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Abstract

Purpose To examine the adherence to the Mediterranean dietary pattern (MDP) in metabolically healthy overweight or
obese (MHO) and metabolically unhealthy obese (MUQO) European adolescents.

Methods In this cross-sectional study, 137 overweight/obese adolescents aged 12—17 years old from the HELENA study
were included. Height, weight, waist circumference and skinfold thickness were measured and body mass index and body
fat percent were calculated. Systolic and diastolic blood pressure, glucose, HDL cholesterol, triglycerides and cardiorespira-
tory fitness (20 m shuttle run test) were measured. MHO and MUO phenotypes were categorized following the Jolliffe and
Janssen criteria. Two non-consecutive 24 h recalls were used for dietary intake assessment and the adherence to the MDP
was calculated using the Mediterranean dietary pattern score (MDP score) (range 0-9).

Results A total of 45 (22 girls) adolescents (32.8%) were categorized as MHO. The adherence to the MDP was significantly
higher in MHO than in MUO adolescents regardless of age, sex, body fat percentage, energy intake and center (MDP score:
4.6+1.6 vs.3.9+1.5, p=0.036), but this difference became non-significant after further adjustment for cardiorespiratory
fitness. Participants who had a low adherence to the MDP (MDP score <4) had a higher likelihood of having MUO phenotype
regardless of sex, age, energy intake, center and body fat percentage (OR 2.2; 95% CI 1.01-4.81, p=0.048).

Conclusions Adherence to the MDP might be beneficial to maintain metabolic health in overweight/obese adolescents, yet
cardiorespiratory fitness seems to play a key role on the metabolic phenotype.
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MHO Metabolically healthy overweight or LDL Low-density lipoprotein
obesity TG Triglycerides
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MDP score Mediterranean dietary pattern score Introduction

BMI Body mass index

Childhood and adolescence obesity prevalence has increased
over the last few decades [1]. This chronic disease is associ-
Electronic supplementary material The online version of this ated with cardiometabolic risk factors such as insulin resist-
article (https://dot.org/10.1007/500394-018-1809-8) contains ance, dyslipidemia and hypertension [2]. However, several
supplementary material, which is available to authorized users. . . .

studies reported the existence of metabolically healthy phe-
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abnormalities is known as metabolically unhealthy over-
weight or obesity (MUO) [3].

Although there is no a standard definition of MHO, which
in turn leads to difference in the rates of MHO, the preva-
lence of the healthy phenotype seems to be close to 30% of
population with obesity and it is also negatively associated
with obesity degree [4-6].

Diet and physical activity are lifestyle determinants of
health closely related to obesity and its complications [5].
Nowadays, nutrition research focuses more on examining
the impact of dietary patterns such as the Mediterranean
diet (MDP) on health outcomes, instead of exploring the
effect of nutrients or individual food groups on health status.
Thereby, dietary patterns offer a more holistic description
of dietary habits considering also the possible interactions
among nutrients and foods [6]. The MDP shows the typical
dietary pattern followed by people from Creta, Greece and
Southern Italy in the 1960s [7]. This Mediterranean region
was the area with the highest life expectancy and with the
lowest incidence of coronary heart disease in the world.
Adherence to the MDP has been associated with a reduction
in cardiovascular and all-cause mortality and type 2 diabetes
incidence [8, 9]. MDP is characterized by high intake of
vegetables, fruits, nuts, cereals, legumes and olive oil as
the principal source of fat, moderate to-high-intake of fish,
moderate consumption of dairy products and wine (during
meals) and low consumption of meat and poultry [7]. Sev-
eral studies reported that adherence to the MDP improves
health status in youths [9]. Accordingly, we hypothesized
that MHO adolescents might have a higher adherence to
this dietary pattern than their MUO peers. The current study
aimed to examine the association between the adherence to
MDP and metabolic health status in overweight and obese
European adolescents from the Healthy Lifestyle in Europe
by Nutrition in Adolescence (HELENA) study.

