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Abstract
Objective: To assess differences in adherence to the Mediterranean diet (MD)
between consumers and non-consumers of functional foods among the Balearic
Islands’ adolescent population.
Design: Cross-sectional nutritional survey carried out (2007–2008) in the Balearic
Islands, a Mediterranean region. Dietary assessment was based on a semi-quantitative
FFQ and two non-consecutive 24 h recalls. Anthropometric measurements and
questions related to socio-economic status, physical activity and adherence to the MD
were assessed.
Setting: Data obtained from a representative sample of all inhabitants living in the
Balearic Islands aged 12–17 years.
Subjects: A random sample (n 1961) of the adolescent population was interviewed.
Results: The mean adherence to the MD among consumers of functional foods was
56·42 (SD 6·05) % and 55·76 (SD 5·41) % among non-consumers. Consumption of
fruit juice, fibre-rich bread/cookies, cereal bars, fish and soya milk was higher
among adolescents with high MD adherence, and consumption of modified milk,
probiotics, breakfast cereals and infusions was higher among adolescents with
low MD adherence. Daily intakes of functional dietary components from plant
foods (dietary fibre, vitamins C and E, carotene, folic acid) were higher among
adolescents with high MD adherence.
Conclusions: The Balearic Islands’ adolescent population had moderate adherence
to the MD; higher adherence was observed among consumers of functional foods.
Average daily intakes of functional foods and functional dietary components were
higher among adolescents with high adherence to the MD. Gender, age and low
parental education were risk factors for low adherence to the MD, mainly among
non-consumers of functional foods.
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The Mediterranean diet (MD) was defined as the dietary
pattern found in the olive-oil-growing areas of the Medi-
terranean region in the late 1950s and early 1960s by Ancel
Keys(1). This dietary pattern varies between coastal and
inland areas of the Mediterranean and depends on cultural
differences, traditions, geographic location and food
availability(2,3), but generally the traditional MD is char-
acterized by high consumption of legumes, cereals (in the
past unrefined), fruits and vegetables, moderate to high
consumption of fish (depending on proximity to the sea),
moderate consumption of milk and dairy products (mainly
in the form of yoghurt and cheese), moderate consump-
tion of alcohol (mainly wine and preferably during meals),

and low consumption of meat and meat products(4). High
ratio of monounsaturated to saturated dietary fat is another
characteristic of the MD, because of the abundant use of
oil olive and the low intake of saturated dietary fats(1). In
addition to their healthy diet, Mediterranean people had
regular physical activity, usually required for field or
kitchen work and outdoor leisure activities(2,5).

The great richness and diversity of plants in the Medi-
terranean region provide numerous functional foods (FF)
that improve state of health and/or provide a reduction in
the risk of disease(6), like olive oil, yoghurt, garlic, tomato,
wine, condiments, herbs, spices and nuts(7). In addition to
FF, the MD is rich in functional dietary components like
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phenols, flavonoids, isoflavonoids, phytosterols, phytic acid
and n-3 fatty acids(7). As a whole, the MD is a good example
of a functional diet(5).

The functionality and disease-preventing effect of the
‘traditional’ MD has been proved by several studies in the
literature(4,8–12). The MD has been related to reduced risk of
CVD, certain cancers and overall mortality(4,10,11). Further-
more, this dietary pattern has a protective effect on weight
gain(13,14) and the development of type 2 diabetes(8,14,15).

Despite the health benefits of the MD, several studies
have reported that dietary pattern in the Mediterranean
areas has been changing and switching to a more West-
ernized diet(15–20). Increased prevalence of diet-related
diseases such as overweight and obesity among children
in Greece(19,21), Spain(13,22) and Italy(23,24) support the
findings of these studies.

Adherence to the MD among the Mediterranean popu-
lation was examined by several authors(15–19); however,
studies evaluating the MD adherence of FF consumers,
who are more health-oriented than non-consumers(25), are
missing. Thus, in the present study we aimed to assess
differences in adherence to the MD between consumers
and non-consumers of FF among the Balearic Islands’
adolescent population.

Methods

Study design
The study is a population-based cross-sectional nutritional
survey carried out (2007–2008) in the Balearic Islands
(Spain), a Mediterranean region.

