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Resumen

Fundamento: Los cambios sociales de los últimos años han alterado el patrón de consumo tradicional y 
la adherencia a la DM. El objetivo de este trabajo es validar dos métodos de estimación de la ingesta de 
energía y nutrientes (R24h y FFQ), estimar la ingesta de energía y nutrientes y el grado de adherencia a 
la DM en escolares.
Métodos: La población está formada por 847 sujetos (8-10 años) de centros escolares de Granada. Se han 
empleado el test de concordancia de Bland y Altman y el test de Wilcoxon para validación de cuestionarios 
y el MDP para estimar la adherencia a la DM.
Resultados: Existe concordancia entre los métodos comparados. La ingesta energética queda ligeramente 
por encima de la recomendación (p<0.001); la distribución de macronutrientes es desequilibrada (p<0.05). 
Ingestas inadecuadas de micronutrientes se dan para el yodo y el ácido fólico. La adherencia al MDP es de 
46,78 (15,27) % y es mayor en centro públicos.
Conclusión: Los sectores más jóvenes de la población se alejan de patrones de consumo saludables como 
la DM. Es necesario desarrollar y aplicar programas de educación nutricional, para promover hábitos ali-
mentarios que ayuden a conseguir un óptimo estado de salud en edades posteriores.

Summary

Background: Social changes over the past few years have altered conventional consumption patterns, 
which translates into a lack of adherence to the Mediterranean Diet (MD). The objective of this study was 
to validate two methods for the estimation of energy and nutrient intake (24-h recall and food frequency 
questionnaire [FFQ]) and to estimate the energy and nutrient intake and degree of adherence to the MD 
of children in school age.
Methods: The study population comprised 847 children aged between 8 and 10 years from school centers 
in Southern Spain. The questionnaires were validated using the Bland and Altman concordance test and 
Wilcoxon’s test. Adherence to the MD was estimated with the Mediterranean Diet Pattern (MDP) index.
Results: There was concordance between the methods. The energy intake was slightly above recommen-
dations and the macronutrient distribution was unbalanced (p<0.05). Intakes of iodine and folic acid were 
inadequate. Adherence to the MDP was 46.78 (15.27%) and was higher in public centers.
Conclusion: The diet followed by the youngest population groups diverges from healthy patterns, such 
as the MD. It is necessary to develop and apply nutrition education programs to promote eating habits 
that help achieve an optimal state of health in subsequent years.
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Validación de cuestionarios. 

MDP. Estimación de la ingesta de 
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Introducción

Durante la infancia y la adolescencia, los hábitos dietéticos y 
el ejercicio pueden marcar la diferencia entre una vida sana y el 
riesgo de sufrir enfermedades en años posteriores. En esta etapa 
de la vida, la alimentación, además de suministrar la energía y 
los nutrientes necesarios para satisfacer los requerimientos que 
aseguren un crecimiento y desarrollo óptimo, debe permitir llevar 
una vida activa en plenitud y establecer las condiciones más 
favorables para las tareas de aprendizaje y para la vida social1. 

Los cambios sociales acontecidos en los últimos 50 años en 
nuestra sociedad, han alterado el patrón de consumo tradicional 
y promueven estilos de vida más sedentarios. Esto se traduce 
en una falta de adherencia al patrón dietético mediterráneo2-4. 
Como consecuencia, se está comprometiendo la protección 
significativa y constante proporcionada por el cumplimiento de 
la Dieta Mediterránea (DM) en relación con la presencia de las 
principales enfermedades crónicas degenerativas5-12.

Debido al creciente interés por el estudio de los hábitos alimen-
tarios, es importante asegurar que las herramientas utilizadas 
para la valoración de dichas ingestas sean válidas y aporten 
resultados fiables13-16. Por ello, el objetivo de este trabajo es 
validar dos métodos de estimación de la ingesta de energía y 
nutrientes (R24h y FFQ) para, posteriormente, estimar la ingesta 
de energía y nutrientes y el grado de adherencia a la DM de 
niños en edad escolar. 

Material y métodos

Población

La población está formada por 847 sujetos con edades com-
prendidas entre los 8 y 10 años con una distribución por sexo de 
45,7% niños (n=395) y 54,3% niñas (n=452), reclutados durante 
los años 2005 y 2006. Procede de 35 centros escolares, tanto 
públicos como concertados, del área metropolitana de Granada, 
uniformemente distribuidos por los 8 distritos en los que se di-
vide la ciudad16. Los distritos se han agrupado en tres zonas, de 
acuerdo a la relación entre el número de sujetos participantes 
en el estudio y el número total de habitantes de cada distrito 
(Zona 1: incluye los distritos Norte y Zaidín; Zona 2: incluye los 
distritos Genil y Ronda; Zona 3: incluye los distritos Albaicín, 
Beiro, Chana y Centro). 

Cuestionarios

Para este estudio se han utilizado un cuestionario de frecuencia 
de consumo de alimentos (FFQ) y tres recordatorios de 24 horas 
(R24h) para estimar la ingesta de alimentos y bebidas. El FFQ está 
basado en trabajos previos del grupo de investigación y contiene 
los alimentos comúnmente consumidos por esta población en 

los últimos 12 meses15, distribuidos en las diferentes comidas del 
día (desayuno, media mañana, almuerzo, merienda y cena). La 
frecuencia de consumo se ha clasificado como: nunca, menos 
de una vez al mes, 1 vez/mes, 2-3 veces/mes, 1-2 veces/semana, 
3-4 veces/semana, 5-6 veces/semana, 1 vez/día, 2-3 veces/día y 
4-5 veces/día. El R24h, cuestionario de formato abierto, recoge 
la dieta seguida durante tres días e incluye información a cerca 
de la hora de ingesta, la cantidad de alimento consumido en 
medidas caseras (platos, vasos, cucharas, etc.), su preparación 
y los días de la semana correspondientes17. Ambos formatos 
fueron completados por los niños en presencia del entrevistador, 
previa obtención de consentimiento informado firmado por sus 
padres o tutores. El cuestionario cuenta con la aprobación del 
Comité de Ética de la Universidad de Granada, de acuerdo con 
la Declaración de Helsinki18.

Adherencia al patrón dietético mediterráneo (MDP)

Para la estimación del grado de adherencia al patrón dietético 
mediterráneo se ha empleado el índice Mediterranean Dietary 
Pattern (MDP), propuesto por Sánchez Villegas et al19, con dos 
modificaciones. De una parte se ha introducido el consumo de 
pescado20,21, debido a una ingesta moderadamente alta en re-
giones cercanas al mar. De otra parte se ha obviado el consumo 
de alcohol al tratarse de una población escolar. La escala del 
MDP va de 0 a 100.

Estudio estadístico

Para la validación del cuestionario se ha utilizado el test de con-
cordancia de Bland y Altman22, que proponen establecer el grado 
de concordancia entre dos ensayos (FFQ vs R24h) medidos en 
escala cuantitativa, construyendo los límites de tolerancia. Estos 
límites estadísticos se calculan a través de la media y la desviación 
estándar de la diferencia de ambas mediciones. La mayoría de las 
diferencias, de seguir una distribución normal, deberían situarse 
aproximadamente entre la media y dos desviaciones estándar 
(±2DE) de la variable diferencia. La representación gráfica de 
las variables permite investigar cualquier posible relación en-
tre el error de medida y el valor real, evaluar la magnitud del 
desacuerdo entre mediciones o identificar valores periféricos23. 
Además, se han empleado test de comparación de medias (test 
T) y test de distribución (�2) con un grado de significación de 
p<0.05. Para analizar qué factores influyen de forma estadísti-
camente significativa (p<0.05) sobre el seguimiento de la Dieta 
Mediterránea se ha usado la regresión logística. Como criterio 
para establecer una ingesta inadecuada de micronutrientes se 
ha usado, como punto de corte, los 2/3 de las Ingestas Diarias 
Recomendadas para la población española (IDR)24.

Programas informáticos

Para la valoración de la dieta de los sujetos analizados se ha 
utilizado el programa DIAL 1.0 (© 2008 Alce Ingenierías), y para 
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el tratamiento estadístico de los resultados se ha empleado el 
programa SPSS 19.0 (SPSS Inc. Chicago, IL, USA). 

Resultados

La Tabla 1 muestra que no existen diferencias estadísticamente 
significativas cuando comparamos los dos grupos de edad (8-9 
años y 10 años), respecto al sexo, tipo de colegio y zona donde 
se encuentra el colegio (p=0.615, p=0.887 y p=0.149, respec-
tivamente).

(p<0.001); para los hidratos de carbono (HC), sólo el grupo de 
las niñas de 10 años se ajusta a los Objetivos Nutricionales para 
la población española (ON)25 (p=0.958) y para las proteínas, sólo 
el grupo de los niños de 10 años se ajusta a los ON para la po-
blación española (p=0.825). En cuanto al perfil lipídico, tanto la 
ingesta de ácidos grasos monoinsaturados (AGM) como la ingesta 
de ácidos grasos poliinsaturados (AGP) se ajustan a los ON para 
la población española, mientras que la ingesta de ácidos grasos 
saturados (AGS) duplica la recomendación en todos los casos. 
Ingestas inadecuadas de micronutrientes, por debajo de 2/3 de 
las IDR españolas2,24,26, existen para el yodo, en toda la población, 
y el ácido fólico en chicos y chicas de 10 años.

El valor medio obtenido para MDP es de 46,78% (15,27%), sin 
diferencias estadísticamente significativas ni entre sexo (p>0.05) 
ni entre grupos de edad (p>0.05). Dos tercios de la población 
tienen una adherencia al MDP 30-60%. Por debajo del 30% de 
adherencia encontramos menos del 14% de la población (100 
sujetos) y por encima del 60% de adherencia encontramos me-
nos del 20% de la población (143 sujetos) (Tabla 4). Los sujetos 
adscritos a centros públicos tienen una adherencia al MDP signi-
ficativamente mayor que los sujetos de centros concertados, en 
el primer y segundo tercil (p= 0.026; p= 0.001). Igualmente, en 
el segundo tercil, los sujetos que asisten a centros situados en la 
zona 1 tienen un mayor seguimiento del MDP (p=0.037). Ninguno 
de los factores analizados recogidos en la tabla 5 influyen en el 
seguimiento del MDP en el tercer tercil.

Discusión

La distribución de la población por edad, sexo, tipo de colegio 
y su localización, se ha hecho con el fin de determinar, si existen 
diferencias estadísticamente significativas en la estimación de 
la ingesta de energía y nutrientes y en el seguimiento de la DM. 
El rango de edad estudiado incluye el punto de inflexión que 
empieza a diferenciar las IDR según el sexo24. 

Si bien diversos autores utilizan el coeficiente de correla-
ción R para validación de cuestionarios27,28, en nuestro estudio 
creemos más adecuado el empleo del test de concordancia de 

Tabla1. Distribución de la población (%) por edad, sexo, tipo de colegio y 
zona

Tabla 2. Análisis de concordancia entre FFQ y R24h

   FFQ R24h   Bland & Altman

Energía (Kcal) 2532.03 849.93 2537.00 665.00 -1.040 0.299 -1.03 -1305.45 a 1303.39

Proteína (g) 87.92 28.38 87.55 25.85 -0.820 0.413 -0.75 -53.37 a 51.87

Lípidos (g) 119.77 47.06 115.20 46.43 -1.291 0.197 -3.14 -174.66 a 168.38

HC (g) 282.26 99.30 281.00 90.73 -1.064 0.288 -2.05 -94.33 a 90.21

 

Sexo

 Niños

 Niñas

Tipo de Colegio

    Público
    Concertado

Zona

 Zona 1

 Zona 2

 Zona 3

8 – 9 años

n=534

46.4

53.6

48.9

51.1

21.3

32.4

46.3

10 años

n=313

44.5

55.5

48.2

51.8

19.8

39.0

41.2

�2

0.267

0.032

3.808

p

0.615

0.887

0.149

Según el test de Wilcoxon, no existen diferencias estadística-
mente significativas entre los resultados obtenidos del R24h y 
FFQ (p>0.05) (Tabla 2); así mismo, los gráficos Bland y Altman 
(Figura 1) muestran que existe concordancia entre los valores 
comparados, quedando fuera del área definida por ±2DE, menos 
del 5% de los puntos representados (puntos periféricos).

Como se observa en la Tabla 3, la ingesta de energía y grasa 
queda por encima de la recomendación en todos los casos 

Límites de 
tolerancia

Mediana Amplitud 
intercuartil

Mediana Amplitud 
intercuartil

Media
(R24h-FFQ)

Test
Wilcoxon

p
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Bland y Altman, ya que dicho coeficiente de correlación mide 
asociación entre dos variables, pero no el grado de concordancia 
entre ellas23. Por este motivo se ha utilizado además el test de 
comparación de datos emparejados (test Wilcoxon), que permite 
estimar si existen diferencias estadísticamente significativas 
entre la medida de ambos métodos.

La ingesta de grasa y proteína queda por encima de la reco-

mendación en detrimento de la ingesta de HC. Este hallazgo viene 

observándose en otros trabajos de investigación, tanto nacionales 

como internacionales29-37. El perfil lipídico de la muestra queda 

lejos de lo establecido en los ON para la población española y 

sólo un 0,7% de la población estudiada (6 de 847 sujetos) cumple 

con el perfil lipídico establecido26,34,38,39. Una ingesta de grasa 

desequilibrada a esta edad puede relacionarse con la aparición 

de enfermedades crónicas no transmisibles en la etapa adulta 

(obesidad, diabetes tipo II, cáncer, entre otras)1.

La relación Ca/P se encuentra entorno a 0.8 para la población 
analizada; este valor es inferior al recomendado, situado entre 
1 y 1.3 para asegurar una óptima biodisponibilidad de ambos 
minerales24. Esto se debe al elevado consumo de carne, pescado 
y huevo (principales fuentes de fósforo) frente al consumo de 
leche (principal fuente de calcio)24, de acuerdo con los resultados 
obtenidos del FFQ (datos no mostrados). A partir de los 9 años las 
IDR para la población española sufren variaciones significativas, 
alcanzando algunas de ellas (calcio, hierro) su valor máximo24. 
La recomendación para el ácido fólico pasa de 200��g/día, para 
menores de 10 años, a 300 �g/día para 10-12 años, y el hierro 
pasa de 10 mg/día a 12 y 18 mg/día, niños y niñas respectiva-
mente. Esto puede explicar que la ingesta de ácido fólico para 
niños y niñas de 10 años y la ingesta de hierro para niñas de 10 
años sea inferior a 2/3 de la recomendación, debido una falta 
de adaptación entre la ingesta de alimentos y el incremento del 
valor recomendado a esta edad.

Figura 1. Gráficos Bland y Altman para la Energía, Lípidos, Proteína e HC
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Tabla 3. Porcentaje de ajuste a aON/ bIDR para la población española, para energía y nutrientes

bEnergía†

aHC

bProteína§†

aLípidos

aAGS

aAGM

aAGP

aColesterol

bFósforo†

bMagnesio†

bCalcio†

bHierro†

bZinc†

bYodo†

bVit. C

bTiamina§†

bRiboflav.§†

bNiacina§†

bPiridoxina†

bVit. A†

bVit. D

bVit. E†

bÁc. Fólico†

< 10 años
n= 535

129.33
(29.25)

89.27
(13.67)

121.60
(30.63)

117.78
(19.43)

199.92
(48.16)

98.56
(23.93)

85.66
(31.77)

127.21
(63.50)

201.39
(75.90)

95.29
(25.50)

138.14
(44.32)

155.22
(45.70)

146.95
(93.33)

64.16
(30.71)

182.02
(138.85)

252.38
(108.09)

138.81
(48.68)

145.07
(59.19)

106.27
(48.00)

355.39
(261.52)

88.74
(154.39)

117.19
(69.68)

84.82
(32.38)

p

<0.001

<0.001

<0.001

<0.001

<0.001

0.168

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.003

<0.001

0.093

<0.001

<0.001

Niños 10 años
n=139

108.71
(21.17)

87.90
(12.93)

100.38
(20.14)

120.13
(18.49)

204.84
(47.56)

102.15
(25.98)

76.91
(25.93)

124.79
(54.84)

119.09
(31.01)

69.79
(17.38)

119.05
(33.98)

116.33
(32.35)

95.23
(37.85)

46.42
(21.40)

171.40
(134.25)

204.57
(85.45)

112.75
(37.50)

117.46
(38.32)

90.31
(45.31)

128.50
(77.41)

73.46
(65.17)

94.59
(57.23)

57.16
(19.53)

p

<0.001

<0.001

<0.825

<0.001

<0.001

0.333

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.141

<0.001

<0.001

<0.001

<0.001

<0.001

0.013

<0.001

<0.001

0.268

<0.001

Niñas 10 años
n=173

113.24
(28.39)

100.35
(88.22)

108.80
(27.29)

121.14
(90.77)

201.96
(155.43)

102.78
(83.90)

85.49
(78.94)

128.44
(65.47)

117.71
(32.44)

84.44
(21.20)

112.83
(33.39)

80.66
(22.77)

101.36
(37.15)

54.01
(22.76)

192.44
(135.48)

221.25
(92.99)

125.37
(39.52)

132.19
(51.18)

97.89
(44.91)

175.99
(113.82)

93.55
(122.58)

100.80
(55.22)

59.87
(22.02)

p

<0.001

0.958

<0.001

<0.001

<0.001

0.664

0.017

<0.001

<0.001

<0.001

<0.001

<0.001

0.631

<0.001

<0.001

<0.001

<0.001

<0.001

0.539

<0.001

0.491

0.850

<0.001

Toda la población
n=847

122.66
(29.25)

91.31
(41.77)

115.50
(29.66)

118.85
(44.35)

201.14
(82.12)

100.08
(43.65)

84.12
(44.96)

127.16
(62.44)

170.57
(74.92)

88.80
(25.33)

129.74
(42.11)

133.59
(50.12)

129.04
(80.87)

59.17
(28.69)

182.28
(137.27)

238.17
(103.42)

131.79
(46.28)

137.91
(55.60)

101.90
(47.31)

281.47
(237.37)

87.05
(137.01)

110.22
(65.71)

75.13
(31.32)

p

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.006

0.001

0.001

§p��0.001�(sexo,�Test�T);��†�p��0.001�(edad,�Test�T)
aON:�Objetivos�Nutricionales�para�la�población�española25

bIDR:�Ingestas�Diarias�Recomendadas�para�la�población�española27
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El análisis de regresión logística muestra que en los centros 
públicos la adherencia al MDP es mayor que en centros concer-
tados, pero en general, el seguimiento de la DM en la población 
estudiada no es alto; valores similares se han observado en otras 
poblaciones30,31,40,41. 

