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ABSTRACT 

This Doctoral Thesis is devoted to the study of the nutritional intake in Spanish older adults with 

overweight/obesity  and  metabolic  syndrome,  both  nutrition‐related  non‐communicable 

diseases that have increased in the last few decades and that are the main causes of mortality 

and disability in older adults in Spain. Although some studies have analysed the dietary intake 

of the Spanish population, the study of the influence of socioeconomic, demographic and other 

variables related to dietary intake over the dietary quality have not been extensively studied in 

our country before. 

Using the data obtained at the PREDIMED‐Plus study, a large primary cardiovascular prevention 

trial  conducted  in  Spanish  healthy  participants  with  overweight/obesity  and  Metabolic 

Syndrome, we aimed:  

1.  To  assess  the  adequacy  of  basal  dietary  intake  according  to  the  European  and 

International  dietary  reference  intakes,  as  well  as  to  investigate  the  influence  of 

socioeconomic and lifestyle factors on nutrient inadequate intake and nutrient density.  

2. To describe the food intake and nutrient profiles according to the geographical area of 

residence, and to analyse the influence of this variable over inadequate nutrient intake. 

3.  To  estimate  the  relationship  between  dietary  diversity  and  nutrient  adequacy  and 

identify which  socioeconomic, demographic or  lifestyles  variables  are  associated with 

dietary diversity.   

4. To assess the effect of  improving Mediterranean Diet adherence on nutrient density 

after one year of follow‐up at the PREDIMED‐Plus trial. 

To obtain the proper results, we used different statistical strategies (i.e. logistic regression, linear 

regression, etc.). After that, several facts can be concluded. Despite, the patients analysed are 

subjects with Metabolic Syndrome and overweight/obese, they exhibited suboptimal nutrient 

intake, particularly  for dietary  fiber, vitamins A, D, E and B9, calcium and magnesium. Lower 

nutrient density and higher inadequate nutrient intake was related to sex (higher for men), poor 

lifestyles (lower physical activity and Mediterranean Diet adherence and smoking status). The 

dietary pattern of Spain slightly differ among geographical areas (inhabitants in the North area 

consumed  lower amounts of vegetables and  fish but more sugar and alcohol). Furthermore, 

even within the same country, geographical area was significantly associated with inadequate 

nutrient intake, the higher rates of inadequate nutrient intake was observed for people in the 

North area.  On the other hand, lower levels of dietary diversity are related to men, smokers, 

lower  levels of Mediterranean Diet adherence and not being married, being the  influence of 

dietary diversity notorious over the inadequateness, since as dietary diversity increased, risk of 

inadequate nutrients intake decreased.  

Finally, we have also noted  that when Mediterranean Diet adherence  increases  the nutrient 

density also does. Thus, the PREDIMED‐Plus dietary intervention is a feasible strategy to improve 

nutrient density in Spanish population at high risk of cardiovascular disease with overweight or 

obesity.  
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The  knowledge  generated  by  this  Thesis  may  contribute  to  the  application  of  different 

nutritional  interventions aimed  to reduce  the nutritional deficiencies  in vulnerable groups of 

population as older adults in order to prevent or mitigate the progression of non‐communicable 

diseases. The nutritional approach could contribute to decrease the costs in health care derived 

from these diseases.    

 

RESUMEN 

El desarrollo de esta Tesis Doctoral se centra en el estudio de la ingesta nutricional en adultos 

españoles  mayores  con  sobrepeso/obesidad  y  Síndrome  Metabólico.  Tanto  el 

sobrepeso/obesidad  como  el  Síndrome  Metabólico  se  consideran  enfermedades  no 

transmisibles relacionadas directamente con la nutrición, cuya prevalencia se han incrementado  

en las últimas décadas constituyendo una de las principales causas de discapacidad y mortalidad 

de adultos mayores en España.  

Aunque algunos estudios han analizado la ingesta dietética de la población española, el análisis 

de la influencia que los factores socioeconómicos, demográficos y otras variables relacionadas 

con la ingesta dietética ejerce sobre la calidad dietética no ha sido estudiado de forma detallada 

en nuestro país anteriormente.  

A través de los datos obtenidos en el estudio PREDIMED‐Plus, un ensayo clínico de prevención 

primaria  de  enfermedad  cardiovascular  realizado  en  España  en  adultos mayores  sanos  con 

sobrepeso/obesidad y Síndrome Metabólico, pretendemos:  

1. Evaluar  la  adecuación  basal  de  la  ingesta  dietética  según  las  ingestas  dietéticas  de 

referencia  Europeas  e  Internacionales,  así  como  investigar  la  influencia que  el nivel 

socioeconómico y los estilos de vida ejercen sobre la ingesta inadecuada de nutrientes 

y la densidad nutricional.  

 

2. Describir la ingesta alimentaria y los perfiles nutricionales según el área geográfica de 

residencia,  y  analizar  la  influencia  de  esta  variable  sobre  la  ingesta  inadecuada  de 

nutrientes.  

 

3. Analizar  la  asociación  entre  la  diversidad  dietética  y  la  adecuación  de  nutrientes  e 

identificar qué variables socioeconómicas, demográficas y de estilo de vida se relacionan 

con la diversidad dietética. 

 

4. Evaluar el efecto que supone la mejora de la adherencia a la Dieta Mediterránea en la 

densidad  nutricional  de  la  dieta  después  un  año  de  intervención  en  el  estudio 

PREDIMED‐Plus.  

 

Para poder obtener  los resultados adecuados, se utilizaron distintos análisis estadísticos  (por 

ejemplo:  regresión  logística,  regresión  lineal,  etc.),  encontrándose  que  a  pesar  de  que  los 

individuos  analizados  son  sujetos  con  Síndrome  Metabólico  y  sobrepeso/obesidad,  éstos 

exhibieron una ingesta de nutrientes por debajo de las recomendaciones, particularmente para 

la fibra dietética, vitaminas A, D, E, B9, calcio y magnesio. Una menor densidad nutricional y una 
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mayor ingesta inadecuada de nutrientes se asociaron con el sexo (hombres), estilos de vida poco 

saludables (menor nivel de actividad física y adherencia a Dieta Mediterránea y ser fumador). 

Además,  el  patrón  dietético  en  España  difiere  ligeramente  entre  áreas  geográficas  (los 

habitantes de la zona Norte, consumen menos pescado y verduras, pero más cantidad de azúcar 

y alcohol).  Incluso dentro del mismo país, el área geográfica se asoció significativamente con 

una  ingesta  inadecuada de nutrientes, observándose  también  las  tasas más altas de  ingesta 

inadecuada  en  las  personas  del  área Norte.  Por  otro  lado,  la  diversidad  dietética  se  asoció 

directamente con la ingesta inadecuada de nutrientes, así pues, cuando la diversidad dietética 

aumentaba, el riesgo de inadecuación nutricional disminuía; estando los niveles más bajos de 

diversidad dietética asociados con los hombres, los fumadores, aquellos sujetos con niveles más 

bajos de adherencia a la Dieta Mediterránea y aquellos individuos que no estaban casados.  

Finalmente,  la  adherencia  a  la  Dieta Mediterránea  ejerce  una  impronta  significativa  en  la 

densidad nutricional; así cuando la adherencia a este patrón dietético aumenta, la densidad de 

nutrientes también  lo hace. Siendo por tanto  la  intervención dietética realizada en el estudio 

PREDIMED‐Plus, una estrategia  factible para mejorar  la densidad de nutrientes en población 

adulta mayor española con alto riesgo de enfermedad cardiovascular y sobrepeso/obesidad.  

El conocimiento generado por esta Tesis Doctoral puede contribuir a la aplicación de diferentes 

intervenciones  nutricionales  destinadas  a  reducir  las  deficiencias  nutricionales  en  grupos 

vulnerables de la población, como lo son los adultos mayores, con objeto de prevenir o mitigar 

la progresión de enfermedades no transmisibles; ayudando a disminuir los costos asistenciales 

producidos por el auge de estas enfermedades.  
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1. INTRODUCCIÓN 

 

1.1. Conceptos Generales 
 

Esta Tesis Doctoral está enmarcada dentro del ensayo clínico multicéntrico PREDIMED‐Plus. El 

presente trabajo tiene como objetivo principal estudiar la influencia que ejercen determinados 

factores  demográficos  y  socioeconómicos  sobre  la  ingesta  alimentaria mediante  el  análisis 

epidemiológico de la dieta de pacientes adultos mayores con Síndrome Metabólico en España. 

Para comenzar pues, es necesario  introducir y definir algunos conceptos  relacionados con el 

tema de estudio que irán apareciendo a lo largo del manuscrito.  

En primer lugar comenzaremos con las características que definen la inclusión de la población 

en el estudio y que vienen  recogidas en el protocolo del ensayo clínico PREDIMED‐Plus.  Los 

participantes a incluir en el estudio debían ser sujetos adultos mayores (55‐75 años hombres, 

60‐75 años mujeres) con sobrepeso u obesidad y Síndrome Metabólico.  

Pese a que quizá pueda parecer obvio, es conveniente definir la condición de sobrepeso y/o de 

obesidad. Según  la Organización Mundial de  la Salud (OMS), el sobrepeso/obesidad se define 

como una acumulación anormal o excesiva de grasa que puede ser perjudicial para la salud. El 

índice de masa corporal es una herramienta sencilla y representa la forma más usual de medir 

esta condición en la población. Sin embargo, es importante señalar que los puntos de corte de 

índice de masa corporal para clasificar a los sujetos, son distintos en función de la población que 

se analice  (Gillum & Sempos, 2005). De  forma estándar se considera que un sujeto presenta 

sobrepeso  cuando  su  índice  de masa  corporal  es  ≥25  kg/m2, mientras  que  la  obesidad  se 

presenta cuando el individuo muestra un índice de masa corporal ≥30 kg/m2 (De Onis & Habicht, 

1996). En cualquier caso, en nuestro estudio se  incluirán participantes con un  índice de masa 

corporal comprendido entre 27‐40 kg/m2, ya que por un lado valores inferiores a 27 kg/m2 en 

adultos mayores  europeos  raramente  se  han  asociado  a  comorbilidades  y  puede  llegar  a 

confundirse en aquellos sujetos que presentan una complexión antropométrica atlética (Eveleth 

et al., 1998); y por otro lado porque un índice de masa corporal superior a 40 kg/m2 categoriza 

al sujeto como obeso tipo mórbido, representando el valor mínimo para estrategias de pérdida 

de  peso  no  restringidas  exclusivamente  al  ámbito  de  la  intervención  nutricional  (cirugía 

bariátrica) (Sauerland et al., 2005). 

En cuanto al  término, Síndrome Metabólico,  la evidencia actual disponible  tiende a definirlo 

como:  “Un  grupo  de  afecciones  que  aumentan  el  riesgo  de  padecer  una  enfermedad 

cardiovascular” (Alberti, Zimmet, & Shaw, 2005). Se denomina por tanto Síndrome Metabólico  

al  conjunto  de  alteraciones metabólicas  definido  por  al menos  la  presencia  de  tres  de  los 

siguientes indicadores: obesidad de distribución central, disminución de las concentraciones de 

lipoproteínas de alta densidad (cHDL) unido al incremento de las lipoproteínas de alta densidad 

(cLDL),  elevación  de  las  concentraciones  de  triglicéridos,  aumento  de  la  presión  arterial  e 

hiperglucemia  (Alberti  et  al.,  2009).  Sin  embargo,  la  American  Association  of  Clinical 

Endrocrinologists excluyó la obesidad como componente del Síndrome Metabólico debido a que 
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la  consideró  como  un  factor  contribuyente  de  la  resistencia  insulínica,  más  que  una 

consecuencia derivada de ésta (Grundy et al., 2005).  

A pesar de ello, y  teniendo en cuenta  la evidencia actual que refrenda  la obesidad como un 

factor de riesgo  importante para  la diabetes  tipo 2  (Blüher, 2019), este componente ha sido 

incluido en  la acepción de Síndrome Metabólico como criterio  inclusivo para  la población del 

Estudio PREDIMED‐Plus.  