Study population
A multi-centre study was performed on Balearic Islands’
adolescents aged 12–17 years. The population was selected
by means of a multiple-step, simple random sampling, taking
into account first the location (Palma de Mallorca, Calvià,
Inca, Manacor, Maó, Eivissa, Llucmajor, Santa Margalida,
S’Arenal and Sant Jordi de Ses Salines) and then, by random
assignment, the schools within each city. Sample size was
stratified by age and sex. The socio-economic variable was
considered to be associated with geographical location and
type of school. As the selection of schools was done by
random selection and fulfilling quota, this variable was also
considered to be randomly assigned.

To calculate the number of adolescents to be included in
the study in order to guarantee a representative sample of
the whole Balearic Islands, we selected the variable with
the greatest variance for this age group from data published
in the literature at the time the study was planned; that was
BMI(26). The sampling was determined for the distribution
of this variable; the confidence interval was established
at 95% with an error of ± 0·25. The established number
of subjects was 2400. The total number of subjects was
uniformly distributed in the cities and proportionally

distributed by sex and age group. Exclusion criteria were
type 2 diabetes, pregnancy, alcohol or drug abuse, and
non-directly related nutritional medical conditions.

The sample was oversized to prevent loss of informa-
tion and as necessary to do the fieldwork in complete
classrooms. In each school, classrooms were randomly
selected among those of the same grade or level, and all
of the adolescents of one classroom were proposed to
participate in the survey. A letter about the nature and
purpose of the study informed parents or legal tutors. After
receiving their written consent, the adolescents were
considered for inclusion in the study. All responses to
questionnaires were filled in by adolescents. After finish-
ing the field study, the adolescents who did not fulfil the
inclusion criteria were excluded. Finally, the sample was
adjusted by a weight factor in order to balance the sample
in accordance with the distribution of the Balearic Islands’
population and to guarantee the representativeness of
each of the groups, already defined by the previously
mentioned factors (age and sex). The final number of
adolescents included in the study was 1961 (82 % partici-
pation). The reasons to not participate were (i) the ado-
lescent declined to be interviewed and (ii) the parents did
not authorize the interview.

The study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the
Balearic Islands’ Ethics Committee (Palma de Mallorca,
Spain).

General questionnaire
A questionnaire incorporating the following questions was
used: age group; father’s and mother’s education level
(grouped according to years of education: low, <6 years at
school; medium, 6–12 years of education; high, >12 years
of education); and father’s and mother’s socio-economic
level, based on the occupation of parents and classified as
low, medium and high, according to the methodology
described by the Spanish Society of Epidemiology(27).

Anthropometric measurements were also obtained. Height
was determined using a mobile anthropometer (Kawe 44444,
Asperg, Germany) and measured to the nearest millimetre,
with the participant’s head in the Frankfurt plane. Body
weight was determined to the nearest 100 g using a digital
scale (Tefal sc9210, Rumilly, France); participants were
weighed in bare feet and light underwear. BMI was
computed as weight/height2. Study participants were
categorized as underweight (≤5th percentile), normal
weight (>5th to ≤ 85th percentile), overweight (>85th
percentile) and obese (≥95th percentile) according to the
WHO growth standards for children and adolescents(28).

Physical activity was evaluated according to the guide-
lines for data processing and analysis of the International
Physical Activity Questionnaire(29) in the short form and
its specific modification for adolescents (International
Physical Activity Questionnaire-A)(30). The specific types
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of activity assessed were walking, moderate-intensity activ-
ities (i.e. physical activity at school) and vigorous-intensity
activities (i.e. sport practice), and an additional question
about sitting time was used as an indicator variable of time
spent in sedentary activity. On the basis of their total daily
time of physical activity, the participants were divided into
two groups: <60 and ≥60min/d, according to the current
physical activity recommendations(31).

Dietary questionnaire
Dietary intake was assessed with dietary questionnaires
including two non-consecutive 24 h recalls and a validated
semi-quantitative FFQ(22). The FFQ, which asked the parti-
cipant to recall average intake over the past year, consisted of
145 items (118 items of the original validated FFQ, plus the
most characteristic Balearic Islands foods in order to make
easy it for the interviewees to answer) and was arranged by
food type and meal pattern. Frequency of food consumption
was based on times that food items were consumed (per day,
week or month). Consumption <1/month was considered
no consumption. Daily consumption (g) was determined by
dividing the reported amount of the intake by the frequency
(d). The period of consumption of seasonal items was also
considered. To avoid bias resulting from day-to-day intake
variability, the questionnaires were administered homo-
geneously from Monday to Sunday. Well-trained dietitians
administered the recalls and verified and quantified the food
records. Volumes and portion sizes were reported in natural
units, in household measures or with the aid of a manual of
sets of photographs(32). Total energy and nutrient intakes were
calculated using a computer program (ALIMENTA®; NUCOX,
Palma, Spain) based on Spanish(33–35) and European food
composition tables(36) and complemented with food
composition data available for Balearic food items(37). The
nutritional density of each functional dietary component
was calculated by dividing the average intake of these
nutrients by the total energy intake (MJ) in order to avoid
bias caused by different intakes of energy. Adequacy of
intakes of functional dietary components was calculated as
a percentage of the age-specific Recommended Dietary
Reference Intake (RDI) for Spanish adolescents(35) and the
RDI for Europeans(38) when no reference data were given
for Spanish adolescents.