En conclusión, el estudio refleja que la dieta seguida por los 
sectores más jóvenes de la población se aleja de patrones salu-
dables como la DM. Por ello, se considera necesario el desarrollo 
y aplicación de programas de educación nutricional en centros 
escolares, enfocados tanto a niños como a padres y profesores, 
para promover hábitos de alimentación que aseguren un óptimo 
estado de salud en la edad adulta42-44.
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adolescents
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Abstract

Objective: To propose and apply an instrument to assess the breakfast quality of
children and adolescents in the Mediterranean area.
Design: Randomized, cross-sectional survey of breakfast consumption using a
validated semi-quantitative FFQ administered at school by trained dietitians
between Tuesday and Friday. A Breakfast Quality Index (BQI) score was
developed, assigning a positive value to the consumption of cereals, fruit,
vegetables, dairy products, MUFA, Ca and compliance with energy recommen-
dations, and to the absence of SFA and trans-rich fats. Data were analysed by
Student’s t test and ANOVA.
Setting: Schools in Granada and Balearic Islands (Spain).
Subjects: All schoolchildren (n 4332) aged 8–17 years at randomly selected and
representative schools between 2006 and 2008, stratified by age and sex.
Results: Breakfast was not consumed by 6?5% of participants. BQI score was
highest for children aged 7–9 years and decreased with age (P5 0?001). Females
scored higher in all age groups. The lowest score was in males aged 14–17 years
and the highest in females aged 7–9 years (P5 0?006).
Conclusions: The proposed BQI appears useful to estimate the breakfast quality
of schoolchildren and to form a basis for nutrition education.

Keywords
Breakfast

Breakfast Quality Index (BQI)
Children

Adolescents

The Mediterranean diet is characterized by the use of cer-

tain food items with known beneficial effects on health.

The relationship between adherence to the Mediterranean

dietary pattern and reduced mortality or lower incidence

of major chronic diseases has been widely studied across

multiple epidemiological analytical studies(1–6). A key

feature of the Mediterranean dietary pattern is the con-

sumption of an adequate breakfast, which can be defined

as the first meal of the day, taken before or at the start of

daily activities with an energy content that meets 20–25% of

total daily energy needs(7–9), and which includes dairy

products, cereals, fruit and healthy fats. Among both adults

and adolescents, the skipping of breakfast has been asso-

ciated with smoking, infrequent exercise, low educational

level, frequent alcohol use and high BMI(10–13). It has been

reported that the failure to consume an adequate breakfast

contributes to poor school performance and to dietary

deficits that are rarely compensated for at other meals and

may lead to a higher consumption of energy-dense snacks

later in the day(14–20).

Nutrition education is known to be important to

promote healthy breakfast habits in young people,

but there remains a need for a reliable instrument to

evaluate breakfast quality(21). The aim of the present

study was to assess the breakfast quality of children and

adolescents in the Mediterranean area and to propose

a useful instrument to estimate the quality of breakfast

in this setting.

Materials and methods

The study was a population-based, cross-sectional nutri-

tional survey carried out in Granada (southern Spain) and

the Balearic Islands (north-eastern Spain) between 2006

and 2008.

The population sample comprised 4332 children and

adolescents aged 8–17 years registered in school censuses

of Granada (73?6%) and the Balearic Islands (26?4%).

The sampling technique included stratification according

to age and sex. Municipalities in Granada and the Balearic

Islands were the primary sampling units, and individuals

within the schools of these municipalities were the final

sampling units. Interviews were conducted in the schools.
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The frequency of consumption of foods was investigated

by means of a validated semi-quantitative FFQ(22–27),

classifying the consumption frequency over the previous

12 months as: never, less than once/month; once/month;

2–3 times/month; 1–2 times/week; 3–4 times/week;

5–6 times/week; once/d; 2–3 times/d; 4–5 times/d. This

FFQ is divided into five sections corresponding to five

meal times (early morning, mid-morning, mid-day, mid-

afternoon, evening) and each section contains foods

usually consumed in Mediterranean countries. Besides

data on the total daily intakes of nutrients, the present

analysis focused on sections 1 and 2 of the questionnaire

(for breakfast and mid-morning snack), which included

the following items: bread, breakfast cereals, biscuits,

fruit, fruit juice, vegetables, milk, cheese, yoghurt, olive

oil, butter, margarine, sugar, jam, honey and bakery

products. Results were expressed as g/d. The mean por-

tions consumed by the study population were estimated

according to the usual domestic measurements or, in

some cases, the amount generally considered an average

portion in Spain(28,29).

Participants were identified by a six-digit number to

preserve their anonymity. Sociodemographic data were

gathered on sex, age, school year and educational centre.

Questionnaires were administered at the school or in the

young person’s home by a trained dietitian between

Tuesday and Friday. The dietary software program

NOVARTIS-DIETSOURCE version 1?2 was used to convert

foods into nutrients(30).

Breakfast Quality Index

The proposed index considers the foods reported (in the

FFQ) to be consumed between waking and the end of the

mid-morning break (i.e. , 10.30 hours) and their nutrient

content. Intakes were evaluated according to previously

published guidelines for the Mediterranean diet(7,18,31–33),

scoring one point each for the consumption of cereals,

fruit/vegetables, dairy products and MUFA fats, one point

for the intake of simple sugars ,5% of total daily energy

consumption, one point for energy intake 20–25% of total

daily energy intake, one point for intake of 200–300mg of

Ca, one point for MUFA:SFA ratio above the median for

the population, one point for the consumption of cereals,

dairy products and fruit/vegetables together in one meal,

and one point for the non-consumption of foods rich in

SFA or trans fats. Scores on the proposed index scale

range from 1 to 10 (Table 1).

The statistical software package SPSS for Windows

version 17 (SPSS Inc.) was used for the statistical analysis.

Because application of the Kolmogorov–Smirnov test

showed the data to be normally distributed, ANOVA was

used to compare the intakes of nutrients among age

groups and to analyse the relationships between energy

and macronutrient intakes and BQI score (in tertiles).

Student’s t test was used to compare between the sexes.

P, 0?05 was considered significant in all analyses.

The study complied with the guidelines in the Declaration

of Helsinki, and all procedures were approved by the ethics

committees of the University of Granada and the University

of the Balearic Islands. Written informed consent was

obtained from all children and their parents or guardians.

Results

Questionnaire results from the 4332 children revealed that

6?5% of them did not consume breakfast. The proportion of

non-breakfasters was highest among the 14–17-year-olds

(13?0%) and especially among the females in this age group

(16?5% of females v. 9?3% of males, P,0?001). Results for

the 281 non-breakfasters were excluded from the analyses.

Table 2 shows the mean estimated intakes of energy and

the nutrients considered in the BQI by age group and sex,

based on the FFQ data on breakfast and total intakes. All

intakes decreased significantly with age (P,0?001), with the

exception of MUFA:SFA (P,0?05). Boys had higher intakes

(P,0?05) of SFA and cholesterol and girls had higher

(P,0?001) MUFA:SFA. The estimated mean breakfast energy

consumption of the whole sample represented 25?02% of the

total daily energy intake. The ratio between energy intake at

breakfast and total energy intake was higher in the 7–9-years-

olds than in the other age groups (P,0?001) but did not

differ between the sexes (P50?117). Each breakfast nutrient

analysed represented between about one-fifth and one-third

of its total daily intake, with the exception of protein (below

one-fifth) and Ca (above one-third).

The mean BQI score of the whole population was 5?64

(SD 1?60). Stratification of the BQI scores into tertiles
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Table 1 Breakfast Quality Index (BQI): items included and scoring (points awarded)

Items included Yes No

1. Cereals and derivatives (bread, breakfast cereals, biscuits, bakery products) 11 0
2. Fruit and vegetables (fruit, fruit juice, vegetables) 11 0
3. Dairy products (whole and semi-skimmed milk, milk shake, yoghurt, cheese) 11 0
4. Foods rich in simple sugars (sugar, jam, honey) ,5% of total daily energy 11 0
5. MUFA-rich fats (olive oil, vegetable oil) 11 0
6. MUFA:SFA . median 11 0
7. Compliance with energy intake recommendations (20–25% of total daily energy) 11 0
8. Cereals1 fruit1 dairy product in the same meal 11 0
9. Ca (200–300mg) 11 0
10. Absence of SFA and trans-rich fats (butter, margarine) 11 0

2 C Monteagudo et al.
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showed that 77?7% of the whole population had a score

of 4–7, 13?6% a score $8, and 8?7% a score #3. Table 3

shows the energy intake at breakfast as a percentage of

total daily energy and reports the contribution of each

nutrient to the breakfast energy intake, grouped by BQI

tertile. All food/nutrient groups showed significant dif-

ferences among tertiles. The highest energy and carbo-

hydrate intakes and lowest protein and fat intakes

(expressed as percentages of breakfast energy and total

energy) were observed for BQI score $8, and stepwise

regression analysis revealed that bakery products, bread,

biscuits and breakfast cereals contributed 95% of the

energy intake among those in the third BQI tertile.

Figure 1 depicts the significant reduction in BQI score

with age (P5 0?006, Spearman test). A significant gender

difference in BQI score was found for all age groups

(P5 0?006, t test), with the boys aged 14–17 years

showing the lowest score (mean 5?28 (SD 1?55)) and the

girls aged 7–9 years the highest score (mean 5?92

(SD 1?60)). The interaction of age and sex had a significant

effect on BQI score (P5 0?018, two-factor ANOVA).

Discussion

Breakfast consumption by young people has reduced

over the past 25 years, with a greater decline among

adolescents than in any other age group(9,34). In the

present study, 6?5% of the children and adolescents did

not take breakfast, and this proportion was higher among

the adolescents, in agreement with previous reports(7,35,36).

An earlier study of Spanish children and adolescents

reported that 4?1% skipped breakfast(37), lower than some

estimates of 25% of young people in other countries(12,38).

A BQI was developed and applied to the 93?5% of our

study population who consumed breakfast. Higher BQI

scores were associated with improvements in the rela-

tionships of macronutrients to energy intake and with

improved Ca intake and MUFA:SFA. The results of strati-

fying BQI scores into tertiles, associated with significant

differences in the intakes of all foods, lead us to propose

that the first tertile (#3 points) represents a poor break-

fast, the second (4–7 points) a medium-quality breakfast,

and the third ($8 points) an adequate breakfast(8,19,21,39).

The sole limitation to this categorization in is regard to

energy intake, which is above recommendations in

breakfasts scoring $8 points. According to this classifi-

cation, significantly more children had a medium-quality

(score 4–7) than a poor breakfast (score #3) until the age

of 13 years, but the opposite was true after this age.

Further research is warranted to elucidate the reasons for

this trend, but a lower parental supervision of breakfast

with higher age of the child may play a role(7).

According to various authors, breakfast should supply

20–25% of total daily energy through the consumption

of cereals, fruit and dairy products(7,8), to which we

P
u
b
li
c
H
e
a
lt
h
N
u
tr
it
io
n

T
a
b
le

2
B
re
a
k
fa
s
t
n
u
tr
ie
n
t
in
ta
k
e
(m

e
a
n
a
n
d
s
ta
n
d
a
rd

d
e
v
ia
ti
o
n
)
b
y
a
g
e
g
ro
u
p
a
n
d
s
e
x
a
n
d
re
la
ti
o
n
s
h
ip

w
it
h
to
ta
l
d
a
ily

in
ta
k
e
(%

):
s
c
h
o
o
lc
h
ild
re
n
a
g
e
d
8
–
1
7
y
e
a
rs
,
G
ra
n
a
d
a
a
n
d
B
a
le
a
ri
c

Is
la
n
d
s
(S
p
a
in
),
2
0
0
6
–
2
0
0
8

B
o
y
s

G
ir
ls

M
e
a
n
in
ta
k
e
/

M
e
a
n

B
re
a
k
fa
s
t
in
ta
k
e

7
–
9
y
e
a
rs

1
0
–
1
3
y
e
a
rs

1
4
–
1
7
y
e
a
rs

7
–
9
y
e
a
rs

1
0
–
1
3
y
e
a
rs

1
4
–
1
7
y
e
a
rs

b
re
a
k
fa
s
t

in
ta
k
e
/d

v
.
to
ta
l
in
ta
k
e

B
re
a
k
fa
s
t
n
u
tr
ie
n
t

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

M
e
a
n

S
D

(%
)

E
n
e
rg
y
(M

J
)*
**

3
?
4
0

1
?
4
3

3
?
0
4

1
?
2
6

3
?
0
2

1
?
3
4

3
?
4
5

1
?
2
8

2
?
9
7

1
?
2
3

2
?
6
6

1
?
1
8

3
?
1
1

1
?
3
0

1
2
?
3
8

3
?
3
0

2
5
?
0
2

B
re
a
k
fa
s
t
e
n
e
rg
y
v
.
d
a
ily

e
n
e
rg
y
(%

)*
**

2
6
?
6
1

2
5
?
8
1

2
4
?
5
2

2
5
?
5
2

2
2
?
9
1

2
1
?
1
4

–
–

2
5
?
0
2

C
a
rb
o
h
y
d
ra
te
s
(g
)*
**

1
0
3
?
3
2

4
9
?
2
5

9
1
?
4
7

4
3
?
5
3

8
8
?
8
2

4
5
?
9
1

1
0
3
?
9
2

4
5
?
7
0

8
9
?
4
9

4
3
?
5
1

7
7
?
5
3

4
3
?
4
9

9
3
?
5
8

4
5
?
2
1

3
2
3
?
7
6

8
9
?
4
6

2
8
?
9
5

C
a
rb
o
h
y
d
ra
te
s
(M

J
)*

1
?
7
3

0
?
8
2

1
?
5
3

0
?
7
3

1
?
4
9

0
?
7
7

1
?
7
4

0
?
7
6

1
?
5
0

0
?
7
3

1
?
3
0

0
?
7
3

1
?
5
4

0
?
7
6

5
?
4
2

1
?
5
0

2
8
?
9
5

L
ip
id
s
(g
)*
**

3
5
?
6
4

1
5
?
8
4

3
2
?
2
2

1
4
?
2
4

3
2
?
8
3

1
5
?
5
4

3
6
?
3
2

1
4
?
2
8

3
1
?
4
1

1
3
?
7
6

2
8
?
9
2

1
2
?
5
4

3
2
?
9
1

1
4
?
4
8

1
0
8
?
2
6

3
5
?
2
0

3
1
?
4
7

L
ip
id
s
(M

J
)*

1
?
3
4

0
?
6
0

1
?
2
1

0
?
5
4

1
?
2
4

0
?
5
9

1
?
3
7

0
?
5
4

1
?
1
8

0
?
5
2

1
?
0
9

0
?
4
7

1
?
2
4

0
?
5
4

4
?
0
8

1
?
3
3

3
1
?
4
7

P
ro
te
in
s
(g
)*
**

2
1
?
2
9

7
?
7
2

1
9
?
4
4

6
?
9
2

1
9
?
1
5

6
?
8
6

2
1
?
8
4

6
?
6
7

1
9
?
2
1

6
?
9
5

1
7
?
5
1

6
?
3
3

1
9
?
8
7

7
?
0
8

1
4
3
?
7
8

3
8
?
0
2

1
3
?
8
5

P
ro
te
in
s
(M

J
)*

0
?
3
6

0
?
1
3

0
?
3
3

0
?
1
2

0
?
3
2

0
?
1
1

0
?
3
7

0
?
1
1

0
?
3
2

0
?
1
2

0
?
2
9

0
?
1
1

0
?
3
3

0
?
1
1

2
?
4
1

0
?
6
4

1
3
?
8
5

S
F
A
(g
)*
**
,-

1
4
?
4
7

6
?
7
3

1
2
?
7
1

6
?
0
2

1
2
?
4
8

6
?
5
5

1
4
?
5
7

5
?
9
7

1
1
?
9
2

5
?
9
3

1
0
?
5
4

5
?
6
5

1
2
?
8
4

6
?
2
0

4
0
?
6
3

1
4
?
6
8

3
5
?
1
9

M
U
F
A
(g
)*
**

1
5
?
5
6

7
?
7
9

1
4
?
0
6

7
?
2
0

1
4
?
2
1

7
?
9
5

1
6
?
1
6

7
?
0
0

1
3
?
8
2

6
?
8
9

1
2
?
4
1

6
?
2
8

1
4
?
4
2

7
?
2
2

4
9
?
3
4

1
8
?
2
6

3
3
?
4
7

P
U
F
A
(g
)*
**

2
?
4
3

1
?
2
5

2
?
1
9

1
?
1
4

2
?
2
9

1
?
2
9

2
?
5
5

1
?
1
3

2
?
1
7

1
?
1
0

1
?
9
9

1
?
0
9

2
?
2
6

1
?
1
6

1
1
?
9
4

4
?
9
9

2
2
?
7
1

C
h
o
le
s
te
ro
l
(m

g
)*
**
,-

7
5
?
2
7

3
4
?
8
5

6
7
?
5
8

3
1
?
1
7

6
7
?
9
2

3
4
?
0
9

7
5
?
2
9

2
9
?
1
0

6
4
?
9
6

3
0
?
9
2

5
9
?
6
4

2
8
?
4
1

6
8
?
4
7

3
1
?
7
2

3
9
3
?
9
2

2
0
3
?
2
0

2
1
?
4
2

M
U
F
A
:S
F
A
*,
-
-
-

1
?
1
2

0
?
5
2

1
?
1
5

0
?
5
3

1
?
1
6

0
?
4
4

1
?
1
4

0
?
4
1

1
?
2
3

0
?
5
8

1
?
3
4

0
?
8
4

1
?
1
8

0
?
5
5

1
?
2
1

1
?
2
4

–
C
a
(m

g
)*
**

4
3
5
?
5
5

1
7
2
?
7
0

3
9
4
?
5
4

1
5
4
?
9
8

3
6
8
?
4
7

1
5
7
?
9
2

4
5
0
?
0
7

1
5
0
?
5
8

3
7
9
?
9
7

1
6
0
?
8
6

3
3
5
?
9
8

1
5
9
?
9
6

3
9
9
?
0
6

1
6
1
?
9
8

1
1
1
7
?
4
0

3
6
5
?
8
5

4
0
?
7
2

M
e
a
n
v
a
lu
e
s
d
if
fe
re
d
s
ig
n
ifi
c
a
n
tl
y
b
y
a
g
e
g
ro
u
p
:
*P

,
0
?
0
5
,
**
*P

,
0
?
0
0
1
.

M
e
a
n
v
a
lu
e
s
d
if
fe
re
d
s
ig
n
ifi
c
a
n
tl
y
b
y
s
e
x
:
-
P
,

0
?
0
5
,
-
-
-
P
,

0
?
0
0
1
.

Breakfast Quality Index 3

177



added the intake of simple sugars and MUFA-rich vege-

table fats. We also evaluated positively the absence

of SFA and trans-rich fats, due to their known relation-

ship with CVD and other chronic non-transmittable

illnesses(40–42). MUFA:SFA, widely used as an indicator of

the quality of fats in the diet, was also taken into account in

our index(26,30,43). The intake of Ca was also considered,

given its special importance in childhood and adolescence,

when growth and bone turnover are most intensive(44). It is

difficult to meet dietary Ca recommendations without

consuming dairy products, and it has been demonstrated

that diets low in Ca and dairy products tend to be deficient

in several nutrients(45).

A recent publication on breakfast consumption and

physical activity in 9–10-year-olds classified breakfasts as

poor or good quality according to the consumption of

respectively none/one or two/three of three specific food

groups (dairy products, cereal/grain products and fruit)

and analysed the relative energy intake(46). The authors

did not include mid-morning snacks in their survey, and

account was not taken of the breakfast intake of micro-

nutrients (e.g. Ca) or the types of fats consumed.

Glucose and insulin levels fall overnight, explaining the

need to consume foods with a high glycaemic index at

breakfast as an immediate and important source of

energy(47), yielding beneficial cognitive effects and

reducing feelings of tiredness(48,49). In our cultural setting,

one way to satisfy glucose demands after the nocturnal

fast is by consuming sugar, honey or jam, and our survey

found a mean breakfast energy intake of 0?14 (SD 0?10)

MJ/d from simple sugars, which represented about 2% of

total daily energy. This percentage appears consistent

with the WHO recommendation that simple carbohy-

drates should not exceed 10% of daily energy intake(50).