Centrándonos  ya  en  el  ámbito  nutricional,  es  ineludible  definir  el  concepto  de  patrón 

alimentario. Éste no es más que el conjunto de alimentos que un individuo, grupo o población 

consume  de manera  ordinaria  y  frecuente.  El  patrón  alimentario  se  halla  influenciado  por 

elementos de tipo socioeconómico y espacial, haciéndolo heterogéneo (Andreeva et al., 2016). 

Así pues, fenómenos como la globalización y el desarrollo económico han contribuido de manera 

importante en la modificación del patrón alimentario tradicional de la población (Oberlander, 

Disdier, &  Etilé,  2017).  Entendiendo  estas  generalidades,  es  factible  definir  el  concepto  de 

Patrón Dietético Mediterráneo. La Dieta Mediterránea fue descrita en profundidad en la década 

de 1960 por el estudioso Ancel Keys en su estudio de  los 7 países  (Keys et al., 1966). Como 

características  fundamentales,  podemos  definir  la  Dieta  Mediterránea  como  un  patrón 

alimentario caracterizado por la frugalidad o moderación del consumo alimentario amén de una 

ingesta elevada de vegetales,  frutas,  legumbres,  frutos  secos,  cereales  integrales, pescado y 

aceite  de  oliva  en  detrimento  del  consumo  de  ácidos  grasos  saturados,  cereales  refinados, 

carnes rojas y productos procesados (Trichopoulou et al., 2014). El interés especial que despierta 

este patrón dietético se desprende de su relación positiva en la prevención de enfermedades 

crónicas tales como el cáncer, enfermedades neurodegenerativas y enfermedad cardiovascular. 

Efecto  que  se  atribuye  principalmente  al  valor  nutricional  de  este  patrón  alimentario, 

contribuyendo  al  aporte  adecuado  de  energía  y  nutrientes  para  la  población  (Naska  & 

Trichopoulou, 2014).  

De  lo expuesto anteriormente,  se desprende  la  idea de que en  salud pública es mucho más 

importante el estudio los patrones dietéticos que de los alimentos en sí. Y es que, la alimentación 

en su conjunto, es la encargada de prevenir la enfermedad, aportando los nutrientes necesarios 

en  las  dosis  adecuadas  (Schulze,  Hoffmann,  Kroke, &  Boeing,  2003).  En  este momento,  es 

necesario  describir  qué  se  entiende  por  ingestas  recomendadas.  Las  ingestas  diarias 

recomendadas  de  energía  y  nutrientes  fueron  concebidas  originalmente  para  prevenir  las 

deficiencias nutricionales existentes durante la segunda mitad del siglo XX, época caracterizada 

por  la  desnutrición  crónica  global.  Sin  embargo  el  enfoque  actual  tiene  una  visión  distinta, 

subrayando principalmente el uso de las ingestas recomendadas como forma de prevención de 

las enfermedades crónicas más prevalentes en  sociedades desarrolladas, en  las que  la dieta 

juega un papel fundamental (Murphy & Poos, 2002).  

De  esta  forma  surge  el  concepto  de  “Ingestas Dietéticas  de  Referencia”  (Dietary  Reference 

Intakes, DRIs) propuestas por el Institute of Medicine (IOM) para población americana pero que 

son  ampliamente  utilizadas  a  nivel  internacional,  y  que  incluyen  un  rango  de  valores  de 

referencia que se emplean para planificar y evaluar la ingesta de nutrientes en personas sanas 

(Health, 2018). Estos  valores  son evaluados periódicamente por un  comité de expertos que 

revisan  la  evidencia  disponible  sobre  los  valores  tanto  de  micronutrientes  como  de 

macronutrientes,  incluyendo  no  sólo  la  tradicional  perspectiva  de  déficit,  sino  también  de 
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ingesta excesiva de macronutrientes como eje fundamental en el desarrollo de enfermedades 

crónicas (Willet, 2013).   

De  forma esquemática  los valores que propone  la Food and Nutrition Board del  Institute of 

Medicine son los siguientes:  

‐Recommended daily average (RDA): Nivel promedio de ingesta diaria de un nutriente 

suficiente para cumplir con los requisitos nutricionales poblacionales establecidos.   

‐Adequate intake (AI): Valor de ingesta diaria de un nutriente que se establece cuando 

la evidencia es insuficiente para desarrollar el RDA, estableciéndose un nivel mínimo que 

garantice la adecuación nutricional. 

‐Upper Limit  (UL): La cantidad máxima de un nutriente que puede ser consumido de 

forma  segura durante un  largo periodo de  tiempo  sin  causar efectos adversos en  la 

salud.  

En Europa, estos valores dietéticos de  referencia han  sido postulados por  la European Food 

Safety Agency (EFSA) variando ligeramente con los propuestos por la IOM. De forma notoria, la 

principal discrepancia entre ambos y que afecta al análisis de nuestros resultados, es que  las 

recomendaciones  americanas  realizan  una  distinción  entre  los  adultos  mayores 

(categorizándolos  en  dos  grupos:  de  51‐70  años  y mayores  de  70  años) mientras  que  las 

recomendaciones Europeas establecen como un todo a aquellos sujetos mayores de 18 años. 

Independientemente  de  la  fuente  de  consulta,  las  ingestas  recomendadas  contemplan  la 

variabilidad  individual y han sido estimadas de forma específica para grupos homogéneos de 

edad, sexo y situación fisiológica del individuo. 

Como se verá más adelante, esta Tesis Doctoral se centrará en analizar factores estrechamente 

ligados al déficit nutricional en adultos mayores con Síndrome Metabólico en España. Uno de 

los  factores  asociados  a  la  adecuación  nutricional  es  la  diversidad  dietética.  La  diversidad 

dietética  puede resumirse en una mítica frase del ilustre Grande Covián a mediados del siglo 

pasado “Coma de todo, pero poco”. Actualmente, entidades de renombre tales como la Sociedad 

Española de Nutrición Comunitaria  (Aranceta Bartrina  et  al., 2016)  siguen  transmitiendo de 

forma inequívoca el mismo mensaje: “Siga una dieta variada, moderada y equilibrada”. Sin duda 

alguna, estos mensajes nutricionales han calado de forma notoria y trascendente en la población 

aunque no siempre se utilizan en el sentido adecuado, sino que con frecuencia constituyen la 

excusa perfecta para incluir en la dieta alimentos no saludables.   

El precepto en el que se basa  la variedad dietética o diversidad dietética como un  indicador 

indirecto de la calidad dietética, viene apoyado por el número de diferentes grupos de alimentos 

consumidos durante un periodo de tiempo determinado, haciendo esta variedad aumentar la 

probabilidad de cubrir los requerimientos nutricionales individuales (Murphy et al., 2006). Sin 

embargo,  hasta  el  momento  existe  controversia  sobre  si  una  alta  diversidad  dietética  se 

relaciona  con  la mejora  de  ciertas  enfermedades  crónicas    o  por  el  contrario  supone  un 

empeoramiento y agravamiento de la patología de base (Karimbeiki et al., 2018; Tian, Xu, Zhang, 

& Wang, 2017). No obstante, estos resultados están condicionados a un factor intrínsecamente 

ligado a la diversidad dietética, la ingesta calórica total consumida.  
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Es preciso incidir, que el término diversidad dietética empleado en esta Tesis doctoral albergará 

sólo  los  grupos  alimentarios  incluidos  en  las  guías  dietéticas  de  referencia  para  población 

española  (Aranceta  Bartrina  et  al.,  2016)  obviando  los  alimentos  cuyo  consumo  no  está 

recomendado; y que además el indicador de diversidad dietética empleado estará ajustada por 

la ingesta energética individual consumida por el sujeto.  

Al igual que la diversidad dietética es un indicador de calidad dietética, la densidad nutricional 

es  otro  proxy  dietético  que  permite  la  valoración  cuantitativa  alimentaria.  La  densidad 

nutricional puede definirse como el ratio de nutrientes presentes en una dieta en relación al 

contenido calórico de la misma (Nicklas, Drewnowski, & O'Neil, 2013). Así pues, dietas con una 

elevada densidad nutricional y escasa densidad energética han  resultado  ser efectivas en  la 

prevención  y  tratamiento  de  las  enfermedades  crónicas,  principalmente  para  la  obesidad 

(Drewnowski, 2018).  

Habiendo aclarado de forma escueta los principales conceptos que ocuparán el estudio de esta 

Tesis Doctoral, comenzamos con el análisis y estudio en profundidad de los mismos.  

 

1.2. Importancia sanitaria de las enfermedades no transmisibles relacionadas con la 

nutrición 
 

En las últimas décadas, la prevalencia de las enfermedades no transmisibles relacionadas con la 

nutrición  como  la  obesidad,  la  diabetes  mellitus  tipo  2,  el  cáncer  y  las  enfermedades 

cardiovasculares han aumentado a nivel global. Según el último  informe sobre enfermedades 

no transmisibles emitido el 1 de Julio de 2018 por la OMS (Nishtar et al., 2018), se estima que 

más 41 millones de personas murieron durante la pasada anualidad como consecuencia de las 

enfermedades  no  transmisibles  en  todo  el mundo,  lo  que  equivale  al  71%  del  total  de  la 

mortalidad registrada.  

Las enfermedades no transmisibles afectan a grandes sectores de la población y son la principal 

causa de mortalidad prematura y discapacidad, lo que origina sociedades menos productivas a 

la par que se incrementan los costes asistenciales sanitarios, suponiendo una importante carga 

económica para el país que lo sustenta (Muka et al., 2015; Murray & Lopez, 2013).  

Aunque como  se ha comentado anteriormente,  las enfermedades no  transmisibles han  sido 

responsables de una proporción  sustancial de muertes en personas de  todas  las edades; es 

especialmente llamativa la carga de éstas en sectores de la población de edades más avanzadas. 

Este  fenómeno puede  apreciarse  claramente  en un estudio publicado  recientemente por  la 

revista The Lancet (Vos et al., 2016) (Figura 1) en el que se muestra la carga global de mortalidad 

por distintas causas de enfermedad estratificada por edad de la población.  

 

 

 

12



 

 

Figura 1. Número de muertes en 2016 por enfermedades no transmisibles, lesiones y enfermedades transmisibles, 

maternas, perinatales y nutricionales.  

 

Fuente: (Vos et al., 2016) 

 

Por otro lado, es importante destacar que las enfermedades no transmisibles están sufriendo 

una  transición  epidémica  y  una  tendencia  creciente  a  nivel mundial,  convirtiéndose  en  un 

auténtico  problema  de  salud  pública.  Tradicionalmente,  éstas  estaban  principalmente 

restringidas a sociedades más desarrolladas y económicamente avanzadas. Sin embargo, con el 

cambio de siglo y  la transformación económica y social que han experimentado  los países en 

desarrollo, las cifras de afectos por estas patologías se han equiparado a las de poblaciones con 

mayores  recursos  (Beaglehole & Yach, 2003; Hu, 2011; Vos et al., 2016). Este advenimiento 

puede apreciarse de  forma patente en  la siguiente gráfica en  la que se evalúan globalmente 

distintos grupos de riesgo sobre la carga mundial de la enfermedad y su evolución a lo largo del 

tiempo por países (Figura 2) (Forouzanfar et al., 2015). De esto puede obtenerse una conclusión 

manifiesta: “Los países en desarrollo deben hacer frente a una doble carga de enfermedad” (Hu, 

2011); por un  lado  las enfermedades transmisibles circunscritas a un entorno sociodeprimido 

que se caracteriza por sistemas sanitarios pobres, y por otro  lado a  la creciente  incidencia de 

enfermedades no transmisibles,  ligadas al desarrollo de dichas sociedades.  
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Figura 2. Proporción global de años perdidos por discapacidad por todas las causas atribuibles a factores de riesgo 

conductuales, ambientales, ocupacionales y metabólicos y sus superposiciones por países para ambos sexos en 2015  

 

 

 

 

 

 

 

 

 

 

Fuente: (Forouzanfar et al., 2015). 