Misreporters were determined by using Black’s modifi-
cation(39) of the Goldberg cut-off for energy intake. To
define under-reporting, the lower cut-off value for the ratio
between energy intake and BMR (EI:BMR) was calculated
for boys and girls separately as 3 SD below the mean of
the ratio between total energy expenditure(40) and basal
metabolic rate (TEE:BMR) for the 99% lower confidence
limit. With this calculation, the variations of energy intake,
BMR and energy requirements are taken into account. In
large studies (n>500) the number of days of dietary
assessment has a negligible effect on the cut-off values, and
for measured BMR and 2 d of assessment, the CV used was
28·74%(38). Identification of misreporters was done based

on EI:BMR: values <0·92 (boys) and <0·85 (girls) were
considered to represent under-reporters and values ≥2·40
were considered to represent over-reporters(39,41).

Assessment of functional food consumption
FF, which were selected according to a list(42), were taken
from the FFQ. Moreover, modified milk (milk with low/
reduced fat, milk with added n-3), infusions (coffee and
tea) and soya milk were considered as FF in this review,
due to various studies that reported these foods might
reduce the risk of some diseases(43–49).

Adherence to the Mediterranean diet
A Mediterranean diet score (MDS) was defined according
to a previously defined score indicating the degree of
adherence to the traditional MD(4,16,18,50). The MDS was
converted to relative percentage of adherence using a
previously described method(51). An energy-adjusted
value was obtained for each individual for the daily con-
sumption of legumes, cereals and roots (including bread
and potatoes), fruit (including nuts), vegetables, fish,
meat (and meat products) and milk (and milk products).
The alcohol consumption in adolescents must be null
and values above the reference indicate consumption of
alcohol on the part of adolescents. Information about the
consumption of all the food items was obtained from
the FFQ.

All the values were standardized as a Z value. A Z-score
expresses the difference between the individual’s mea-
surement and the mean value of the reference population
(in this case, the study population) as a proportion of the
standard deviation of the reference population ((observed
intake minus energy-adjusted intake)/SD).

The total MDS was computed by adding up all the
Z-scores obtained for the favourable or ‘more Mediterranean’
dietary components (legumes, cereals and roots, fruit,
vegetables, fish and MUFA:SFA) and subtracting the Z-scores
obtained from the consumption of meat, whole milk (mainly
high in fat) and alcohol (in adolescents):

X
Zi ¼ Zlegumes +Zfruit +Zvegetables +Zcerealsandroots +Zfish

+ZMUFA:SFA�Zmilk�Zmeat�Zalcohol:

The MDS was converted to relative percentage of adherence
using the range of values of the sample. This percentage
ranged from 100 (maximum adherence) to 0 (minimum
adherence):

Adherence ðpercentageiÞ ¼
P

Zi�
P

Zminð ÞP
Zmax�

P
Zminð Þ ´ 100:

Once the percentage of adherence to the MD was calculated,
the variables that could determine a higher or lower adher-
ence were assessed.

Functional food consumption 661

https://doi.org/10.1017/S1368980014000809 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980014000809


Statistics
Statistical analyses were performed using the statistical
software package IBM SPSS Statistics for Windows, version
21·0. Mean adherence and its standard deviation were
calculated. Quintile values of adherence to the MD were
calculated, as previously described(20), in order to find
the group of the population with the lowest adherence
percentage (percentage below the lower quintile value:
<52·1 % among FF consumers and <51·5 % among FF
non-consumers) and those with the highest adherence
percentage (percentage above the upper quintile value:
>61·0 % among FF consumers and >59·7 % among FF
non-consumers). Differences in mean adherence between
FF consumers and non-consumers, and in mean intakes of
FF and functional dietary components by FF consumers
according to low and high adherence to the MD, were
tested by ANOVA. Logistic regression models were used to
calculate differences in the sociodemographic and lifestyle
variables between the groups with lowest and highest
adherence (in order to assess which variables better
determined a high or low adherence), among consumers
and non-consumers of FF. Crude and adjusted odds ratios
and 95 % confidence intervals were calculated. To adjust
the odds ratios all variables were entered simultaneously
into the model in order to account for the effects of all
other covariates. Spearman’s rank correlation coefficient
(ρ) was used to study the correlation between consump-
tion of FF and functional dietary component intakes. The
level of significance was established at P< 0·05.