Some studies have shown that breakfast foods with a high

glycaemic index are more appetizing for young people

and make their consumption of breakfast more

likely(51,52). It has also been proposed that the faster

delivery of glucose offered by a meal with high glycaemic

index may confer benefits on memory functioning(53).

The present breakfast index was developed in a Medi-

terranean setting, and caution should be taken in extra-

polating the results to other regions with different dietary

patterns. However, our proposal could serve as a model

for developing other reference breakfast indices. These

results underline the need for effective nutrition education

programmes in schools to encourage young people to fol-

low a balanced diet. Families should also be targeted, given

that family meal times are important for the development of

healthy dietary habits among children and adolescents(54).

High-quality breakfast programmes may improve the diet-

ary status and learning performance of young people and

would be especially valuable for those who receive poor

nutrition during the rest of the day(55).
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Table 3 Relationship of Breakfast Quality Index (BQI) score with energy and macronutrient intakes: schoolchildren
aged 8–17 years, Granada and Balearic Islands (Spain), 2006–2008

BQI # 3 BQI5 4–7 BQI $ 8
Breakfast intake (n 376; 8?7%) (n 3365; 77?7%) (n 591; 13?6%)

Energy
Mean (MJ)*** 2?04 3?09 3?80
% Energy/d*** 19?19 24?98 28?40

Carbohydrates
Mean (g)*** 58?58 92?20 119?82
% Energy/breakfast*** 49?09 49?61 52?41

Proteins
Mean (g)*** 12?80 20?08 22?43
% Energy/breakfast*** 11?87 11?22 10?12

Lipids
Mean (g)*** 23?71 32?71 38?69
% Energy/breakfast*** 41?08 39?60 38?27

Ca
Mean (g)*** 243?07 410?71 431?50

MUFA:SFA
Mean*** 0?86 1?16 1?48

Values differed significantly according to BQI score: ***P, 0?001.
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7–9 years 10–13 years 14–17 years

Fig. 1 Breakfast Quality Index (BQI) score by age group and
sex ( , boys; , girls): schoolchildren aged 8–17 years,
Granada and Balearic Islands (Spain), 2006–2008. BQI scores
were significantly different between boys and girls in all age
groups (P5 0?006) and decreased significantly with age
(P5 0?001)
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The BQI would be an invaluable instrument in this

context, allowing evaluation of the quality of the breakfasts

consumed by students and the subsequent correction of any

poor habits detected. It can also be applied in adults for the

same purposes. The availability of a standardized score

would be of major value for epidemiological studies across

the Mediterranean and for studies that aim to relate the

consumption of breakfast to educational performance or

health status, among other variables of interest.
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Conclusiones. La composición corporal de estos jóvenes deportistas influye en los resultados de las pruebas 

físicas. A pesar de la ausencia de influencia de los padres, estos niños seleccionaron libremente una dieta 

adecuada a sus necesidades.

© 2011 Revista Andaluza de Medicina del Deporte.
Correspondence: 

F. Olea-Serrano.

Department of Nutrition and Food Science.

University of Granada.

Campus de Cartuja s/n.

18071 Granada. Spain. 

E-mail: folea@ugr.es

Palabras clave:

Dieta.

Actividad física. 

Jóvenes esquiadores.

History of the article:

Received March 29, 2011

Accepted May 23, 2011

Key words:

Diet.

Physical activity.

Young skiers.

A B S T R A C T

Objective. To determine the diet, body composition and physical condition of six young Spanish skiers 

away from parental control and able to choose their own meals during a training stay at a Chilean ski 

resort.

Methods. A protocol was developed to record diet, physical condition, training activity, and other incidences. 

Anthropometric measurements were taken weekly following the Spanish Sports Council protocol for the 

detection of sport talents. Their physical condition was examined every two weeks.

Results. The six young Alpine skiers showed a considerably higher protein intake than recommendations 

and a mean percentage of energy from carbohydrates very close to the recommended percentage. The best 

predictor of iron status is considered to be the proportion of total protein in the diet. This proportion was 

considerably below recommendations. The BMI and %fat were negatively correlated with performance in 

flexibility, sit-ups and balance tests.

Conclusions. The body composition of these young sportspeople influenced some physical test results. 

Despite the absence of parental influence, these children at this training camp freely selected a diet 

appropriate to their needs.

© 2011 Revista Andaluza de Medicina del Deporte.
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Introduction

Nutritionists and other health professionals have long acknowledged 

the importance of establishing healthy feeding practices during 

childhood and the first years of adolescence. Diet and exercise patterns 

acquired in these first years of development establish habits for life and 

may represent the difference between health and disease in the future1,2. 

Recommendations for children are designed to foster optimal growth 

and development and may be less restrictive than those for adults. 

Various studies have suggested a higher frequency of eating disorders 

among athletes than among non-athletes, especially in competitive 

sports and emphasising leanness or low body weight, and there have 

been calls for joint efforts by athletes, trainers, parents and healthcare 

personnel to recognise, prevent and treat eating disorders in athletes3. 

Parents are considered to play a critical role in shaping the diet of their 

children, and the parent’s own intake has been described as an important 

influential factor4.

Nutrition is a major consideration in the sports training of young 

people due to its interaction with growth and development, the 

achievement of optimal performance, and the avoidance of injuries and 

problems associated with nutritional deficiencies5. Children and 

adolescents need an adequate energy intake to ensure proper growth, 

development, and maturation, and a higher intake is generally required 

by athletic or very active children and adolescents due to their greater 

energy expenditure. The energy intake recommended by FAO/WHO/

UNU6 takes account of age, height and body weight, and physical activity, 

classified as sedentary, moderately active, active, or very active. Many 

sports nutritionists and exercise physiologists recommend higher 

protein intakes (1.7 vs. 1.2 g/kg day) for adult athletes, and the general 

recommendation for both adults and children is that at least 12-15å of 

their dietary energy comes from protein7. Although an adequate protein 

intake is important to provide essential amino acids for growth, 

especially for the maintenance and development of lean body mass, an 

appropriate intake of energy is also critical to avoid the use of protein as 

a substrate for energy rather than for synthesizing lean tissues8. It is not 

yet known how these requirements increase in children as a result of 

endurance training. Because their glycolytic capacity is not fully 

developed, fats may have an equally important role to that of 

carbohydrates in supporting intense physical activity5. However, this 

capacity reaches full development during adolescence, and little or no 

difference is found between 13-15-yr-olds and adults9-11. Alongside other 

nutrients, iron and calcium are of special importance during the 

adolescent growth spurt. The diet of 9 to 18-yr-olds should be rich in 

calcium to ensure an adequate deposit in bones, which may reduce the 

risk of osteoporosis in old age12,13. In comparison to adults, besides a 

greater need for calcium intake to support bone accretion, the energy 

expenditure by children on physical activity is higher, they have a greater 

energy requirement per kg body mass, earlier fatigue, lower sodium and 

chloride losses via sweat, and show greater thermoregulatory strain at 

any level of hypohydration14-16. With regard to exercise, current 

recommendations are for ≥ 60 min of moderate and vigorous physical 

activity ≥ 5 days per week by children aged 5 to 12 years and for ≥ 30 min 

of moderate and vigorous activity ≥ 5 days per week by adolescents17,18.

Body composition is an important indicator of health status in children 

and adolescents19,20. Studies on the relationship between body composition 

and physical fitness in children showed that excessive fatness had a 

negative impact on the performance of the long jump, sprint or bent arm 

hang, among other activities21. Improving the nutritional status and 

physical fitness of children is a key public health objective to enhance the 

well-being of children and reduce the risk of future disease.

Wilmore22 proposed a body fat percentage of 7-15å for male 

practitioners of Alpine skiing and 10-18å for female skiers. As a 

competitive sport, Alpine skiing must usually commence in childhood23, 

and new talent is sought among the very young, with skiers specializing 

at around the age of 8 years. Because climate conditions in southern Spain 

allow only a short training period (December to April), a select group of 

the best young skiers take part in training stays in other countries. We 

hypothesized that young sportsmen and women away from their families 

at a sports training camp and allowed to freely select from among a wide 

variety of foods would follow a diet appropriate to their needs and would 

meet their daily nutritional requirements. We tested this hypothesis in a 

study whose objective was to determine the diet, body composition and 

physical condition of a group of six young Spanish skiers away from 

parental control and able to choose their own meals during a training 

stay at a Chilean ski resort, comparing their diet with recommendations.

Methods

Subjects

From June to September 2006, three young male and three young female 

skiers (n = 6) from Andalusia (Southern Spain) aged between 9 and 14 

years were studied during their training camp at a ski resort in Chile 

(Osorno-Antillanca). Some were national champions in their specialty 

and all trained and competed all year round in national and international 

meetings (they participated in a championship in Chile while in the 

country). Written informed consent was obtained from all parents or 

guardians before the study, which was approved by the Ethics Committee 

of our university. Data collection started from the time of their arrival at 

the ski resort.

Study protocol

A protocol was developed to record their diet, physical condition, 

training activity, and other incidences of possible relevance to the study. 

The children completed a daily questionnaire every day throughout 

their three-month training stay. Anthropometric measurements were 

taken weekly following the Spanish Sports Council protocol24 for the 

detection of sport talents. Their physical condition was examined every 

two weeks. The daily training regime of the children and any relevant 

incident were recorded by the trainer and participants.

Food source

Food was locally purchased. The children ate ad libitum in the self-service 

restaurant of the resort that housed their training centre. All food was 

prepared by Chilean cooks. Interviews were held with the cooks to 

record the dishes produced. The trainer (MMA) logged the weight of all 

portions offered, using a Philips HR2395 balance, and the ingredients 

they contained.

Diet records

Each participant completed a daily dietary register (diary) designed by 

the authors, noting the daily diet and any snacks or food consumed 
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the six-week period was 93.3å of DRI in the females and 86.9å of DRI in 

the males, with significant inter-week differences for the males (p = 

0.03) but not for the females. This group of young skiers showed a low 

daily intake of vitamin D and folic acid during their training stay.

Table 3 lists the median anthropometric measurements of the skiers, 

showing significant differences among participants in all measurements 

studied (p < 0.001). Comparisons between the first and the last week 

using the Mann-Whitney U test showed significant differences in all 

measurements except for median height and arm-span.

Physical tests were performed on the first, third and fifth week, finding 

significant differences found among time points in all tests (p < 0.001) 

except for the sit-up (p = 0.319) and left balance (p = 0.102) tests in females 

(table 4). Comparison between females and males found significant 

differences in all tests at all time points except for sit-up test and 10 x 5 m 

run. Possible correlations among physical activities and anthropometric 

variables were examined, and the results (table 5) show that the å muscle 

in arms and legs was significantly related to the BMI. In relation to the 

physical tests, the standing jump and flexibility results were significantly 

and negatively correlated with the BMI and å fat, while the 10 × 5 m run 

results were positively correlated with the BMI and å fat and negatively 

related to the standing jump and flexibility results.

Discussion

The main finding of this study was that the six young Alpine skiers in 

this study had a considerably higher protein intake than recommenda- 

tions in both males and females and a mean percentage of energy from 

carbohydrates very close to the recommended percentage35,36. 

Polyunsaturated fatty acid (FA) levels were below but oleic acid levels 

were above (mean of around 20 g/day) recommendations, which is 

characteristic of the Mediterranean type diet37-41. It should be taken into 

account that the meals consumed during this period featured olive oil, 

the fat usually consumed in Spain.

The dietary iron and calcium intake of children and adolescents is 

frequently deficient, which can affect health and physical performance, 

especially in female athletes5,8,42. The best predictor of iron status is 

considered to be the proportion (not absolute intake) of total protein in 

the diet43,44. This proportion was considerably below recommendations 

among the females and close to recommendations among the males. 

Calcium is known to interfere with the absorption of heme and non-

heme forms of iron5. Although exercise per se does not increase the need 

for dietary calcium, it appears advisable to increase calcium intake in 

certain situations, such as growth periods, as in the case of these young 

people5. No further nutritional deficiencies were observed in the diets of 

our study subjects. Although there were some significant differences in 

intake among the young skiers, they all followed a healthy diet and met 

their recommended daily nutritional requirements, despite the absence 

of parental or other external control, verifying our study hypothesis.

In the present group, the BMI and åfat were negatively correlated (p 

< 0.01) with performance in flexibility, sit-ups and balance tests. Previous 

studies in young athletes have demonstrated (generally significant) 

negative correlations between the BMI and performance in all physical 

fitness tests for both males and females21-45. BMI is generally an indicator 

of fatness in the general population20, but a high BMI may indicate 

greater muscle mass in athletes, explaining the positive relationship 

found between the 10 x 5 test and the BMI and arm and leg muscular 

circumferences; it should be taken into account that these young people 

outside the regulated meals (breakfast, lunch, afternoon tea and supper). 

Diet was assessed by using the DietSource computer program25, whose 

food composition table is known to include all foods and nutrients 

considered in the present study26.

Anthropometric measurements

Height, weight, and skin-fold measurements of the children were 

conducted by trained research staff in a private area using standardized 

equipment and procedures, calculating body composition according to 

Spanish Sports Council equations24 body mass index (BMI) was 

subsequently calculated (kg/m2) and categorized as follows: < 15th 

percentile = underweight, 15th to 85th percentiles = normal weight, 85th 

to 95th percentile = overweight, and > 95th percentile = obese27,28.

Physical condition test

Tests from the EUROFIT battery were applied as an organized circuit in 

the ski resort sport facilities. This battery has been validated and 

standardized by the European Council and is used by the Spanish Higher 

Sports Council (http://www.csd.gob.es/csd/competicion) to detect 

talented sportspeople at an early age. The selected tests were: sit-ups in 

30 sec, sit-and-reach, standing broad jump, 10 x 5 meters shuttle run and 

flamingo balance lest. Lower limb tests are especially relevant in this type 

of sport, since the strength and circumference of the lower limbs are 

directly related to the performance of young and adult athletes29,30. 

These tests are currently applied to young skiers and used to design 

their training31.

Statistical analysis. Relationships among energy/nutrient intake, 

nutritional recommendations, physical activity, and the training and 

performance of the subjects were analyzed by using means, standard 

deviations (SDs), percentages of Recommended Daily Intake (RDI)32, the 

Kruskal-Wallis test, the Mann-Whitney U test, Spearman correlations, 

and Bland and Altman plot33,34. See table footnotes for the application of 

these tests. SPSS version 15.0 was used for all analyses.

Results

Table 1 and figure 1 show the level of agreement between the two 

questionnaires according to the Wilcoxon test results, Bland–Altman 

Plots and Spearman’s rank correlation coefficients. These findings verify 

that the questionnaire and methodology used yielded reproducible 

results on the dietary intake of macronutrients, energy and the majority 

of minerals and vitamins.

Table 2 lists the nutritional data, showing that median energy intake 

over the six weeks was close to or above recommendations for both 

males and females and that protein intake was much higher than 

recommendations, with significant variability among weeks among the 

males (p < 0.05). Carbohydrates should provide > 60å of daily energy 

needs35 and the median over the six weeks was 60.6å in the female 

group and 56.6å in the males, with significant differences among weeks 

(p < 0.05). The overall intake of fats was close to recommendations  

in both males and females, with an intake of PUFAs that was below 

recommendations and an intake of MUFAs that was above recom- 

mendations. The median iron intake was only 75.7å of DRI in the females 

but was 99.5å of DRI in the males, with no statistically significant 

differences among weeks (p = 0.102). The median calcium intake over 
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were within normal BMI percentiles with respect to the Spanish 

population46.

The monitoring of this group for six weeks was facilitated by the 

interest of the group and by the fact that they maintained a personal 

diary as part of their training protocol, minimizing the effort required to 

record study data. The body composition of these young sportspeople 

influenced some physical test results. Despite the absence of paren- 

tal influence, these children at this training camp freely selected a diet 

appropriate to their needs.
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Table 1
Nutrients of 2nd and 4th week and their level of agreement

Energy/nutrient
2nd week 4th week Bland–Altman Wilcoxon test

P

Rho Spearman

Median IQR Median IQR Mean difference Limits of agreement

Energy (kcal/day) 1.868.50 674.00 1.906.50 1.066.00 –103.39 –251.26 to 44.48 0.098 0.605 (´ ´ )
Protein (g/day) 50.750 33.40 56.00 31.50 1.59 –5.00 to 8.50 0.523 0.335 (´ )
Lipids (g/day) 48.250 36.60 57.50 50.00 –9.88 –18.6 to –1.16 0.051 0.312 (´ )
SFA (g/day) 19.05 14.68 20.20 13.55 –0.33 –3.14 to 3.97 0.793 0.365 ́
MUFA (g/day) 13.50 12.80 20.45 19.53 –6.17 –10.35 to –1.07 0.011 0.291
PUFA (g/day) 5.00 4.00 5.30 3.90 –0.67 –1.85 to 0.52 0.360 0.382 ́
Carbohydrates (g/day) 295.40 111.50 308.70 138.00 –8.09 –33.25 to 7.06 0.404 0.606 (´ ´ )
Phosphorus (mg/day) 928.35 513.10 939.05 525.50 12.17 –81.27 to 173.01 0.922 0.112
Magnesium (mg/day) 226.25 74.93 207.50 91.13 4.06 –11.57 to 33.24 0.922 0.401 (´ ´ )
Calcium (mg/day) 787.20 364.13 768.75 530.60 93.86 –30.01 to 217.73 0.252 0.113
Iron (mg/day) 10.05 5.78 10.75 5.95 0.01 –1.16 to 1.18 0.928 0.489 (´ ´ )
Zinc (mg/day) 14.65 17.50 10.00 12.00 3.11 1.45 to 5.72 0.018 0.584 (´ ´ )
Selenium (ug/day) 68.50 50.55 56.65 42.60 14.35 17.11 to 5.74 0.016 0.363 (´ )
Copper (ug/day) 1.020.70 569.43 994.35 673.60 49.30 –75.37 to 258.75 0.492 0.322 (´ )
Ascorbic acid (mg/day) 65.80 57.50 72.10 59.73 3.14 –15.95 to 35.18 0.857 0.235
Thiamine (mg/day) 1.25 1.03 1.65 1.13 –0.18 –0.36 to 0.19 0.306 0.183
Riboflavin (mg/day) 1.20 0.60 1.20 0.73 –0.05 –0.29 to 0.18 0.675 0.316 (´ )
Nicotinic acid (mg/day) 12.30 11.55 13.75 11.63 –0.79 –3.62 to 2.03 0.413 0.444 (´ ´ )
Pyridoxine (mg/day) 1.35 1.20 1.55 1.35 –0.18 –0.57 to 0.26 0.486 0.359 (´ )
Vit A (�g/day) 1.014.80 1.116.20 634.95 947.00 59.83 –286.41 to 454.72 0.351 0.202
Vit D (�g/day) 1.10 0.83 0.80 1.00 0.26 –0.30 to 0.91 0.131 –0.080
Vit E (mg/day) 2.15 5.08 6.05 11.40 3.51 –6.55 to –0.46 0.029 0.311 ́
Folic acid (�g/day) 123.65 63.55 101.00 51.45 13.22 3.77 to 30.86 0.031 0.564 (´ ´ )

IQR: interquartile range; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.