 

El hecho de que las cifras de mortalidad o años de vida perdidos por discapacidad sean similares 

o  incluso  superiores  en  los países de bajos  ingresos no  es un dato que pueda  ser obviado. 

Debemos  recordar  que  entre  los  principales  factores  de  riesgo  para  el  desarrollo  de  una 

enfermedad  no  transmisible    se  encuentran  aquellos  determinantes  de  salud modificables 

propuestos por Marc Lalonde (Lalonde, 1974). Entre ellos, el estilo de vida y más concretamente 

la  alimentación  y  la  actividad  física,  destacan  sobre  los  demás  ejerciendo  una  impronta 

fundamental en la prevención y control de dichas enfermedades (Beaglehole et al., 2008). 

Se estima que en 2015, el principal factor de riesgo para el desarrollo de una enfermedad no 

transmisible en ambos sexos fue una alimentación no saludable. Este factor de riesgo representó 

el 12.2% (I.C. 95%, 10.8‐13.6) del total de años perdidos de vida para hombres y el 9.0% (I.C. 

95%, 7.8‐10.3) para mujeres a nivel mundial (Figura 3) (Forouzanfar et al., 2015). Teniendo en 

cuenta  estos  datos,  la  modificación  de  este  factor  de  riesgo  supondría  principalmente  la 

prevención  de  tres  grandes  grupos  de  enfermedades  no  transmisibles:  cáncer,  diabetes  y 

enfermedad cardiovascular (Kimokoti & Millen, 2016; Passi, 2017).  
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Figura 3. Años de Vida Perdidos por Discapacidad globales atribuibles a  los factores de riesgo de modificables (A) 

hombres y (B) mujeres en 2015 

 

Fuente: (Forouzanfar et al., 2015) 

Este cambio epidemiológico en salud está particularmente  ligado a  la adquisición de hábitos 

alimentarios propios de las sociedades occidentalizadas. La modernización de las sociedades y 

el  auge  del  desarrollo  económico  parecen  ir  ligados  a  un  patrón  dietético  no  saludable, 

caracterizado por el consumo de azúcares, grasas saturadas y alimentos refinados y procesados 

(Malik, Willett, & Hu, 2013). Sin embargo este fenómeno no sólo se circunscribe a sociedades 

en desarrollo, sino que ésta transición alimentaria también ha afectado a  la población adulta 

mayor europea (Kehoe, Walton, & Flynn, 2019), y en concreto a la población española, que será 

tratada con más detalle a continuación.  

Paradójicamente y a pesar de los esfuerzos comunitarios que estriban en el impulso de líneas 

estratégicas enfocadas en  la promoción de estilos de vida saludables, se espera que  la carga 

mundial de las enfermedades no transmisibles aumente aún más durante las próximas décadas 

(Lozano et al., 2018). Este fenómeno será el resultado del aumento de la población mundial y 

los cambios demográficos, derivados fundamentalmente del  envejecimiento poblacional, de la 

urbanización, y de  la escasa regulación comunitaria en materia de seguridad alimentaria. Así 

pues,  las últimas tendencias globales, proyectan que  la población de más de 60 años será el 

colectivo poblacional más afectado por las enfermedades no transmisibles, duplicándose estas 

15



 

 

cifras para el año 2030 si los patrones conductuales de estilos de vida actuales no son revertidos 

(Fullman et al., 2017). 

 

1.3. Importancia sanitaria de las enfermedades no transmisibles  relacionadas con 

la nutrición: la situación en España 
 

En los últimos años está teniendo lugar en nuestro país un incremento sin precedentes a lo que 

se  refiere a enfermedades no  transmisibles. Según  los datos de  la OMS en el año 2018,  las 

enfermedades  no  transmisibles  ocasionaron  el  91%  de  todas  las  muertes,  siendo  el  28% 

atribuible a las enfermedades cardiovasculares, seguido del cáncer (26%) y otras enfermedades 

no  transmisibles  (24%)  (WHO,  2018b).  Sin  embargo,  si  tenemos  en  cuenta  las  tendencias 

pasadas  y  las  proyecciones  futuras  inmediatas  sobre  la  probabilidad  de muerte  prematura 

debido a las enfermedades no transmisibles (figura 4), se puede apreciar que en ambos sexos 

se experimentará una ligera disminución para el año 2025. A pesar de ello, este dato positivo no 

es suficiente teniendo en cuenta  la carga asistencial económica y la pérdida de productividad 

que generan estas enfermedades (Bloom, Cafiero, & Jané‐Llopis, 2011).  

 

Figura 4. Riesgo de mortalidad prematura (%) debido a enfermedades no transmisibles en España 

Fuente: (WHO, 2018b) 

 

Quizá la tendencia descrita pueda explicarse por las peculiaridades sanitarias tan notorias que 

presenta  España  en  comparación  con  otros  países  de  la Unión  Europea  con  características 

económicas  similares.  Principalmente,  puede  destacarse  la  cobertura  universal  gratuita  del 

Sistema Nacional de Salud que facilita la prevención secundaria y terciaria de la enfermedad, y 

la  implementación  de  algunas  acciones  preventivas  a  nivel  primario  (Toth,  2010).  Estas 

diferencias  podrían  ser  las  responsables  en  cierta  forma  de  la    reducción  de  la mortalidad 

prematura,  sin  embargo  esta  condición  no  sustenta  una  alternativa  a  la  reducción  de  las 

enfermedades no transmisibles, sino que supone una sobrecarga asistencial y un  incremento 

económico de la sanidad en España (Muka et al., 2015).  
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A  este  hecho  además  se  une  el  progresivo  envejecimiento  de  la  población  española,  la 

idiosincrasia económica propia de las comunidades autonómicas españolas, que tienen un gasto 

sanitario dispar y las políticas de salud heterogéneas que obstaculizan la puesta en marcha en 

común de programas para  la prevención de  las enfermedades no transmisibles basados en  la 

modificación de factores de riesgos inherentes a la aparición de las mismas (Martínez Cía et al., 

2018). Es lógico pensar por tanto, que una apuesta conjunta, pública y centrada en la puesta en 

marcha de programas preventivos nacionales podría repercutir de forma directa, homogénea y 

positiva en la población española.  

 

1.4.  Patrones  dietéticos  y  enfermedades  no  transmisibles:  a  propósito  de  la  enfermedad 

cardiovascular 

Entre los principales motivos del incremento de las enfermedades no transmisibles que afectan 

tanto  a  países  desarrollados  como  a  países  en  desarrollo,  pueden  encontrarse  el 

empeoramiento de los estilos de vida y la alimentación (Afshin et al., 2019).  

Si  bien  los  estándares  de  vida  han  mejorado,  nótese  la  disponibilidad  y  diversificación 

alimentaria, el acceso a los servicios sanitarios y la mejora del nivel educativo poblacional; esta 

globalización  también  circunscribe  consecuencias  negativas  en  términos  de  patrones  de 

alimentación no saludables, disminución de la actividad física y empeoramiento de los estilos de 

vida (mayor consumo de tabaco y alcohol) (Vineis, 2017), derivados de  la  industrialización,  la 

urbanización, el desarrollo económico y la globalización de los mercados.  

Sin  embargo,  lo  esperanzador  de  esta  cuestión  es  que  los  factores  de  riesgo mencionados 

anteriormente  y  que  son  causas  contribuyentes  en  el  desarrollo  y  progresión  de  las 

enfermedades no transmisibles, son modificables (Guilbert, 2003).  

Concerniente  a  la  alimentación,  los  cambios  en  los  patrones  dietéticos  han  ocasionado  un 

incremento significativo de  las enfermedades no transmisibles, destacando principalmente  la 

obesidad, la diabetes mellitus, el Síndrome Metabólico, la enfermedad cardiovascular y algunos 

tipos de cáncer. El informe de consenso de la OMS del año 2003, Dieta, Nutrición y Prevención 

de Enfermedades Crónicas (WHO, 2003), ratifica la asociación entre nutrición y enfermedades 

no transmisibles, pudiendo ser ésta protectora o de riesgo en función del patrón dietético que 

el sujeto presente.  

Refiriéndonos propiamente la ingesta alimentaria, la propia acepción de patrón dietético hace 

referencia a la dieta del individuo en su conjunto, empleándose un enfoque dietético holístico 

donde se examina el efecto de la alimentación global sobre las enfermedades no transmisibles. 

Conceptualmente, este enfoque representa una visión más amplia de los alimentos y nutrientes 

de consumo y por tanto puede ser más predictivo sobre el riesgo de sufrir una determinada 

enfermedad (Hu, 2002).  

Debido al creciente interés de la nutrición como herramienta terapéutica de las enfermedades 

no transmisibles, diversos estudios epidemiológicos han analizado la asociación entre patrones 

dietéticos (con un acercamiento temático enfocado a la adherencia a dichos patrones) sobre la 

prevención, desarrollo y progresión de las enfermedades no transmisibles. Se puede constatar 

esta  propensión  simplemente  introduciendo  en  la  base  de  datos  Scopus  la  ecuación  de 

búsqueda (dietary patterns) AND (chronic disease* OR non communicable disease*), donde se  
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observa cómo desde el año 1946 hasta la actualidad el número de trabajos publicados ha ido 

aumentando de forma sustancial (figura 5).  

 

Figura 5. Documentos publicados sobre patrones dietéticos y ENT desde 1946 hasta 2019 

 

 

 

 

  

 

 

 

 

Fuente: (Base de datos SCOPUS, 2019) 

 

Las técnicas epidemiológicas nutricionales más utilizadas hasta el momento permiten evaluar la 

dieta mediante  la composición de  índices de calidad de dos formas distintas: En primer  lugar 

mediante índices predefinidos o conocidos como “índices a priori”, estos índices se basan en el 

cálculo de una puntuación de calidad general dietética basada en el cumplimiento de las guías 

dietéticas  y  las  hipótesis  plausibles  actuales.  Por  otro  lado,  la  construcción  de  “índices  a 

posteriori” analiza  la  ingesta dietética en relación a  la cantidad alimentaria consumida por el 

individuo,  considerando  la  variabilidad  total  de  la  ingesta  alimentaria,  utilizando  para  ello 

técnicas  basadas  en  el  análisis  de  componentes  principales,  análisis  factorial  y  análisis  de 

conglomerados (Willet, 2013).  

Independientemente de la técnica empleada, los grandes estudios epidemiológicos realizados 

tanto a nivel nacional como  internacional han  identificado diversos patrones dietéticos en  la 

población, siendo mayoritarios los siguientes: patrón dietético “occidentalizado” o westernized 

dietary pattern y el patrón dietético “prudente” o prudent dietary pattern, para ser fieles a la 

concepción  en  la  que  son  descritos  (Tucker,  2010);  y  el  patrón  dietético  “mediterráneo”  o 

mediterranean dietary pattern característico de  la cuenca mediterránea aunque extensible a 

otros países (Martínez‐González, Hershey, Zazpe, & Trichopoulou, 2017) y que será tratado con 

más detalle con posterioridad.   

El  patrón  dietético  “prudente”  se  caracteriza  por  un  elevado  consumo  de  frutas,  verduras, 

legumbres  pescado,  pollo  y  cereales  integrales,  mientras  que  el  patrón  dietético 

“occidentalizado” lo hace por una mayor ingesta de carnes rojas y procesadas, dulces, patatas 

fritas  y  cereales  refinados. Ambos patrones dietéticos han  sido  ampliamente  estudiados  en 

grandes cohortes poblacionales americanas, entre ellos en el estudio Nurses´s Health Study y el 

Health  Professional´s  Follow‐up  Study,  encontrándose  una  asociación  protectora  frente  a 
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enfermedad cardiovascular en aquellos sujetos situados en el quintil más alto de adherencia al 

patrón “prudente”  (RR=0.70,  I.C.95% 0.56‐0‐86). Mientras que por el contrario, se estableció 

una  mayor  asociación  de  riesgo  en  aquellos  sujetos  con  una  alta  adherencia  al  patrón 

“occidentalizado” (Hu, 2002).  