Results

Under-reporters (n 246) and over-reporters (n 24) were
excluded from the analysis of dietary patterns in order to
avoid respondent bias usually present in recall dietary
methods. A total of 992 adolescents (59 %) reported FF
consumption and 699 adolescents (41 %) consumed none
of the FF.

Figure 1(a) shows the distribution of percentage adher-
ence to the MD among FF consumers. The mean adherence
of FF consumers was 56·42 (SD 6·05) % and the median
adherence of FF consumers was 56·07 %. Figure 1(b)
shows the distribution of percentage adherence to the MD
among FF non-consumers. The mean adherence of FF
non-consumers was 55·76 (SD 5·41) % and the median
adherence of FF non-consumers was 55·17 %.

Means and standard deviations of percentage adherence
to the MD according to sociodemographic and lifestyle
factors of FF consumers and non-consumers are shown in
Table 1. Among FF consumers and also non-consumers,
girls had a significantly higher percentage adherence to the
MD than did boys. In the comparison of girls, girls who
consumed FF had a significantly higher percentage MD
adherence than did non-consumer girls. While percentage
of adherence to the MD increased significantly with age

among FF consumers, among non-consumers adherence to
the MD was not significantly associated with age. Education
level of the mother was found to be associated with
MD adherence in FF consumers and non-consumers. Non-
consumers of FF whose mother had a low level of education
had a significantly higher risk to have low adherence to the
MD. Percentage adherence to the MD of FF consumers
whose father had a medium education level was sig-
nificantly higher than that of non-consumers whose father
had medium level of education. Lower work status of the
father and mother was associated with lower adherence to
the MD among FF non-consumers. While underweight
adolescents who consumed FF had a higher risk to have low
MD adherence, the opposite trend was observed among FF
non-consumers. High physical activity and having a chronic
disease were not significantly associated with low risk of
adherence to the MD in FF consumers and non-consumers.

FF consumption (g/d) and intakes of functional dietary
components of FF consumers according to low and high
adherence to the MD are shown in Table 2. As expected,
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Fig. 1 Distribution of percentage adherence to the Mediterranean
diet (MD) according to consumption of functional foods, (a)
consumers (n 992) and (b) non-consumers (n 699), among a
representative sample of Balearic Islands’ adolescents aged
12–17 years, 2007–2008
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consumption of fruit juice, fibre-rich bread/cookies, cereal
bars, fish and soya milk was higher in adolescents with
high adherence to the MD, while consumption of modified
milk (skimmed/semi-skimmed milk, milk with added n-3),
probiotics, breakfast cereals and infusions was higher in
adolescents with low adherence to the MD. Moreover,
daily mean intakes of functional dietary components from
plant-origin foods, like dietary fibre, vitamin C, vitamin E,
carotene and folic acid, were significantly higher in adoles-
cents with high adherence to the MD. The average intakes
of Se, vitamin C, K, niacin and pantothenic acid met the
RDI in both groups, whereas intake of vitamin E met the
RDI only in FF consumers who had high MD adherence.

While adequate intakes of Zn and n-3 fatty acids were
observed among FF consumers with low adherence to the
MD, intakes of other functional components were lower
than the RDI value in both groups.

The Spearman correlation analysis between the consum-
ption of FF and intakes of functional dietary components
is shown in Table 3. Consumption of FF except modified
milk, infusions, cereal bars and soya milk were found to be
positively associated with the intake of many functional
components. Especially, statistically significant positive asso-
ciations were observed between consumption of fruit juice
and intakes of dietary fibre, Se, vitamin E, vitamin C, carotene,
n-3 and n-6 fatty acids, and K.