´ Significant correlation (p < 0.05, bilateral).

´ ´ Significant correlation (p < 0.001, bilateral).

Table 2
Nutritional data, showing median energy intake over the six weeks

Energy/nutrient

% RDI

Median IQR K-W test (p) Median IQR K-W test (p)

Females Males

Energy (kcal) 102.50 25.80 0.002 101.00 21.00 0.028
Protein (g) 170.70 37.80 0.055 179.10 49.00 0.038
Lipids (energy å) 26.68 11.10 0.005 31.52 11.19 0.004
SFA (g/d) 20.30 19.15 0.001 21.50 17.65 0.071
MUFA (g/d) 23.80 15.00 0.010 26.60 23.60 0.001
PUFA (g/d) 5.20 4.60 0.023 5.30 4.55 0.161
Carbohydrate (energy å) 60.63 12.74 0.002 56.65 13.85 0.024
Magnesium (mg) 79.10 22.50 0.053 74.80 9.60 0.001
Calcium (mg) 93.30 30.10 0.549 86.90 18.00 0.030
Iron (mg) 75.70 22.00 0.001 99.50 21.10 0.102
Zinc (mg) 158.20 90.70 0.032 117.70 27.40 0.003
Selenium (mg) 225.80 112.10 0.029 188.10 35.50 0.001
Copper (mg) 152.30 51.10 0.012 191.70 31.00 0.253
Ascorbic acid (mg) 181.10 45.00 0.001 128.50 46.60 0.001
Thiamine (mg/day) 224.00 141.90 0.023 173.90 56.70 0.021
Riboflavin (mg/day) 100.90 31.00 0.001 99.60 12.90 0.030
Pyridoxine (mg/day) 95.80 43.70 0.001 122.50 35.60 0.030
Vit A (�g/day) 139.40 100.80 0.314 168.80 86.10 0.030
Vit D (�g/day) 28.20 18.00 0.860 25.20 13.50 0.001
Vit E (mg/day) 96.10 57.90 0.002 61.70 9.30 0.293
Folic acid (�g/day) 47.00 10.90 0.067 44.70 6.80 0.067

´  Kruskal-Wallis test. Significant correlation (p < 0.05, bilateral). 

RDI: recommended daily intake.
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Fig. 1. Bland-Altman plot for questionnaire validation: a) lipid intake, b) protein intake, c) carbohydrate intake, d) Fe intake, e) Ca intake, f) energy intake.
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Introduction

Individuals experience biological and life style changes as
they grow older. Anthropometric and body composition
modifications have implications for nutritional status,
functional capacity and risk factors for the development of
chronic-degenerative diseases. Various studies have reported
that body weight increases between the age of 20 and 50 yrs
and progressively declines after the age of 70 yrs (1-3). Many
age-related changes that influence energy requirements occur
continually throughout the adult life cycle. The decline is not
linear, and a breakpoint has been proposed at around 40 yrs of
age in men and 50 yrs in women (4-6). Even after adjusting for
changes in fat-free mass, it has been suggested that basal
metabolic rate (BMR) is 5 percent lower in the elderly
compared with young adults (7).

Elderly people are often affected by malnutrition due to an
inadequate intake of nutrients, especially micronutrients, and as
the result of chronic diseases with a negative impact on
nutritional status. This situation can be exacerbated by
difficulties in chewing, swallowing and digesting food. Diet
and health are closely related in all individuals but especially in
the elderly. An adequate diet can delay the onset of
degenerative diseases, improving the quality of life and
increasing life expectancy (8).

The practice of regular physical activity is also important to
maintain appropriate body weight, cardiovascular and
respiratory health and fitness and to reduce the risk of chronic
non-communicable diseases associated with diet and lifestyle
(9-14). There is consensus that at least 30 min of moderate to

vigorous activity should be performed three or more days per
week to promote general health. Increasing age is associated
with declining physical activity and with changes in various
physiological parameters. The decline in total energy
expenditure with age is mainly a reflection of a decline in
physical activity. Exercise training has the potential to develop
and maintain strength, flexibility and cardiovascular fitness and
may delay age-associated changes in body composition, i.e., the
loss of fat-free mass and gain in fat mass or body fat. However,
data are not yet available from long-term exercise intervention
studies based on accurate measures of activity-induced energy
expenditure. Any discussion of the potential benefit of exercise
is still based on cross-sectional data, although total energy
expenditure (TEE) and BMR are now assessed using the
double-labelled water technique (15).

It is generally accepted that moderate exercise can
significantly reduce blood pressure levels in patients with mild
to moderate essential hypertension (16-18) and can be related to
food intake (19). Regular physical activity has frequently been
associated with a reduced risk of coronary heart disease, even
in middle-aged men (20, 21). In the above studies, physical
activity is defined as any type of non-occupational physical
exercise performed at least once weekly over the past year, and
is classified as light (4 kcal/min), moderate (4–7 kcal/min) or
vigorous (7 kcal/min) (22, 23).

There is extensive scientific evidence on the relation
between diet and the incidence of coronary and other diseases
(21, 24-27). Dietary factors exert their influence largely
through their effects on blood lipids and lipoproteins and on
other established modifiable risk factors, with the exception of
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cigarette smoking. A study by Pitsavos et al. (17) supported the
hypothesis that the adoption of a Mediterranean diet by
hypertensive subjects is associated with a significant reduction
in the risk of acute coronary syndrome.

Changes have been detected in the eating habits of
populations in Southern Europe, and it has been suggested that
younger individuals are following less closely the traditional
Mediterranean diet as a wider range of different foods have
become available (28). With this background, the aim of the
present study was to determine the nutritional behaviour of an
elderly urban population in Southern Spain, estimating their
degree of adherence to the Mediterranean Diet.

Subjects and Methods

A population-based cross-sectional nutritional survey was
conducted between February 2008 and May 2009, recruiting a
representative sample of elderly inhabitants of the city of
Granada (Southern Spain) from day centres in each of the eight
administrative districts of the city. The study sample comprised
260 people (28% males and 72% females) aged 60-85 yrs old,
who gave their informed written consent to participate in the
study, which was approved by the ethics committee of the
University of Granada (Spain). 

Sessions were held in day centres for administration of the
survey (see below) and measurement of the height and weight
of subjects, using a model 214 Seca portable stadiometer and
model 872 Seca digital floor scale (Seca Medical Scales and
Measuring Systems, Birmingham, UK), respectively. The body
mass index (BMI) was calculated as the weight (kg) divided by
square of the height (m), and subjects were classified as normal
weight (BMI ≤ 25 kg/m2) or overweight (BMI >25 kg/m2) (4).

Questionnaires
The survey comprised four sections: socio-demographic;

food frequency questionnaire (FFQ); nutrition-related life
habits, including both qualitative and quantitative variables; and
a 24-h diet recall (three times). Questionnaires were
administered at the day-centre by a trained dietician between
Tuesday and Friday. Days after the weekend or after a public
holiday were avoided to ensure that all 24 h-recalls reported on
a normal weekday.

The socio-demographic questionnaire gathered data on sex,
age, educational level and physical activity. The duration of
physical exercise was taken into account. Any work-related
exercise was recorded but not considered in the analysis
because of evaluation and standardisation difficulties. The FFQ
covered breakfast, mid-morning snack, lunch, afternoon snack
and evening meal, gathering data on the consumption or not of
an item, the number of times it was consumed per week, and
the amount consumed each time in household measures (plates,
glasses, spoons, etc.). The 24-h diet recall was an open-format
questionnaire that gathered information on the diet followed
before the day of the interview; data were gathered on the time
of the intake, the amount of food consumed in household

measures, its preparation and the day of the week.
The NOVARTIS-DIETSOURCE v.1.2 programme was used

to convert foods into nutrients (29).

Statistical analysis 
Means were compared using the Student’s t-test or chi-

square test. Bland-Altman plot and Wilcoxon test. SPSS-15
(SPSS Inc. Chicago, IL, USA) was used for the statistical
analysis. P<0.05 was considered significant in all tests.

Questionnaire validation
The questionnaires used were first validated by using the

Bland-Altman plot and the Wilcoxon test for paired samples
(30-32).

Mediterranean dietary pattern (MDP)
The MDP was defined according to a previously described

score (MDS) indicating the degree of adherence to the
traditional Mediterranean diet (3), which was converted to
relative percentage of adherence as described elsewhere (33).
Briefly, an energy-adjusted value was obtained for each
individual for the daily consumption of pulses, cereals, fruit and
nuts, vegetables, fish, meat (and meat products), milk (and milk
products), and alcohol. The ratio of monounsaturated to
saturated fatty acids (MUFA/SFA) was calculated. All values
were standardized as z values (observed intake reference
population mean intake/standard deviation of the reference
population). The total MDS was computed by adding together
all z scores obtained for the favourable or ‘more
Mediterranean’ dietary components (legumes, cereals, fruit,
vegetables, fish, moderate alcohol, MUFA/SFA ratio) and
subtracting the z value obtained for the consumption of meat
and milk.

Results

Table 1 shows the characteristics of the study population.
Table 2 lists the macronutrient and energy values obtained.
Figure 1 depicts the comparison of the results obtained with the
FFQ and 24-h recall, which were validated by applying the
Bland-Altman plot and Wilcoxon test.

After validation, the data obtained with the FFQ were used
to estimate the adherence of this elderly population to the
Mediterranean Diet. Table 3 shows the mean consumption of
the food groups considered in the Mediterranean Diet. The
degree of adherence to the Mediterranean Diet was calculated
to be around 50% in this population. The influence of social
and physical activity factors on the MDS are shown in Table 4.
WHO/FAO (4) equations for individuals over 60 yrs old were
used to calculate physical activity level (PAL: BMR/total
energy). Subjects with an MD adherence <50% were estimated
to have a mean (SD) PAL of 1.416 (0.425) and those with an
adherence of ≥50% a PAL of 1.691 (0.379) (Student’s t test:
F=-5.197, p=0.001).
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Table 1
Characteristics of the study population expressed en %

Characteristics Male (28%) Female (72%)
mean SD mean SD

Age (years) 73.59 7.34 70.25 7.01
BMI (kg/m2) 27.96 3.80 28.56 3.62
Distribution of the population % %
Normal weight 18.8 15.1
Overweight 81.2 84.9
Diabetes 21.9 17.8
Osteoporosis 20.5 22.2
Hypertension 39.7 50.3
Vascular disease 23.3 26.5
Arthrosis 31.5 48.6
Hypercholesterolemia 4.1 2.7
Single 0 5.3
Widowed/separated 23.3 46.0
Married 76.7 48.7
Living alone 21.9 36.4
Low educational level 76.7 84.3
Medium educational level 12.3 10.8
High educational level (university) 11.0 4.9

BMI = body mass index.

Figure 1
Bland-Altman plot for questionnaire validation a) protein

intake: b) lipid intake, c) carbohydrate intake, d) energy intake

Discussion

The elderly population in this study was autonomous and
regularly visited a day centre run by the social service
department of the local council. The mean age was 73.6 yrs for
the men and 72.25 yrs for the women. Around 70% lived with
their family, and the mean educational level was medium-low,
with only 11% of the men and 5% of the women having an
university education, similar to previous reports on this age
group in our setting (34, 35).

The Wilcoxon test and Bland & Altman plot were used to
validate the study questionnaires, which were adapted from
models developed by our group (36-40). The results of this
validation permit application of either questionnaire to study
the diet of this population.

A large majority (70.4%) of this elderly population
considered themselves to be in good health, with only 5.8%
reporting a poor health status. The mean BMI was 27.96 kg/m2
for the men and 28.56 kg/m2 for the women, and around 80%
were classified as overweight, similar to previous findings in a
Spanish elderly population (8). The most frequent chronic
diseases in this population were type 2 diabetes, arthrosis and
hypertension, all reported to be under current medical
treatment, similar to previous reports on the elderly (41, 42).

The degree of adherence to the Mediterranean Diet was
around 50%, similar to findings in other Mediterranean
populations (43, 44). We highlight the mean consumption of
milk and milk products (300-317g/day) and of fruit/vegetables
(250 g/day), which are slightly below recommendations (45).
They consumed olive oil regularly and ate fish 2-3 times a
week, achieving an MUFA/SFA ratio >1, similar to previous
reports in the Mediterranean area (38, 44, 45).

Our study subjects were all autonomous in their movements
and were physically independent: 80% reported that they
performed some type of physical activity; 48% walked for at
least 2 h per week and 45% practised gymnastic activities at
local authority centres under expert supervision.

One important feature of the traditional Mediterranean way
of life is open-air activity, and the WHO recommends at least
30min of walking daily (46). In this study, both adherence to
the MD and physical activity were considered as components
of a healthy life. Around 70% of this population was in the
second tertile of adherence to the MD. 
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Table 2
Questionnaire validation in sample of 260 participants

Energy/nutrient FFQ 24h recall Bland- Altman
Median Interquartile Median Interquartile Wilcoxon P Mean Limits of

amplitude amplitude test* 24h recall-FFQ agreement

Energy (MJ) 6.49 2.70 5.13 1.61 -2.921 0.65 415.50 241.01 to 589.98
Protein (g) 74.1 22.34 64.00 36.33 -1.758 0.79 8.27 -3.07 to 19.62
Fat (g) 45.05 10.83 52.25 21.72 -1.828 0.68 -4.82 -11.00 to 1.35
Carbohydrate(g) 201.75 114.33 141.32 47.54 -1.452 0.72 90.21 59.64 to 120.78

*Wilcoxon test for FFQ vs. 24-h recall
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Table 3
Mean consumption of food groups by sex and the mean degree

of adherence to the Mediterranean Diet

g/day Men Women
Mean SD Median Mean SD Median

Meat 36.55 15.29 28.57 36.57 15.81 28.57
Fish 54.20 21.42 42.86 66.61 23.71 85.71
Pulses 19.41 7.10 20.00 20.57 7.78 20.00
Eggs 17.94 7.83 20.00 16.86 8.08 20.00
Pastries 7.98 9.58 0.00 8.78 9.55 11.43
Milk products 271.90 70.60 300.00 294.59 59.28 317.86
Vegetables 126.84 44.94 142.86 135.82 40.20 142.86
Fruit 103.36 13.82 107.14 103.71 15.88 107.14
Cereals 579.05 177.27 667.14 535.08 207.68 667.14
SFA 13.47 2.55 13.73 14.01 2.57 14.10
MUFA 20.91 1.41 21.14 21.10 1.41 21.11
MUFA/SFA 1.60 0.27 1.57 1.55 0.23 1.48
ADHERENCE-MDS (%) 51.24 14.77 52.96 51.83 16.14 53.08

MUFA = monounsaturated fatty acids; SFA = saturated fatty acids. 

Table 4 
Distribution of population according to their degree of

adherence to the Mediterranean Diet

Category ADHERENCE (%) Chi2 P
<=50.0 50.0+

Male 28.8 27.7 0.290 0.865
Female 28.8 27.7
Single 2.9 4.3 1.630 0.201
Widowed/separated 39.4 39.0
Married 57.7 56.7
Low educational level 86.4 79.3 2.384 0.123
Medium educational level 9.7 12.9
High educational level 3.9 7.9
Living alone 36.5 29.1 1.525 0.217
Living in family 63.5 70.9
Good health 64.4 76.6 4.690 0.030
Moderate health 26.9 19.1
Poor health 8.7 4.3
Normal weight 15.6 17.4 0.135 0.714
Overweight 84.4 82.6
Have appetite 23.1 14.5 3.280 0.055
No appetite 76.9 85.1
Physical activity (PA) 75.0 85.1 3.943 0.047
No PA 25.0 14.9

PAL <=1.68 69.4 36.3 24.872 0.001
PAL >1.69+ 30.6 63.7
PA <3days/week 15.4 14.2 0.718 0.698
PA 3days/week 58.7 63.8
PA >3days/week 26.0 22.0
Type of Physical Activity (%)
Walking (48.1) 47.1 48.9 1.740 0.419
Gym (45.4) 46.2 43.3 0.201 0.653
Tai-chi (4.4) 4.8 3.5 1.682 0.431
Cycling (3.1) 1.0 4.3 2.330 0.127
Hiking (3.1) 2.9 3.5 0.083 0.774
Swimming (6.2) 7.7 5.0 0.886 0.347
Health status (%)
Diabetes (19) 20.4 18.6 2.655 0.103
Osteoporosis (21.5) 21.4 21.4 0.001 0.990
Hypertension (47.3) 54.4 41.4 3.990 0.046
Arthrosis (43.8) 45.6 39.3 3.721 0.156
Hypercholesterolemia (3.1) 2.9 2.8 0.770 0.380

A significant association was observed between PAL and
adherence to the Mediterranean diet (p=0.001), with a lower
adherence among those with a PAL<1.68 in comparison to
more physically active individuals. No significant associations
were found between MDS and lower BMI or a lesser presence
of chronic disease, as also reported in other populations (47).

In summary, a majority of this elderly population was
slightly overweight, considered themselves to be in good health
and showed 50% adherence to the MD. The absence of
significant difference among these individuals may reflect the
homogeneous although representative nature of this sample of
elderly individuals, randomly selected from day centre users in
our city, who enjoyed a high degree of independence.
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COMPARACIÓN DE DOS MÉTODOS
PARA EVALUAR LA CALIDAD DE LA DIETA

MEDITERRÁNEA EN UNA MUESTRA
REPRESENTATIVA DE JÓVENES

DEL SUR DE ESPAÑA

Resumen

El objetivo de este estudio fue comparar la utilidad de
dos métodos para evaluar la calidad de la dieta de jóvenes
en el sur de España: un nuevo patrón de dieta mediter-
ránea (MDP) y una modificación de la dieta del índice de
calidad-Internacional (ICD-I) para el área Mediterránea.
La población de estudio fue 3.190 escolares de entre 8-15
años. Los cuestionarios utilizados fueron validados
primero (gráfico de Bland-Altman y las pruebas de
Wilcoxon) en una muestra tomada al azar. El ICD-I
ofrece una evaluación más detallada de los componentes
de los alimentos, mientras que el MDP proporciona infor-
mación global sobre los grupos de alimentos, que incluye
alimentos típicamente consumidos en la región mediter-
ránea. Se obtuvieron resultados similares utilizándole
MDP y la adaptación del ICD-I, que parecen ser igual-
mente útiles para evaluar la calidad de una dieta en una
población mediterránea. El hecho de que se seleccionaron
los mismos tipos de alimentos para ambos índices podría
explicar la similitud de las evaluaciones globales. De
acuerdo con estos resultados, ambos métodos parecen ser
igualmente apropiado para evaluar la calidad de la dieta
en una población mediterránea.

(Nutr Hosp. 2010;25:1006-1013)

DOI:10.3305/nh.2010.25.6.4889

Palabras clave: Índice Internacional de Calidad de la Di-
eta (DQI-I). Adherencia al Patrón de Dieta Mediterránea.
Dieta de jóvenes del Sur de España.