Lo realmente interesante es que la inmensa mayoría de la evidencia científica sobre adherencia 

a patrones dietéticos en  relación con el desarrollo de  las enfermedades no  transmisibles, se 

centra en la enfermedad cardiovascular. Este hecho no puede ser atribuido al simple azar ya que 

es notorio el peso que la enfermedad cardiovascular ejerce tanto en poblaciones desarrolladas 

como en vías de desarrollo,  siendo ésta  la principal  causa de muerte y discapacidad a nivel 

mundial  (Benjamin et al., 2017). Es  lógico por  tanto pensar, que  los esfuerzos se centren en 

prevenirla.  

 

1.5.  Dieta  Mediterránea:  manejo  de  las  enfermedades  no  transmisibles  y 

adecuación de la ingesta nutricional 
 

La  Dieta Mediterránea  es  uno  de  los  patrones  dietéticos  que  junto  al  patrón  “prudente” 

mencionado  anteriormente,  ha  ocupado  el  centro  de  atención  de  la  investigación 

epidemiológica nutricional en las últimas décadas.  

El patrón de Dieta Mediterránea  tradicional  fue definido en  la década de  los años 60 por el 

pionero Ancel Keys en el estudio de los 7 países, donde se compararon los hábitos alimentarios 

de diferentes países (Estados Unidos, Japón, Finlandia, Países Bajos, antigua Yugoslavia, Grecia 

e  Italia)  en  relación  al  riesgo  de  desarrollar  una  enfermedad  cardiovascular.  Los  resultados 

fueron notables, destacándose principalmente  la menor  tasa  de mortalidad por  cardiopatía 

coronaria  en  aquellos  países  situados  en  la  cuenca  mediterránea  (Keys  et  al.,  1966). 

Inicialmente, estos hallazgos se explicaron bajo el prisma de la ingesta aislada de nutrientes, en 

concreto de la reducción  del consumo de ácidos grasos saturados; sin tener en cuenta el patrón 

dietético general que caracterizaba a esas poblaciones.  

La  acepción  actual  de  Dieta  Mediterránea  ha  variado  ligeramente,  estando  este  patrón 

determinado  principalmente  por  la  frugalidad  o moderación  en  la  ingesta  alimentaria  y  el 

consumo de aceite de oliva como principal fuente de grasa dietética, junto a una alta ingesta de 

alimentos vegetales,  frutas,  cereales  integrales,  legumbres y  frutos  secos en detrimento del 

consumo  de  bebidas  azucaradas,  productos  procesados  y  alimentos  de  origen  animal, 

principalmente carnes rojas (Trichopoulou et al., 2014).  

Estos  componentes  del  patrón  Dietético  Mediterráneo  podrían  explicar  los  mecanismos 

potenciales que sustentan los beneficios de la Dieta Mediterránea en la reducción del riesgo de 

las  enfermedades  no  transmisibles.  Principalmente  cabe  destacar  entre  otros  muchos 

nutrientes,  el  contenido  en  fibra  dietética,  el  perfil  lipídico  rico  en  ácidos  grasos 

monoinsaturados  y  polinsaturados  y  otros  componentes  como  los  polifenoles,  que  poseen 

propiedades antioxidantes y antinflamatorias. Esta mixtura dietética podría ser la “culpable” de 

modular diversos factores de riesgo ampliamente conocidos en el desarrollo y progresión de las 

enfermedades no transmisibles, específicamente de la enfermedad cardiovascular.  
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Los hallazgos científicos publicados hasta el momento han puesto de manifiesto los beneficios 

que posee la Dieta Mediterránea como herramienta efectiva en la prevención y remisión de la 

progresión de  las enfermedades no  transmisibles  (Martínez‐González et al., 2015). Y es que, 

aunque  ha  quedado  patente  el  papel  de  este  patrón  sobre  las  enfermedades 

neurodegenerativas,  enfermedades mentales  como  la  depresión  y  ciertos  tipos  de  cáncer 

(Carlos et al., 2018),  la principal enfermedad no transmisible estudiada en relación al patrón 

Dietético Mediterráneo ha sido la enfermedad cardiovascular.  

El papel que ejerce este patrón en los factores de riesgo de enfermedad cardiovascular ha sido 

ampliamente evidenciado, sugiriendo que la Dieta Mediterránea no solo se asocia de manera 

inversa con el riesgo de padecer una enfermedad cardiovascular (Estruch et al., 2013), sino que 

también tiene efectos beneficiosos sobre los factores de riesgo que actúan en el desarrollo de 

la misma: diabetes tipo 2, Síndrome Metabólico, hipertensión arterial, triglicéridos, cLDL y peso 

corporal (Salas‐Salvadó, Becerra‐Tomás, García‐Gavilán, Bulló, & Barrubés, 2018).  

Al efecto que la Dieta Mediterránea tiene en relación a los resultados positivos en salud hay que 

adicionarle  la  adecuación  de  la  ingesta  nutricional.  Algunos  estudios  observacionales  han 

mostrado  una  correlación  positiva  entre  la  adherencia  a  este  patrón  dietético  y  la menor 

prevalencia de ingesta deficitaria de vitaminas y minerales. Este hecho puede estar refrendado 

en  la  inclusión de una amplia variedad alimentaria, permitiendo por un  lado cumplir con  las 

recomendaciones  nutricionales,  y  por  otro  lado  lograr  prevenir  el  desarrollo  y  aminorar  la 

progresión de las enfermedades no transmisibles.  

Respecto a este último punto, precisamente  la  ingesta deficitaria de algunos nutrientes, por 

ejemplo; un consumo inadecuado de vitaminas con un rol antioxidante (A, C y E) o polifenoles 

dietéticos se han asociado a un mayor riesgo de enfermedades neurodegenerativas (Samieri, 

2018), Síndrome Metabólico (Goncalves & Amiot, 2017), enfermedad cardiovascular (Jenkins et 

al., 2018; Mendonça et al., 2019) y diabetes tipo 2 (Guasch‐Ferré, Merino, Sun, Fitó, & Salas‐

Salvadó, 2017; Medina‐Remón et al., 2016; Salas‐Salvadó et al., 2016). Por otro lado, la ingesta 

adecuada de minerales como el magnesio, potasio y calcio se ha asociado a reducciones en la 

presión arterial, marcadores  inflamatorios y oxidativos y mejoras en  la sensibilidad  insulínica 

(Salas‐Salvadó et al., 2018). Y es que, el patrón Dietético Mediterráneo, incluye alimentos con 

una  elevada  densidad  nutricional  y  un  bajo  aporte  calórico,  contribuyendo  a  una  dieta 

caracterizada por una considerable cantidad de los nutrientes antes mencionados. Este hecho 

sustenta el precepto de que el patrón Dietético Mediterráneo es una herramienta útil en  la 

prevención  o  mitigación  de  la  progresión  de  las  enfermedades  no  transmisibles,  siendo 

parcialmente atribuible a que esta dieta aporta la cantidad adecuada de nutrientes (Peng, Berry, 

& Goldsmith, 2019).  

En  base  a  estos  preceptos,  se  concibe  el  pionero  estudio  PREDIMED  (Prevención  con Dieta 

Mediterránea), hasta el momento el mayor estudio clínico‐nutricional llevado a cabo en nuestro 

país.  Este  estudio  epidemiológico  se  caracterizó  por  el  reclutamiento  de  más  de  7000 

participantes con alto riesgo de sufrir una enfermedad cardiovascular siendo aleatorizados en 

tres grupos de intervención: dos grupos que recibieron consejos de Dieta Mediterránea y fueron 

suplementados bien con aceite de oliva virgen extra, o bien con una mezcla de frutos secos, y 

un tercer grupo que siguió recomendaciones sobre una alimentación baja en grasa (Martinez‐

Gonzalez, Corella, et al., 2012).  
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Los  resultados obtenidos mostraron que seguir un patrón de alimentación mediterráneo era 

efectivo para la prevención no sólo de las enfermedades cardiovasculares (Martínez‐González 

et al., 2015), sino de otras enfermedades no transmisibles como el cáncer de mama (Toledo et 

al., 2015) y el Síndrome Metabólico (Salas‐Salvadó et al., 2008). A partir de  los resultados de 

PREDIMED nace el estudio PREDIMED‐Plus, que pretende demostrar que  la pérdida de peso 

mediante una intervención intensiva sobre el estilo de vida con Dieta Mediterránea hipocalórica, 

promoción del ejercicio  físico y  terapia conductual es eficaz a  largo plazo para  la prevención 

primaria de la enfermedad cardiovascular, amén de ser superior a la observada en PREDIMED 

(Martínez‐González et al., 2018). 

 

1.6. Situación alimentaria en España: ingesta alimentaria y déficits nutricionales 
 

España es un país del sur de Europa, enclavado en la cuenca mediterránea, que posee una gran 

cultura gastronómica basada en alimentos propios del patrón Dietético Mediterráneo, siendo 

por tanto alimentos de elevada calidad nutricional. Paradójicamente y aunque algunos estudios 

sugieren  que  la  adherencia  a  Dieta  Mediterránea  es  mayor  en  España  que  otros  países 

mediterráneos  (Benhammou  et  al.,  2016),  la  evolución  actual  de  los  patrones  de  consumo 

alimentario españoles reflejan el abandono progresivo de esta dieta (León‐Muñoz et al., 2012); 

siendo reemplazada por patrones dietéticos occidentalizados.  

Así pues, se viene observando desde hace décadas cómo el consumo de alimentos de elevada 

densidad  energética  pero  de  escaso  valor  nutricional,  han  asaltado  los  hogares  españoles 

(Moreno, Sarría, & Popkin, 2002). Este fenómeno explicaría que al mismo tiempo que aumentan 

de  forma  constante  las  cifras  de  obesidad,  Síndrome Metabólico,  diabetes  y  enfermedad 

cardiovascular  lo  hagan  también  los  déficits  específicos  de  determinados  micronutrientes 

(Agarwal, Reider, Brooks, & Fulgoni, 2015). Así, algunos estudios observacionales han descrito 

que la población española con sobrepeso y obesidad no alcanza las cantidades recomendadas 

de magnesio, calcio y vitaminas A, C, D, y E (Aranceta et al., 2001).  

El estudio ANIBES sobre hábitos alimentarios de la población española (Ruiz et al., 2016) destaca 

en sus conclusiones la estabilidad del consumo medio de alimentos de la población española, 

matizando  sin  embargo,  que  el  consumo  de  cereales  integrales,  verduras  y  legumbres  se 

encuentran  por  debajo  de  las  recomendaciones,  en  contraposición  a  lo  encontrado  para  la 

ingesta de productos alimentarios como grasas animales, dulces y embutidos que se sitúan por 

encima de los niveles de consumo aconsejados. Estos mismos resultados, han sido corroborados 

por la Encuesta Nacional de Ingesta Dietética Española (ENIDE) en su última publicación del año 

2017 (AESAN, 2017).  

A pesar de que los datos globales de los paneles de consumo alimentario proporcionados por el 

Ministerio de Agricultura, Pesca y Alimentación (MAPAMA) señalan diferencias en el consumo 

absoluto de macronutrientes entre  regiones españolas  (MAPAMA, 2018), actualmente no se 

dispone de información que permita analizar en detalle las fortalezas y debilidades de la dieta 

actual  de  la  población  española  permitiendo  comparar  además  la  calidad  de  la  dieta  entre 

diferentes regiones.  
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Y  es  que,  algunos  estudios  llevados  a  cabo  en  nuestro  país  han  sugerido  que  el  nivel  de 

adherencia a Dieta Mediterránea varía significativamente entre regiones (Alemán et al., 2016). 

Este  dato  resulta  cuanto  menos  llamativo,  ya  que  el  enfoque  tradicional  de  los  estudios 

realizados hasta el momento se ha basado en analizar las diferencias en la ingesta dietética entre 

países. Independientemente de  la  importancia de este hecho, se ha obviado  la posibilidad de 

que la calidad dietética varíe incluso dentro del mismo país ya que cada territorio posee unos 

determinados  factores  culturales  y  socioeconómicos  inherentes  que  pueden  afectar  a  las 

elecciones alimentarias y por ende a la calidad de la dieta.  

