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Abstract
Objective: To investigate whether adherence to the adapted Mediterranean Diet
Score for Adolescents (MDS_A) and the adapted Mediterranean Diet Quality
Index for Adolescents (KIDMED_A) is associated with better food/nutrient intakes
and nutritional biomarkers.
Design: The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA)
study is a cross-sectional study aiming to obtain comparable data on a variety
of nutritional and health-related parameters in European adolescents aged
12·5–17·5 years.
Setting: Nine European countries.
Participants: European adolescents (n 2330) recruited to the HELENA study.
Dietary intake was obtained with 24 h dietary recalls, an FFQ and a Food
Choices and Preferences questionnaire. MDS_A was calculated as a categorical
variable using cut-offs (MDS_A), as a continuous variable (zMDS_A) and with
energy adjustments (zEnMDS_A). The KIDMED_A score was also calculated.
Results: Multilevel linear regression analysis showed positive associations for
zMDS_A and KIDMED_A with serum levels of vitamin D, vitamin C, plasma folate,
holo-transcobalamin, β-carotene and n-3 fatty acids, while negative associations
were observed with trans-fatty acid serum levels. For categorical indices, blood
biomarkers showed few significant results. zMDS_A and KIDMED_A showed
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positive associations with vegetables and fruits intake, and negative associations
with energy-dense and low-nutritious foods. zMDS_A and KIDMED_A were
positively associated with all macronutrients, vitamins and minerals (all P< 0·0001),
except with monosaccharides and PUFA for KIDMED_A and cholesterol for both
indices (P< 0·05).
Conclusions: zMDS_A and KIDMED_A have shown the strongest associations with
the dietary indicators and biomarkers that have been associated with the
Mediterranean diet before, and are therefore considered the most appropriate
and valid Mediterranean diet scores for European adolescents.
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The Mediterranean diet is considered one of the healthiest
dietary models, and potential health benefits of its adoption
during childhood and adolescence have been suggested(1–3).
Higher adherence to the Mediterranean diet may reduce the
negative effect of overweight and obesity and decrease
different chronic non-communicable diseases such as
CVD(1). Likewise, greater adherence to the Mediterranean
diet could reduce the burden of malnutrition (overnutrition
and micronutrient deficiency)(4).

Valid dietary indices adapted for children and adolescents
are needed to assess the adherence to dietary guidelines
among this young population group. Throughout the past
decades, numerous diet quality indices or scores measuring
adherence to theMediterraneandietary guidelines havebeen
developed(5), especially for adults. Mediterranean dietary
scores specifically designed for children and adolescents
have been applied based on specific recommendations for
these age groups, such as the Mediterranean Diet Quality
Index for children and adolescents (KIDMED)(6) and several
revised versions of the original Mediterranean Diet Score
(MDS), among others(7–13). Nevertheless, there are few stud-
ies investigating the use and validity of these indices in a
European adolescent population(14). The cross-sectional
Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) study provides data about nutrient and food
intakes and nutritional biomarkers(15) which could be used
to compare and validate dietary indices for adolescents using
an evidence-based approach.

Therefore, the aim of the present studywas to investigate
whether adherence to the adapted Mediterranean Diet
Score for Adolescents (MDS_A) and the adapted KIDMED
for Adolescents (KIDMED_A) is associated with better food
and nutrient intakes as well as nutritional biomarker serum
profiles in European adolescents. Different variants of these
two scores have been examined, considering the guidelines
from the original score, although also considering specific
dietary needs (e.g. calcium and vitamin D for attaining peak
bone mass) and restrictions (e.g. alcohol not recom-
mended) for this young population group.

Methods and materials

Study design
The HELENA study is a population-based multi-centre
investigation of the nutritional and lifestyle status among

European adolescents. Data were collected from October
2006 to December 2007 and fieldwork took place in ten
European cities of nine countries: Vienna (Austria),
Ghent (Belgium), Lille (France), Dortmund (Germany),
Athens (Greece), Heraklion (Greece), Pécs (Hungary),
Rome (Italy), Zaragoza (Spain) and Stockholm (Sweden).
The purpose of the study was to obtain standardized, reli-
able and comparable data from a random sample of
European adolescents on a broad battery of relevant nutri-
tion and health-related parameters. This included dietary
intake, food choices and preferences, blood indicators of
lipid metabolism and glucose metabolism, vitamin and
mineral status, anthropometry, physical activity, fitness
and genetic markers. The entire description of the
HELENA study design and sampling procedure has been
published previously(16,17).

Participants
The study population included 3528 adolescents (52·3 %
females) aged 12·5–17·5 years. Adolescents were excluded
from the database a posteriori if theymet one ormore of the
following exclusion criteria: age <12·5 or ≥17·5 years; no
measurement of weight and/or height; completion of
<75 % of the tests; participating simultaneously in another
clinical trial; or contracting an acute infection during the
week prior to the examination(16). As a result of logistical
problems (limited staff capacity for collecting and analysing
24 h dietary recall data), there was no nutrient intake infor-
mation from Heraklion or Pècs participants, for which case
they were excluded.

For one purpose of the present study, we analysed the
association between the adapted MDS and food and
nutrient intakes without exclusion of under-reporters,
resulting in 2330 adolescents (53·8 % females), and with
exclusion of under-reporters, resulting in 1804 adolescents
(52·6 % females). Under-reporting was considered when
the individual ratio of energy intake divided by the esti-
mated BMR was lower than 0·96(18). The group of under-
reporters consisted of a higher percentage of females
(57·8 % v. 52·6 % plausible reports; P = 0·036) and had
higher median (minimum, maximum) BMI values (22·5
(15·0, 45·6) kg/m2 v. 20·1 (14·1, 40·8) kg/m2 in the plausible
reports; P < 0·001).

Additionally, to investigate the relationship between dif-
ferent indices and nutritional biomarkers, blood samples
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were collected in a randomly selected sub-sample of the
total HELENA study population (1089 adolescents) of
whom 697 had two 24 h dietary recalls. Following the same
criteria, we analysed with exclusion of under-reporters
resulting in 552 adolescents (52·3 % females).

For the second aim of the present study, we examined
the association between the adapted KIDMED and food
and nutrient intakes. For this index, under-reporters were
not excluded as the adapted KIDMED index was partly
based on the dietary questionnaire data and not only on
24 h recall data. The power for the adapted KIDMED score
was already reduced since several individuals were
excluded because they did not complete the FFQ or the
Food Choices and Preferences (FCP) questionnaire. The
total sub-sample for this index was 1114 adolescents
(56·5 % females). To analyse the association between
adapted KIDMED and nutritional biomarkers, 552 adoles-
cents were included (52·3 % females).

The study was conducted following the ethical guide-
lines of the Declaration of Helsinki, the Good Clinical
Practice rules, and the legislation about clinical research
in human subjects in each of the participating countries.
Written informed consent was obtained from all adoles-
cents, their parents or guardians, and the protocol was
approved by the Human Research Review Committees of
the centres involved(17).