Materials and methods
Study design

The HELENA study is a multicenter cross-sectional study
which was designed to evaluate the nutritional status and
lifestyle in adolescents (12.5-17.5 years) from 10 European
cities between 2006 and 2007 [10]. Among the total sample
of 3528 participants, blood samples were randomly selected
and collected in a subsample of 1069 adolescents [10]. A
detailed description of the HELENA study procedures and
methodology has been published elsewhere [11, 12]. All
adolescents participating in the study and their parents or
legal guardians had to sign an informed written consent so
that they could be enrolled in the study. The study protocol
was approved by the corresponding local Human Research
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Review Committees of the centers involved, which were the
following ones: Athens in Greece, Dortmund in Germany,
Gent in Belgium, Lille in France, Roma in Italy, Stockholm
in Sweden, Vienna in Austria and Zaragoza in Spain. For the
target of the current study, a total of 137 (14.8 + 1.3 years,
48.9% girls) overweight or obese adolescents from whom
dietary and biomarkers data were available were included

(Fig. 1).
Anthropometry and cardiometabolic risk factors

Anthropometric assessment was performed to categorize
weight status, as well as to examine body composition.
Weight (SECA 861, Hamburg, Germany) and height (SECA
225, Hamburg, Germany) were measured with a high-pre-
cision scale to the nearest 0.05 kg and with a telescopic
height measuring instrument to the nearest 0.1 cm, respec-
tively [11]. BMI was determined as body weight divided by
height squared (kg/m?) and overweight and obesity status
were categorized according to the World Obesity Federation
criteria [12]. A non-elastic tape (SECA 200) to the nearest
0.1 cm was used for waist circumference measurement. In
addition, tricipital and subscapular skinfold thicknesses were
measured (Holtain) and body fat percentage was computed
using the Slaughter equation [13]. Blood pressure (systolic
and diastolic) was measured twice with a 10 min time period
between, using a clinical automated digital blood pressure
device (OMRON) and the lowest value was recorded. Glu-
cose, triglycerides and HDL cholesterol, were obtained from

Whole HELENA sample
(n=3528)

l

Participants with blood samples
(n=1069)
Participants with overweight or obesity according to

the World Obesity Federation
(n=238)

l

Participants with dietary data and Mediterranean diet
score calculated
(n=137)

Fig. 1 Flow diagram of study participants
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blood samples collected after 10 h overnight fast by follow-
ing an established blood collection and analysis protocol
[14]. Cardiorespiratory fitness was determined using the
20 m shuttle run test as described elsewhere [15]. Briefly,
adolescents had to run between two lines 20 m apart follow-
ing an audio signal from a recorded CD. The audio signal
started with an 8.5 km/h, speed increasing by 0.5 km/h per
minute. When the participants did not reach the end line
along with the audio signal on two consecutive times or
when the adolescent stopped because of exhaustion the test
was finished. Thereby, aerobic fitness was examined calcu-
lating the maximal oxygen consumption (ml/kg/min) using
the equation suggested by Leger et al. [16].

MHO and MUO classification criteria

Several criteria have been proposed for metabolic health
classification in pediatric populations. Nevertheless, in the
current study, to establish the criteria for classifying meta-
bolic status, we followed the definition of MHO proposed
by Ortega et al. which are a detailed criteria based on a com-
prehensive review of the literature summarized into seven
scientific arguments (for more information, see Table 2
and 3 of the review) [17]. The criteria for the classification
of overweight/obese individuals as MHO or MUO of this
review is in accordance with previous large collaborative
studies and international organizations agreements, and it
is also appropriate for using with youths [17]. This defini-
tion recommends the use of the criterium proposed by Jol-
liffe and Janssen [18] for adolescent population, since they
classify metabolically healthy and unhealthy status based
on specific sex and age cut-off points. Using these criteria,
adolescents were considered as MHO if they met zero of the
criteria; whereas adolescents were considered as MUO if
they presented one or more of the following cardiometabolic
risk factors: high systolic and/or diastolic blood pressure,
high blood glucose level, high triglycerides (TG) levels and
low values of HDL cholesterol. In accordance with previ-
ous studies, waist circumference was not included in the
definition of metabolic health, considering that it is above
the established thresholds in the majority of individuals who
are overweight or obese [18].

Dietary intake assessment

Two non-consecutive computerized 24 h recalls were used to
assess dietary intake in a time span of two weeks. These 24 h
recalls were collected using the HELENA-Dietary Assess-
ment Tool (HELENA-DIAT) 24 h dietary recall software,
a nutrition assessment tool which is organized in six meal
occasions (breakfast, mid-morning snack, midday meal,
afternoon snack, evening meal and evening snack) refer-
ring to the day before the interview. This 24 h recalls were

self-reported, but the adolescents were helped by trained
dieticians [19].