Por tanto a nivel general,  la mayor o menor calidad de  la dieta podría explicar parcialmente, 

entre otras, las importantes diferencias existentes en las  tasas de mortalidad por enfermedad 

cardiovascular,  concretamente  de  infarto  agudo  de miocardio  en  España.  En  relación  a  la 

afectación de salud por este fenómeno, puede afirmarse que existe un menor gradiente norte‐

sur, según reflejan los datos absolutos del INE en el año 2018 (figura 6).  

 

Figura 6. Defunciones por infarto agudo de miocardio en ambos sexos en población adulta española en el año 2018 

por comunidades autónomas 

 

 

 

 

 

 

 

 

 

 

 

 

Fuente: (INE, 2018) 

 

1.7. Factores asociados a la ingesta dietética 
 

Las  características  de  la  población  que  obran  a  favor  o  en  contra  de  la  adherencia  a  un 

determinado patrón dietético, pueden considerarse  factores asociados a  la  ingesta dietética. 

Estos factores son especialmente útiles para  la  identificación de grupos poblacionales de alto 

riesgo  de  ingestas  dietéticas  inadecuadas.  Su  identificación  permite  centrar  los  esfuerzos 

intervencionales con la finalidad de mejorar su patrón dietético y estilo de vida para reducir la 
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prevalencia de enfermedades no transmisibles relacionadas derivadas de una alimentación no 

saludable.  

Algunos estudios epidemiológicos realizados han identificado factores asociados a los patrones 

dietéticos. Entre esos factores destacan los factores sociodemográficos, económicos, de estilo 

de vida y condición morbosa (Doyle, Borrmann, Grosser, Razum, & Spallek, 2017; Mayén et al., 

2016; Zazpe et al., 2010). Sin embargo, cabe destacar que estos factores han sido estudiados 

como predictores de adherencia a corto o  largo plazo tras  la realización de una  intervención 

dietética a la que han sido sometidos los individuos. Otro aspecto importante a considerar es la 

escasez  de  trabajos  que  abordan  el  efecto  la  temática  sobre  inadecuación  nutricional  en 

pacientes con sobrepeso/obesidad. De esta forma,  la evidencia actual se centra en el estudio 

del exceso energético dietético consumido por esta población, más que en la ingesta deficitaria 

ocasionada precisamente por el contenido energético excesivo.   

Por estas razones, todos  los descritos a continuación, son factores asociados únicamente a  la 

adherencia a un patrón dietético, obviando su relación con otras características que definen la 

calidad dietética  tales como  la diversidad dietética y  la adecuación nutricional en base a  los 

requerimientos nutricionales determinados para la población.  

En primer lugar, la edad. La edad ha sido postulada como un determinante esencial en relación 

a la adherencia a un patrón dietético saludable. Según se ha descrito, los cambios dietéticos y el 

mantenimiento de los mismos son más favorables en poblaciones de mediana edad (45‐60 años) 

(Hiza, Casavale, Guenther, & Davis, 2013) presentando  los estratos de edades más extremas 

(población joven y anciana) un riesgo más elevado de adherencia a patrones menos saludables 

o de mayor resistencia al cambio dietético, originando dietas poco saludables y monótonas. En 

ambos casos, puede achacarse a la falta de conocimiento sobre el binomio alimentación‐salud 

y/o  a  la  falta  de  habilidades  culinarias.  En  los  ancianos  se  uniría  además  la  pérdida  de 

funcionalidad que podría  limitar no  sólo  la  fase  temprana de  la alimentación  (adquisición  y 

preparación  de  los  alimentos)  (Atkins  et  al.,  2015;  Schröder  et  al.,  2004),  sino  también  los 

problemas  dentales  propios  de  este  colectivo,  que  limitarían  las  alternativas  alimentarias 

(Westenhoefer, 2005).  

El  sexo  es  otro  factor  que  tampoco  puede  ser  obviado.  En  líneas  generales,  los  estudios 

descriptivos han otorgado una notable asociación positiva entre ser mujer y la adherencia a un 

patrón  dietético  saludable  (Conklin,  Forouhi,  Surtees, Wareham,  & Monsivais,  2015).  Este 

singular aspecto podría ser explicado por el rol tradicional que la mujer ha ocupado dentro del 

hogar, permitiéndole el aprendizaje de habilidades culinarias. Amén de que en este colectivo se 

ha observado que la preocupación por el estado de salud y la estética son mayores, haciendo 

por tanto que este sector poblacional esté más concienciado en la elección de alimentos más 

saludables y posea mayores habilidades culinarias, siendo más fácil llevar una dieta saludable 

(Kiefer, Rathmanner, & Kunze, 2005; Ramos, Brooks, García‐Moya, Rivera, & Moreno, 2013).  

Otros factores relacionados con el estilo de vida, como la práctica de actividad física, y la baja 

ingesta de alcohol y  tabaco  también  se han asociado de  forma positiva con  la adherencia a 

patrones  dietéticos  saludables  (Alkerwi  et  al.,  2017;  de  Freitas  et  al.,  2017).  Aunque  los 

individuos pudiesen  llevar técnicas compensatorias para contrarrestar  los efectos perniciosos 

del sedentarismo o consumo de alcohol y drogas con una buena alimentación (Gabhainn, Nolan, 
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Kelleher,  &  Friel,  2002);  es más  sensato  intuir  en  líneas  generales,  que  individuos  que  se 

preocupan  por  mantener  un  estilo  de  vida  saludable  lo  hagan  de  igual  forma  con  su 

alimentación.  

Otras condiciones  referentes al  individuo como el estatus socioeconómico o el nivel cultural 

también  han  sido  descritas,  constituyendo  ambas  una  relación  inexorable  entre  adherencia 

dietética y estatus social  (Fekete & Weyers, 2016). Ambos  factores van unidos entre sí en  la 

mayoría de las ocasiones, permitiendo por un lado un mayor nivel económico la accesibilidad a 

alimentos de mayor coste (Fukuda et al., 2017) y por otro lado, el nivel cultural habilitando la 

alfabetización nutricional (Schoufour et al., 2018). Entendiéndose por alfabetización, el proceso 

de educación nutricional, que afecta principalmente a aquellos individuos con mayores niveles 

educativos  y  por  ende  serán  éstos  quienes  sean   más  proclives  a  la  adopción  de  hábitos 

dietéticos saludables.  

Finalmente debemos tener en cuenta las variables relacionadas con la oferta de alimentos, en 

particular  con  la disponibilidad,  accesibilidad  y  en  ocasiones,  estrategias  de  promoción  que 

condicionan  la elección de alimentos. Si nos referimos a  los nutrientes, se deben contemplar 

también las diferentes estrategias para preparar y combinar los alimentos. En este sentido las 

tradiciones culinarias y/o gastronómicas de cada región pueden  influir notablemente sobre  la 

calidad de la dieta, en particular en un país tan rico y variado como España en cuanto a su oferta 

gastronómica. 

 

1.8. Envejecimiento y alimentación: la situación en España 
 

Aunque los datos demográficos mundiales señalan un descenso de la natalidad acompañado de 

un incremento del envejecimiento poblacional, los datos en España, con un índice sintético de 

fecundidad  de  1.3,  son  aún más  pronunciados  que  en  otros  países.  Según  los  datos  de  la 

prospección demográfica mundial proporcionado por el observatorio de esperanza de vida de 

la OMS  (WHO, 2018a), en el año 2040, España  será el país de  la Unión Europea con mayor 

esperanza de vida (85.8 años para las mujeres) y el cuarto de todo el mundo, siendo únicamente 

superado por Japón, Suiza y Singapur. Las prospecciones realizadas por el INE en el año 2016 

muestran el envejecimiento progresivo que sufrirá la población española (figura 7). No sólo por 

el descenso de la natalidad, sino también por un aumento de la longevidad. Entre las principales 

razones de este último fenómeno, puede destacarse  el papel que ha ejercido la tradicional Dieta 

Mediterránea en nuestro país (Bamia et al., 2007).   
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Figura 7. Prospecciones demográficas de la población española para ambos sexos  

Fuente: (INE, 2016) 

 

Aunque  como  comentábamos anteriormente, el patrón alimentario  tradicional basado en  la 

Dieta Mediterránea está experimentando una  involución a nivel general;  la población adulta 

mayor española sigue conservando en parte  las costumbres culinarias tradicionales derivadas 

de la cultura gastronómica de nuestro país, en contraposición de lo experimentado  por otros 

sectores de la población (Ruiz et al., 2016). 

A pesar de ello, y aun conservando  la herencia cultural de  la Dieta Mediterránea,  los adultos 

mayores son altamente susceptibles a inadecuaciones dietéticas (Visser et al., 2017), siendo por 

tanto un colectivo de alto riesgo si tenemos en cuenta el papel protector que  la dieta ejerce 

sobre el control de las enfermedades no transmisibles.  

Fundamentalmente  la  relación negativa entre envejecimiento y alimentación, estriba por un 

lado  en  los  cambios  fisiológicos  y  por  otro  lado  por  los  cambios  socioeconómicos  que 

caracterizan a este grupo etario y que  irrumpen  fuertemente en  la vida del sujeto  (Freisling, 

Knaze, & Slimani, 2013). Entre ellos cabe destacar  los cambios dentales, el  incremento de  la 

dependencia,  la  presencia  de  comorbilidades  que  precisan  de  un  incremento  del  gasto 

farmacológico, el aumento de la soledad y la pérdida adquisitiva derivada de la interrupción de 

las actividades laborales entre otros (Atkins et al., 2015; Schröder et al., 2004). 

Todos estos factores se asocian directamente con la ingesta dietética (Westenhoefer, 2005).  El 

estatus económico y funcional ejerce una acción manifiesta sobre las elecciones alimentarias y 

la preparación de  los alimentos, pudiendo dar  lugar a dietas monótonas y uso de alimentos 

precocinados de dudoso valor nutricional (Dean, Raats, Grunert, & Lumbers, 2009). Además, la 

presencia  de  comorbilidades  y  tratamiento  farmacológico  característicos  del  proceso  de 

envejecimiento, pueden afectar a la absorción nutricional,  conduciendo a déficits de nutrientes  

que  a  su  vez  pueden  agravar  la  patología  de  base  o  impulsar  la  aparición  de  una  nueva 

enfermedad (Mensink et al., 2013).  
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El estudio Survey  in Europe on Nutrition and the Elderly   (SENECA)  llevado a cabo en 8 países 

europeos,  señaló  que  la  población  adulta  mayor  presentaba  déficit  de  micronutrientes 

específicos, especialmente significativos para la vitamina D, K, B9, B12, calcio, magnesio y hierro 

entre otros  (De Groot, Verheijden, De Henauw, Schroll, & Van Staveren, 2004). De  forma no 

enigmática,  este  estudio  encontró  que  en  aquellos  individuos  cuya  ingesta  energética  era 

inferior a 2000 kcal, la probabilidad de presentar ingestas inadecuadas de al menos 1 nutriente 

era mayor  en  comparación  con  aquellos  individuos  cuya  ingesta  energética  era mayor.  Sin 

embargo, debemos tener en cuenta que los requerimientos energéticos durante esa etapa de la 

vida disminuyen, y que además se produce lo que se conoce como “anorexia del anciano”, que 

no es sino  la pérdida de apetito en el mayor originando un declive de  la  ingesta alimentaria 

(Dent, Hoogendijk, & Wright, 2019). 