Dietary intake assessment
Dietary intake was obtained by means of 24 h dietary
recalls(19), an FFQ and the FCP questionnaire(20,21). The
24 h dietary recalls were collected via the HELENA-DIAT
(Dietary Assessment Tool) software on two non-
consecutive days within a period of 2 weeks. Adolescents
completed the 24 h dietary recall autonomously in the com-
puter classroom during school time and dietary intake was
referred to the day before the interview; therefore, no infor-
mation on Fridays and Saturdays was available.

This toolwas adapted froma previous version developed
and validated for Flemish adolescents(22). This assessment
tool is based on six meal occasions (breakfast, morning
snacks, lunch, afternoon snacks, evening meal, evening
snacks) referring to the previous day. Trained dietitians
assisted the adolescents to complete the 24 h dietary recalls
when needed. Adolescents autonomously selected all the
consumed foods and beverages froma standardized food list
in the HELENA-DIAT(23). Items not available in the list could
be added by the participant at any moment. Foods were
translated to nutrients by use of the German Food Code
and Nutrient Data Base (Bundeslebensmittelschlüssel
(BLS) Version II.3.1)(24,25). The Multiple Source Method
was used to estimate the usual dietary intakes of nutrients
and foods(26,27). This statistical modelling technique takes
account of within-person and between-person variability
and calculates usual intakes corrected for age, sex and
study centre.

The FFQ was designed to estimate adolescents’ habitual
food intake(28) and was based on the Health Behaviour in
School-aged Children (HBSC) FFQ, which was validated in
a Belgian youth population(29). In the current study, three
questions have been selected from the FFQ: fruits, vegeta-
bles and sweets. There were seven answer categories
ranging from ‘never’ up to ‘more than once a day’. The
answer ‘never’ was taken to count as 0 points and ‘once
a day, every day’ and ‘more than once a day’ were merged
together and categorized as 1 point.

The FCP questionnaire aimed to explore attitudes and
issues of concern among adolescents regarding food
choices, preferences, healthy eating and lifestyle(20,21).
From this questionnaire, ‘usually skipping breakfast’ was
collectedwith five answer categories ranging from ‘strongly
disagree’ up to ‘strongly agree’. When participants
answered ‘moderately agree’ or ‘strongly agree’, the score
was 1 point. Additionally, ‘How often do you consume fast
food?’ ranging from ‘never’ up to ‘each day’was considered
in the index score. The score was 1 point if participants
answered from ‘often’ up to ‘each day’.

Adapted Mediterranean diet score for adolescents
Adherence to the Mediterranean dietary pattern was
assessed by an adapted version of the traditional MDS
developed for adults as reported by Trichopoulou
et al.(30). The traditional MDS for adults includes nine com-
ponents (vegetables; fruits and nuts; legumes; cereals; fish;
monounsaturated fat:saturated fat ratio; dairy products;
meat and poultry; and wine); each component (except
for alcohol intake) is assigned a score of 0 or 1 using the
sex-specific medians as cut-off values (below and above,
respectively). Dairy products and meat (including poultry),
as detrimental components, are reversely scored. In addi-
tion, 1 point is given for alcohol intake within a specified
range: 5–25 g/d for women and 10–50 g/d for men; intakes
above score as ‘0’.

In our proposal, we modified the MDS for use in 12·5–
17·5-year-old adolescents (MDS_A). We used age- and sex-
specific median intakes of the study participants as a cut-off
value for each component. Alcohol intake was scored as a
detrimental component since ethanol consumption is not
recommended for children and adolescents, while dairy
products were scored as a beneficial component because
dairy is recommended in growing age, namely childhood
and adolescence(6). However, an MDS variant including
dairy products as a detrimental component had also
been calculated and validated(30). As such, four different
versions of the adapted adolescent MDS were created as
categorical variables (see Table 1 for more details):

1. MDS_A_7P_2N, with seven positive components (fruits,
vegetables, pulses, cereals, fish and seafood, monoun-
saturated fat:saturated fat ratio and dairy products) and
two negative components (meat and alcohol);

Relative validation of Mediterranean diet scores 2383



Table 1 Overview of the components of the adapted MDS and the adapted KIDMED for adolescents*

Components Criteria for scoring Score

Adapted Mediterranean Diet Score for
Adolescents by Z-score method (zMDS_A)

1. Fruits (excluding juices) nuts, seeds and olives
2. Vegetables (excluding potatoes)
3. Fish and seafood
4. Legumes (excluding fresh peas, sweet corn

and broad beans)
5. Cereals: bread and rolls, flour, cereals, rice

and other cereals, pasta, potatoes
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese.
8. Meat (including poultry)
9. Alcohol

Mediterranean diet Z-scores of nine components, including
seven positive and two negative (meat and alcohol)

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Quality Index
for children and adolescents (KIDMED_A)

1. Fruits
2. Vegetables
3. Fish and seafood
4. Fast food
5. Pulses (bean, lentils, chickpea, peas, broad

beans)
6. Pasta, rice and potatoes
7. Cereals or grains for breakfast
8. Nuts
9. Olive oil

10. Breakfast
11. Dairy products: yoghurt, cheese and curd
12. Confectionery products for breakfast: baked

goods or pastries
13. Sweets and candies

Takes a piece of fruit or fruit juice every day=þ1
Has a second fruit every day=þ1
Has fresh or cooked vegetables regularly once/d=þ1
Has fresh or cooked vegetables more than once/d=þ1
Consumes fish regularly (at least 2–3 times/week)=þ1
Goes to a fast-food (hamburger) restaurant more than
once/week=−1

Likes pulses and eats them more than once/week=þ1
Consumes pasta or rice almost every day
(≥5 times/week)=þ1

Has cereals or grains (bread, etc.) for breakfast=þ1
Consumes nuts regularly (at least 2–3 times/week)=þ1
Uses olive oil at home=þ1
Skips breakfast=−1
Has a dairy product for breakfast (yoghurt, milk, etc.)=þ1
Has commercially baked goods or pastries for breakfast=−1
Takes two yoghurts and/or some cheese (40 g) daily=þ1
Takes sweets and candy several times every day=−1

Questions denoting a
negative connotation
with respect to the
Mediterranean diet
were assigned a value
of −1, and those with a
positive aspect, þ1
(see criteria for
scoring). The sums of
the values (only if the
criteria for scoring are
met) from the
administered test and
the index range from
−4 to 12, with a higher
score indicating higher
adherence to
Mediterranean diet

Adapted Mediterranean Diet Score for
Adolescents (MDS_A)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn

and broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice

and other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese.
8. Meat (including poultry)
9. Alcohol

Sex- and age- specific median intakes were used as cut-offs
except for alcohol intake (given the age range of the
adolescents, alcohol intake recommendation was set at 0 g).
For components considered to be healthy (vegetables,
legumes, fruit and nuts, cereals, fish, monounsaturated fat:
saturated fat ratio and dairy products), intakes above the
median score 1 and intakes below the median score 0. Meat
and alcohol components were scored in the reverse as
components presumed to be detrimental. Intakes above the
median score 0 and intakes below the median score 1

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet
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Table 1 Continued

Components Criteria for scoring Score

Adapted Mediterranean Diet Score for
Adolescents excluding alcohol
(MDS_A_NA)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn

and broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice

and other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)