Adherence to the MDP was determined as the sum of the
score assigned to nine food groups and nutrients, including
seven positive and two negative dietary components. The
current scale was based on the MDP scale of Trichopou-
lou et al. [7]. Dietary intake of vegetables, fruits and nuts,
cereals roots, pulses, fish, dairy products and unsaturated
to saturated fat ratio were scored positively, scoring 1 point
when the intakes were above the sex-specific median (50th
percentile) and scoring O when the intakes were below the
sex-specific median (see Supplemental Table 1 to find infor-
mation about food intake and adherence to the MDP in the
whole HELENA sample including non-overweight adoles-
cents). The intake of dairy products was considered as a
positive dietary component because in adolescence dairy
products are recommended due to growth and development
processes. The intake of fruits, nuts and olives was included
in the fruit and nuts variable; bread, cereals, flour, rice cere-
als, pasta and potatoes were considered as cereal roots; and
dairy products included milk, yogurt and cheese. In contrast,
meat and processed meat and alcohol consumption were
scored inversely. The value of O was given to a meat intake
above the sex-specific median and a value of 1 when the
intake was below the median. Alcohol intake was considered
as an unhealthy product in adolescents and therefore a value
of 1 was given if there was no consumption, while a value of
0 if there was any alcohol intake. Likewise, the range of the
Mediterranean diet score (MDP score) ranged from 0 (mini-
mal adherence) to 9 points (maximal adherence). Thereafter,
the adherence to the MDP was classified into two groups,
low (<4 points) and high (> 5 points) adherence to the MDP.

Statistical analysis

Independent ¢ tests were used to identify differences
between MHO and MUO groups in continuous variables,
while to examine differences in categorical variables Chi-
square tests were used. Age and Tanner stage were catego-
rized to classify younger (age below median) from older
adolescents (age equal or above median) and adolescents
with lower puberty stage (below or equal puberty stage
III) from those participants with high sexual maturation
(equal or above IV). Variables with a non-normal distri-
bution (glucose, triglycerides, HDL cholesterol, systolic
and diastolic blood pressure, cardiorespiratory fitness and
MDP score) were logarithmically transformed. As the
adherence to the MDP should be higher in the Southern
(Athens, Rome and Zaragoza) than in Central-Northern
(Dortmund, Ghent, Lille, Stockholm and Vienna) Euro-
pean countries, this categorical variable thereafter called
center (Central-Northern vs. Southern country) was used
as covariate in the analyses. As there were no statistically
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significant differences in the prevalence of MHO and
MUO phenotypes according to the maternal educational
level, the socioeconomic status of the parents was not
included as a confounder in the analyses. Differences in
adherence to the MDP between MHO and MUO groups
were analyzed using univariate linear models with sex,
age, energy intake and center (model 1); sex, age, energy
intake, center and body fat percentage (model 2) and
sex, age, energy intake, center, body fat percentage and
cardiorespiratory fitness (model 3) as covariates. Binary
logistic regression models were developed to analyze the
relationship between adherence to the MDP (low vs. high
MDP score score) and metabolic phenotypes (MHO vs.
MUO) adjusted for sex, age, energy intake and center
(model 1); sex, age, energy intake, center and body fat
percentage (model 2) and finally using sex, age, energy
intake, center and cardiorespiratory fitness (model 3) as
covariates. Sensitivity analyses were carried out with con-
tinuous odds ratio to analyze the relationship between the
adherence to the MDP and metabolic phenotypes. Statisti-
cal analyses were carried out with the statistical software
SPSS version 20.0 (SPSS Inc, Chicago) with a level of
significance of a=0.05.

Results

Anthropometric and biological characteristics in MHO
and MUO adolescents are shown in Table 1. Weight, BMI,
maternal educational level and the percentage of participants
with obesity were significantly higher in MUO compared to
MHO groups (p <0.05, Table 1). In contrast, sex, age, puber-
tal status, height, waist circumference, body fat percentage
and maternal educational level did not differ between the
two metabolic phenotypes. Overall, as expected due to the
definition of the metabolic phenotype, MHO adolescents
had a healthier cardiovascular profile, i.e., lower values of
TG, systolic and diastolic blood pressure and higher levels
of HDL (p <0.001, Table 1). There were no significant dif-
ferences (p =0.915) in the distribution of MHO and MUO
adolescents across the Central North and South of Europe
(Supplemental Table 2).