Finalmente, debe subrayarse que una dieta hipercalórica no asegura que la ingesta de nutrientes 

se encuentre dentro de  los valores recomendados, sino que  incluso podría producir el efecto 

contrario  (Schröder, Vila, Marrugat, & Covas, 2008). Ante esta situación, una de  las posibles 

soluciones  existentes  es  la  adopción  de  patrones  dietéticos  alimentarios  saludables  que 

presenten una elevada densidad nutricional y aseguren una ingesta alimentaria variada a fin de 

reducir las ingestas nutricionales deficitarias y controlar la progresión de las enfermedades no 

transmisibles de forma específica en adultos mayores (Lammes, Törner, & Akner, 2009).  
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2. JUSTIFICATION 
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2. JUSTIFICATION 

 

The facts that justify the need to carry out an investigation in Spain in the field of the analytical 

nutritional epidemiology  in order to assess the associated factors with an  inadequate dietary 

intake in older adult at high risk of cardiovascular disease, can be summarized in the following 

points: 

 

1. Foreseeable  evolution  of  the  health  problem. As  explained  in  the  first  part  of  this 

Doctoral Thesis (introduction section), the incidence of non‐communicable diseases has 

risen in Spain in recent years (Haro et al., 2014). Due to the ageing of the population, 

this problem will still be greater in next decades  (Schneider & Guralnik, 1990). Among 

the modifiable risks factors, dietary intake plays an important role in the prevention and 

management  of  these  diseases. However,  the  traditional  healthy  dietary  pattern  in 

Spain is being replaced by non‐healthy dietary habits. Older adults with chronic diseases 

are  the main  vulnerable  group  exposed  to  nutritional  risk  (Aranceta  et  al.,  2001). 

Overweight people who do not reach the adequate nutrient intake get worsening their 

chronic  condition.  Besides,  nutritional  inadequacy  could  be  increased  by  a  calorie‐

restricted diet. In view of the current situation, prioritize preventive actions based on 

nutritional approachment  to  improve  the good health of  the population and  reduce 

health  care  costs  that  comes  from  nutrition‐non  communicable  diseases may  be  a 

feasible and efficient strategy.  

 

  

2. Absence of earlier  research. Leaving aside  the above considerations,  is  important  to 

note that the main approachment to the study of the associated factors to the dietary 

intake have been postulated under the same point of view: “predictors of short, medium 

or long adherence to differents dietary patterns after a nutritional intervention” (Zazpe 

et  al.,  2010).  However,  the  influence  of  these  factors  in  the  quality  of  diet  is  still 

uncertain. A deep knowledge about them could guide nutritional  interventions could 

help to identify the most highly affected populations groups at high risk of inadequate 

dietary intake. Furthermore, the traditional approach to the study of dietary intake in 

overweight/obese population has focused on overeating, not taken into account if this 

population has nutritional deficiencies associated to hypercaloric  intake (Hruby & Hu, 

2015).    The  assessment  of  micronutrient’s  dietary  intake  could  guide  preventive 

interventions before inadequateness may have a negative impact on the wellbeing and 

quality of life.  
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3. Availability  of  sources  of  information.  Thanks  to  support  from  the  PREDIMED‐Plus 

study, we had access to database of older adults participants recruited for the study. 

This database includes a vast amount of information related to dietary intake but also 

to socioeconomic, demographic and lifestyles variables (Martínez‐González et al., 2018). 

Some  features  that  make  this  information  potentially  useful  for  nutritional 

epidemiological research are: 

 

‐ The use of a standardized protocol which reduces  information bias about 

food intake and socioeconomic, demographic and lifestyle variables, as well 

as health status information. 

‐ Wide  geographical  coverage  that  includes  23  centres  of  recruitment 

displaced all over the national territory.  

‐ Monitored and protocolled nutritional intervention 

‐ Follow‐up  of  the  population  through  time,  with  the  same  protocol  for 

collecting data.  
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3. HYPOTHESIS 
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3. HYPOTHESIS 

 

The  hypothesis  that  underlies  this  research  is  that,  in  spite  of  the  study  sample  is  not 

representative  of  the  general  population,  an  appropriate  analysis  of  the  PREDIMED‐Plus 

database of  aged population with overweight/obesity and Metabolic  Syndrome will provide 

useful data for nutritional intervention. The a priori hypotheses that underlie these points are 

as follows:  

1. Despite  the  dietary  pattern  of  obese  or  overweight  population  is  characterized  by 

overconsumption, there are several inadequate nutrients intake. These inadequacies are 

mainly influenced by socioeconomic and lifestyle factors.  

 

2. Dietary  intake and nutrient’s  inadequateness differ among different geographic regions 

within the same country.  

 

3. Dietary  diversity  is  related  to  adequate  nutrient  intake.  A  greater  dietary  diversity  is 

associated with a lower number of inadequate nutrient intake.  

 

4. Changes in dietary pattern toward greater Mediterranean Diet adherence are associated to 

an improvement in nutrients intake.  

 

To test these hypotheses, the aims listed below were chosen as the focus of this Doctoral Thesis.   
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4. OBJECTIVES/OBJETIVOS 
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4. OBJECTIVES 

 

Overall Aims 

To study  the  influences of socioeconomic, demographic and  lifestyles determinants over  the 

quality of the diet in older adults at high risk of cardiovascular disease in Spain at baseline and 

after one year of follow‐up of the PREDIMED‐Plus study.  

 

 

Specific Aims 

1. To assess the adequacy of dietary intake according to the European and International DRIs, as 

well as to investigate the influence of socioeconomic and lifestyle factors on: 

1.1  Nutrient inadequate intake  

1.2  Nutrient density 

2.  To  evaluate  the  food  intake  and  nutrient  profiles  according  to  the  geographical  area  of 

residence,  besides  to  analyse  the  influence  of  the  geographical  area  of  residence  over 

inadequate nutrient intake. 

3. To estimate the relationship between dietary diversity and nutrient adequacy and assess the 

association between dietary diversity and socioeconomic, demographic or lifestyles variables.  

4. To assess the effect of improving Mediterranean Diet adherence over nutrient density after 

one year of follow‐up at the PREDIMED‐Plus trial. 
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4. OBJETIVOS 

 

Objetivo general  

Estudiar la influencia de los determinantes socioeconómicos, demográficos y de estilo de vida 

en la calidad de la dieta de adultos mayores con alto riesgo de enfermedad cardiovascular en 

España, a nivel basal y después de un año de seguimiento en el estudio PREDIMED‐Plus. 

 

 

Objetivos Específicos 

1. Evaluar la adecuación de la ingesta dietética de acuerdo a las ingestas dietéticas de referencia 

tanto  Europeas  como  internacionales,  así  como  investigar  la  influencia  de  los  factores 

socioeconómicos y de estilo de vida sobre: 

1.1. Ingesta inadecuada de nutrientes 

1.2. Densidad de nutrientes 

2. Conocer la ingesta de alimentos y perfil nutricional según el área geográfica de residencia de 

los  participantes,  y  analizar  la  influencia  de  esta  variable  sobre  la  ingesta  inadecuada  de 

nutrientes. 

3. Estimar la relación entre la diversidad dietética y la adecuación nutricional e identificar qué 

variables socioeconómicas, demográficas o de estilos de vida están asociadas con la diversidad 

dietética. 

4. Evaluar el efecto de  la mejora de  la adherencia a  la Dieta Mediterránea sobre  la densidad 

nutricional después de un año de seguimiento en el ensayo PREDIMED‐Plus. 
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5. METHODS 
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5. METHODS 

This section will describe  the overall methodology used  for  this Doctoral Thesis;  the specific 

methodology will be reported in more detail in each one of the published articles included as 

part of this dissertation.  

 

As we have  recognized before, we have done  this work  thanks  to  the  support given by  the 

PREDIMED‐Plus study. For this reason, we considered that is important to describe the design 

of the study, the characteristics of the participants as well as the data collection procedures.  

 

 

5.1. Study design, participants and data collection procedures 
 

The PREDIMED‐Plus study is a clinical trial, conceived to demonstrate the health benefits of the 

energy  restricted  Mediterranean  Diet  and  physical  activity  specifically  for  the  primary 

prevention  of  cardiovascular  disease.  Therefore,  the  PREDIMED‐Plus  study  is  a  6‐year 

multicenter  (figure  8)  (23  nodes  of  recruitment  displaced  through  the  national  territory), 

randomized and parallel group.  

 

Figure 8. Map of Spain with the nodes of recruitment 

Fuente: (Martínez‐González et al., 2018) 
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Although  the  similarities  in  the  principal  outcome  between  PREDIMED  and  PREDIMED‐Plus 

study are minimal,  the  intervention  is  completely different. After  corroborate  the beneficial 

effect of Mediterranean Dietary pattern supplemented with olive oil or nuts of the PREDIMED 

study,  it would have been unethical not  to  recommend  this pattern. For  this  reason,  in  the 

PREDIMED‐Plus study there is two groups: intervention group, exposed to an intensive weight 

loss  intervention  program  based  on  an  energy‐restricted  traditional  Mediterranean  Diet, 

physical  activity  promotion  and  behavioural  support,  and  the  control  group  based  on  only 

standard Mediterranean Diet advice. It is important to note that the trial was registered in 2014 

at the International Standard Randomized Controlled Trial (www.isrctn.com/ISRCTN89898870).  

As we  based  our  analysis  on  the  participants  of  the  PREDIMED‐Plus  study,  is  necessary  to 

describe the inclusion criteria of the study. The participants were adults aged 55‐75 for men and 

60‐75 for women with a body mass index ≥27 and <40 kg/m2 who met at least three criteria for 

the metabolic  syndrome, according  to  the harmonized  criteria of  the  International Diabetes 

Federation and the American Heart Association and National Heart, Lung and Blood  Institute 

(Alberti et al., 2009) and without history of cardiovascular, neurological or endocrine diseases, 

the inclusion/exclusion criteria are summarized as follow in tables 1 and 2. (Table 1 and 2). 

 

Table 1. Inclusion criteria in the PREDIMED‐Plus clinical trial 

Inclusion Criteria 

Men: 55‐75 years old 

Women: 60‐75 years old 

Body mass index:  ≥27 and <40 kg/m2 

Met at least three criteria for metabolic syndrome:  

 Waist circumference ≥80 cm in women and ≥94 cm in men 

 Triglyceride level ≥ 150 mg/dL 

 Blood glucose ≥ 100 mg/dL or use of oral antidiabetic drugs 

 Systolic blood pressure ≥ 130 mmHg and diastolic blood pressure ≥ 85 mmHg or use 

of antihypertensive drugs 

 HDL‐cholesterol level < 40 mg/dL for men and <50 mg/dL for women 
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Table 2. Exclusion criteria in the PREDIMED‐Plus clinical trial 

Exclusion Criteria 

Illiteracy or inability/unwillingness to give written informed consent or communicate with study staff. 

Institutionalization (the participant is a permanent or long‐stay resident in a care home). 

Documented  history  of  previous  cardiovascular  disease,  including:  angina;  myocardial  infarction; 

coronary revascularization procedures; stroke (ischemic or haemorrhagic, including transient ischemic 

attacks); symptomatic peripheral artery disease that required surgery or was diagnosed with vascular 

imaging techniques; ventricular arrhythmia; uncontrolled atrial fibrillation; congestive heart failure (New 

York Heart Association Class III or IV); hypertrophic myocardiopathy; and history of aortic aneurism >=5.5 

cm in diameter or aortic aneurism surgery. 

Active malignant cancer or history of malignancy within  the  last 5 years  (except non melanoma skin 

cancer). 

Inability to follow the recommended diet (for religious reasons, swallowing disorders, etc.) or to carry 

out physical activity. 

A low predicted likelihood to change dietary habits according to the Prochaska and DiClemente Stages 

of Change Model 

Inability to follow the scheduled  intervention visits (lack of autonomy,  inability to walk,  lack of stable 

address, travel plans, etc.). 

Inclusion in another program that provides advice on weight loss (> 5 kg) in the six months before the 

selection visit. 

History of surgical procedures for weight  loss or  intention to undergo bariatric surgery  in the next 12 

months. 

History of small or large bowel resection. 

History of inflammatory bowel disease. 

Obesity of known endocrine origin (except for treated hypothyroidism). 

Food allergy to any component of the Mediterranean diet. 

Immunodeficiency or HIV‐positive status. 

Cirrhosis or liver failure. 