Sex- and age- specific median intakes were used as cut-offs.
For components considered to be healthy (vegetables,
legumes, fruit and nuts, cereals, fish, monounsaturated fat:
saturated fat ratio and dairy products), intakes above the
median score 1 and intakes below the median score 0.
Meat component was scored in the reverse as a component
presumed to be detrimental. Intakes above the median
score 0 and intakes below the median score 1

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Score for
Adolescents 8 components
(MDS_A_NA_6P_2N)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn

and broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice

and other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)

Sex- and age- specific median intakes were used as cut-offs.
For components considered to be healthy (vegetables,
legumes, fruit and nuts, cereals, fish, monounsaturated fat:
saturated fat ratio), intakes above the median score 1 and
intakes below the median score 0. Meat and dairy products
components were scored in the reverse as components
presumed to be detrimental. Intakes above the median
score 0 and intakes below the median score 1

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Score for
Adolescents 9 components
MDS_A_6P_3N

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn

and broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice and

other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)
9. Alcohol

Sex- and age- specific median intakes were used as cut-offs
except for alcohol intake (given the age range of the
adolescents, alcohol intake recommendation was set at 0 g).
For components considered to be healthy (vegetables,
legumes, fruit and nuts, cereals, fish and monounsaturated
fat:saturated fat ratio), intakes above the median score 1
and intakes below the median score 0. Meat, alcohol and
dairy products components were scored in the reverse as
components presumed to be detrimental. Intakes above the
median score 0 and intakes below the median score 1

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Score for
Adolescents excluding alcohol by Z-score
method (zMDS_A_NA)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn

and broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice and

other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)

Mediterranean diet Z-scores of eight components, including
seven positive and one negative (meat)

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet
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Table 1 Continued

Components Criteria for scoring Score

Adapted Mediterranean Diet Score for
Adolescents by Z-score method, energy
adjusted (zEnMDS_A)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn and

broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice and

other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)
9. Alcohol

Mediterranean diet Z-scores of nine components including,
seven positive and two negative (meat and alcohol). Each
food item should be divided by total energy intake

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Score for
Adolescents by Z-score method, energy
adjusted (zEnMDS_A_NA)

1. Vegetables (excluding potatoes)
2. Legumes (excluding fresh peas, sweet corn and

broad beans)
3. Fruits (excluding juices) and nuts, seeds and

olives
4. Cereals: bread and rolls, flour, cereals, rice and

other cereals, pasta, potatoes
5. Fish and seafood
6. Monounsaturated fat:saturated fat ratio
7. Dairy products: white milk, buttermilk, yoghurt,

fromage blanc and cheese
8. Meat (including poultry)

Mediterranean diet Z-scores of eight components, including
seven positive and one negative (meat). Each food item
should be divided by total energy intake

The sum of the values
from the positive
components and
deducting the negative
components, with a
higher score indicating
higher adherence to
Mediterranean diet

Adapted Mediterranean Diet Quality Index
for children and adolescents excluding
pulses and potatoes (KIDMED_A_NP)

1. Fruits
2. Vegetables
3. Fish and seafood
4. Fast food
5. Pasta and rice
6. Cereals or grains for breakfast
7. Nuts
8. Olive oil
9. Breakfast

10. Dairy products: yoghurt, cheese and curd
11. Confectionery products for breakfast: baked

goods or pastries
12. Sweets and candies

Takes a fruit or fruit juice every day=þ1
Has a second fruit every day=þ1
Has fresh or cooked vegetables regularly once/d=þ1
Has fresh or cooked vegetables more than once/d=þ1
Consumes fish regularly (at least 2–3 times/week)=þ1
Goes to a fast-food (hamburger) restaurant more than
once/week=−1

Consumes pasta or rice almost every day
(≥5 times/week)=þ1

Has cereals or grains (bread, etc.) for breakfast=þ1
Consumes nuts regularly (at least 2–3 times/week)=þ1
Uses olive oil at home=þ1
Skips breakfast=−1
Has a dairy product for breakfast (yoghurt, milk, etc.)=þ1
Has commercially baked goods or pastries for breakfast=−1
Takes two yoghurts and/or some cheese (40 g) daily=þ1
Takes sweets and candy several times every day −1

Questions denoting a
negative connotation
with respect to the
Mediterranean diet
were assigned a value
of −1, and those with a
positive aspect, þ1
(see criteria for
scoring). The sums of
the values (only if the
criteria for scoring are
met) from the
administered test and
the index range from
−4 to 11, with a higher
score indicating higher
adherence to
Mediterranean diet
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2. MDS_A_NA_7P_1N, with seven positive components
(fruits, vegetables, pulses, cereals, fish and seafood,
monounsaturated fat:saturated fat ratio and dairy prod-
ucts) and one negative component (meat), excluding
alcohol (‘NA’ stands for ‘no alcohol’);

3. MDS_A_NA_6P_2N, with six positive components (fruits,
vegetables, pulses, cereals, fish and seafood, and mono-
unsaturated fat:saturated fat ratio) and two negative com-
ponents (dairy and meat), excluding alcohol; and

4. MDS_A_6P_3N, with six positive components (fruits, veg-
etables, pulses, cereals, fish and seafood, monounsatu-
rated fat:saturated fat ratio) and three negative
components (dairy, meat and alcohol).

MDS_A_7P_2N and MDS_A_NA_7P_1N are directly based
upon the original MDS for adults, considering alcohol as a
negative component for adolescents in MDS_A_7P_2N and
ignoring the alcohol component for this young population
in MDS_A_NA_7P_1N. To ease the readability throughout
the paper, two standard MDS_A scores that are closest to
the original MDS have been abbreviated as MDS_A and
MDS_A_NA, respectively.

MDS_A and MDS_A_NA were also calculated as con-
tinuous variables using standardized Z-scores (in which
each component was included as a Z-score rather than a
binary variable): without energy adjustment, zMDS_A
and zMDS_A_NA; and with energy adjustment,
zEnMDS_A and ZEnMDS_A_NA. All indices were also ana-
lysed excluding under-reporters. Higher scores indicate
higher adherence to the Mediterranean diet. More details
of the components and cut-offs used to calculate the
adapted zMDS_A are shown in Table 1.

Adapted KIDMED for adolescents
A second index to assess the adherence to the
Mediterranean diet in our European adolescents was devel-
oped based on the KIDMED score, an index developed for
children and adolescents proposed by Serra-Majem et al.(6).

The original KIDMED(6) is calculated based upon a test
that includes sixteen questions which could be self-
administered or conducted by interview (paediatrician, dieti-
tian, etc.). The index ranged from −4 to 12, where questions
denoting a negative connotation were assigned a value of−1
and those with a positive connotation, a value of þ1.