Table 2 shows dietary intake in MHO and MUO ado-
lescents. Higher fish intake (%33.3) was observed in MHO
than in MUO adolescents (p <0.05, Table 2). In contrast,
intake of vegetables, fruits and nuts, cereal roots, pulses,
unsaturated to saturated fatty acids ratio, dairy products,
meat and alcohol were similar in MHO and MUO (Table 2).
The adherence to the MDP in MHO and MUO adolescents

Table 1 Anthropometric and

‘ . o MHO (n=45) MUO (n=92) p

biological characteristics

in metabolically healthy Mean (SD) Mean (SD)

;’Kgﬁgi&ﬁiﬁ’;?ﬂ%ﬂgj Age (years) 14.7 (1.3) 14.7 (1.4) 0.812

overweight or obese (MUO) Sex (males/females) 23/22 47/45 0.998

adolescents participating in the High puberty stage (N, %) 29 (64.4) 63 (68.5) 0.637

HELENA Study Older adolescents (N, %) 20 (44.4) 50 (54.3) 0.276
Weight (kg) 70.5 (12.2) 77.2 (14.7) 0.004
Height (cm) 164.8 (10.4) 167.4 (9) 0.071
Waist circumference (cm) 81.8 (7.7) 84.3(8.4) 0.083
Body mass index (kg/mz) 25.9 (0.5) 27.4(0.3) 0.012
Obese (N, %) 6 (13.3) 31(33.7) 0.012
Body fat (%) 324 (9.4) 35.5(8.8) 0.065
High maternal educational level (N, %) 9 (20) 17 (18.5) 0.534
Glucose (mmol/L) 4.9 (0.3) 5.1 (0.5) 0.056
Triglycerides (mmol/L) 0.7 (0.3) 1.1 (0.6) <0.001
HDL cholesterol (mmol/L) 1.4 (0.2) 1.2 (0.2) <0.001
Systolic blood pressure (mmHg) 113.5(8.0) 127.5 (15.6) <0.001
Diastolic blood pressure (mmHg) 61.5(9.1) 70.1 (8.2) <0.001
Cardiorespiratory fitness (ml/kg/min) 39.9 (10.8) 36.7 (8.2) 0.148

Student’s ¢ test was used to compare mean differences between MHO and MUO groups in continuous vari-
ables, while Chi-square test was used to examine mean differences in categorical variables. Although anal-
yses were carried out with logarithmically transformed values, non-transformed data are shown in the table

to make an easier interpretation

Numbers in bold mean significant p values (p < 0.05)

SD standard deviation, HDL high-density lipoprotein, high puberty stage equal or above IV Tanner stage,
Older adolescents age equal or above median
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Table 2 Dietary intake in metabolically healthy overweight or obese
(MHO) and metabolically unhealthy overweight or obese (MUO)
adolescents

Overweight participants

MHO (n=45) MUO (n=92) p

Mean (SD) Mean (SD)
Vegetables (g/day) 102 (79) 92 (57) 0.436
Fruits and nuts (g/day) 113 (88) 118 (77) 0.766
Cereal roots (g/day) 320 (122) 295 (110) 0.235
Pulses (g/day) 5(14) 9 (28) 0.255
Fish (g/day) 24 (24) 16 (16) 0.040
FU/FS ratio (day) 0.93 (0.19) 0.93 (0.16) 0.923
Dairy products (g/day) 262 (305) 184 (164) 0.113
Meat (g/day) 140 (75) 147 (73) 0.612
Alcohol (g/day) 0.4 (0.7) 0.6 (1.2) 0.316
Mediterranean diet score 4.5(1.7) 3.9(1.6) 0.044
0-9
High adherence (N, %) 25 (55.6) 34 (37) 0.039

Although analyses were carried out with logarithmically transformed
values, non—transformed data are shown in the table to make an eas-
ier interpretation

Numbers in bold mean significant p values (p < 0.05)

SD standard deviation, FU/FS ratio unsaturated to saturated fatty
acids ratio

OMHO
= MUO
9 -
=8 p=0.044 p=0.036 p=0.323
S
> 7 4.5 4.6 43
S 6 - 3.9 3.9 3.9
wn
s
=
g3 -
s
5 21
W
=1 -
0
Model 1 Model 2 Model 3