Table 1 Percentage of adherence to the Mediterranean diet (MD) and risk of a low adherence according to sociodemographic and lifestyle
variables and consumption of functional foods (FF) among a representative sample of Balearic Islands’ adolescents aged 12–17 years,
2007–2008

FF consumers (n 992) FF non-consumers (n 699)

Percentage of MD
adherence

Risk of low
adherence†

Percentage of MD
adherence

Risk of low
adherence‡

Sociodemographic and lifestyle variables Mean SD OR§ 95% CI Mean SD OR§ 95% CI P value||

Gender
Boys 55·9 6·6 1·48* 1·04, 2·11 55·5 4·5 1·12 0·77, 1·63 0·340
Girls 56·9 5·4 1·00 Ref. 56·0 5·3 1·00 Ref. 0·009

Age (years)
12–13 56·0 6·3 1·77* 1·07, 2·91 55·5 4·8 1·08 0·65, 1·79 0·328
14–15 56·4 5·8 1·22 0·81, 1·84 55·9 5·3 0·91 0·59, 1·42 0·163
16–17 56·9 6·3 1·00 Ref. 55·9 6·2 1·00 Ref. 0·070

Education level of father¶
Low 56·0 5·8 1·16 0·72, 1·87 55·5 5·2 1·34 0·79, 3·27 0·262
Medium 56·8 5·4 0·82 0·53, 1·25 55·7 5·5 1·28 0·77, 2·11 0·005
High 56·2 7·0 1·00 Ref. 56·2 5·4 1·00 Ref. 0·953

Education level of mother¶
Low 55·8 5·8 1·30 0·80, 2·10 54·9 5·1 2·08* 1·23, 3·54 0·059
Medium 56·6 6·3 0·89 0·59, 1·36 55·8 5·4 1·35 0·82, 2·22 0·056
High 56·6 5·8 1·00 Ref. 56·6 5·7 1·00 Ref. 0·960

Work status of father
Low 56·1 6·1 1·04 0·63, 1·71 55·8 5·5 1·84 0·95, 3·56 0·541
Medium 56·7 6·3 0·84 0·52, 1·35 55·5 5·4 2·21* 1·15, 4·28 0·003
High 56·4 5·5 1·00 Ref. 56·5 5·5 1·00 Ref. 0·926

Work status of mother
Low 56·2 5·9 1·02 0·56, 1·85 55·4 5·2 1·78 0·84, 3·33 0·058
Medium 56·7 6·4 0·78 0·43, 1·41 55·9 5·4 1·60 0·80, 3·20 0·066
High 56·4 5·3 1·00 Ref. 56·5 5·7 1·00 Ref. 0·899

BMI (kg/m2)
Underweight (≤5th) 55·3 5·2 2·42 0·55, 10·66 56·9 4·6 0·24 0·03, 2·28 0·303
Normal weight (>5th to ≤85th) 56·5 5·8 0·99 0·53, 1·84 55·9 5·6 1·17 0·62, 2·23 0·070
Overweight (>85th to <95th) 56·5 6·6 0·72 0·35, 1·50 55·1 5·0 1·72 0·78, 3·79 0·037
Obese (≤95th) 56·0 7·9 1·00 Ref. 55·6 5·0 1·00 Ref. 0·651

Physical activity
<60min/d 56·5 5·2 1·04 0·67, 1·61 55·5 5·2 1·19 0·79, 1·79 0·034
≥60min/d 56·4 6·3 1·00 Ref. 56·0 5·5 1·00 Ref. 0·188

Chronic diseases††
No 56·3 6·0 1·17 0·72, 1·90 55·8 5·4 1·05 0·63, 1·77 0·054
Yes 56·9 6·3 1·00 Ref. 55·6 5·2 1·00 Ref. 0·059

Ref., reference category.
*Odds ratio was significantly different from 1·00 (P< 0·05).
†Low adherence was defined as a percentage of MD adherence below the lower quintile (52·1%); high adherence was defined as a percentage of MD
adherence above the upper quintile (61·0%).
‡Low adherence was defined as a percentage of MD adherence below the lower quintile (51·5%); high adherence was defined as a percentage of MD
adherence above the upper quintile (59·7%).
§Odds ratios were adjusted for age and sex.
||Differences between FF consumers and non-consumers.
¶Education level of parents: low, <6 years, medium, 6–12 years, high, >12 years.
††Chronic diseases include diabetes, overweight, cholesterol, coeliac disease, lactose intolerance and other chronic diseases.
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As expected, there was a positive correlation between the
consumption of modified milk and probiotics and Ca intake.
Besides this, consumption of modified milk was negatively
associated with intakes of n-3 and n-6 fatty acids, whereas
consumption of probiotics was positively related with
intakes of these fatty acids. Intake of dietary fibre was found
to be inversely associated with the consumption of breakfast
cereals and also cereal bars, while the consumption of fibre-
rich bread/cookies was positively associated with the intake
of dietary fibre.