In our adapted version, we used data from repeated 24 h
dietary recalls, the FFQ and the FCP questionnaire.
Information on the consumption of pulses, cereals or grains
for breakfast, yoghurts and cheese, baked goods or pas-
tries, dairy products, olive oil and nuts were taken from
the 24 h recalls. Potatoes, pasta and rice were also obtained
from the 24 h dietary recalls. Questions about the usual
consumption of fruits, vegetables and sweets were
obtained by means of the FFQ. Furthermore, questions
related to fast food and breakfast skipping were taken from
the FCP questionnaire. The KIDMED_A as a categorical
variable ranged from −4 to 12, with a higher scoreT
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indicating higher adherence to the Mediterranean diet.
Furthermore, two variants of KIDMED_A were calculated
as categorical variables (see Table 1 for more details):

1. KIDMED_A_NP, not including pulses and potatoes; and
2. KIDMED_A_NPH, not including pulses, potatoes and fast

food (e.g. hamburger).

The components and the criteria for scoring the
KIDMED_A are presented in Table 1.

Results pertaining to zMDS_A and KIDMED_A are pro-
vided in Tables 2–7 in the present paper. However, the
detailed results for all other indices (MDS_A_7P_2N,
MDS_A_7P_1N, MDS_A_NA_6P_3N, zMDS_A_NA,
zEnMDS_A, zEnMDS_A_NA, KIDMED_A_NPH and
KIDMED_A_NP) are presented in the online supplemen-
tary material, Supplemental Annexes 1, 2 and 3.

Biochemical analyses
Fasted blood samples were collected by venepuncture at
school between 08.00 and 10.00 hours according to a stand-
ardized blood collection protocol. Details about the sam-
pling, processing and transportation have been published
elsewhere(31). For the current analyses, nutritional bio-
markers and biomarkerswith an important role in nutritional
metabolism have been selected as objective indicators.

Plasma 25-hydroxyvitamin D was analysed by ELISA
using a kit (OCTEIA 25-Hydroxy Vitamin D) from
Immunodiagnostic Systems (Frankfurt, Germany) and
measured with a SunriseTM Photometer by TECAN
(Hamburg, Germany). The sensitivity of this method is
5 nmol/l for 25-hydroxyvitamin D and the variation is below
6%. Although plasma vitamin D concentrations are influ-
enced by numerous factors such as sunlight exposure and
adiposity, evidence indicated moderate correlations with
dietary intake(32). Vitamin C was analysed in plasma by
reversed-phase HPLC (Sykam, Gilching, Germany) using
UV detection (UV–VIS 205; Merck, Darmstadt, Germany).
The CV of vitamin Cwas 4·4 %. Strong correlations of dietary
intake of vitamin C with serum ascorbic acid concentrations
have been shown mainly when habitual dietary intakes of
vitamin C are relatively modest(33,34).

Plasma folate (CV = 5·4 %) and total homocysteine
(CV = 10·7 %) were determined by means of an immuno-
assay using the Immunolite 2000 analyser (DPC Biermann
GmbH, Bad Nauheim, Germany) and holo-transcobalamin
(CV = 5·1 %) was measured by an automated microparticle
enzyme immunoassay with the AxSYM analyser (Abbott
Laboratories, Abbott Park, IL, USA). Folate intakes correlate
weakly with serum/plasma concentrations since many fac-
tors can influence the bioavailability of dietary folate and,
therefore, serum/plasma folate concentrations(32).

Retinol, α-tocopherol and β-carotene were analysed in
plasma using reversed-phase HPLC (Sykam) using UV
detection (UV–VIS 205; Merck). The variation of the
method is below 3 % for all the vitamins. Plasma retinol

concentrations are responsive to vitamin A intake only in
individuals with inadequate vitamin A status(35). Also, there
aremoderate correlations between blood concentrations of
carotenoids and fruit and vegetable intakes(34–36).

Serum phospholipid fatty acid composition
(CV =<4·4 %) was measured by capillary GC (model
3900; Varian GmbH, Darmstadt, Germany) after extraction
performed by thin-layer chromatography. Serum TAG
were determined enzymatically on the Dimension RxL
clinical chemistry system (Dade Behring, Schwalbach,
Germany) using the manufacturer’s reagents and instruc-
tions. There is moderate correlation between n-3 fatty acid
intake and plasma phospholipid levels although reflecting
intake in the short to medium term(37,38). Good correlations
have been shown between the intake of specific types of
trans-fatty acid and their levels in blood; however, the cor-
relation between the total sum of trans-fatty acid intake and
the sum of serum trans-fatty acid levels is only weak(39,40).
Likewise, plasma TAG has been found to be positively cor-
related with total fat intake and negatively with fibre intake.
Levels may to some extent be indicative of the level of
dietary fibre intake, but the findings to date are
contradictory(34,41).

Statistical analysis
Statistical analyses were performed using the statistical soft-
ware package IBM SPSS Statistics for Windows version 21.

Pearson χ2 and t tests were used to test for differences
between sexes in categorical and continuous variables,
respectively. Normality was evaluated visually and based
on the skewness of the data distributions. Skewness of varia-
bles on intake ranged from 0·869 (meat intake) to 9·809
(alcohol intake; due to a high number of non-consumers).
Since these variables were studied in a large sample, it was
considered that parametric tests were allowed without trans-
formations. However, variables with a skewness > 3 were
transformed (logarithmic transformation and square-root
transformation were tested) and the multilevel analyses were
repeated with the transformed data. A log-transformation of
holo-transcobalaminwas also performed in the present study.

Multilevel linear regression analysis with inclusion
of a random intercept for study centre was used to examine
the relationship of the different Mediterranean diet
indices – MDS_A (see online supplementary material,
Supplemental Annexes 1, 2 and 3), MDS_A_NA
(Supplemental Annexes 1, 2 and 3), zMDS_A (Tables 2, 4
and 6), zMDS_A_NA (Supplemental Annexes 1, 2 and 3),
zEnMDS_A (Supplemental Annexes 1, 2 and 3), zEnMDS_
A_NA (Supplemental Annexes 1, 2 and 3) and KIDMED_A
(Tables 3, 5 and 7), whichwere calculatedwith andwithout
exclusion of the under-reporters except for KIDMED_A
thatwas calculated only for the full population –with foods,
nutrient intakes and blood biomarkers.

Multilevel linear regression analysis was also
performed between MDS_A_NA_6P_2N, MDS_A_6P_3N,
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KIDMED_A_NPH and KIDMED_A_NP (Supplemental
Annex 3) and nutritional biomarker status. Confounders
(age and sex) were entered as covariates. The level of
statistical significance was controlled for multiple testing
and a Bonferroni correction was applied to lower the
significance level (α) account of the number of tests
(foods = 0·05/number of tests; nutrients = 0·05/number
of tests; biomarkers = 0·05/number of tests) to control
family-wise error rate. Therefore, statistical significance
was considered with P values of 0·0019, 0·0013 and
0·005 for the association between all indices and foods,
nutrients and biomarkers, respectively.

Results

For all adapted MDS, the total population consisted of 2330
participants (53·8 % females, mean age 14·7 (SD 1·2) years)
or 1804 participants (52·6 % females, mean age 14·7 (SD 1·2)
years) when excluding under-reporters. For all adapted

KIDMED scores, the total population involved 1114 partic-
ipants (56·5 % females, mean age 14·8 (SD 1·3) years).