Abstract

The objective of this study was to compare the useful-
ness of two methods to evaluate diet quality in young
people in Southern Spain: a new Mediterranean Diet
Pattern (MDP) and a modification of the Diet Quality
Index-International (DQI-I) for the Mediterranean area.
The study population was 3190 schoolchildren aged 8-15
yrs. The questionnaires used were first validated (Bland-
Altman plot and Wilcoxon tests) in a randomized sam-
ple. The DQI gives a more detailed evaluation of food
components, whereas the MDS gives global information
on food groups but includes foods characteristically con-
sumed in the Mediterranean region. Highly similar re-
sults were obtained using the MDP and the adapted
DQI-I, which appear to be equally useful to evaluate diet
quality in a Mediterranean population. The fact that we
selected the same types of food for both indices may ex-
plain the similar overall evaluations. According to these
results, both methods appear to be equally appropriate
for evaluating diet quality in a Mediterranean popula-
tion.
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Introduction

The traditional Southern Spanish diet corresponds to
the typical Mediterranean dietary pattern (MDP)1-4. The
MDP is characterized by: a high intake of vegetables,
pulses, fruits and nuts, and cereals (largely unrefined in
the past); a high intake of olive oil but a low intake of
saturated lipids; a moderately high intake of fish (de-
pending on the proximity to the sea); a low-to-moderate
intake of dairy products (mostly cheese or yoghurt); a
low intake of meat and poultry; and a regular but mod-
erate intake of wine, generally during meals5,6. The
MDP has been associated with better health and a
longer life7-9 and has been promoted as a model for
healthy eating10,11. However, there is wide epidemiolog-
ical evidence of a rapid change in dietary patterns in
Mediterranean countries, with a higher consumption of
animal products and saturated fats (SFA) to the detri-
ment of vegetable foodstuffs12-14. Departure from the
MDP might be accompanied by loss of its protective ef-
fects on health, leading to a rise in diet-related diseases
such as cardiovascular disease and cancer15.

In comparison with the prevalent dietary pattern at
the beginning of the 20th century, there is a higher fat
and saturated fat content and a lower consumption of
fruit and vegetables16. Several indices have been devel-
oped to assess the diet quality of previously defined
population groups. Since Kant et al.17 published the Di-
etary Diversity Score, based on the daily consumption
of foods classified in five groups, there have been vari-
ous proposals. Thus, Drewnosky et al.18 considered the
consumption of up to 164 foods during a 15-day period.
In the Healthy Eating Index (HEI)19, the first five com-
ponents compare diet quality with the Food Guide
Pyramid20 and the second five components examine di-
etary moderation. Kim et al.21 developed the Diet Qual-
ity Index-International (DQI-I), a score based on infor-
mation from food frequency questionnaires and a
quantitative assessment of reference nutrients. A cor-
rection to this index was recently applied to evaluate
adherence to the Mediterranean Diet22,23. New versions
of methods used to evaluate the diet quality of a given
population were recently published, using indices based
on the Mediterranean diet24,25 or the American pyramid
model26,27. However, no study has compared these ap-
proaches to establish whether one is more appropriate
than the other28-31. Diet quality indexes measure the
overall diet quality based on food group consumption,
the intake of nutrients related to chronic disease and the
variety of the diet17,32-34. The objective of this study was
to compare the usefulness of two methods to evaluate
diet quality (MDP adherence and DQI-I).

Subjects and Methods

A representative sample of young and adolescent
schoolchildren in the city of Granada was recruited
from schools in each of the eight administrative dis-

tricts of the city, including both public and private
schools among the 35 randomly selected centers.

This population-based cross-sectional nutritional
survey included 3190 schoolchildren (1557 males and
1597 females) aged 8-15 yrs old from Granada pro -
vince (Southern Spain). They were recruited between
2005 and 2006. This study was conducted according
to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects
were approved by the ethics committee of University
of Granada. Written informed consent was obtained
from all subjects, parents or guardians.

Questionnaires

The questionnaire developed by Mariscal-Arcas35,36

was used, comprising four sections: sociodemograph-
ic; food frequency questionnaire (FFQ); nutrition-re-
lated life habits, including both qualitative and quanti-
tative variables; and three 24-h diet recalls (24-hR).
Participants were identified by a six-digit number to
preserve their anonymity. Studies were performed be-
tween February 2005 and May 2006.

Sociodemographic data gathered included sex, age,
school year, and educational centre. The FFQ has been
widely used and validated and was adapted to include
items consumed by this population group23,36,37. It cov-
ered breakfast, mid-morning snack, lunch, afternoon
snack, and evening meal. Data were gathered on the
consumption or not of the item, the number of times it
was consumed per day, week or month during the previ-
ous year, and the amount consumed each time in house-
hold measures (plates, glasses, spoons, etc.). The 24-hR
was an open-format questionnaire that gathered infor-
mation on the diet during the three days before the inter-
view. Data were also gathered on the time of the intake,
the amount of food consumed in household measures,
its preparation, and the day of the week reported.

Questionnaires were administered at the school or
in the young person’s home by a trained dietician be-
tween Tuesday and Friday. Days after the weekend or
after a public holiday were avoided to ensure that all
24-hRs reported on a normal school day. The NO-
VARTIS-DIETSOURCE v.1.2 program was used to
convert foods into nutrients38.

Statistical analysis

SPSS-15 (SPSS Inc. Chicago, IL, USA) was used
for the statistical analysis. P<0.05 was considered sig-
nificant in all analyses.

Questionnaire validation

The questionnaires used were first validated in a
randomized sample (n=241) that contained children
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(26.3%), male adolescents (37.5%), and female ado-
lescents (36.6%) in the same proportions as in the
whole series.

The Bland-Altman plot test39 and the Wilcoxon test
for paired samples40,41,42 were used for the validation.
Table I lists the macronutrient and energy values ob-
tained.

The FFQ and 24h-R yielded highly similar mean
energy and macronutrient values for the diet of this
population, with no significant differences between
them according to the Wilcoxon non-parametric test
and with 95% of differences showing less than two
standard deviations on the Bland and Altman plot.

Construction of adapted DQI-I25 (Range, 0-100)

The DQI-I was adapted to assess the Mediterranean
diet, following the modification by Tur et al.22 and
Mariscal-Arcas et al.23 of the method developed by
Kim21. Notably, whereas Kim21 recommended that fat
intake should be �20% of total energy, Mariscal-Arcas
et al.23 proposed a higher level (�30%) for the consump-
tion of fats in the Mediterranean region. The modified
version of the index also includes Spanish recommend-
ed daily intakes (RDI)43 and changes the criterion for
classifying empty-calorie foods. The adapted DQI-I fo-
cuses on four aspects of diet: variety, adequacy, moder-
ation, and overall balance. The score for each category
is the sum of the scores for each diet component in that
category. The total DQI-I score (range, 0-100 points) is
the sum of the scores for the four categories.

Variety: Variety was evaluated both as overall vari-
ety and as variety of protein sources. The maximum
overall variety score was achieved by intake of at least
one serving per day from each of the five food groups
(meat/poultry/fish/egg, dairy/pulses, cereals, fruit, and
vegetables). The score for the variety of protein
sources (meat, poultry, fish, dairy, pulses, and eggs)
was based on intakes of more than half the serving
size per day, using data gathered by the FFQ. Portions
were based on portion-weight tables for each food
group and household measures44.

Adequacy: This category evaluates the adequacy of
intake of dietary elements that are necessary to protect

against under-nutrition and deficiency disorders. The
adequacy of fruit, vegetable, cereal, and fiber intake is
a function of the energy intake. Thus, for energy in-
takes of 7118 kJ (1700 kcal), 9211 kJ (2200 kcal), or
11304 kJ (2700 kcal), the maximum score is assigned
to a diet containing 2, 3, or 4 portions of fruit and 3, 4,
or 5 portions of vegetables, respectively. Likewise,
the highest score for cereal and fiber categories was
assigned to daily intakes of �6, �9, and �11 portions
of cereal and �20, �25, and �30g of fiber for the three
energy intake levels, respectively. Protein intake was
considered adequate when the proportion of total en-
ergy from protein was >10%. Intakes defining the
highest score for adequacy of iron, calcium, and vita-
min C were derived from the RDIs for Spanish peo-
ple43, which vary according to age and gender.

Moderation: This category evaluates the intake of
food and nutrients that are related to chronic diseases
and may therefore need restriction. The importance of
moderation in fat intake is emphasized in the DQI-I by
applying more stringent cut-off values for total fat in-
take than found in other dietary indexes. In our modi-
fication, a score of 6 points was assigned when total
fat was �30% of total energy/day, 3 points when 30-
35% of total energy/day, and 0 points when >35% of
total energy/day22,23. The intake of saturated fats was
evaluated as the percentage of energy from saturated
fat, and levels of cholesterol and sodium intake were
also recorded44.

Overall balance: This category examines the over-
all balance of diet in terms of the proportions of ener-
gy sources and the fatty acid composition. Detailed
cut-off values and corresponding scores were those
proposed by Mariscal-Arcas et al.23

Construction of Mediterranean dietary adherence
(Range, 0-100)

We used a scale constructed by Trichopoulou et al.
to evaluate the degree of adherence to the traditional
Mediterranean diet9, evaluating compliance with eight
typical components of the Mediterranean diet: high
consumption (median intake) of vegetables, fruit and
nuts, pulses, cereals, fish, high MUFA:SFA ratio, and
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Table I
Questionnaire validation in randomized sample of 241 participants

FFQ 24h recall
Wilcoxon

Bland-Altman

Energy/nutrient
Median

Interquartile Interquartile P Mean Limits of
amplitude

Median
amplitude

test*
24h recall-FFQ Agreement

Energy (MJ) 8.20 1.99 8.06 2.14 -0.177 0.860 -0.013 -0.262 to -0.237

Protein (g) 71.86 25.86 70.80 21.50 -0.204 0.838 0.638 -47.25 to 48.53

Fat (g) 88.46 25.73 85.60 33.35 -1.192 0.233 -2.852 -59.71 to 54.00

Carbohydrate (g) 215.51 74.55 224.40 76.05 -0.387 0.699 -0.414 -120.06 to 119.64

*Wilcoxon test for FFQ vs. 24-h recall.
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low consumption of meat and dairy products The ad-
justed intake of each of these food groups was stan-
dardized as a z value (value observed-mean/ standard
deviation45). A moderate alcohol diet, also typical of
the Mediterranean diet, was not considered for calcu-
lating the index in this group of children. Adherence
to the MD was evaluated by means of the equation
proposed by Sanchez-Villegas et al.45

Results

The study sample comprised 3190 young people
(49.4% males and 50.6% females). The sex distribu-
tion of the sample did not significantly differ from the
current sex distribution in the population of Southern
Spain46. The mean age was 10.89 yrs (SD: 1.84)
(range: 8-15yrs). The sample comprised 36.7% male
adolescents (10-15yrs), 36.9% female adolescents, and
26.9% children (<10yrs). Table II lists the mean nutri-
ent and energy intakes and the corresponding RDI per-
centages with respect to the requirements of Spanish
children and young people. The MDP adherence was
calculated from data on the consumption (in g/day) of
each food group gathered by the FFQ (table III).

The mean total modified DQI-I score was 58.37%
of the possible score (100%). The highest score was
for adequacy, followed by variety and moderation.
The lowest score was for overall balance (table IV).
Table V gives the percentage of the population above
and below median intake of each food group as a
function of the MDP adherence in tertiles (�33.3%
poor compliance, MDP=33.01-65.51% adequate com-
pliance and MDP>65.52% good compliance). Among
the groups with poor compliance, we highlight the
very low frequency of fish consumption in the chil-
dren (<10yrs) and very high frequency in the female
adolescents, the very high frequency of meat con-
sumption in the male adolescents and the very high
frequency of vegetable consumption in both male and
female adolescents. The 2 test results showed signifi-
cant differences in food intake values among the dif-
ferent compliance groups (MDP tertiles), except in the
consumption of egg and cereals in male and female
adolescents (p>0.05). The median MDP estimated for
the whole population was 62.78. Table VI shows the
distribution of the study population according to com-
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Table II
Percentage of nutrients with respect to Spanish RDI

Children Male Female
adolescents adolescents

(8-10yrs) (11-15yrs) (11-15yrs)
% RDI

Mean (SD) Mean (SD) Mean (SD)

Energy 139.64 (32.39) 110.16 (27.93) 121.18 (30.22)

Proteins 336.72 (127.97) 251.43 (69.11) 265.21 (71.99)

Ca 103.67 (42.75) 84.72 (28.21) 85.84 (29.24)

Fe 111.30 (33.60) 91.20 (27.80) 79.90 (26.80)

Zn 208.83 (100.27) 168.18 (69.76) 175.57 (69.72)

Se 282.41 (126.34) 243.12 (109.34) 250.34 (107.12)

Na 169.88 (59.58) 175.74 (66.87) 178.28 (66.72)

Iodine 53.24 (27.39) 46.67 (24.72) 48.77 (24.93)

Vit B1 260.94 (130.73) 220.28 (102.08) 219.26 (98.60)

Vit B2 208.69 (82.73) 169.88 (61.57) 181.58 (63.63)

Niacin 177.36 (80.61) 145.99 (55.99) 156.15 (65.40)

Vit C 287.63 (245.02) 221.14 (177.07) 255.34 (190.21)

Vit A 271.16 (200.58) 220.15 (163.24) 245.24 (170.84)

Vit D 80.73 (87.10) 94.08 (89.90) 79.67 (78.02)

Vit E 94.18 (62.17) 75.37 (48.37) 79.68 (48.26)

Folic acid 46.31 (17.36) 47.89 (18.72) 52.41 (21.56)

Table III
Foods (g/day) used to calculate the MDP adherence

Children Male adolescents Female adolescents

Foods (g/day) (8-10yrs) (11-15yrs) (11-15yrs) 

mean (SD) median mean (SD) median mean (SD) median

Milk/dairy products (mL/day) 783.87 (289.95) 786.79 702.97 (267.53) 691.07 660.28 (268.90) 652.50

Eggs 22.42 (11.03) 22.00 22.58 (10.68) 21.50 22.26 (10.58) 21.20

Pulses 15.39 (8.61) 10.01 16.72 (8.15) 10.01 17.24 (8.18) 24.99

Vegetables 204.59 (121.94) 203.57 194.60 (121.57) 182.14 225.29 (121.23) 225.00

Fruit/ nuts 176.58 (86.28) 162.86 163.45 (87.99) 162.86 177.29 (92.22) 162.86

Meat 78.48 (34.40) 76.79 79.44 (32.75) 76.79 76.94 (31.75) 76.79

Fish 54.16 (30.63) 42.86 52.04 (29.91) 42.86 52.85 (29.22) 42.86

Cereals 358.42 (110.69) 355.70 330.42 (103.46) 328.56 311.07 (106.69) 302.86

MUFA/SFA 1.25 (0.35) 1.21 1.25 (0.34) 1.21 1.25 (1.21) 1.22

Water (mL/day) 823.10 (213.20) 960.00 815.20 (214.20) 960.00 820.50 (210.20) 960.00

Soft drinks(mL/day) 108.50 (138.50) 57.20 122.20 (146.70) 57.20 98.88 (134.10) 57.20

MUFA/SFA: ratio of monounsaturated fatty acids to saturated fatty acids.
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pliance with the Mediterranean diet. The two methods
proposed to estimate diet quality were compared by
applying the Altman-Bland plot and the Wilcoxon test
for paired samples. Results obtained are compiled in
table VI.

Discussion

The questionnaires used in this study were first val-
idated in a randomized and representative sample of
the whole study population, using the Bland-Altman
plot and the Wilcoxon test for paired samples, finding
a high level of agreement between the FFQ and 24-h
recall for the intake of macronutrients and energy. As
a result, we were able to evaluate the quality of diet
using DQI and MDS and determine the more appro-
priate index for estimating the quality of the diet fol-
lowed by a population.

The modified DQI-I index was used to evaluate the
diet quality and food habits of a wide sample of 3190
schoolchildren in a Southern Spanish city23. Their
mean score was 58.37% (SD: 7.74), slightly higher
than the score obtained in similar studies in Spanish
populations25,39. According to Kim et al.21, a score be-
low 60% indicates a poor quality diet. However, this
may not be the appropriate cut-off point in a Mediter-
ranean setting, where the nutritional quality of fats
should be considered differently23, because the Me -
diterranean diet has an elevated monounsaturated fatty
acid (MUFA)9 content compared with diets (e.g., in
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Table V
Daily diet intake of Food Groups. % of population in each MDP 

% Children % Male adolescents % Female adolescents

≤33.00 33.01-65.51 >65.52 ≤33.00 33.01-65.51 >65.52 ≤33.00 33.01-65.51 >65.52

Dairy products <Median 1.6 62.8 35.6 0.5 67.4 32.1 0.0 62.4 37.6
�Median 3.7 56.6 39.6 0.2 51.4 48.4 0.2 49.6 50.2

Eggs <Median 6.7 58.8 34.5 0.4 58.5 41.1 0.0 61.4 38.6
�Median 1.5 60.0 38.5 0.3 59.7 39.9 0.1 54.9 45.0

Pulses <Median 1.3 97.3 1.3 6.1 87.8 6.1 0.2 72.4 27.4
�Median 0.1 57.7 42.2 0.1 58.2 41.7 0.0 40.6 59.4

Vegetables <Median 3.3 78.1 18.6 0.7 81.8 17.4 0.2 74.9 24.9
�Median 2.1 41.8 56.1 0.0 39.3 60.7 0.0 37.9 62.1

Fruits and nuts <Median 4.6 79.9 15.5 0.9 81.0 18.1 0.2 80.6 19.1
�Median 1.6 48.7 49.6 0.0 44.3 55.7 0.0 42.8 57.2

Meat <Median 2.0 67.1 30.9 0.7 65.3 33.9 0.2 68.0 31.8
�Median 3.5 52.3 44.2 0.0 53.7 46.3 0.0 44.9 55.1

Fish <Median 7.0 80.5 12.5 0.7 82.0 17.3 0.0 79.3 20.7
�Median 1.4 53.4 45.2 0.2 51.5 48.3 0.1 49.4 50.5

Cereals <Median 4.9 66.4 28.7 0.4 60.2 39.5 0.0 54.3 45.7
�Median 0.5 53.1 46.4 0.4 58.8 40.9 0.2 57.9 41.9

MUFA/SFA ratio <Median 3.1 66.6 30.3 0.6 66.9 32.6 0.2 62.6 37.2
�Median 1.8 54.6 43.6 0.2 52.2 47.6 0.0 49.0 51.0

Table IV
Diet Quality Index-International (DQI-I) 

scores and components

Score 
Component range Mean SD

Points

DQI-I, total 0-100 58.37 7.74
VARIETY 0-20 16.85 3.26

Overall food group variety 0-15 13.16 2.23
Within-group variety for 
protein sources 0-5 3.69 1.56

ADEQUACY 0-40 27.19 3.72
Vegetable group 0-5 1.68 1.05
Fruit group 0-5 3.48 1.48
Cereal group 0-5 2.30 1.19
Fiber 0-5 2.26 1.03
Protein 0-5 4.91 0.42
Iron 0-5 4.77 0.69
Calcium 0-5 3.47 1.19
Vitamin C 0-5 4.33 1.30

MODERATION 0-30 13.06 5.16
Total fat 0-6 0.64 1.52
Saturated fat 0-6 0.39 1.14
Cholesterol 0-6 2.93 2.64
Sodium 0-6 3.68 2.26
Empty calorie foods 0-6 5.39 1.21

OVERALL BALANCE 0-10 1.13 1.56
Macronutrient ratio 0-6 0.24 0.65
Fatty acid ratio 0-4 0.86 1.41
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Table VI
Comparison of DQI-I* and MDP*

Population Mean (SD) Median
95% confidence interval

Lower limit Upper limit

MDP ADHERENCE

Children 62.98 (11.46) 63.25 62.20 63.76

Male adolescents 62.68 (11.17) 62.51 62.02 63.33

Female adolescents 62.73 (10.72) 62.74 62.11 63.35

Total population 62.74 (11.26) 62.78 62.35 63.14

DQI-I

Children 58.91 (7.58) 59.00 58.30 59.52

Male adolescents 57.56 (7.69) 57.00 57.03 58.08

Female adolescents 58.88 (7.87) 59.00 58.35 59.42

Total population 58.37 (7.76) 58.00 58.10 58.70

Bland-Altman plot Wilcoxon test

Mean DQI-I-MDP 
Adherence

Limits of agreement Z Wilcoxon P

Children -3.92 -4.92 to -2.92 -1.117 0.264

Male adolescents -4.95 -5.82 to -4.08 -1.474 0.140

Female adolescents -4.04 -4.88 to -3.20 -2.470 0.014

Total population -.4.34 -4.86 to -3.83 -0.893 0.372

*range of DQI-I and MDP adherence: 0 to 100

Figure 1.—Bland-Altman plot for questionnaire validation: a) energy intake, b) lipid intake, c) protein intake, d) carbohydrate intake.
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USA, China) in which fats are largely of animal origin
with a high SFA21 content.