Discussion

In the present study we assessed differences in adherence
to the MD between FF consumers and non-consumers and
then represented the intakes of FF foods and functional
dietary components by FF consumers according to low
and high adherence to the MD.

The traditional MD has been identified as a healthy
diet(50,52) and consumption of FF is related to a healthy

diet. We observed that both populations (FF consumers
and non-consumers) had moderate adherence to the MD,
but FF consumers showed a slightly higher MD adherence
than non-consumers.

Gender was a significant factor that affected the risk
of low adherence to the MD; boys had higher risk to have
low adherence to the MD than did girls. These findings are
in agreement with previous studies that showed higher
adherence to the MD among girls than among boys(18,19).
Female adults are usually more interested in healthy eat-
ing(53); however, what healthy eating means for female
adolescents (weight loss and appearance) should be also
considered(54).

Age was found as another important factor for adher-
ence to the MD in FF consumers: the youngest adolescents
had significantly higher risk to have lower MD adherence
than did older adolescents. Similarly, it was reported using
KIDMED(19) that Greek children had lower adherence to
the MD than did Greek adolescents.

Parental education level was found not to be associated
with MD adherence in FF consumers, while low education

Table 2 Average daily intakes of functional foods (FF) and functional dietary components by FF consumers (n 992) according to low and
high adherence to the Mediterranean diet (MD) in a representative sample of Balearic Islands’ adolescents aged 12–17 years, 2007–2008

High adherence to the MD† Low adherence to the MD‡

Mean SD Mean SD

Functional food
Modified milk§ (g/d) 64·2* 107·4 88·1 125·6
Probiotics (g/d) 37·6** 70·0 65·6 122·6
Fibre-rich bread/cookies (g/d) 6·2 25·2 2·8 14·0
Breakfast cereals (g/d) 8·5 16·3 11·4 20·4
Fruit juice (g/d) 137·1*** 206·6 41·1 112·6
Infusions|| (g/d) 2·7 20·7 5·2 23·0
Fish (g/d) 32·7 75·3 30·8 72·9
Cereal bars (g/d) 0·4 4·2 nc
Soya milk (g/d) 4·5 32·1 nc

Mean SD % of the RDI RDI¶ Mean SD % of the RDI RDI¶

Functional dietary component
Antioxidants
Se (µg/MJ) 16·3 6·8 273·8 131·7 15·3 6·0 264·5 120·8
Zn (mg/MJ) 1·4** 0·5 88·7** 41·0 1·6 0·9 100·8 47·7
Vitamin E (µg/MJ) 1·1*** 0·5 102·7*** 56·3 0·7 0·3 67·0 41·7
Vitamin C (mg/MJ) 20·2*** 13·3 255·3*** 151·1 8·3 8·5 111·0 106·4
Carotene (mg/MJ) 0·4*** 0·5 56·0*** 61·8 0·2 0·2 28·1 37·3

Fatty acids
n-6 (linoleic acid) (% of energy) 0·4 0·4 0·4 0·6 0·4 0·5 0·5 0·8
n-3 (linolenic acid) (% of energy) 0·1*** 0·1 50·8*** 94·6 0·2 0·3 107·6 192·3

Others
Dietary fibre (g/MJ) 2·3*** 0·9 96·3*** 41·9 1·5 0·7 63·3 33·8
Ca (mg/MJ) 84·5*** 34·1 54·8*** 25·6 110·5 53·9 69·7 30·3
Mg (mg/MJ) 36·8 11·2 88·6** 34·2 32·6 11·6 80·3 32·9
K (mg/MJ) 392·7 120·3 69·9*** 24·0 333·0 137·0 59·4 24·4
Niacin (mg/MJ) 2·6 1·2 151·1*** 71·3 3·1 1·7 184·7 101·9
Folic acid (µg/MJ) 39·5 19·9 84·9*** 38·1 27·0 13·9 61·3 37·4
Pantothenic acid (mg/MJ) 0·7 0·7 130·9 139·2 0·8 0·6 144·5 126·6

nc, no consumption.
Mean values were significantly different from those of FF consumers with low MD adherence (one-way ANOVA): *P< 0·05, **P< 0·01, ***P< 0·001.
†High adherence was defined as a percentage of MD adherence above the upper quintile (61·0%).
‡Low adherence was defined as a percentage of MD adherence below the lower quintile (52·1%).
§Skimmed/semi-skimmed milk, milk with added n-3.
||Coffee and tea.
¶RDI, Recommended Dietary Intake(35,38).
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level of parents, especially the mother, was related with
low adherence to the MD in FF non-consumers. Positive
associations between parents’ education level and healthy
diet quality of children and adolescents were previously
reported(55,56). Similarly, socio-economic status of parents
was also an important parameter that affected the diet
quality(56). While in FF consumers parents’ socio-econo-
mic status was not associated with adherence to the
MD, in FF non-consumers low adherence to the MD was
associated with medium and low level of parental socio-
economic status. Moreover, many of the components of
the MD cost more than components of a Western diet,
which caused Spanish university students to switch to a
Westernized diet(57).