Fig.2 Adherence to the Mediterranean diet in metabolically healthy
overweight/obese (MHO, n=45) and metabolically unhealthy over-
weight/obese (MUO, n=92) adolescents. Bars are values of adjusted
means and error bars are standard error of means. Model 1 was
adjusted for sex, age, energy intake and center; Model 2 was addi-
tionally adjusted with body fat percentage (MHO/MUO n=43/88);
Model 3 was further adjusted with cardiorespiratory fitness (MHO/
MUO n=30/77)

is shown in Fig. 2. It was observed that the MDP score was
significantly higher in MHO than in MUO adolescents
regardless of age, sex, energy intake and center (4.5+1.7
vs. 3.9+ 1.6, in MHO and MUO respectively, p =0.044,
Model 1, Fig. 2). This difference was strengthened when
body fat percentage was entered into the model (4.6 + 1.6 vs.
3.9+ 1.5, p=0.036, Model 2, Fig. 2), but it was diminished
and became statistically non-significant after further adjust-
ment for cardiorespiratory fitness (4.3 +1.6 vs. 3.9+ 1.6,
p=0.323, Model 3, Fig. 2). Odds ratios (OR) for having obe-
sity-associated risk factors according to the adherence to the
MDP categories (low vs. high) are shown in Fig. 3. It was
observed that adolescents with low adherence to the MDP
(MDP score <4) had higher likelihood of having MUO phe-
notype regardless of sex, age, energy intake, center and body
fat percent (OR 2.2; 95%ClI, 1.01-4.81, p=0.048, Model 2,
Fig. 3). However, when the analyses were further adjusted
with cardiorespiratory fitness the results were attenuated
and became non-significant (OR 1.8; 95%CI, 0.74-4.46,
p=0.051, Model 3, Fig. 3). After sensitivity analyses with
continuous OR, it was observed that the odds ratio between
the adherence to the MDP and MUO metabolic phenotype
was below one (OR 0.8; 95% CI, 0.58-0.97, sex, age, energy
intake, center and body fat percentage adjusted p=0.032),
which means that higher adherence to the MDP is associated
with lower likelihood of being MUO.

Discussion

The main finding of the current study is that overweight
or obese adolescents with a healthier metabolic profile
(i.e., MHO) present higher adherence to the MDP (H7%)
compared to adolescents who have already developed

10 p=0.051 p=0.048 p=0.190
(OR 2.1; 0.99-4.45) (OR 2.2; 1.01-4.81) (OR 1.8; 0.74-4.46)

Odds ratio MHO
L

0.1
Adherence to the MDP

Fig.3 Odds ratios (boxes) and 95% confidence intervals (error bars
represent values) after adjusting for sex, age, energy intake and center
(Model 1), additionally adjusted for body fat percentage (Model 2)
and adjusted for sex, age, energy intake, center and cardiorespiratory
fitness (Model 3)
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cardiometabolic risk factors, and as a consequence, have a
worse metabolic profile. Thus, a higher score of the MDP
scale was observed among MHO than in their MUO peers,
which could be due to higher fish intake observed among
MHO participants. Indeed, having a low adherence to the
MDP increased by twice the likelihood of having obesity-
associated risk factors, and as consequence, having MUO
phenotype.

As expected, the majority of the cardiometabolic risk
factors were higher in MUO than in MHO adolescents. It
was observed that approximately 33% of males and females
did not show cardiometabolic risk factors associated with
excess adiposity. These findings are in line with previous
studies which reported that around one-third of teenagers
with obesity could be classified as MHO [20]. In any case,
the prevalence of each group studied certainly depends on
the metabolic syndrome status criteria used to classify indi-
viduals into MHO and MUO [17]. Moreover, the metabolic
profile seems to worsen when increasing adiposity and/or
duration of obesity [21]. A recent study observed that the
MHO phenotype decreased with age in both genders [21].
Thus, MHO rates ranged between 4.2% and 68% in child-
hood and adolescence, whereas MHO prevalence in adult-
hood across Europe was 7-28% and 2—19% for women and
men, respectively [3, 21]. In our study, on the contrary, the
metabolic status did not differ across pubertal development
stages or with age.

The effect of the diet quality or dietary patterns on meta-
bolic phenotypes has already been studied. For instance,
researches of the National Health and Nutrition Examination
Survey examined the Healthy Eating Index in adolescents
and adults with obesity and showed that the diet quality was
higher among MHO compared with MUO, which stands
for having a better compliance to the American Dietary
Guidelines [5, 22]. These findings concur with the results
of the current study suggesting that the adherence to the
MDP could be a protective factor to develop the MUO phe-
notype. In contrast, other authors did not find any significant
difference in macro/micronutritional composition among
middle-aged obese adults with MHO and MUO phenotypes
and healthy obesity was not associated with increased diet
quality either [23, 24].