The DQI-I components that showed the highest val-
ues were adequacy and variety, as observed in other
Spanish studies22-24. The adequacy of a diet is related to
its compliance with current recommendations for a
healthy diet. The present population had a high ade-
quacy score for the intake of proteins, iron, calcium,
and vitamin C, with a lower score for the intake of
fruit, vegetables, cereals, and fiber, similar to results
in other Spanish groups22-24 but different from findings
in China and the USA, where the consumption of
these foods is greater21.

Adherence to the MDP was calculated according
to the recommendations of Sanchez Villegas et al.45

but without considering alcohol intake, because a
part of this young population never consumed wine
or any other alcoholic drink, and taking account of
fish consumption, which was not considered in the
study by Sanchez Villegas et al.45 despite being a
characteristic element of the MD6-9,24,25,32. Highly simi-
lar mean values were obtained by the two methods.
Results of the Bland-Altman plot and Wilcoxon test
for related samples confirmed that the diet quality
evaluation by the two methods was similar in this
study population.

The MDP directly estimates the intake of MUFA
and SFA, whereas an adaptation of the original DQI21

is required to take account of the consumption of fats
in a Mediterranean population. The DQI gives a more
detailed evaluation of food components and specific
values of Fe, vit. C and protein, etc., whereas the
MDP adherence gives global information on food
groups, although it includes foods characteristically
consumed in the Mediterranean region. The fact that
we selected the same type of foods for both indices
may explain the similar overall evaluations obtained
with the two methods. According to these results, both
methods appear to be equally appropriate for evaluat-
ing diet quality in a Mediterranean population.
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Proposal of a Mediterranean diet index for pregnant women
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Numerous studies have addressed the nutritional needs of pregnant women. The nutritional status of the woman before and during gestation affects

the growth of the fetus and the course of the pregnancy and influences the risk of obesity for mother and infant. The aim of this study was to propose

a diet quality index for pregnancy based on a Mediterranean-type diet (MDS-P), evaluating the diet of a group of pregnant women by applying

the Mediterranean Diet Score (MDS) and evaluating their intake of micronutrients required in optimal amounts during pregnancy, such as Fe,

folic acid and Ca. The data used to construct this index (MDS-P) were gathered by means of a FFQ specifically designed for pregnant women.

The mean MDS of this group, was 4·31 (SD 1·32), considered to represent satisfactory compliance with the Mediterranean diet (range 0–8).

The mean MDS-P (range 0–11), which also takes account of dietary intake or supplements of folic acid, Fe and Ca was 7·53 (SD 1·44), indicating

a compliance of around 70%. The present study findings suggest that the MDS-P, which evaluates the adequacy of folic acid, Fe and Ca as well as

compliance with the Mediterranean diet, may represent a valid tool for the specific assessment of the diet of pregnant women living in countries in the

Mediterranean area. Further studies are required to complete the validation process.

Mediterranean diet quality: Pregnant women: Nutrition

Numerous studies have addressed the nutritional needs of

pregnant women(1,2). It has also been pointed out that environ-

mental and lifestyle factors must be considered in order to

maintain an adequate nutritional balance during preg-

nancy(3–5). The nutritional status of the woman before and

during gestation affects the growth of the fetus and the

course of the pregnancy and influences the risk of obesity

for mother and infant(6–8). Women who are overweight or

obese can experience severe problems during pregnancy(9).

An excess of energy and macronutrients in the diet of these

women can also lead to marginal deficiencies in some nutri-

ents, e.g. low Fe intake, with associated anaemia(10), or low

folate intake, associated with neural tube defects or preterm

delivery(11,12). Moreover, an unbalanced nutrient supply can

increase the risk of gestational diabetes(13), a diet with a low

glycaemic index can lead to low-weight deliveries, and a

high-fat and low-carbohydrate diet has been described as doub-

ling the risk of a small-for-gestational-age birth(14). Therefore,

an appropriate eating pattern is essential throughout childbear-

ing years and during pregnancy to ensure a healthy pregnancy

and baby(7,15). A good diet should provide the amount and

variety of nutrients to ensure optimal health for both mother

and baby. Pregnant women require more energy and nutrients

to meet the demands of the developing fetus(8). An index

rating system that provides a summary of diet quality in

pregnant women would be useful as a composite measure of

dietary intake for pregnant women and their healthcare provi-

ders. Recent proposals for a healthy diet have compared

Northern European diets with a Mediterranean-type diet,

which is considered to yield possible benefits, including the

prevention of premature birth(16).

Several indices have been developed for assessing the diet

quality of previously defined population groups. Since Kant(17)

published the Dietary Diversity Score (range 0–5), based on the

number of major food groups (dairy, meat, grain, fruit, and veg-

etable) consumed daily, several indices and modifications have

been proposed. Drewnowski et al. (18) developed the Dietary Var-

iety Score, a slight modification of the Dietary Diversity Score

that considered the consumption of more (164) foods over a

longer period (15 d). The first five components of the Healthy

Eating Index(15,19) address the diet quality in comparison to

the food guidelines provided by the Food Guide Pyramid, the

second five components examine dietary moderation. Kim

et al. (20) developed the Diet Quality Index-International, a

score based on information from FFQ and a quantitative assess-

ment of reference nutrients. A correction to this index was

recently applied to evaluate adherence to the Mediterranean

diet(21,22). However, the endpoints for pregnantwomen are differ-

ent, since the aim is to prevent low birth weight and birth

defects and to support maternal nutrition without excessive

weight gain(10,15). Inadequate intakes of micronutrients are

associated with poor pregnancy outcomes. A Diet Quality Index

*Corresponding author: Dr Fatima Olea-Serrano, fax þ34 958 249577, email folea@ugr.es

Abbreviations: MDS, Mediterranean Diet Score; MDS-P, Mediterranean Diet Score–Pregnancy; RDI, recommended daily intake.
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for Pregnancywas developed byBodnar&Siega-Riz(23) to reflect

current nutritional recommendations for pregnancy and national

dietary guidelines. Numerous authors have pointed out the

importance of supplementing the diet of pregnant women with

different micronutrients, especially Fe and folates(24–26), and

some have even related supplementation with folic acid or

folic acid plus Fe with a reduced risk of a low-weight birth(27)

and a lesser incidence of Down’s syndrome(12). It is important

to take account of the lifestyle and particularities of a

given country or population in the evaluation of diet quality.

Thus, besides addressing specific nutritional requirements, it is

necessary to evaluate the foods consumed and the frequency

with which they enter the daily diet of the target population.

The population of interest in the present study is under the influ-

ence of the Mediterranean diet.

The aim of the present study was to propose a diet quality

index for pregnancy based on a Mediterranean-type diet, eval-

uating the diet of a group of pregnant women by applying

the Mediterranean Diet Score (MDS)(28) and evaluating their

intake of micronutrients required in optimal amounts during

pregnancy, such as Fe, folic acid and Ca.

Experimental methods

Study population

In 2000–2, a cohort of 318 mother–son pairs was established

at the San Cecilio University Hospital of Granada in order to

investigate chronic exposure to endocrine-disrupting chemi-

cals. Inclusion criteria for mothers were the birth of a son at

the hospital and the signing of informed consent to participate

and complete a questionnaire. The investigation was approved

by the Ethics Committee of San Cecilio University Hospital

of Granada and all subject data were coded to maintain

confidentiality.

Nutritional survey

The epidemiological questionnaire(29) is an adaptation of one

prepared by the European Project QLK4-1999-01 422. Struc-

tured face-to-face interviews were conducted at the hospitals

by trained interviewers before delivery in order to gather

data on sociodemographic characteristics, reproductive his-

tory, diet, and tobacco and alcohol consumption. Questions

were also included on medical recommendations received on

nutritional supplements and any special diets. The frequency

of consumption of foods was studied by means of a semi-

quantitative questionnaire, classifying the frequency of con-

sumption of foods as follows: never; one to three times/

month; one to three times/week; four to six times/week; and

(only for some foods) every day. Results were expressed as

times/week or g/d. The questionnaire design took account of

the eating habits of the Spanish population. The mean portions

consumed by the study population were estimated using habit-

ual domestic measurements: spoons, glasses, cups, etc.(2,30,31).

Intake of foods (in g/d) was calculated from the reported fre-

quency and weight (in g) of each portion, as described by the

women or in some cases according to the usual average

portion in Spain(32).

We constructed a diet quality index based on the traditional

Mediterranean diet(28) and on the specific need during preg-

nancy for Fe, Ca and folic acid(10). The MDS was calculated

by evaluating compliance with eight typical components of

the Mediterranean diet: high consumption (.median intake)

of vegetables, fruit and nuts, pulses, cereals, fish, high

MUFA:SFA ratio and low consumption of meat and dairy pro-

ducts(28). A moderate alcohol diet, also typical of the Mediter-

ranean diet, was not considered for calculating the index in

this group of women, who reported no alcohol consumption

due to their pregnancy.

Table 1. Characteristics of the study population

Characteristics Mean SD Range Minimum Maximum

Age (years) 31·91 5·35 28·00 18·00 46·00

Previous weight (kg)* 61·63 11·07 72·50 40·00 112·50

Current weight (kg) 74·52 11·16 68·00 52·00 120·00

Weight change (kg) 12·85 5·07 37·00 210·00 27·00

Pre-pregnancy BMI (kg/m2)* 23·32 3·98 23·30 16·56 39·86

Weeks of gestation 39·23 1·57 10·00 32·00 42·00

Birth weight (g) 3256·72 478·64 3140·00 1450·00 4590·00

Previous pregnancy 0·90 1·04 8·00 0·00 8·00

Season at delivery (%)

Spring 32·10

Summer 16·70

Autumn 25·30

Winter 25·90

Receipt of medically recommended supplement (%)

Folic acid 64·20

Iron 51·00

Calcium 15·80

Residence (%)

Rural 59·40

Urban 40·60

Educational level (%)

Primary school 53·20

Secondary school 35·70

University 11·00

*At start of pregnancy.
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The dietary intakes of the selected micronutrients (folic

acid, Fe and Ca) were scored in relation to the Spanish

recommended daily intake (RDI)(32), considering two-thirds

of the RDI for pregnancy as the cut-off point, in common

with some other indexes(21,33,34). The Novartis-Dietsource pro-

gram version 1.2 was used to convert foods into nutrients(35).

SPSS-15 statistical software (SPSS Inc., Chicago, IL, USA)

was used for all analyses. Standard descriptive statistics (mean,

median and standard deviation) and ANOVA test were used.

Results

Anthropometric and sociological characteristics of the study

population are summarized in Table 1. Median food intake

values (Table 3) were used to calculate the MDS (score

range 0–8). Three points are added in the proposed version

for pregnant women, corresponding to the three micronutri-

ents, scoring 1 point if the intake of the micronutrient is

greater or equal to two-thirds of the RDI or if the woman

is receiving a medically prescribed nutrient supplement and

0 points if the intake is below this cut-off value. Hence, the

proposed Mediterranean Diet Score–Pregnancy (MDS-P)

ranges from 0 to 11 points. Table 2 shows nutrient intake as

a percentage of Spanish RDI.

Folic acid supplementation was received by 64·2% of the

study population, 42·0% during the first 3 months and only

17·8% throughout the pregnancy. Fe supplementation was

received by 51·0%, but by only 19·0% throughout the preg-

nancy, and Ca supplementation was received by 15·8%, but

by only 9·2% throughout the pregnancy.

The mean MDS in this population was 4·31 (SD 1·32),

ranging from 1 to 7, and the mean MDS-P value was 7·53

(SD 1·44), ranging from 4 to 11. Table 3 shows the median

intake (in g/d) of each food group used to calculate the

MDS-P and the distribution of the group in accordance with

their score, considering an MDS-P of #4 as poor compliance,

MDS-P of 5–8 as adequate compliance, and MDS-P $9 as

high compliance. A significant relationship was observed

between lower score and higher BMI of the mother at the

start of the pregnancy and between higher score and lower

weight at the end of the pregnancy. There was also a tendency

to an association between lower MDS-P and shorter gestation

period (P¼0·16; Table 4).

Discussion

Different populations can have distinct nutritional needs

according to their age, lifestyle or specific physiologic/patho-

logic situations, among other factors. The availability of

instruments to assess the diet of specific populations is

of great interest. An index has been proposed to evaluate the

diet quality of pregnant women in the USA(10), and the present

study aimed to develop a similar instrument that also takes

account of the specific nutritional requirements during preg-

nancy but is adapted to the specific lifestyle and eating

habits of our setting, considering the Mediterranean diet as a

nutritional model(22,28,36,37).

The data used to construct this index (MDS-P) were gath-

ered by means of a FFQ specifically designed for pregnant

women in Europe (QLK4-1999-01 422). It is based on the

eating habits of the Mediterranean population as previously

established by using the MDS(28). It considers the consump-

tion of different food groups in g/d. Besides including charac-

teristic foods of the Mediterranean diet, the MDS-P takes

Table 2. Energy and nutrient intakes as percentage of Spanish recommendations*

(Minimum, maximum and mean values and standard deviations)

%RDI†

Nutrient intake Minimum Maximum Mean SD

Energy (MJ/d) 10·67 54·82 183·39 109·38 20·12

Proteins (g/d) 56·00 81·87 451·78 182·06 44·16

Proteins (% energy) 10 8·41 31·71 14·68 2·51

Carbohydrates (% energy) 60 33·74 88·32 55·95 7·75

Lipids (% energy) 30 10·84 58·07 30·69 7·88

SFA (% energy) ,7 2·92 12·64 5·25 1·41

MUFA (% energy) .17 8·56 29·55 14·57 2·95

PUFA (% energy) 3–6 3·09 10·23 5·45 1·12

Ca (mg/d) 1400·00 26·11 163·47 93·76 26·07

Fe (mg/d) 18·00 25·24 128·13 71·20 17·04

Zn (mg/d) 20·00 7·50 142·50 57·45 28·42

Se (mg/d) 65·00 68·76 596·15 260·35 78·56

Iodine (mg/d) 135·00 9·72 25·39 17·10 2·84

Vitamin B1 (mg/d) 1·00 96·00 315·00 185·00 41·00

Vitamin B2 (mg/d) 1·60 46·65 192·37 114·74 31·27

Niacin (mg/d) 17·00 42·94 488·24 149·96 59·05

Vitamin C (mg/d) 80·00 8·75 696·25 144·77 109·23

Vitamin A (mg/d) 800·00 7·25 596·10 108·12 72·23

Vitamin D (mg/d) 10·00 1·00 502·00 30·95 63·05

Vitamin E (mg/d) 15·00 3·92 176·29 49·87 30·94

Folic acid (mg/d) 600·00 92·50 348·14 220·71 52·43

RDI, recommended daily intake.

* For details of subjects and procedures, see Experimental methods.

†Recommendations for Spanish pregnant women(32).
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into account three important micronutrients during pregnancy,

following the Diet Quality Index for Pregnancy proposed by

Laraia et al.
(10) but using recommendations proposed for the

Spanish population(32).

The dietary intake of micronutrients revealed by the FFQ

was below recommendations(32). However, as part of the

health service follow-up of pregnancy, folic acid supplemen-

tation is generally prescribed, and Fe and Ca supplementation

can also be offered. The mean MDS of this group was 4·31

(SD 1·32), which is considered to represent satisfactory com-

pliance with the Mediterranean diet according to the review

by Bach et al. in 2006(34). The mean MDS-P, which also

takes account of dietary intake or supplements of folic acid,

Fe and Ca was 7·53 (SD 1·44), indicating a compliance of

around 70·0%.

A validation study of the FFQ used is in progress, and the

absence of these data for the present paper is a study limitation.

The present finding of a relationship between lower MDS-P

and higher BMI and weight of these mothers, although not

significant, supports previous data indicating the protective

effect of the Mediterranean diet against obesity-related con-

ditions(38–43). The relationship found between lower score

and shorter gestation period supports recent findings on

the benefits of the Mediterranean diet in the prevention of

premature deliveries(16) and on the importance of an adequate

supply of folates and Fe, among other micronutrients, for the

adequate development of the fetus(12,25–27). The present study

findings suggest that the MDS-P, which evaluates the ade-

quacy of folic acid, Fe and Ca as well as compliance with

the Mediterranean diet, may represent a valid tool for the

specific assessment of the diet of pregnant women living in

countries in the Mediterranean area. Further studies are

required to complete the validation process.
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Table 3. Intake of food groups to calculate the Mediterranean Diet Score–Pregnancy (MDS-P) and daily diet intake of food

groups: % of study population in each tertile of the MDS-P*

(Maximum, median and mean values and standard deviations)

% in MDS-P tertile

Food groups Maximum Mean SD Median #4·0 5·0–8·0 $9·0

Dairy products (g/d) 346·43 293·03 43·89 300·71 ,Median 0·0 64·4 35·6

$Median 2·7 81·8 15·5

Eggs (g/d) 53·57 23·42 10·82 21·43 ,Median 0·0 50·0 50·0

$Median 1·6 75·5 22·9

Pulses (g/d) 14·29 10·64 4·36 14·38 ,Median 3·7 86·6 9·8

$Median 0·0 65·3 34·7

Vegetables (g/d) 250·00 199·67 46·30 217·85 ,Median 2·1 86·3 11·6

$Median 1·0 62·9 36·2

Soft drinks (ml/d) 600·00 216·22 122·12 200·00 ,Median 3·0 71·7 25·3
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$Median 0·0 71·0 29·0

Meat (g/d) 71·43 32·68 15·26 28·60 ,Median 0·0 63·0 37·0

$Median 1·7 75·7 22·5
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Table 4. Maternal characteristics and newborn weight†
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Abstract  

An adequate folic acid intake has been related to female fertility. The recommended intake of 

this vitamin was recently increased to 400 ug/day, with an additional 200 ug/day during 

pregnancy. The Mediterranean Diet includes sources of folate such as pulses, green-leaf 

vegetables, fruit, cereals, and dried fruits; other foods of interest are liver and blue fish. The 

objectives were to determine the foods that contribute most to folate intake and analyze the 

factors that influence their consumption by three generations in a female population (n=898; 

age, 10-75 yrs) from Southern Spain: 230 adolescents (10-16yrs), 296 healthy pregnant women 

(19-45yrs), and 372 menopausal women (>45yrs). Participants completed a previously validated 

semi-quantitative food frequency questionnaire. Over 90% of their folate intake was supplied by 

cereals, fruit, natural juice, pulses, and cooked and raw vegetables. The mean (SD) daily intake 

of folate was 288.27(63.64) μg. A higher Mediterranean Diet Score (MDS) was significantly 

related to a greater folate intake. The daily folate intake was not significantly influenced by 

educational level, number of children, or place of residence (rural vs. urban). In logistic 

regression analysis, the factors related to an adequate folate intake (>2/3 of recommendations) 

were higher age, higher MDS, and lower BMI. 