We found that underweight adolescents who consumed
FF had lower adherence to the MD; however, in non-FF
consumers, overweight adolescents were more likely to
have lower adherence to the MD. Normal-weight, over-
weight or obese adolescents who consumed FF had
similar adherence to the MD. Similar to our results, others
have also observed(21) no difference in adherence between
normal-weight and overweight children to the MD; however,
some other studies reported an inverse association between
BMI and adherence to the MD in children(58) and also
adults(13,59). It was previously reported(13) that a higher BMI
was associated with a lower MD adherence in adults. On the
other hand, because the MD is a carbohydrate-rich diet,
researchers have questioned that it might be a cause of
obesity, the metabolic syndrome and its complications(60);
however, the important point is that in the traditional MD
unrefined cereals and cereal products rich in dietary fibre are
the main source of carbohydrate and sugar consumption
is very low(4). Moreover, many studies have reported that a
Mediterranean dietary pattern is not associated with over-
weight and weight gain(13,59).

Physical activity along with a healthy diet plays an
important role in health status(61) and physically active

Greek children were found have higher adherence to the
MD(20,58); however, we did not observe any association
between physical activity status and MD adherence in our
population of Balearic Islands’ adolescents.

Average daily intakes of many FF and functional dietary
components were found to be higher among adolescents
with high adherence to the MD than among those with low
MD adherence. The traditional Balearic diet is one of the
examples of an MD(16,18) and offers several unprocessed FF
and functional dietary components like unrefined cereals
and cereal products, fruits and vegetables rich in anti-
oxidants, vitamins, minerals and phytochemicals(62,63).
Wholegrain cereals and cereal products were considered as
FF in the current study due to the high dietary fibre content
of wholegrain cereal(14). Both soluble and insoluble dietary
fibre play an important role in satiety and energy metabo-
lism(14), and it was reported that high intake of wholegrain
foods might reduce the risk of heart disease, type 2 diabetes
and various types of cancer(14,64–66). Moreover, whole
grains contain bran and germ, which are rich in micro-
nutrients and phytochemicals(64). Fruit juices were also
considered as FF due to their high content of vitamins and
also dietary fibre. Diets rich in fruits and vegetables are
associated with a reduced risk of heart disease and a lower
risk of obesity(67,68). Bes-Rastrollo et al.(69) indicated that
fruit and vegetable consumption helps to avoid weight gain
due to the high fibre content of these foods. Also the US
Food and Drug Administration reported that consumption
of fibre-rich foods like cereals or fruits and vegetables with
a low-fat diet might reduce the risk of some types of cancer
and furthermore that the intake of soluble fibre might
reduce the risk of heart disease(42). Moreover, fruits and
vegetables provide micronutrients such as carotenoids,
vitamin E, ascorbic acid and polyphenols, known for their
antioxidant effect(63,66).

As expected, consumption of FF such as low-fat or
skimmed milk and probiotics was higher among adolescents

Table 3 Spearman correlation coefficients (ρ) between the intakes of functional foods (FF) and functional dietary components among FF
consumers (n 992) in a representative sample of Balearic Islands’ adolescents aged 12–17 years, 2007–2008