Comparison of the different indices with
food intakes
Multilevel regression analysis of the zMDS_A and
KIDMED_A with the usual consumption of different foods
is shown in Tables 2 and 3, respectively. A significant pos-
itive association was found between water (g/d) and both
indices (β = 0·0008 and β = 0·0006, respectively; both
P < 0·0001). In contrast, soft drinks (g/d) showed a signifi-
cant negative relationship with zMDS_A (Table 2),
KIDMED_A (Table 3) and MDS_A (Supplemental
Table S1.4; β =−0·0011, β =−0·0009 and β =−0·0004,
respectively; all P< 0·0001). Alcoholic beverages (g/d)
and meat (g/d) presented a significant negative association
(β =−0·0079 and β =−0·0095; both P < 0·0001, respec-
tively) with zMDS_A. All non-recommended foods
(all g/d) also presented a significant negative association

Table 2 Association between the adapted Mediterranean Diet Score for Adolescents by Z-score method (zMDS_A)
and food intakes among adolescents aged 12·5–17·5 years from nine European countries, Healthy Lifestyle in Europe
by Nutrition in Adolescence (HELENA) study

zMDS_A (n 2330, under-reporters included)

β 95% CI P value

Beverages
Water (g/d) 0·0008 0·0005, 0·0010 <0·0001
Coffee and tea (g/d) 0·0009 −0·0002, 0·0022 0·111
Soups/bouillon (g/d) −0·0009 −0·0029, 0·0009 0·326

Bread & Cereals
Bread and rolls (g/d) 0·0152 0·0129, 0·0176 <0·0001
Breakfast cereals (g/d) 0·0356 0·0294, 0·0419 <0·0001

Potatoes & Grains
Rice and other grains (g/d) 0·0111 0·0077, 0·0146 <0·0001
Starch roots, potatoes (g/d) 0·0055 0·0023, 0·0087 0·001
Pasta (g/d) 0·0056 0·0032, 0·0081 <0·0001

Vegetables (g/d) 0·0264 0·0245, 0·0284 <0·0001
Fruits (g/d) 0·0140 0·0128, 0·0152 <0·0001
Milk Products
Milk, yoghurt and milk beverages (g/d) −0·0015 −0·0030, −0·0000 0·050
Desserts and puddings, milk based (g/d) −0·0049 −0·0101, 0·0002 0·062
Cheese (g/d) 0·0160 0·0101, 0·0218 <0·0001

Meat/Fish/Egg/Meat Alternatives
Meat (g/d) −0·0095 −0·0112, −0·0077 <0·0001
Fish products (g/d) 0·0442 0·0386, 0·0498 <0·0001
Eggs (g/d) 0·0186 0·0102, 0·0271 <0·0001
Meat substitutes, nuts and pulses (g/d) 0·0331 0·0291, 0·0370 <0·0001

Fats & Oils
Margarine and vegetable oils (g/d) 0·0405 0·0247, 0·0564 <0·0001
Butter and animal fats (g/d) 0·0179 0·0057, 0·0300 0·004

Non-recommended foods
Snacks & Candy
Cakes, pies, biscuits (g/d) −0·0004 −0·0037, 0·0028 0·799
Savoury snacks (g/d) −0·0096 −0·0180, −0·0013 0·024
Sugar, honey, jam, candies, chocolate (g/d) 0·0144 0·0066, 0·0221 <0·0001

Sauces & Creams (g/d) −0·0011 −0·0065, 0·0040 0·680
Drinks
Carbonated/soft/isotonic drinks (g/d) −0·0011 −0·0016, −0·0007 <0·0001
Fruit and vegetable juices (g/d) 0·0009 0·0001, 0·0018 0·024
Alcoholic beverages (g/d) −0·0079 −0·0093, −0·0065 <0·0001

β, standardized regression coefficient.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent variables. Bonferroni
correction resulted in level of significance <0·0019.
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with zEnMDS_A (Supplemental Table S1.8). Sugar/honey/
jam/candies/chocolate (all g/d) showed a negative ten-
dency association (β =−0·0076, P = 0·057). A significant
positive link (P < 0·0001) was observed for rice, bread
and cereals, pasta, fat and oil, vegetables, fruits and fish
with zMDS_A and KIDMED_A (except fish; all g/d).
Potatoes (g/d) showed a significant positive association
with zMDS_A. zEnMDS_A presented positive and signifi-
cant relationship with healthy foods such as fish, fruit, veg-
etables, meat, nuts and pulses (all g/d), among others (see
Supplemental Table S1.8).

Comparison of the different indices with
nutrient intakes
Tables 4 and 5 show the results of macronutrients for
zMDS_A and KIDMED_A, respectively. For zMDS_A, a
positive association (all P< 0·0001, except for cholesterol
(mg/d), P = 0·005) was observedwith all macro- andmicro-
nutrients (Table 4). The usual intake of macronutrients,

minerals and vitamins was positively related to the
KIDMED_A (all P < 0·0001, except for monosaccharides
(mg/d), P = 0·002; PUFA (mg/d), P = 0·038; and cholesterol
(mg/d), P = 0·002; Table 5). However, zEnMDS_A pre-
sented negative associations with the majority of macro-
and micronutrients, vitamins and minerals (Supplemental
Table S2.8).

Comparison of the different indices with
nutritional biomarker levels
Tables 6 and 7 describe the results between the zMDS_A
and KIDMED_A, respectively, and nutritional biomarkers
in subgroups of 697 participants (under-reporters
included) and 552 adolescents excluding under-reporters.
A significant positive association (all P< 0·01) was
observed between zMDS_A and KIDMED_A and vitamin
D (nmol/l), vitamin C (mg/dl), plasma folate (nmol/l),
holo-transcobalamin (pmol/l), β-carotene (ng/ml) and
n-3 fatty acids (ng/ml). Trans-fatty acids (μmol/l) showed

Table 3 Association between the adapted KIDMED for adolescents (KIDMED_A) and food intakes among
adolescents aged 12·5–17·5 years from nine European countries, Healthy Lifestyle in Europe by Nutrition in
Adolescence (HELENA) study

KIDMED_A (n 1114)

β 95% CI P value

Beverages
Water (g/d) 0·0006 0·0004, 0·0009 <0·0001
Coffee and tea (g/d) 0·0024 0·0013, 0·0035 <0·0001
Soups/bouillon (g/d) −0·0009 −0·0032, 0·0013 0·419

Bread & Cereals
Bread and rolls (g/d) 0·0095 0·0071, 0·0119 <0·0001
Breakfast cereals (g/d) 0·0270 0·0210, 0·0329 <0·0001

Potatoes & Grains
Rice and other grains (g/d) 0·0024 −0·0009, 0·0058 0·154
Starch roots, potatoes (g/d) 0·0018 −0·0012, 0·0048 0·244
Pasta (g/d) 0·0026 0·0001, 0·0051 0·035

Vegetables (g/d) 0·0108 0·0086, 0·0126 <0·0001
Fruits (g/d) 0·0077 0·0065, 0·0089 <0·0001
Milk Products
Milk, yoghurt and milk beverages (g/d) 0·00137 −0·00004, 0·00280 0·058
Desserts and puddings, milk based (g/d) −0·0032 −0·0081, 0·0017 0·200
Cheese (g/d) 0·0288 0·0230, 0·0346 <0·0001

