
drigo C, Llopis ], Mataix J, Ribas L, Tojo
R, Tur JA (2001) Vitamins in Spanish
food patterns: the eVe Study. Public
Health Nutr 4:1317-1323

J.A. Turetal.
Antioxidant intake and Mediterranean diet

26.

27.

28.

29.

30.

31.

32.

33.

Holm S (1979) A simple sequentially re-
jective multiple test procedure. Scand |
Stat 6:65-70

Tur JA, Lladé M, Alberti RC, Pons A
(2004) Cambios en los hébitos alimen-
tarios e ingesta de nutrientes en la isla
de Mallorca a lo largo del Siglo XX. Rev
Esp Nutr Comunitaria 10:6-16
Serra-Majem LI, Aranceta ] (2001) Nu-
tritional objectives for the Spanish pop-
ulation. Consensus from the Spanish
Society of Community Nutrition. Pub-
lic Health Nutr 4:1409-1413

Ortega RM, Mena MG, Faci M, Santana
JE & Serra-Majem Ll (2001) Vitamin
status in different groups of the Spanish
population: a meta-analysis of national
studies performed between 1990 and
1999. Public Health Nutr 4:1325-1329
Serra-Majem LI, Ribas L, Pérez C, Ro-
man B, Aranceta ] (2003) H4bitos ali-
mentarios y consumo de alimentos en
la poblacién infantil y juvenil espafiola
(1998-2000): variables socioeconémi-
cas y geogréficas. Med Clin (Barc) 121:
126-131

Gonzdlez CA,Argilaga S,Agudo A, Ami-
ano P, Barricarte A, Beguiristain JM,
Chirlaque MD, Dorronsoro M, Mar-
tinez C, Navarro C, Quiros JR, Ro-
driguez M, Tormo MJ (2002) Socio-de-
mographic differences in adherence to
the Mediterranean dietary pattern in
Spanish populations. Gac San 16:
214-221

Sénchez-Villegas A, Martinez JA, De
Irala J, Martinez-Gonzdlez MA (2002)
Determinants of the adherent to an “a
priori” defined Mediterranean dietary
pattern. Eur J Nutr 41:249-257
Moschandreas J, Kafatos A (1999) Food
and nutrient intakes of Greek (Cretan)
adults. Recent data for food-based di-
etary guidelines in Greece. Brit ] Nutr
81(Suppl 2):S71-S76

34.

35.

36.

37.

38.

39.

40.

41.

42.

213

Thompson RL, Margetts BM, Speller
VM, McVey D (1999) The Health Educa-
tion Authority’s health and lifestyle sur-
vey 1993: who are the low fruit and veg-
etable consumers? ] Epidemiol Comm
Health 53:294-299

De Irala-Estévez J, Groth M, Johansson
L, Oltersdorf U, Prittidld R, Martinez-
Gonzdlez MA (2000) A systematic re-
view of socio-economic differences in
food habits in Europe: consumption of
fruit and vegetables. Eur J Clin Nutr 54:
706-714

Groth MV, Fagt S, Brondsted L (2001)
Social determinants of dietary habits in
Denmark. Eur J Clin Nutr 55:959-966
Garcia Closas R, Serra Majem L, Pastor
Ferrer C,Olmos Castellvell M, Roman B,
Ribas Barbay Vinas L, Salleras Sanmarti
L (2002) Distribucién de la concen-
tracién sérica de B-caroteno, retinol y
o-tocoferol en una muestra representa-
tiva de la poblacién adulta de Cataluia.
Med Clin (Barc) 118:256-261

Giskes K, Turrell G, Patterson C, New-
man B (2002) Socio-economic differ-
ences among Australian adults in con-
sumption of fruit and vegetables and
intakes of vitamins A, C and folate. J
Hum Nutr Diet 15:375-385

Hulshof K, Brussaard JH, Kruizinga AG,
Telmn J, Lowik MHR (2003) Socio-eco-
nomic status, dietary intake and 10 y
trends; the Dutch National Food Con-
sumption Survey. Eur J Clin Nutr 57:
128-137

EPIC - Group in Spain (1999) Dietary
intake of vegetables and fruits among
adults in five regions of Spain. Eur J Clin
Nutr 53:174-180

Agudo A, Pera G (1999) Vegetable and
fruit consumption associated with an-
thropometric dietary and lifestyle fac-
tors in Spain. Public Health Nutr 2:
263-271

Trichopoulos D (2002) In defence of the
Mediterranean diet. Eur J Clin Nutr 56:
928-929