Modified
milk Probiotics

Fibre-rich
bread/cookies

Breakfast
cereals Fruit juice Infusions Fish

Cereal
bars Soya milk

Dietary fibre 0·039 0·059 0·172** − 0·054 0·069* − 0·079* 0·044 − 0·028 −0·013
Se −0·021 0·066* −0·032 0·092** 0·108** − 0·059 0·302** − 0·002 −0·020
Zn 0·039 0·035 −0·019 0·271** 0·010 − 0·094** −0·013 0·005 −0·038
Vitamin E −0·004 −0·052 −0·016 0·005 0·172** − 0·043 0·162** 0·022 −0·029
Vitamin C −0·051 −0·069* 0·018 0·034 0·286** − 0·056 0·116** 0·006 0·000
Carotene −0·001 0·019 0·026 0·010 0·069* − 0·050 0·069* 0·000 −0·009
Linoleic acid −0·247** 0·323** 0·170** − 0·213** 0·277** − 0·081* −0·010 − 0·037 −0·030
Linolenic acid −0·274** 0·409** 0·152** − 0·174** 0·187** − 0·097** −0·041 − 0·046 −0·045
Ca 0·209** 0·196** −0·005 0·096** −0·137** − 0·075* 0·004 − 0·016 −0·070*
Mg 0·041 0·037 0·063* 0·216** 0·028 − 0·077* 0·148** − 0·041 0·041
K 0·047 0·094** 0·006 − 0·040 0·101** − 0·035 0·094** − 0·059 0·014
Niacin −0·012 0·009 0·047 0·217** 0·051 0·013 0·081* − 0·015 0·021
Folic acid 0·021 −0·002 0·022 0·340** 0·002 − 0·082** 0·149** 0·039 0·031
Pantothenic acid 0·075* 0·073* 0·035 0·144** 0·019 − 0·023 −0·007 − 0·037 −0·016

Correlation was significant: *P< 0·05; ** P<0·01.
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with low adherence to the MD, due to low to moderate
intake of milk and milk products being characteristic of a
traditional MD(4).

Intakes of functional dietary components like vitamin E,
vitamin C, carotene and dietary fibre were significantly
higher among adolescents with high adherence to the MD.
Similarly, it was reported(70) that higher adherence to the
MD was positively associated with plasma concentrations of
β-carotene, folate, vitamin C and α-tocopherol. On the other
hand, inadequate intakes of many functional dietary com-
ponents were observed among FF consumers with low and
high adherence to the MD in the Balearic Islands. Inade-
quate intakes of Zn and carotene also among the adult
population in the Balearic Islands was reported; never-
theless, intakes of Se, vitamin E and vitamin C – which act
as antioxidants – were above recommendations(71).

In the MD the main source of fat intake is olive oil,
which is low in saturated and n-6 fatty acids but high in
plant monounsaturated fat(72). In line with this, we found
that intake of n-6 fatty acids was low in FF consumers with
low and also high adherence to the MD; however, intake
was lower than RDI value(73). In addition to n-6 fatty acids,
intake of n-3 fatty acids was inadequate in FF consumers
with high adherence to the MD. It should be considered
that the intake of n-3 fatty acids in the present study
represented only the intake of linolenic acid, which is
an ‘essential fatty acid’ because the human body cannot
synthesize it(42,66), and we did not represent intakes of
other n-3 fatty acids (EPA and DHA) of which fish is the
main source. Daily amount of fish consumption in Spain is
one of the highest in the world(74) and in our study we
observed that adolescents consumed about 30 g of fish
daily. So, total n-3 fatty acid intake might meet the RDI
value by accounting for daily fish consumption.

While consumption of most of the FF had a positive
association with the intake of many functional dietary
components, consumption of cereal bars and soya milk
was found to be inversely associated with many functional
dietary component intakes. Cereal bars are sweetened
with sugar and also contain a high amount of fat(75); they
might be consumed as snacks and thus might increase
energy intake.

As is seen in the correlations between consumption of FF
and intakes of functional dietary components, food and
nutrient intakes have complex interactions and instead of
examining the role of single nutrients or foods in disease
risk, investigation of the whole diet accounts for the syner-
gistic and antagonistic effects of foods and nutrients on
health(9). Although FF offer a new kind of health message
by promising specific effects caused by particular food
components(76), the MD as a complex dietary pattern with a
large variety of food choice provides several FF without
recurring to food industry products; however, intakes of
many functional dietary components like carotene, Zn, n-3
fatty acids and dietary fibre, which are important compo-
nents of the MD, were found to be inadequate. High

adherence of adolescents to the MD might improve the
intakes of these nutrients. Parents should be aware of this
and follow the MD to serve as a model for their children.

Finally, it is interesting to note that the adolescent
population is particularly difficult to investigate and sus-
ceptible to mistakes in eating habits. The results obtained
may be relevant to this topic and also deepen under-
standing of adolescents’ food-based dietary patterns.

Conclusions

The population of adolescents in the Balearic Islands had
moderate adherence to the MD and higher adherence was
observed among FF consumers. Average daily intakes of
FF and functional dietary components were higher among
adolescents with high adherence to the MD than among
those with low MD adherence. Gender, age and low
parental education were risk factors of low adherence to
the MD, mainly among FF non-consumers.
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