Meat/Fish/Egg/Meat Alternatives
Meat (g/d) −0·0010 −0·0028, 0·0007 0·271
Fish products (g/d) 0·0033 −0·0029, 0·0095 0·294
Eggs (g/d) 0·0131 0·0044, 0·0217 0·003
Meat substitutes, nuts and pulses (g/d) 0·0110 0·0070, 0·0150 <0·0001

Fats & Oils
Margarine and vegetable oils (g/d) 0·0135 0·0005, 0·0265 0·041
Butter and animal fats (g/d) 0·0217 0·0116, 0·0319 <0·0001

Non-recommended foods
Snacks & Candy
Cakes, pies, biscuits (g/d) −0·0042 −0·0074, −0·0010 0·010
Savoury snacks (g/d) −0·0064 −0·01489, 0·0019 0·132
Sugar, honey, jam, candies, chocolate (g/d) 0·0104 0·0038, 0·0170 0·002
Sauces & Creams (g/d) 0·0015 −0·0034, 0·0065 0·538

Drinks
Carbonated/soft/isotonic drinks (g/d) −0·0009 −0·0013, −0·0005 <0·0001
Fruit and vegetable juices (g/d) 0·0009 0·0001, 0·0017 0·019
Alcoholic beverages (g/d) −0·0002 −0·0015, 0·0009 0·657

KIDMED, Mediterranean Diet Quality Index for children and adolescents; β, standardized regression coefficient.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent variables.
Bonferroni correction resulted in level of significance <0·0019.
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a significant negative association with zMDS_A, and
KIDMED_A (β =−0·3943 and β =−0·3855, respectively; both
P< 0·05). In addition, total homocysteine (μmol/l) showed a
significant negative association with KIDMED_A
(β =−0·1073, P = 0·002).

Discussion

Adherence to theMediterranean diet has been quantified in
diet quality indices that attempt to obtain a global evalu-
ation of the quality of the diet based on a traditional refer-
ence pattern. However, this traditional reference pattern

originally based upon adult populations has been adapted
for use in children and adolescents, a population group
with specific nutritional requirements when considering
their growth needs. Therefore, different variants of the
original MDS have been developed for use in child and
adolescent populations, all considering different argu-
ments for the inclusion of components such as alcohol
and dairy products in the calculation of the MDS.

The results from the present cross-sectional study have
shown that zMDS_A and KIDMED_A followed by MDS_A
were significantly associated with most nutritional bio-
markers in the theorized directions. Moreover, our data
seem to indicate that similar results were obtained

Table 4 Association between the adapted Mediterranean Diet Score for Adolescents by Z-score method
(zMDS_A) and usual intake of macro- and micronutrients among adolescents aged 12·5–17·5 years from
nine European countries, Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study

zMDS_A (n 2330, under-reporters included)

β 95% CI P value

Macronutrients
Energy (kcal/d) 0·0011 0·0009, 0·0013 <0·0001
Protein (g/d) 0·0222 0·0178, 0·0265 <0·0001
Carbohydrates (g/d) 0·0105 0·0092, 0·0118 <0·0001
Total fat (g/d) 0·000017 0·000013, 0·00002 <0·0001
Water (g/d) 0·0016 0·0014, 0·0018 <0·0001
Fibre (g/d) 0·2430 0·2274, 0·2586 <0·0001

Carbohydrates
Monosaccharides (g/d) 0·000016 0·000011, 0·000020 <0·0001
Disaccharides (g/d) 0·000013 0·000010, 0·000016 <0·0001
Polysaccharides (g/d) 0·000022 0·000016, 0·000024 <0·0001

Fats
SFA (mg/d) 0·000023 0·000014, 0·000032 <0·0001
MUFA (mg/d) 0·000060 0·000049, 0·000071 <0·0001
PUFA (mg/d) 0·000096 0·000073, 0·000120 <0·0001

Cholesterol (mg/d) 0·0014 0·0004, 0·0024 0·005
Minerals
Na (mg/d)* 5·447 4·607, 6·286 <0·0001
K (mg/d) 0·0014 0·0013, 0·0016 <0·0001
Cl (mg/d) 0·0006 0·0005, 0·0007 <0·0001
Ca (mg/d) 0·0029 0·0025, 0·0032 <0·0001
Mg (mg/d) 0·0121 0·0110, 0·0133 <0·0001
Fe (μg/d) 0·00019 0·00017, 0·00022 <0·0001
Cu (μg/d) 0·0013 0·0012, 0·0015 <0·0001
Zn (μg/d) 0·00020 0·00017, 0·00024 <0·0001
F (μg/d) 0·0029 0·0024, 0·0034 <0·0001
Iodine (μg/d) 0·0388 0·0355, 0·0420 <0·0001
P (mg/d) 0·0025 0·0022, 0·0028 <0·0001
Mn (μg/d) 0·00071 0·00064, 0·00079 <0·0001

Vitamins
Thiamin (μg/d) 0·0017 0·0014, 0·0020 <0·0001
Riboflavin (μg/d) 0·0018 0·0016, 0·0020 <0·0001
Niacin (μg/d) 0·00005 0·00002, 0·00007 <0·0001
Pantothenic acid (μg/d) 0·0006 0·0005, 0·0007 <0·0001
Pyridoxine (μg/d) 0·0016 0·0014, 0·0018 <0·0001
Biotin (μg/d) 0·0884 0·0805, 0·0964 <0·0001
Total folic acid (μg/d) 0·0225 0·0210, 0·0240 <0·0001
Cobalamin (μg/d) 0·1666 0·1139, 0·2193 <0·0001
Vitamin C (g/d) 0·000020 0·000018, 0·000022 <0·0001
Retinol equivalents (μg/d) 0·0012 0·0009, 0·0014 <0·0001
Vitamin D (μg/d) 0·8781 0·7504, 1·0058 <0·0001
Vitamin E (μg/d) 0·00034 0·00031, 0·00037 <0·0001
Vitamin K (μg/d) 0·0128 0·0116, 0·0141 <0·0001

β, standardized regression coefficient.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent
variables. Bonferroni correction resulted in level of significance <0·0013.
*Variable was log-transformed to obtain a normal distribution.
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independently of the inclusion or exclusion of under-
reporters (results considering under-reporters are shown
in the online supplementary material, Supplemental
Annexes 1, 2 and 3).

Nutrient-dense food items, such as fish, fruits and veg-
etables, were positively associated with zMDS_A and
KIDMED_A, whereas most of the energy-dense and non-
recommended foods (e.g. cakes, biscuits, soft drinks)
showed negative associations.

At the level of food intake, Vyncke et al.(5) investigated
similar associations in relation to the Diet Quality Index for
Adolescents (DQI-A); nevertheless, they did not find a sig-
nificant relationship between the DQI-A and meat and fish
intake. In our study, a negative and positive significant

association was obtained between meat and fish intake,
respectively, for KIDMED_A and zMDS_A, which was also
found by Grosso et al.(42). Moreover, a significant positive
association was shown between MDS_A, zMDS_A and
KIDMED_A and the consumption of fats and oils. A mod-
erate intake of fat and oil is recommended because they are
also important sources of essential fatty acids and vitamins.
Furthermore, adolescents have higher fat intake needs,
which is essential for growth(43). However, high-fat diets
may decrease insulin sensitivity and are positively associ-
ated with increased cardiovascular risk(44,45), although a
precise dose–response relationship has not been defined.