Serious  psychiatric  disorders:  schizophrenia,  bipolar  disorder,  eating  disorders,  or  depression  with 

hospitalization within the last 6 months. 

Any severe co‐morbidity condition with less than 24 months’ life expectancy. 

Alcohol abuse or addiction (or total daily alcohol intake >50 g) or drug abuse within the past 6 months. 

History of major organ transplantation. 

Concurrent therapy with immunosuppressive drugs or cytotoxic agents 

Current treatment with systemic corticosteroids. 

Current use of weight loss medication. 

Concurrent participation in another randomized clinical trial. 

Patients with an acute infection or inflammation (e.g. pneumonia) will be allowed to participate in the 

study 3 months after resolution of their condition. 

Any other condition that may interfere with adherence to the study protocol. 

 

For more information the participant’s recruitment methods are described in more detail in a 

specific publication (Martínez‐González et al., 2018).  
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However,  is  important  to highlight  that considering  the objectives of  this  thesis, we have  to 

excluded some participants  (specified  in each published article) due  the  fact that we did not 

have  information about their dietary  intake or because some participants reported values for 

total energy intake outside predefined limits (<800 kcal/day or >4000 kcal/day for men); (<500 

kcal/day  or  >3500  kcal)/day  for  women)  in  accordance  with  specified  nutritional 

recommendations (Willet, 2013).  

On  the other hand, as noted  in  the objectives section, the main components that  this thesis 

incorporates are  related  to  the quality of  the diet and  the possible  factors  that  influence  it.  

Firstly, we are going to describe in general terms how the usual dietary intake was assessed, the 

methods used to evaluate diet quality and, secondly we will explain what non‐dietary variables 

were considered in the statistical analysis.  

 

5.2. General dietary assessment  

 

Data on dietary  intake were collected at baseline by trained nutritionists  in each recruitment 

centre.  Thus,  all  participants  were  asked  to  complete  a  143‐item  semi‐quantitative  Food 

Frequency  Questionnaire  that  have  been  previously  validated  in  Spanish  adult  population 

(Fernández‐Ballart et al., 2010). Specifically, this questionnaire included 9 frequency options for 

a specified serving size (never or almost never, 1–3 times a month, once a week, 2–4 times a 

week, 5–6 times a week, once a day, 2–3 times per day, 4–6 times a day, and more than 6 times 

a  day).  The  information  about  nutrients/food‐groups  intakes were  obtained  by multiplying 

serving  sizes derived  from  the  food  frequency questionnaire by  the  consumption  frequency 

reported by participant. The questionnaire was completed prior the randomization and once per 

year.  

Therefore,  energy  and nutrient  intakes were  calculated  as  frequency multiplied  by nutrient 

composition of specified portion size for each food item, using a computer program based on 

information  available  in  Spanish  food  composition  tables  (Moreiras,  Carbajal,  Cabrera,  & 

Cuadrado,  2013). We  classified  food  items  in  11  food  groups  (dairy  products, meats  and 

processed meats, fish and seafood, vegetables, fruits, cereals, potatoes, fats, nuts, precooked, 

sauces and beverages) in order to estimate the food groups of dietary intake. 

 

  5.3. Mediterranean Diet assessment 

 

Baseline adherence to the energy‐restricted Mediterranean Diet (er‐Mediterranean Diet) was 

appraised by a 17 item score, a modified form of a previously validated tool (Martinez‐Gonzalez, 

Garcia‐Arellano, et al., 2012). This tool was used to evaluate compliance with the intervention 

and as a key element to guide the motivation interviews during the follow‐up study. Compliance 

with each of the 17  items relating to characteristic food habits was scored with 1 point if the 

goal was met or 0 points otherwise. Therefore, the total er‐MedDiet score range was 0‐17, with 

0 meaning no adherence and 17 meaning maximum adherence to MedDiet.  
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The  study  participants  completed  the  questionnaire  prior  the  randomization  and  also  once 

yearly during  the  intervention  follow‐up.  In  the published articles 1 and 3,  this variable was 

stratified in tertiles as follows, [low: (tertil 1: <7 points), moderate: (tertil 2: 8–10 points) and 

high  adherence:  (tertil  3:  >11  points)], whereas  in  article  2  this  variable was  also  used  as 

continuous. Finally, in article 4 we used this variable to measure changes in er‐Mediterranean 

Diet adherence after 1 year of follow‐up. The changes in adherence to er‐Mediterranean Diet, 

were categorised in tertiles as follows: small changes of er‐Mediterranean Diet adherence (1st 

tertile, ≤1 points, including negative values), medium (2nd tertile, 2‐4 points) or large changes 

of adherence (3rd tertile, ≥5 points). 

 

5.4 . Assessment of dietary quality 

 

5.4.1. Nutritional inadequacies 

 

The  dietary  intake  of  a  selection  of  nutrients  including  carbohydrates,  total  fat, 

monounsaturated, polyunsaturated and saturated fatty acids, protein, dietary fibre, vitamins A, 

B1, B6, B9, B12, C, D, E, calcium, phosphorus, magnesium, iron, iodine, potassium, selenium and 

zinc was compared with age and sex‐specific requirements of these nutrients according to the 

DRIs  for  American  population  (IOM).  The  DRIs  are  appropriate  for  assessing  the  nutrient 

adequacy of groups and  individuals being the general term for a set of reference values used 

(Willet, 2013). Intake levels above DRI imply a low likelihood of inadequate intake. To decrease 

potential measurement errors derived from the use of the food frequency questionnaire, we 

also calculated the proportion of individuals with intakes below two thirds (2/3) of the DRIs. This 

was the criterion used in order to estimate the risk for inadequate nutrients intake used by other 

authors in a Spanish cohort (Aranceta et al., 2001). Despite the DRIs are used in international 

epidemiological studies, and taken into account that our cohort is European, we estimated the 

proportion of inadequate intake according to European Food Safety Agency (EFSA) (EFSA, 2018). 

We would highlight that the results obtained were based only on dietary intake data, excluding 

supplements and/or biochemical parameters.  

Depending on the nutrient´s database proportionated by the PREDIMED‐Plus study we analysed 

differents nutrients (i.e. in articles 1 and 2 we only analysed 10 nutrients, whereas in article 3 

and 4 we  included 17 because the database was higher than  the database available before). 

Thus, and according to the median data obtained of nutritional  inadequacies, we considered 

that people presented inadequacies when they reported values of at least 3 inadequacies. The 

number of nutrients with inadequate intake was determined for each participant.  
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5.4.2. Nutrient Density 

 

The nutrient density of a diet indicates the ratio of the nutrients present in a diet according to 

its caloric value (Nicklas et al., 2013). To evaluate the nutrient density of the diet, the density 

intake of dietary  fibre,  vitamins  and minerals were  calculated  by dividing  absolute nutrient 

intake by total energy  intake according to the criteria used by other authors (Schröder et al., 

2004). Thus,  the nutrient density was expressed as nutrient  intake per 1000 kcal and  it was 

determined for each participant. This variable was used in articles 1 and 4. Moreover, in article 

4 we  included the changes  in nutrient density after 1 year of follow‐up as the main outcome 

variable.  Finally, we  calculated  the mean  percentage  change  for  each  nutrient  as  follows: 

100*((baseline nutrient density – nutrient density at 1 year)/ baseline nutrient density). 

 

5.4.3. Dietary Diversity 

 

Using the 143‐item validated food frequency questionnaire mentioned above, we calculated an 

energy‐adjusted dietary diversity score. This score of diversity was calculated using the method 

originally described by Kant (Kant, Schatzkin, Harris, Ziegler, & Block, 1993). We  included five 

food groups: vegetables, fruits, cereals, dairy products and protein food groups (which includes 

legumes, meat, fish, eggs and nuts). The election criteria of this food groups are based on the 

recommendations given by the Spanish guideline´s pyramid (Aranceta Bartrina et al., 2016). The 

vegetable group was divided into four subgroups, including: green vegetables, tomatoes, yellow 

vegetables and mushrooms. The  cereal group  included potatoes and  refined or whole grain 

cereals (bread, pasta, rice and breakfast cereals). The fruit group included all fresh fruit products 

divided in three categories: citrus fruits, tropical fruits and other seasonal fruits. The dairy group 

included all kinds of milk, yogurt and cheese. Protein food groups included legumes (peas, beans, 

lentils  and  chickpeas), white meats  (poultry  and  rabbit),  fish  (oily  fish, white  fish  and other 

shellfish/seafood), eggs and nuts. These  foods groups were used  to define  the  food  variety 

groups.  Non‐recommended  food  groups  (that  should  be  consumed  as  little  as  possible), 

including  sugar  food groups  (pastries, pies, biscuits,  chocolate,  fruit  in  sugar  syrup and  fruit 

juices)  and  food  groups with  high  salt  and/or  saturated  fats  (butter, margarine,  unhealthy 

vegetable fats, red meat, processed meats, sauces, pre‐cooked dishes, condiments and snacks) 

were not  included  in  the  analysis  as  they  are  less healthy products  and  their  variety  is not 

desirable  (Aranceta  Bartrina  et  al.,  2016).  Therefore,  we  only  analysed  diversity  of 

recommended food groups, because the more important question was the percentage of total 

energy supplied by these food groups and our analyses were adjusted for total energy intake.  

 

To be counted as a consumer for any of the food group categories reported previously, a subject 

should consume at least half of the recommended serving during one day (for example, if the 

Spanish nutritional recommendation advises a usual protein intake of three servings per week, 

for each protein  item, participants should consume at  least 1.5/7 servings/day). Within each 

food group, we summed up the number of items consumed. Each of the five predefined food 

categories received a maximum diversity score of 2 points, therefore the sum was rescaled to a 

0‐to‐2 score by multiplying the score by 2 and dividing by the maximum score in that food group. 

Total dietary diversity score was the sum of the scores of the five main groups, theoretically 
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ranging between 0 and 10 points. The score was adjusted for total energy  intake, due to the 

general concern that high food variety might be a consequence of overconsumption of energy 

(Kennedy, 2004). Finally, the dietary diversity score was categorized in quartiles (Q) and the cut 

off points were 3.8, 4.6 and 5.4. The variety in each food group was classified into four categories 

(C): C1 = 0 points, C2 ≥0–≤0.5 points, C3 ≥0.5‐≥1 points and C4≥1 point. 

 

 

5.4.4. Assessment of non‐dietary variables 
 

Trained staff of PREDIMED‐Plus study documented  information using a standardized protocol 

by the using of a questionnaire on sociodemographic data and lifestyle behaviours (Martínez‐

González et al., 2018). The participant´s variables included were: 

 

1. Sociodemographic variables 

 

‐Sex: male and female.  

‐Age: included as categorical variable (55‐70 years or more than 70 years) or continuous 

variable. 

‐Educational  level:  primary,  secondary  and  tertiary  level.  Tertiary  level  includes 

university studies. 

‐Marital status: married, widowed, divorced/single or “other category” which includes 

single  participants  and  those  who  are  priests  or  nuns  who  were  categorized  as 

“religious”. 

‐Loneliness: this variable  includes  information about  if the participants  lived alone or 

not.  

‐Employment  status:  retired,  employed,  housekeeper  and  “other  category”  that 

includes unemployed (with/without salary), incapacity and students. 

 

 

2. Lifestyle variables 

 

‐Smoking status: non‐smoker, current smoker or never smoker.  

‐Alcohol  intake: measure as continuous variable  in grams per day (collected using the 

food frequency questionnaire mentioned previously).  

‐Physical activity: less active, moderately active and active. This classification was based 

on the level of physical activity of the participants using a validated Spanish version of 

the Minnesota questionnaire  (Elosua et al., 2000; Elosua, Marrugat, Molina, Pons, & 

Pujol, 1994).  
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3. Anthropometric variables 

 

‐Weight and height: these variables were measured at each visit with participants in light 

clothing and without shoes or accessories, using a high quality electronic scale. Height 

was measured with calibrated wall‐mounted stadiometer 

‐Waist circumference: was measured midway between the lowest rib and the iliac crest, 

after normal exhalation, using an anthropometric tape.  