Key word: Folic Acid, Mediterranean Diet Score, female population, healthy pregnant women.
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Introduction 

The reduced form of folic acid has coenzymatic activity and acts as intermediate transporter of 

groups with one carbon atom, e.g., methenyl and methylene groups, which are necessary for 

DNA and RNA synthesis and maintenance and for cell division (Kamen 1997; Crider et al, 2012; 

Fenech 2012). It is therefore essential during childhood and pregnancy, when the cell division 

rate is very high (Greenberg et al, 2011). At bone marrow level, folate deficiency leads to the 

synthesis of anomalous cells called megaloblasts, resulting in megaloblastic anemia (Fenech et 

al, 1998; Watkins et al, 2012). Folate deficiency during pre-pregnancy periods has been related 

to placenta deformations that can produce miscarriage (Nilsen et al 2008; Talaulikar et al, 

2011). Fetuses with folic acid deficiency during development may also have neural tube closure 

defects (NTDs) as well as other brain defects, megaloblastic anemia, premature birth, or low 

birth weight (Kamen 1997; Czeizel et al, 2004; Scott et al, 2011; Furness et al, 2011). The 

mother may suffer megaloblastic anemia or eclampsia, which courses with hypertension and 

albuminuria (Mislanova et al, 2011; Talaulikar et al, 2011). The adequate intake of this vitamin 

has been related to male and female fertility. It contributes to spermatogenesis in males and is 

related to oocyte quality, maturation, implantation, and placentation in females (Tamura et al 

2006; Ebisch et al 2007; Chavarro et al 2008). 

Findings on the relationship between folic acid and cancer have been controversial (EFSA 

2010). Some authors have proposed that folate helps to prevent cancer by participating in the 

synthesis, repair, and functioning of DNA and that folate deficiency can result in DNA damage 

that may lead to cancer (Jennings 1995). In contrast, others have suggested that excess folate 

may promote the initiation of tumors. (Kim, 2004). Finally, folate-rich diets have been related to 

a decrease in colorectal cancer, although this association is stronger for folic acid from foods 

than from supplements (Larsson et al, 2006; Van Guelpen 2007; Crider et al, 2011). The 

Mediterranean Diet includes a large amount of foods that are a source of folate, such as pulses, 

green-leaf vegetables, fruit, cereals, and dried fruits; other foods of interest in this respect are 

liver and blue fish. 

The recommended intake of this vitamin has recently been increased to 400 ug/day, with an 

additional supplement of 200 ug/day during pregnancy (DRIs 2003/2005), due to the 

relationship between folic acid intake and the above-mentioned diseases (Forges et al, 2008). 
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Various countries (e.g., England, Germany, Italy, France, Spain, USA, Canada) have introduced 

legislation for the folic acid fortification of some foods, especially cereals and derivatives, based 

on the proven interaction between folate deficiency and NTD (EC Regulations 1170/2009/EC; 

EFSA 2010; Crider et al, 2011). This measure has been controversial, given the masking effect 

of folic acid enrichment on the anemia caused by vitamin B12 deficiency (Crider et al, 2011; 

EFSA 2010), although this potentially negative effect appears negligible compared to the health 

gain resulting from NTD prevention (Hoekstra et al, 2007). 

The objective of this study was to determine the foods that make the greatest contribution to 

folate intake and analyze the factors that influence their consumption by three consecutive 

generations in a female population in Southern Spain. 

Methods 

Population 

The study included 898 females aged between 10 and 75 yrs from Southern Spain who have 

participated in different European research studies (European Project QLK4-1999-01 422; 

FOOD-CT-2004-506319; Health Department of Granada City Council- University of Granada 

(Contract nº 2260). The population was divided into three generational groups: Group 1, 

adolescents aged between 10 and 16 yrs (n=230); Group 2: healthy pregnant women aged 

between 19 and 45 yrs (n=296); Group 3: menopausal women over 45 years old (n=372). After 

obtaining informed consent to participate in the study, trained researchers used a questionnaire 

to gather data from each participant on the following variables (when appropriate): sex, age, 

weight, height, nº pregnancies, nº children, age at menarche and menopause, years of 

schooling, city of origin, nutrition-related life habits and degree of rurality, calculated as the total 

number of years lived in a rural setting (<10000 inhabitants) divided by the age in years and 

expressed as a percentage. Women with a degree of rurality >50% were considered to come 

from a rural setting (Cerrilloet al, 2006). 

 

Questionnaire. 

All study participants completed a semi-quantitative food frequency questionnaire (FFQ) 

previously validated by our research group (Velasco et al, 2009; Rivas et al, 2009; Mariscal-

Arcas et al, 2011), which includes foods commonly consumed in the Mediterranean area. It 
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records the frequency of consumption of the food items over the previous 12 months as: never; 

1-3 times/month; 1-3 times/week; 4-6 times/week; and (only for some foods) every day. The 

amounts of food consumed were expressed in g, mL, domestic measures (e.g., slice, 

tablespoon, cup), or standard portions (Carvajal & Sánchez-Muniz, 2003; Moreiras et al, 2011). 

The daily intake of each nutrient was calculated by multiplying the amount reported in the 

questionnaire by the corresponding value in the food composition table (Willet 1990). Foods 

were converted into nutrients by using the DIAL 1.0 computer program (© 2008 Alce 

Ingenierías). 

Mediterranean Diet Score (MDS) 

The Mediterranean Diet Score (MDS) was calculated by evaluating compliance with the 

following nine typical components of the Mediterranean diet: high median intake consumption of 

vegetables, fruit and nuts, pulses, cereals, fish, high MUFA:SFA ratio and low median intake of 

meat, dairy products, and alcohol. (Trichopoulou et al, 2003; Mariscal-Arcas et al, 2009, 2010, 

2011)  

Statistical analysis 

Results were expressed as mean and median values with standard deviation (SD). Stepwise 

multiple regression analysis was used to determine the foods that explain >90% of the folate 

intake in the diet of the population (Willett 1990, Abu-Saad et al, 2010). ANOVA was employed 

to compare means among groups, and logistic regression was applied to analyze the factors 

influencing folate intake. The cut-off point for an inadequate folate intake was 2/3 of the 

recommendation for each age group (Serra-Majem & Aranceta 2001; DRIs 2003-2005). P <0.05 

was considered significant in all tests. SPSS version 15 (SPSS Inc. Chicago, IL) was used for 

the statistical analyses. 

Results 

Table 1 shows the characteristics of the population. The BMI was within the range of normal 

weight by age in groups 1 (Cole et al, 2000) and 2 (estimated at the first gynecological 

appointment during the first month of pregnancy), whereas it was within the overweight range in 

group 3. The age at menarche was around 12-13 yrs, whereas menopause appeared at around 

48-49 yrs. Group 2 had a median of two children and group 3 a median of three children. The 
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education level decreased with higher age (p=0.001). The degree of rurality was similar 

between groups 2 and 3 (40.6% and 56.6%), whereas 100% of group 1 were urban. 

The foods that contributed >90% of the dietary folate supply included cereals, vegetables, fruit, 

natural fruit juice, and pulses (Table 2). Table 3 exhibits ANOVA results for the consumption of 

foods gathered in the FFQ; there were significant inter-group differences in the intake (in g) of 

all foods and for the intake of folic acid and MUFA/SFA. The mean alcohol intake in group 3 

(older women) was 1.96(4.90); groups 1 and 2 reported no alcohol intake. As shown in table 3, 

the mean MDS of the study population was 4.47 (1.82) out of 9, with significant differences 

among the groups (p=0.018).  

In logistic regression analysis, the factors related to an adequate folate intake (>2/3 of 

recommendations) were higher age, higher MDS, and lower BMI (Table 4).  

 

Discussion 

Folic acid is a vitamin of special interest before and during pregnancy (Kamen 1997; Czeizel et 

al, 2004; Furness et al, 2011; Mislanova et al, 2011; Scott et al, 2011; Talaulikar et al, 2011), 

and numerous researchers have demonstrated that it is more effective if supplied in the diet 

than as a nutritional supplement (Nilsen et al, 2008; Greenberg et al, 2011). In this study of 

three generational groups of women in Southern Spain, 70% of the adolescents and over 45-

year-olds received more than two-thirds of the recommended daily intake of folate. However, 

the folate intake of the pregnant women, who consumed a similar diet, can be considered 

inadequate, being below two-thirds of the higher recommendation for this group.  

Almost all (>90%) of the folate intake by our study population was supplied by eating cereals, 

fruit, natural juice, pulses, and cooked and raw vegetables. The mean (SD) daily intake of the 

present population (288.27(63.64) μg), although considered adequate, was below the daily 

recommended intake (DRIs, 2002/2005), as also found in other populations of the 

Mediterranean basin, despite the large vegetable component of the classic Mediterranean Diet. 

For instance, a mean daily intake of 207.6 (114.5) was reported in university students in Greece 

(Chourdakis et al, 2011), while an intake ranging from 197.58 (130.08) to 212.10 (107.16) µg 

was reported in a Spanish population (Planelles et al, 2003). Nevertheless, there appears to be 

an association between greater adherence to the Mediterranean Diet model and a lower 
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likelihood of inadequate folic acid intake. Thus, a significant relationship between a higher MDS 

and higher folate intake was observed in the present study and previously reported in another 

Spanish population (Serra-Majem et al, 2009) and in a group of pregnant Spanish women 

(Rouhani et al, 2007). Some authors reported a significant positive association between folate 

intake and higher educational level (Planelles et al, 2003), but others found no the relationship 

with socio-economic status (Rouhani et al, 2007). The daily folate intake in the present women 

was not significantly influenced by educational level, number of children, or place of residence 

(rural vs. urban).  

One potential study limitation was the absence of data on serum folate levels, although they 

have been reported to show a weak association with folate intake (Van de Rest et al, 2007; 

Tavares et al, 2012; Lohner  et al, 2012).  

As previously reported, women in our study population with a deficient folic acid intake were 

recommended to take supplements by their gynecologists at pregnancy follow-up visits 

(Mariscal-Arcas et al, 2009). Pteroylmonoglutamic acid (PGA) is the synthetic form of folic acid 

used as a supplement or to fortify foods. PGA is transformed in the liver, but this becomes 

saturated at a dose of 260–280 ug (Wright et al, 2007), which is the maximum dose 

recommended as a supplement for women expecting to become pregnant.  

A review of micronutrient intake estimates across Europe reported that all study populations 

were at high risk of an inadequate intake of folic acid, selenium, iodine and, among the elderly, 

vitamin C, although cross-country comparisons were limited by differences in study design, 

purpose, and methodology (Roman Viñas et al, 2011). Although the use of supplements has its 

place, it would appear desirable to edúcate people with an inadequate folate intake, including 

pregnant women, about the importance of a balanced diet that is rich in folic acid as well as 

other micronutrients such as selenium, iodine, and vitamin C, with the Mediterranean diet 

serving as a valuable model.  

The authors are grateful to Richard Davies for his revision of the English version. This study 

was supported by European Union Commission (QLK4-1999-01 422 and FOOD-CT-2004-

506319). Health Department of Granada City Council- University of Granada (Contract nº 2260), 

Spain, the Junta de Andalucia, Spain (Research Group AGR-255) and the University of 

Granada, Spain (Predoctoral Grant). 
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Table 1. Population characteristics. 

 

Adolescents 

(10-16yrs) 

(n=230) 

Pregnant women 

(19-45yrs) 

(n=296) 

Older Women 

(>45yrs) 

(n=372) 

p 

Age, yrs (mean [SD]) 11.70 (1.35) 31.91 (5.35) 59.71 (7.72) 0.001 

Age range (yrs) 10-16 19-45 >45 - 

Weight, kg (mean [SD]) 50.72 (9.76) 61.63 (11.07) 72.29 (5.21) - 

Height, m (mean [SD]) 1.60 (7.83) 1.62 (0.06) 1.58 (6.63) - 

BMI, kg/m2 (mean [SD]) 19.70 (2.84) 23.33 (3.99) 29.05 (5.21) 0.001 

Menarche, yrs (mean [SD]) 12.31 (1.70) 12.61 (1.58) 12.86 (1.71) 0.163 

Menopause, yrs (mean [SD]) - - 48.73 (4.70) - 

Nº Children (mean [SD]) - 1.90 (1.04) 3.19 (2.00) 0.001 

Schooling (%)    

0.001 
 No schooling - 4.4 21.4 

 Middle 100 50.3 67.0 

 Higher - 45.3 11.6 

Residence (%) 

Urban (>10,000 inhabitants) 

Rural (<10,000 inhabitants)  

100 

 

59.4 

40.6 

 

56.6 

43.4 

0.001 

 

Table(s)
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Table 2. Foods that contribute >95% of folate intake for each population group (Stepwise 

multiple regression). 

Adolescents Pregnant Women Older Women 

Foods 

groups 

R2 

Corrected 

Foods 

groups 

R2 

Corrected 

Foods 

groups 

R2 

Corrected 

Cereals 0.460 Juice 0.589 Cereals 0.719 

Vegetables* 0.769 Vegetables 0.828 Legume 0.820 

Juice 0.880 Cereals 0.956 Vegetables 0.906 

Fruit** 0.943     

*Vegetables: Salad (lettuce, tomatoes, peppers and other vegetables eaten raw) and potatoes 

and other vegetables eaten cooked. ** Fresh fruit: apples, oranges, grapes, plums, peaches, 

melon, etc. 
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Table 3. Foods and nutrients for the estimation of the Mediterranean Diet Score 

Food groups  Mean (SD) F P 

Dairy Products (g/day) 

Total population 367.17 (122.71)   
Adolescents 564.28 (254.66) 

358.292 0.001 Pregnant women 293.03 (43.89) 
Older Women 244.21 (69.57) 

Pulses (g/day) 

Total population 15.54 (6.79)   
Adolescents 15.97 (8.26) 

103.469 0.001 Pregnant women 10.64 (4.36) 
Older Women 20.00 (7.76) 

Vegetables (g/day) 

Total population 200.57 (78.07)   
Adolescents 212.89 (130.05) 

5.519 0.004 Pregnant women 199.67 (46.30) 
Older Women 189.14 (57.86) 

Fruit (g/day) 

Total population 119.75 (45.77)   
Adolescents 151.43 (91.55) 

62.430 0.001 Pregnant women 100.43 (22.49) 
Older Women 107.39 (23.26) 

Meat (g/day) 

Total population 54.00 (21.26)   
Adolescents 77.99 (30.83) 

189.542 0.001 Pregnant women 32.68 (15.26) 
Older Women 51.32 (17.69) 

Fish (g/day) 

Total population 46.62 (24.08)   
Adolescents 43.35 (27.26) 

63.753 0.001 Pregnant women 37.25 (19.74) 
Older Women 59.26 (25.23) 

Cereals (g/day) 

Total population 392.98 (141.28)   
Adolescents 292.13 (106.11) 

119.020 0.001 Pregnant women 356.69 (108.47) 
Older Women 530.12 (209.25) 

MUFA/SFA  

Total population 1.92 (0.43)   
Adolescents 1.36 (0.49) 

769.453 0.001 Pregnant women 2.84 (0.46) 
Older Women 1.57 (0.35) 

Alcohol (g/day) 

Total population    
Adolescents - 

  Pregnant women - 
Older Women 1.96(4.90) 

Folate (ug/day) 

Total population 288.27 (63.64)   
Adolescents 276.20 (79.42) 

11.775 0.001 Pregnant women 281.88 (49.52) 
Older Women 306.72 (61.99) 

MDS 

Total population 4.47 (1.37)   
Adolescents 4.41 (1.45) 

4.031 0.018 Pregnant women 4.31 (1.32) 
Older Women 4.68 (1.33) 
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Table 4. Factors that affect folic acid intake. 

 

Folate Intake 

OR 

95% 

Confidence 

interval 

p <2/3 RDI 

% Population 

≥2/3 RDI 

% Population 

Age Groups 

Pregnant Women 98.0 2.0 0.017 0.005-0.059 0.001 

Older Women 29.5 70.5 4.922 1.966-12.324 0.001 

Adolescents (Ref) 29.8 70.2    

MDS 

≤3.00 57.5 42.5 0.320 0.135-0.756 0.009 

4.00-5.50 57.3 42.7 0.373 0.180-0.770 0.008 

>5.51 (Ref) 36.2 63.8    

Schooling 

None 64.3 35.7 0.764 0.247-2.357 0.639 

Middle 73.1 26.9 1.316 0.495-3.497 0.582 

Higher (Ref) 76.7 23.3    

Nº children 
≤3.00 53.5 46.5 1.529 0.743-3.146 0.249 

>4.00 (Ref) 46.5 53.5    

BMI (kg/m2) 
≤25.00 70.0 30.0 1.959 1.073-3.945 0.041 

>25.01 (Ref) 50.5 49.5    

Rurality* 
Urban 44.4 55.6 0.986 0.500-1.943 0.967 

Rural (Ref) 65.8 34.2    

* Urban >10,000 inhab;Rural <10,000 inhab 
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Abstract 22 

The dietary intake patterns of children should be monitored because of their influence on health 23 

in adulthood. It is now widely accepted that childhood nutrition is linked to specific diseases, 24 

e.g., obesity, and to risk factors for cardiovascular disease in adulthood. Therefore, knowledge 25 

of dietary intake during childhood may be useful to identify possible risk factors for disease in 26 

adulthood. The main research focus on the diet of children has been the contribution of 27 

macronutrients and micronutrients. 28 

Several indices have been developed for assessing the diet quality of previously defined 29 

population groups. The aim of the present study was to assess the nutritional status of 30 

Andalusian children and adolescents and examine the relationship between their diet quality 31 

and socio-demographic or lifestyle factors. The food intake of the younger children in this study 32 

was closer to RDIs compared with the adolescents, who generally reported a lower energy 33 

supply in their diet than recommended. The mean (SD) DAS was 12.1 (1.9) for the younger 34 

children (6-9-yrs) and 9.4 (3.2) for the older group (10-17-yrs). The adolescents obtained a 35 

significantly lower score for the DAS index developed in this study in comparison with the 36 

younger group. A good correlation was found between the energy intake (MJ/kg body weight) 37 

and estimated energy (MET MJ/kg body weight), validating this estimation method.38 
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Introduction  1 

The traditional food of Andalusia is a specific expression of the Mediterranean Diet and includes 2 

stews with vegetables, pulses and/or meats or fish, with variations that reflecting local 3 

differences in climate and soil. The use of oil and olive oils was inherited from the Romans, 4 

seasonings, herbs and species from the Arabs, and desserts from the Jews, alongside a 5 

tradition among shepherds of simple stews cooked in the open1. 6 

The health benefits of the Mediterranean diet have been attributed to its low saturated fatty acid 7 

contents, high complex carbohydrates and dietary fibre contents and antioxidant properties2,3. 8 