The preservation of an adequate hydration status in ado-
lescents has been recognized as important, being related to

Table 5 Association between the adapted KIDMED for adolescents (KIDMED_A) and usual intake of macro- and
micronutrients among adolescents aged 12·5–17·5 years from nine European countries, Healthy Lifestyle in
Europe by Nutrition in Adolescence (HELENA) study

KIDMED_A (n 1114)

β 95% CI P value

Macronutrients
Energy (kcal/d) 0·0005 0·0004, 0·0007 <0·0001
Protein (g/d) 0·0137 0·0095, 0·0178 <0·0001
Carbohydrates (g/d) 0·0045 0·0032, 0·0057 <0·0001
Total fat (g/d) 0·000010 0·000006, 0·000014 <0·0001
Water (g/d) 0·0010 0·0008, 0·0012 <0·0001
Fibre (g/d) 0·1040 0·0887, 0·1193 <0·0001

Carbohydrates
Monosaccharides (g/d) 0·000006 0·000002, 0·000010 0·002
Disaccharides (g/d) 0·000007 0·000004, 0·000010 <0·0001
Polysaccharides (g/d) 0·000007 0·000007, 0·000012 <0·0001

Fats
SFA (mg/d) 0·00002 0·00001, 0·00003 <0·0001
MUFA (mg/d) 0·00002 0·00001, 0·00003 <0·0001
PUFA (mg/d) 0·00002 0·00001, 0·00004 0·038

Cholesterol (mg/d) 0·0015 0·0005, 0·0025 0·002
Minerals
Na (mg/d)* 3·4618 2·6534, 4·2702 <0·0001
K (mg/d) 0·0007 0·0005, 0·0008 <0·0001
Cl (mg/d) 0·0004 0·0003, 0·0005 <0·0001
Ca (mg/d) 0·0017 0·0014, 0·0020 <0·0001
Mg (mg/d) 0·0058 0·0047, 0·0069 <0·0001
Fe (μg/d) 0·00004 0·00009, 0·00012 <0·0001
Cu (μg/d) 0·0008 0·0006, 0·0009 <0·0001
Zn (μg/d) 0·00016 0·00012, 0·00019 <0·0001
F (μg/d) 0·0020 0·0015, 0·0025 <0·0001
Iodine (μg/d) 0·0209 0·0174, 0·0244 <0·0001
P (mg/d) 0·0014 0·0012, 0·0017 <0·0001
Mn (μg/d) 0·0003 0·0002, 0·0004 <0·0001

Vitamins
Thiamin (μg/d) 0·0009 0·0007, 0·0012 <0·0001
Riboflavin (μg/d) 0·0011 0·0009, 0·0013 <0·0001
Niacin (μg/d) 0·00004 0·00002, 0·00007 <0·0001
Pantothenic acid (μg/d) 0·00039 0·00032, 0·0004 <0·0001
Pyridoxine (μg/d) 0·0009 0·0006, 0·0011 <0·0001
Biotin (μg/d) 0·0388 0·0314, 0·0463 <0·0001
Total folic acid (μg/d) 0·0095 0·0080, 0·0111 <0·0001
Cobalamin (μg/d) 0·1188 0·0703, 0·1674 <0·0001
Vitamin C (g/d) 0·000010 0·000008, 0·000012 <0·0001
Retinol equivalents (μg/d) 0·0005 0·0004, 0·0007 <0·0001
Vitamin D (μg/d) 0·3170 0·1866, 0·4474 <0·0001
Vitamin E (μg/d) 0·00012 0·00009, 0·00015 <0·0001
Vitamin K (μg/d) 0·0067 0·0054, 0·0081 <0·0001

KIDMED, Mediterranean Diet Quality Index for children and adolescents; β, standardized regression coefficient.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent variables. Bonferroni
correction resulted in level of significance <0·0013.
*Variable was log-transformed to obtain a normal distribution.
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the ability to regulate body temperature and cognitive per-
formance(46). Water showed a positive association with all
indices calculated (P< 0·0001). Carbonated drinks pre-
sented a negative relationship with zMDS_A and
KIDMED_A, whereas there was a positive association
between both indices and fruit and vegetables juices. No
significant relationship between the MDS_A and zMDS_A
and the usual intake of coffee was found. One reason for
this could be a lower consumption of coffee and alcoholic
beverages by the adolescent population included in the
HELENA study(47).

Another interesting finding was the positive association
of MDS_A, zMDS_A and KIDMED_A with energy intake, in
contrast with the negative association found by Vyncke
et al.(43) when investigating the association between energy
intake and the DQI_A. Complex carbohydrates were pos-
itively associated with all indices except the zEnMDS_A. An
important advantage of this energy-adjusted zEnMDS_A
index is that it was negatively associated with energy

intake. Vyncke et al.(5) found a negative relationship
between energy intake and the DQI-A. Our findings also
indicate that there are positive associations between these
indices and the usual intake of macro- and micronutrients.
Furthermore, a positive and significant association was
found for the zMDS_A, KIDMED_A and MDS_A with all
minerals and vitamins. Our results are in concordance with
Serra-Majem et al.(48) except for vitamin E. Vyncke et al.(5)

did not find an association between vitamin C or carotene
and the DQI-A. This would be considered an important
point because the adequate intakes of vitamins and miner-
als are essential during childhood and adolescence(49,50).

Nutritional biomarkers may offer advantages and be
able to improve the estimates of dietary intake assessment
due to the independence of their random errors in relation
to the errors inherent to intake questionnaires(51).
Biomarkers have been recognized as potential tools for
describing dietary patterns, since they may provide dietary
information that is complementary to self-reported dietary

Table 7 Association between the adapted KIDMED for adolescents (KIDMED_A) and nutritional biomarkers
among adolescents aged 12·5–17·5 years from nine European countries, Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) study

KIDMED_A (N 552)

β 95% CI P value

Vitamin D (nmol/l) 0·0137 0·0043, 0·0231 0·004
Vitamin C (mg/dl) 0·1065 0·0350, 0·1780 0·004
Plasma folate (nmol/l) 0·0349 0·0113, 0·0586 0·004
Holo-transcobalamin (TC-II/B12) (pmol/l)* 1·7400 0·5234, 2·956 0·005
Total homocysteine (μmol/l) −0·1073 −0·1764, −0·0381 0·002
β-Carotene (ng/ml) 0·0021 0·0007, 0·0034 0·002
Retinol (ng/ml) 0·0005 −0·0018, 0·0029 0·654
TAG (mg/dl) 0·0008 −0·0050, 0·0067 0·774
n-3 Fatty acids (μmol/l) 0·0065 0·0015, 0·0116 0·010
Trans-fatty acids (μmol/l) −0·3855 −0·7007, −0·0703 0·017

KIDMED, Mediterranean Diet Quality Index for children and adolescents; β, standardized regression coefficients.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent variables.
Bonferroni correction resulted in level of significance <0·005.
*Variable was log-transformed to obtain a normal distribution.