The benefits of adherence to the MDP on metabolic risk
have been extensively studied. A higher adherence to the
MDP has been related to lower BMI, glucose level and a bet-
ter lipid profile in children and adolescents [25]. Similarly,
Zhong et al. observed that adherence to MDP was associ-
ated with better glycemic control and lipid profile among
adolescents with type 1 diabetes who were less than 20 years
old at diagnosis [26]. In this last study, adherence to the
MDP was assessed using the KIDMED questionnaire, and
precisely, an increase of 2 points out of 12 in the KIDMED
score (%17 higher adherence) was associated with 4 mg/dL
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lower total cholesterol and 3.4 mg/dL lower LDL cholesterol
[26]. In another study with hypercholesterolemic children,
after 12 months of nutritional intervention based on MDP,
an approximately 10% decrease of total and LDL choles-
terol levels was observed [27]. Although several studies have
examined the influence of the adherence to the MDP on car-
diovascular health in children and adolescents [25, 27], as
far as we are aware, there is no previous study examining
the adherence to the MDP on MHO and MUO phenotypes
in youths which hampers comparison among studies.

The present study demonstrated that adolescents with
a healthy metabolic profile were shown to have a higher
fish intake compared to those with metabolic abnormali-
ties. The effect of fish intake in metabolic status has previ-
ously been studied by different authors. Likewise, Kim et al.
observed that high fish intake was associated with lower TG
and blood pressure and higher HDL cholesterol levels [6,
28]. Thus, individuals who were in the highest third of fish
intake had 65% lower risk of having metabolic syndrome
comparing with those in the lowest third. The possible pre-
ventive role of fish consumption in the development of the
metabolic syndrome in adults was examined in a systematic
review, and the authors concluded that fish consumption
may improve metabolic health [29]. Dietary fatty acid com-
position is also likely to be involved in the protective role
of metabolic syndrome [7, 29]. Previous studies proposed
that polyunsaturated fatty acids in fish could be the pos-
sible connectors between dietary intake and health benefits
[28, 30]. This observation is in accordance with the higher
fish consumption (H33%) observed in our sample of MHO
compared to MUO adolescents. In contrast, other studies did
not observe any significant association between dietary fish
intake and metabolic status [31] or showed that this preven-
tive role of fish might be gender-related [32]. Unexpectedly,
in a previous study of Danish adolescents, fish intake was
associated with a poorer metabolic profile [33].

We observed that the difference in the adherence to MDP
between MHO and MUO groups became non-significant
after further adjustment for cardiorespiratory fitness. How-
ever, this finding should be interpreted carefully due to the
missing values for cardiorespiratory fitness in the sample
that could affect this observation. Cardiorespiratory fitness
is an important health marker [34] which has been associ-
ated with a healthier cardiovascular status and a lower risk
of metabolic factors already in children [35]. In line with our
results, other studies reported that metabolic health is influ-
enced by cardiorespiratory fitness in adolescents [36]. In
this way, in a recent review, Ortega et al. examined the role
of fitness in MHO and suggested that higher cardiorespira-
tory fitness level may be a key characteristic of MHO phe-
notype [37]. Onthe contrary, other authors did not find any
association between fitness and MHO phenotype in youth;
nonetheless, lower levels of fatness and the lack of hepatic
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steatosis were strongly associated with MHO phenotype in
these adolescents [38].

Strengths and limitations

This study has several limitations. First and foremost, the
sample size is low due to the inclusion criteria considered
in the current study (overweight/obesity status, blood sam-
ples and dietary intake data available). Nevertheless, ado-
lescents were randomly chosen to collect blood samples to
avoid selection bias in the HELENA study [10]. Second,
the cross-sectional design of the study should be also con-
sidered as a limitation since it does not help to determine
causality and directionality of the relationships. We cannot
absolutely exclude that dietary data could reflect any medi-
cal or dietary advice received prior to recruitment. However,
its probability is low because one of the inclusion criteria in
the HELENA study was that all study participants should be
at least apparently healthy. Although dietary assessment can
indeed be challenging among adolescents, the 24 h dietary
recall methods that was used in the HELENA study has been
evaluated and has shown good validity and accuracy in ado-
lescents [39].

In conclusion, findings of the current study suggest that
MHO adolescents have a higher adherence to the MDP com-
pared to MUO adolescents which might be mainly due to a
higher fish intake, supporting the possible preventive role
of the MDP and its components in the metabolic syndrome
development. Moreover, cardiorespiratory fitness might also
play a key role in the healthy metabolic phenotype. Hence,
nutritional and lifestyle education programs focused on
children and adolescents which include physical activity
are needed to achieve healthy dietary habits, as well as to
increase cardiorespiratory fitness, with the aim of improving
metabolic health and preventing obesity-related comorbidi-
ties in later life.
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