The Mediterranean Diet is rich in vitamins and minerals derived from vegetables and fruits, 9 

wholemeal cereals, virgin olive oil, fish and wine, which minimises the risk of a deficient 10 

micronutrient intake4. Therefore, consumption of the vitamin B group (B1, B2, niacin, B6, folate, 11 

and B12) and antioxidant vitamins (vitamins E and C) has been more than adequate in the 12 

Mediterranean basin. However, epidemiological studies have signalled a rapid change in dietary 13 

patterns in Mediterranean countries towards a higher consumption of animal products and 14 

saturated fat to the detriment of plant-based foodstuffs5. This trend increases the risk of the 15 

deficient intake of some vitamins (e.g., folate and vitamins A, E and D) and minerals, especially 16 

in some population groups6,7. 17 

The dietary intake patterns of children should be monitored because of their influence on health 18 

in adulthood8. It is now widely accepted that childhood nutrition is linked to specific diseases, 19 

e.g., obesity9-11, and to risk factors for cardiovascular disease in adulthood12,13. Therefore, 20 

knowledge of dietary intake during childhood may be useful to identify possible risk factors for 21 

disease in adulthood14,15. 22 

Several indices have been developed for assessing the diet quality of previously defined 23 

population groups. Since Kant et al.16 published the Dietary Diversity Score, based on the daily 24 

consumption of foods classified in five groups, several indices and modifications have been 25 

proposed. Drewnosky et al.17 considered the consumption of up to 164 foods during a 15-day 26 

periods. The Healthy Eating Index (HEI)18 rated the diet of participants aged �2yrs in the 27 

Continuing Survey of Food Intakes by Individuals (CSFII)19. An adaptation of the HEI for 28 

children led to the Youth Healthy Eating Index (YHEI)20. Kim et al.21 developed the Diet Quality 29 

Index-International (DQI-I), a score based on information from food frequency questionnaires 30 

and a quantitative assessment of reference nutrients. A correction to this index was recently 31 

applied to evaluate adherence to the Mediterranean Diet7,22. 32 

The objective of this study was to establish the nutritional status of Andalusian children and 33 

adolescents according to their Dietary Adequacy Score (DAS), relating scores to 34 

sociodemographic and lifestyle factors in the same population. 35 

36 

Subjects and Methods 37 

Subjects  38 

The target population comprised 288 young individuals (168 male and 120 female) aged 6-39 

18yrs living in Granada province in Southern Spain; 20.6% were <10yrs old and 79.6% were 40 
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�10yrs old. They were recruited from among young federated practising skiers at the High-1 

Performance Centre (CAR) of Sierra Nevada (n=88, 53 males and 35 females) and students 2 

from two schools in the city of Granada (n=200, 88 males and 112 females). Informed written 3 

consent was obtained from parents or tutors of under 18-year-olds and from 18-year-old 4 

participants, and the study was approved by the Ethics Committee of the University of Granada. 5 

This sample of children and adolescents has been previously investigated by our group7. 6 

Anthropometric measurements 7 

Height was determined by using a mobile anthropometer (Kawe, France) to the nearest 1mm, 8 

with the subject’s head in the Frankfurt plane. Body weight was determined to the nearest 100g 9 

using a digital scale (Tefal, sc 9210, France). Subjects were weighed in bare feet and 10 

underwear, which was accounted for by subtracting 200g from the measured weight when the 11 

cloth of the underwear was light and 400g when it was heavy. All anthropometric measurements 12 

were performed by one observer to avoid inter-observer variations. The body mass index (BMI) 13 

was calculated as weight in kg/height2 in meters. 14 

Questionnaires 15 

The study was based on the 24-h recall and food frequency questionnaires (FFQ) previously 16 

utilized in this population to calculate their DQI7. This FFQ contains 92 food items classified by 17 

food group, gathering data on the consumption or not of an item, the number of times it was 18 

consumed per week, and the amount consumed each time (in household measures)7,23,24. A 19 

third questionnaire was administered on lifestyle characteristics and daily activities, which 20 

included items on the educational level of the parents and the place where lunch was eaten. 21 

Daily activity data derived from reports by participants on activities performed during the 24-h 22 

period before the interview. Lifestyle findings were correlated with DAS results, and 24-h activity 23 

recall data were used to estimate MET values25. Three 24-h dietary recalls were performed 24 

between February and May. The Novartis-Dietsource program version 1.2 was used to convert 25 

foods into nutrients26. Questionnaires were administered at the centre or school by well-trained 26 

dieticians from Tuesday to Friday. 27 

Goldberg cut-off28 

Questionnaires were excluded as unreliable according to the criteria established by Goldberg et 29 

al.27, taking account of Energy Intake (EI) results based on the three 24-h dietary recalls for 30 

each subject and the daily total energy expenditure (TEE) estimated from the 24-h activity recall 31 

data. 32 

Dietary Adequacy Score (DAS) 33 

Outcome variables were the daily intake of energy (EI), carbohydrates, lipids, proteins, vitamins 34 

and minerals and the MET, i.e., the ratio of energy expended (kcal.kg-1.h-1) in a specific activity 35 

to the basal metabolic rate25. 36 

The nutritional adequacy of the diet was assessed by comparison with the Recommended Daily 37 

Intakes28 for Spaniards29. The criterion for a risk of inadequate intake was an intake <2/3 of the 38 

RDI3,7. 39 
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The Dietary Adequacy Score (DAS) was developed to assess the diet quality and takes account 1 

of the risk of an inadequate intake of 14 items: protein, energy, Fe, Ca, Mg, Zn, Se, I, vitamins 2 

B1, B2, niacin and vitamins A, C and E. Values of 0 or 1 are assigned to each item. Individuals 3 

with a consumption <2/3 RDI for a nutrient were assigned a value of 0 and those with a higher 4 

consumption a value of 1. Therefore, the range of the DAS was 0-14, with higher scores 5 

indicating better diet quality. 6 

Determinants: socio-demographic, lifestyle, and dietary variables 7 

The explanatory variables were socio-demographic, lifestyle and dietary determinants thought 8 

to be associated with the intake of nutrients in this population. The socio-demographic variables 9 

considered were: sex, age (6–18 years) and parents’ educational level (low = no or only primary 10 

education; medium = secondary education; high = university studies). Lifestyle variables were: 11 

the physical activity level, classified as sedentary or active30 according to MET values25; and the 12 

BMI, classified as underweight, normal weight, or overweight/obesity according to cut-off points 13 

established for each sex at different ages31. 14 

Statistical Analysis 15 

Analyses were performed with SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Unpaired 16 

Student’s t-test and ANOVA one-way test were used to test differences between means. 17 

Significant differences in proportions were calculated by means of �2. Logistic regression 18 

models with the calculations of corresponding adjusted odds ratios (OR) and 95% confidence 19 

intervals were used to examine differences between low and high DAS. Univariate analysis was 20 

first carried out for all socio-demographic and lifestyle variables and dietary factors that could 21 

determine a low or high DAS. Multiple logistic regression analyses were used to simultaneously 22 

examine the effect of these variables on DAS. Level of significance for acceptance was P 23 

value<0.05. 24 

25 

Results 26 

Out of a total of 288 completed questionnaires, 11 were excluded from the study for failing to 27 

meet the criteria proposed by Goldberg et al.27,32. Therefore, data were available on 277 28 

children and adolescents for calculation of DAS and estimation of related variables. The socio-29 

demographic and lifestyle characteristics of participants are shown in Table 1; 23.8% of 6-9-30 

year-old subjects and 22.6% of 10-17-year-old subjects were classified as overweight. The only 31 

difference observed between males and females was in the physical activity of 10-17-year-old 32 

subjects (p<0.001; �2= 11.94). Participants mainly ate at home. Most 6-9-year-old individuals 33 

spent 10-20min on breakfast and 15-60min each on lunch and dinner, whereas most 10-18-34 

year-old individuals spent <10 min on breakfast, and 15-30min on lunch and dinner. Most 35 

subjects talked or experienced distractions during lunch, especially among the 6-9-yr-olds. The 36 

vast majority of subjects did not consider breakfast to be an important meal. 37 

Table 2 summarizes the daily energy and nutrient intakes, mean (SD), of subjects. Younger 38 

children (6-9-yr-olds) showed higher intakes of energy, METs, energy from proteins, minerals 39 

(Fe, Ca, Mg, Zn, Se) and vitamins (B2, niacin, vit. E) compared with the 10-18-yr-olds. A good 40 

244



5

correlation was found (data not shown) between energy intake (MJ/kg body weight) and 1 

estimated energy (MET MJ/kg body weight) (r=0.739; p<0.001). The mean (SD) DAS was 12.1 2 

(1.9) for the younger children (6-9-yrs) and 9.4 (3.2) for the older group (10-18-yrs), a significant 3 

(p<0.001) difference. 4 

Univariate analyses with socio-demographic and lifestyle variables (Table 3) showed an 5 

association between higher DAS and higher age, weight-for-height status, and physical activity. 6 

These factors were therefore entered as possible confounders in the multivariate analysis, 7 

which showed an increase in the DAS with higher age and physical activity. The logistic 8 

regression analysis also showed an inverse relationship between weight-for-height status and 9 

DAS. 10 

11 

Discussion 12 

The sex and age distribution of the sample did not significantly differ from the current sex and 13 

age distribution in Southern Spain33. Under-reporters were excluded from the analysis of dietary 14 

patterns and nutrient intake in order to avoid the respondent bias usually present in recall 15 

dietary methods. 16 

The habits of this population at the table show interesting trends. The younger children spent 17 

more time eating and reported more distraction during meals, as previously observed34. Most 18 

participants talked at the table, which has been described as a positive factor, implying family 19 

participation and favouring diet quality and the habit of taking breakfast35,36. The daily energy 20 

intake met recommendations in the 6-9 yr-olds but not in the 10-18-yr-olds37,38. 21 

The consumption of total fat by these young people can be considered high (40.9% of total 22 

energy intake in 6-9-year-olds and 41.8% in 10-18-year-olds), with a low consumption of 23 

carbohydrates (44.2% of total energy intake in 6-9-year-olds and 43.4% in 10-18-year-olds). 24 

Protein consumption was higher than recommendations (14.8% of total energy intake in 6-9-25 

year-olds and 14.9% in 10-18-year-olds). Both age groups also showed higher contribution of 26 

SFA to the overall energy intake than is recommended (SFA 7-8%), while the contribution of 27 

PUFA to energy intake was lower than recommendations.,39-
28 

The younger group had a lower iodine intake than recommended, and the older group had a 29 

lower intake of iron, calcium, magnesium, zinc, iodine, vitamin B2, and vitamin E than 30 

recommendations40-42. These deficiencies represent a risk factor for metabolic diseases in 31 

adulthood45 and may reflect a shift from the traditional Mediterranean diet, which provides an 32 

adequate supply of these micronutrients.43
33 

Disruptions in the balance between nutrient requirements and intake during adolescence have 34 

an effect on subsequent health. Early adoption of healthy eating habits may contribute to a 35 

lower incidence of disease in adulthood and improved quality of life in later life. Adolescence is 36 

a transitional stage and many changes take place at physiologic and behavioural levels. Socio-37 

cultural factors, i.e., parental occupational status, maternal level of education, cultural and/or 38 

religious habits, the role of family, patterns of beauty, etc., are factors that have a strong 39 

influence on eating habits and nutrient intake in this age group44,45. The best DAS values were 40 

245



6

observed in active young people of normal weight, as previously reported in Spanish regions45. 1 

A good correlation was found between the energy intake (MJ/kg body weight) and estimated 2 

energy (MET MJ/kg body weight), validating this estimation method. 3 

In conclusion, the food intake of the younger children in this study was closer to RDIs compared 4 

with the adolescents, who generally reported a lower energy supply in their diet than 5 

recommended. The adolescents obtained a significantly lower score for the DAS index 6 

developed in this study in comparison with the younger group.7 
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1. Table 1. Characteristics of the sample (n=277). 1 

6-9 years old 10-17 years 
old �

2
P 

Sex
Men 55.6% 58.5% 0.136 0.713 Women 44.4% 41.5% 

Physical Activity
Active 60.0% 65.6% 0.513 0.474 Sedentary 40.0% 34.4% 

Obesity level
Underweight  4.8% 3.8% 

0.122 0 .941 Normal weight  71.4% 73.6% 
Overweight 23.8% 22.6% 

Education level of father
Low 13.5% 21.5% 

1.248 0 .536 Medium 48.6% 44.0% 
High 37.8% 34.4% 

Educational level of mother
Low 10.5% 21.6% 

6.129 0 .013 Medium 34.2% 44.2% 
High 55.3% 34.1% 

Location of lunch
Home 54.1% 83.9% 

16.665 0.001  School 40.5% 14.7% 
Other 5.4% 1.4% 

Time spent on breakfast (min)
<10 26.5% 68.5% 

27.152 0.001 10-20 64.7% 25.9% 
>20 8.8% 1.9% 

Time spent on lunch (min)
<15 0.0% 7.9% 

5.522 0 .019 15-30 54.1% 61.6% 
30-60 45.9% 29.2% 
>60 0.0% 0.5% 

Time spent on dinner (min)
<15 0.0% 15.9% 

6.578 0 .010 15-30 69.4% 64.0% 
>30 30.6% 19.6% 

Activity during lunch
No distractions  13.2% 9.1% 

3.319    0 .068 Distractions  42.1% 28.8% 
Talking 44.7% 62.1% 

Breakfast is considered important
Yes  5.4% 3.2% 

1.455 0.228 No  94.6% 93.5% 
Don’t know 0.0% 3.2% 

2 
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Table 2. Daily intakes of energy and nutrients (mean±SD) in young people of Southern Spain 1 

(n=277). 2 

 6-9 years old 10-17 years old T         *P

Energy Intake     
MJ/day 8.2 (2.0)   8.2 (2.9) 0.138 0.891
%RDI 103.2 (25.3) 79.3 (28.4) 4.687 0.001
MJ/kg b.wt. 0.5 (0.3) 0.2 (0.1) 9.280 0.001

    
Estimated Energy Expenditure     

MET (MJ/day)   9.2 (0.9) 9.2 (1.4) -0.199 0.843
MET (MJ/kg b.wt.) 0.5 (0.3) 0.3 (0.2) 10.976 0.001

    
Nutrients     

Carbohydrates (%E) 44.2 (7.7) 43.4 (9.5) 0.480 0.631
Lipids (%E) 40.9 (8.6) 41.8 (8.7) -0.536 0.593
SFA (%E) 13.3 (3.4) 13.6 (4.3) -0.380 0.704
MUFA (%E) 15.7 (4.9) 15.9 (5.7) -0.189 0.850
PUFA (%E) 4.5 (1.8) 4.9 (2.1) -1.120 0.264
Proteins (%E) 14.8 (4.6) 14.9 (3.7) -0.145 0.885
Proteins (%RDI)  249.2 (79.9) 184.2 (74.1) 4.741 0.001
Fe (%RDI) 110.7 (41.1) 84.4 (34.4) 4.049 0.001
Ca (%RDI) 121.8 (45.6) 75.9 (35.1) 6.830 0.001
Mg (%RDI) 108.5 (38.7) 65.3 (26.8) 8.191 0.001
Zn (%RDI) 118.5 (49.4) 84.2 (43.5) 4.223 0.001
Se (%RDI) 201.7 (120.8) 155.3 (89.1) 2.690 0.008
I (%RDI) 93.5 (44.3) 48.0 (27.6) 8.134 0.001
Vit B1(%RDI) 210.2 (92.5) 184.2 (127.4) 1.157 0.248
Vit B2(%RDI) 139.4 (56.5) 96.1 (41.2) 5.423 0.001
Niacin (%RDI) 142.5 (76.0) 105.4 (61.1) 3.197 0.002
Vit A (%RDI) 227.4 (171.9) 199.9 (173.5) 0.867 0.387
Vit C (%RDI) 180.6 (143.3) 159.8 (131.6) 0.855 0.394
Vit E (%RDI) 101.7 (59.0) 75.8 (56.1) 2.506 0.013

Dietary Adequacy Score 
(DAS)** 12.11 (1.89) 9.39 (3.21) 4.870 0.001

%E: percentage of energy; b.wt.: body weight; %RDI: percentage of  Recommended Dietary 3 

Intake. 4 

*Significant differences between 6-9 year-old and 10-17-year-old subjects by ANOVA. 5 

**A dietary adequacy score (DAS) was computed considering the risk of inadequate intake of 6 

the nutrients considered. A value of 0 or 1 was assigned to each of the 14 nutrients. Individuals 7 

whose consumption was <2/3 of the RDI for each nutrient were assigned a value of 0, and 8 

those whose consumption was �2/3 of RDI were assigned a value of 1. Hence, the total DAS 9 

ranged from 0 (very poor quality) to 14 (high quality) 10 

11 

252



13

Table 3. Socio-demographic and lifestyle characteristics of individuals with low and high diet 1 

adequacy scores (n=277) 2 

Low DAS1 High DAS2 Crude OR3

(95% CI) 
Adjusted OR4

(95% CI) 
Sex     

Male 55.4% 54.5% 1.04 (0.53-2.03) 1.08 (0.47-2.49) 
Female 44.3% 45.4% 1.00 (ref.) 1.00 (ref.) 

Age group 
    

< 10 years 4.3% 38.2% 0.06 (0.01-0.24)*** 0.06 (0.01-0.30)** 
10-12 years 21.7% 23.6% 0.45 (0.13-1.53) 0.43 (0.11-1.62) 
13-15 years 55.4% 29.1% 0.94 (0.30-2.94) 0.93 (0.27-3.28) 
16-18 years 18.5% 9.1% 1.00 (ref.) 1.00 (ref.) 

Father’s educational 
level 

    

Low 18.6% 14.8% 1.18 (0.43-3.24) 0.85 (0.15-4.88) 
Medium 41.9% 48.1% 0.81 (0.39-1.72) 0.81 (0.47-4.19) 
High 39.5% 37.0% 1.00 (ref.) 1.00 (ref.) 

Mother’s educational 
level 

    

Low 17.9% 14.8% 1.62 (0.59-4.44) 0.90 (0.16-4.97) 
Medium 47.6% 38.9% 1.64 (0.77-3.48) 0.44 (0.14-1.32) 
High 34.5% 46.3% 1.00 (ref.) 1.00 (ref.) 

Weight-for-height status 
    

Underweight 5.6% 4.0% 0.52 (0.08-3.49) 0.23 (0.02-2.32) 
Normal weight 67.8% 86.0% 0.30 (0.11-0.84)* 0.19 (0.06-0.61)** 
Overweight and obesity 26.7% 10.0% 1.00 (ref.) 1.00 (ref.) 

Physical activity 
    

Sedentary 69.6% 83.6% 0.45 (0.19-1.04) 0.31 (0.11-0.88)* 
Active 30.4% 16.4% 1.00 (ref.) 1.00 (ref.) 

1Individuals with Low Dietary Adequacy Score (DAS�9 points). 2Individuals with High Dietary 3 

Adequacy Score (DAS�13 points). 3Univariate analysis (logistic regression analysis considering 4 

the effect of only one explanatory variable). 4Multivariate analysis (multiple logistic regression 5 

analysis considering the simultaneous effect of all explanatory variables). *P<0.05;**P<0.01; 6 

***P<0.001. 7 
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