Table 6 Association between the adapted Mediterranean Diet Score for Adolescents by Z-score method
(zMDS_A) and nutritional biomarkers among adolescents aged 12·5–17·5 years from nine European
countries, Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study

zMDS_A (n 697, under-reporters included)

β 95% CI P value

Vitamin D (nmol/l) 0·0163 0·0057, 0·0268 0·003
Vitamin C (mg/dl) 0·1109 0·0342, 0·1877 0·005
Plasma folate (nmol/l) 0·0432 0·0183, 0·0680 0·001
Holo-transcobalamin (TC-II/B12) (pmol/l)* 1·4924 0·1701, 2·8147 0·027
Total homocysteine (μmol/l) −0·0446 −0·1081, −0·0189 0·168
β-Carotene (ng/ml) 0·0021 0·0007, 0·0035 0·003
Retinol (ng/ml) 0·0010 −0·0014, 0·0036 0·400
TAG (mg/dl) 0·0045 −0·0024, 0·0116 0·202
n-3 Fatty acids (μmol/l) 0·0075 0·0023, 0·0127 0·004
Trans-fatty acids (μmol/l) −0·3943 −0·7066, −0·0820 0·013

β, standardized regression coefficient.
Multilevel regression analyses with inclusion of a random intercept for centre and corrected for age and sex as independent variables.
Bonferroni correction resulted in level of significance <0·005.
*Variable was log-transformed to obtain a normal distribution.
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intake(52,53). Not all nutrients have well-defined biological
markers, and many are influenced by other factors than
intake(5). In the present study, positive and strong associa-
tions were found between KIDMED_A and zMDS_A and
levels of plasma folate and holo-transcobalamin in the
expected direction. In addition, a significant negative asso-
ciation was shown between KIDMED_A and total homo-
cysteine. Adequate folate and vitamin B12 levels are
necessary for healthy growth and development, and defi-
ciency at young ages is related to developmental delay,
feeding problems, failure to thrive, anaemia and even irre-
versible neurological damage(54). A deficiency of these vita-
mins usually leads to an increase in total homocysteine
concentrations, which is considered an additional a marker
for the status of folate and vitamin B12

(55). However, there
are few studies analysing the association between these
nutritional biomarkers and diet quality indices in adoles-
cents; and therefore KIDMED_A has shown a good
validity by confirming the expected association.

Among others, a significant and positive relationship was
found between vitamin D and KIDMED_A and zMDS_A.
This finding was important since vitamin D is involved in
the immune system, bone mineralization and muscle tissue.
This vitamin has been related with different pathologies
such as cancer, diabetes, hyperactivity, hypertension and
multiple sclerosis(49,56–59). KIDMED_A and zMDS_A also
showed a significant positive relationship with vitamin C.
Likewise, other authors observed these relationships
between different diet quality indices and nutritional bio-
markers in people aged over 18 years. For example,
Weinstein et al.(60) found a correlation between the
Healthy Eating Index and serum vitamin C, serum folate
and serum vitamin B12 in a large population. Bach-Faig
et al.(52) observed associations between high adherence to
Mediterranean diet and high levels of β-carotene, vitamin
C and folate. Okuda et al.(61) found correlations between
energy intake and β-carotene (P< 0·030). In our study, there
was no association between zMDS_A and KIDMED_A and
retinol. The absence of an association with retinol level
might be attributed to the fact that this vitamin is prevalent
in meat, and a significant negative relationship was found
with zMDS_A and KIDMED_A for meat intake.

Regarding fatty acids, serum levels of trans-fatty acids
showed an inverse relationship with the KIDMED_A and
zMDS_A. This finding was also discovered by Vyncke
et al.(5) with the DQI-A. This is an interesting result because
higher levels of trans-fatty acids are related to an increase
of cardiovascular risk(62).

The aim of the present study was to obtain a holistic
measure for the overall diet quality of an individual, using
the Mediterranean diet as a reference. All different indices
have advantages and disadvantages and the main disad-
vantage of the MDS, in comparison with the DQI-A from
Vyncke et al.(5), is that energy intake was positively associ-
ated with zMDS_A and KIDMED_A. This is mainly a disad-
vantage when thinking about obesity prevention among

youth. However, zEnMDS_A could be considered when
energy intake will be analysed due to the negative associ-
ation with usual energy intake. In our study,
statistically significant associations were found with bio-
markers representing long-term and short- to medium-term
dietary intakes except for TAG and retinol.

Strengths and limitations
There are few studies investigating the use and validity of
these indices in a European adolescent population. The
MDS_A and KIDMED_A in the present study were not
based on nutrient intakes, avoiding the limitations that
coincide with the use of food composition data (such as
the use of various tables in different countries with different
methods of analysis used, unavailability of food items, loss
of dietary information from mixed dishes, etc.).

All indiceswere calculatedbasedon two self-administered,
computer-assisted, non-consecutive 24 h recalls, among
others. Following recommendations of the European Food
ConsumptionSurveymethod (EFCOSUM), 24 hdietary recalls
were preferred as these are open-ended questionnaires from
which detailed information can be obtained. Moreover, the
European Food Safety Authority indicates in all publications
on dietary misreporting among children and adolescents, that
more research on validity of dietary methods is needed in this
young population group, considering also the issue of misre-
porting(63). For that reason, under-reporters have been taken
accounted for in the present study.

One limitation of the used method is, however, that
information of only two days was obtained. Although this
allows inclusion of exceptional intakes at the individual
level, this effect is neutralized by the large number of obser-
vations. The 24 h dietary recall method does not allow
quantifying proportions of non-consumers for particular
food items, especially for infrequently consumed foods.
In order to decrease this influence, nutrient intakes were
corrected for within-person variability by applying the
Multiple Source Method. In this respect, the 24 h dietary
recalls were performed through the computer-assisted
HELENA-DIAT software to standardize the recall proce-
dures as much as possible.

The same food composition table for conversion of food
intake data to estimated nutrient intakes was used for all
survey centres(25). This identified differences in definitions,
analytical methods, units and modes of expression, which
were overcome. The fact that one single database of food
compositionwas used could be a limitation due to the com-
position of some foods that may vary between countries
and this might have reduced the correlation with some bio-
markers. Another limitation may be that the FFQ has been
validated only in a Belgian youth population and not in the
HELENA study(29).

The present study used data from the largest European
study investigating the association of lifestyle factors (such
as diet) with health outcomes (like obesity and health
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biomarkers) among European adolescents. Even though
the sample size is reduced for some of the sub-analyses,
as described in the ‘Methods and materials’ section, all
the variables included in the present study were well
framed for this sample size.

Conclusion

The zMDS_A and KIDMED_A showed associations with
nutrient and food intakes, especially with nutritional bio-
markers, in the hypothesized directions. Although other var-
iants also showed good associations with the indicators
under study, they were less significant compared with the
zMDS_A and KIDMED_A. Altogether, based on these
results, we recommend the use of the continuous MDS_A
score using the Z-score method or the adapted KIDMED
score for use in European adolescents when investigating
adherence to the Mediterranean diet among adolescents.
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