‐Body mass index: this variable was calculated as the weight in kilograms divided by the 

height in meters squared.  

In the following figure we show a summary of when data were collected per trained staff in the 

PREDIMED‐Plus trial.  

 

Table 3. Data about the information collected during the baseline and follow‐up of the PREDIMED‐Plus study 

 

5.4.5. Statistical analysis  
 

For data analysis we used two differents databases generated by the PREDIMED‐Plus study. For 

articles 1, 2 we used the database generated in June 2017, and for article 3 we used the database 

generated in August 2017, whereas for article 4 we used the database generated in March 2019. 

All analyses were cross‐sectional except for the analysis performed to answer the objective 4 

(article 4 with a prospective evaluation). All statistical analysis were performed using Stata (12.0, 

StataCorp  LP,  Tx.  USA).  Qualitative  variables  were  described  as  frequencies  whereas  the 

quantitative variables were expressed as means and standard deviations. The significance level 

was set at 5%. Pearson´s Chi‐square and Student t‐test (for categorical and continuous variables, 

respectively) were performed. Factorial ANOVA, ANCOVA or ANOVA  test were performed  in 

order  to estimate differences depending of  the objective set. Linear regression models were 
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fitted  if  the  dependent  variable was  continuous, whereas we  performed  logistic  regression 

models if the dependent variable was dichotomous. These models were controlled by potential 

confounding  factors.  These  factors  were  the  sociodemographic,  lifestyle,  anthropometric 

variables mentioned previously.  
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6. RESULTADOS 
 

6.1 Introducción de los resultados obtenidos 
 

En  relación  a  la  presentación  de  los  resultados  obtenidos  en  esta  Tesis  Doctoral  y,  en 

consecuencia, de ordenar los cuatro trabajos que de ella se han obtenido, hemos optado por 

emplear un orden basado en la secuencia lógica con la que estos deberían aparecer y de cómo 

han sido formulados los objetivos; aunque el orden cronológico de publicación no haya sido el 

mismo. Los resultados obtenidos han sido plasmados en cuatro artículos originales. Tres de 

ellos ya han sido publicados en revistas de primer cuartil. No obstante, es importante señalar, 

que el último de los trabajos realizados, se encuentra bajo revisión desde el 23 de Mayo de 

2019 en la revista European Journal of Nutrition, y en consecuencia, aún no ha sido publicado. 

Sin embargo, de acuerdo a los objetivos planteados en esta memoria, hemos decidido incluirlo 

para abordar el efecto de la intervención nutricional sobre la calidad dietética en la población 

estudiada.  

 

TRABAJOS REALIZADOS 

Artículo 1. Cano‐Ibáñez N, Gea A, Ruiz‐Canela M, Corella D, Salas‐Salvadó J, Schröder H, et al. 

Diet  quality  and  nutrient  density  in  subjects  with  metabolic  syndrome:  influence  of 

socioeconomic status and lifestyle factors. A cross‐sectional assessment in the PREDIMED‐Plus 

study 2019. Clinical Nutrition. 2019; https://doi.org/10.1016/j.clnu.2019.04.032 

 

El primer artículo titulado “Diet quality and nutrient density in subjects with metabolic syndrome: 

Influence  of  socioeconomic  status  and  lifestyle  factors.  A  cross‐sectional  assessment  in  the 

PREDIMED‐Plus study” da respuesta al objetivo específico 1 de la Tesis, evaluándose en primer 

lugar la calidad dietética de estos individuos (medida como la ingesta inadecuada de nutrientes 

de  acuerdo  a  las  ingestas  dietéticas  de  referencia  Americanas  y  Europeas,  y  la  densidad 

nutricional).  Tras  la  aproximación  descriptiva,  se  estudió  la  influencia  que  los  factores 

socioeconómicos y de estilo de vida ejercían en ambas, mediante análisis de regresión logística 

y lineal ajustados por variables confusoras. Los resultados mostraron que a pesar de la elevada 

densidad  energética  de  la  dieta,  la  densidad  nutricional  era  escasa.  De  esta  primera 

aproximación se obtuvo que aproximadamente el 17% de la población analizada presentó déficit 

nutricional en al menos 4 de  los 10 nutrientes  incluidos en el estudio; siendo especialmente 

característico el déficit de vitaminas liposolubles (A, D, y E) y vitaminas del grupo B, en concreto 

vitaminas B9 y B12, calcio, magnesio y fibra dietética. Estos déficits fueron más acentuados en los 

hombres que  en  las mujeres. No  en  vano,  el  análisis de  los  factores  asociados  a  la  ingesta 

inadecuada y densidad nutricional mostró que una mayor densidad nutricional y una menor 

ingesta deficitaria, se asociaron de forma directa y estadísticamente significativa con ser mujer, 

tener un mayor nivel educativo y mayor adherencia a la Dieta Mediterránea; mientras que tener 

estilos de vida no saludables (fumar y/o ser sedentario) se asociaron de forma inversa.  
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s u m m a r y

Background: Socioeconomic disparities and lifestyle factors are likely to determine the overall quality of
the diet. In addition, overeating is compatible with inadequate micronutrient intake and it can lead to
adverse health outcomes.
Objective: To assess adequacy of dietary nutrient intake and to investigate the influence of socioeco-
nomic and lifestyle factors on nutrient density in a large primary cardiovascular prevention trial con-
ducted in healthy participants with metabolic syndrome (MetS) to assess the cardiovascular effects of an
energy-restricted Mediterranean diet (PREDIMED-Plus).
Methods: Baseline cross-sectional analysis of the PREDIMED-Plus trial with 6646 Spanish participants
(aged 55e75 years in men and 60e75 years in women) with overweight/obesity and MetS. Energy and
nutrient intake (for 10 nutrients) were calculated using a validated 143-item Food Frequency Ques-
tionnaire (FFQ) and nutrient density was estimated dividing the absolute nutrient intake by total energy
intake. The prevalence of inadequate intake was estimated according to dietary reference intakes.
Multivariable linear regression models were fitted to examine associations between socioeconomic
status or lifestyle factors and nutrient density.
Results: A considerable proportion of the screened participants showed a deficient intake of vitamins A,
D, E, B9, calcium, magnesium and dietary fibre. Inadequate intake of four or more of the ten nutrients
considered was present in 17% of participants. A higher nutrient density was directly and significantly
associated with female sex, higher educational level and a better adherence to the Mediterranean diet.
Lifestyle factors such as non-smoking and avoidance of sedentary lifestyles were also independently
associated with better nutrient density.
Conclusions: Patients with MetS, despite being overweight, exhibited suboptimal nutrient intake,
especially among men. Low nutrient density diet can be largely explained by differences in socioeco-
nomic and lifestyle factors. These results highlight the importance of focussing on nutritional education
in vulnerable populations, taking into account nutrient requirements.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Nutrition-related non-communicable diseases (NCDs) are the
main causes of mortality and disability especially in older adults.
Moreover, in the last few decades the global burden of disease
attributed to NCDs has increased [1].

One of the main explanations for this dramatic increase is the
worsening of lifestyles and diet [2]. However, both are modifiable
risk factors, being promising targets for the prevention of NCDs.
Regarding diet, poor dietary habits contribute to micronutrient
deficiencies, increasing the risk of chronic diseases and playing an
important role in the ageing process, especially in older adults
who have MetS [3]. A growing accrual of evidence has confirmed
that the Mediterranean Diet (MedDiet) represents an effective
tool for the prevention or mitigation of the progression of CVD
and other NCDs [4]. This may be partially attributable to the fact
that MedDiet provides most of the nutrients in their right pro-
portions [5].

Spain is a southern European country with a huge gastronomic
culture based on foods with high nutritional quality and linked to
the Mediterranean dietary pattern [6]. Notwithstanding, the inci-
dence of overweight and obesity, cardiovascular disease (CVD),
type 2 diabetes mellitus, cancer, musculoskeletal disorders and
metabolic syndrome (MetS) has risen in Spain during the last 2e3
decades, as has happened worldwide [7]. Nowadays, the current
dietary pattern is moving away from the traditional MedDiet
pattern, leading to increased consumption of meat/meat products,
ultra-processed foods, and other food items with high energy
density but with poor nutritional quality [8]. For this reason, it is

important to note that diet with a high nutrient density content is
an informative criterion for the quality of the diet: The nutrient
density of a diet indicates the ratio of the nutrients present in a diet
according to its caloric value [9]. Now, with this changing dietary
pattern there is an elevated percentage of aged Spanish population
with overweight or obesity who do not reach the dietary recom-
mended intakes (DRIs) for magnesium, calcium, selenium and vi-
tamins A, B1, B9, C, D, and E [10,11].

While still partly keeping the traditional culinary customs of
the MedDiet, older adults are highly susceptible to diet mis-
conceptions and therefore, are one of the main groups placed at
high nutritional risk [12]. In addition, increasing age is accom-
panied by a decrease in autonomy and economic capacity; both
variables are tightly associated to sociocultural status, and can
influence food variability and diet quality [13]. Furthermore, the
ageing process is associated with a higher prevalence of NCDs and
poly-pharmacy; both of these are associated with changes in di-
etary habits that can lead to nutrient deficiencies that on their
part may also contribute to some NCDs, thus leading to a vicious
circle. For example, deficient intakes of antioxidants and some
vitamins (A, B, C and E) have been associated with increased risk
of dementia [14,15], MetS and CVD [16,17]. Other health condi-
tions such as diabetes type 2 or osteoporosis have been related to
vitamin D and calcium deficiencies [18,19].

The assessment of the dietary intake of micronutrients could
guide preventive interventions before inadequate dietary intakes
may have a negative impact on the wellbeing and quality of life.
This approach will also be efficient and may contribute to decrease
the costs in health care [12].
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The purpose of the present study was to assess adequacy of
dietary intake according to DRIs and to investigate the influence of
socioeconomic and lifestyle factors on nutrient density. This
assessment was done in a large primary cardiovascular prevention
trial conducted in healthy participants with metabolic syndrome
(MetS) and designed to assess the cardiovascular effects of an
energy-restricted MedDiet.

2. Materials and methods

2.1. Study design

A cross-sectional analysis on baseline data of the PREDIMED-
Plus study was conducted; PREDIMED-Plus is a 6-year multi-
centre, randomized, parallel-group, ongoing primary prevention
trial in Spain to assess the effect on CVD morbidity and mortality of
an intensive weight loss intervention program based on an energy-
restricted traditional Mediterranean diet, physical activity promo-
tion and behavioural support, in comparison to usual care inter-
vention only with energy-unrestricted MedDiet (control group).
The participant recruitment methods and data collection are
described inmore detail in a specific publication [20] and at (http://
predimedplus.com). The respective Institutional Review Board
(IRB) of all centres approved the study protocol. The trial was
registered in 2014 at the International Standard Randomized
Controlled Trial (www.isrctn.com/ISRCTN89898870). All partici-
pants provided written informed consent.

2.2. Participants and data collection procedures

The population studied consisted of 6874 participants recruited
for the PREDIMED-Plus trial. Recruitment took place from October
2013 to November 2016 with the participation of 23 centres (uni-
versities, hospitals and research institutes) inSpain. Participantswere
recruited from Primary Care Centres of the National Health System.

Eligible participants were adults (aged 55e75 in men; 60e75 in
women) with overweight/obesity (body mass index (BMI) �27 and
<40 kg/m2) who met at least three of the following components of
the MetS: waist circumference �80 cm in women and �94 cm in
men, triglyceride level � 150 mg/dL, blood glucose � 100 mg/dL or
use of oral antidiabetic drugs, systolic blood pressure � 130 mmHg
and diastolic blood pressure� 85 mmHg or use of antihypertensive
drugs and/or HDL-cholesterol level < 40 mg/dL for men and
<50 mg/dL for women, according to the harmonized criteria of the
International Diabetes Federation and the American Heart Associ-
ation and National Heart, Lung and Blood Institute [21] and without
other active neurological or endocrine diseases.

The present study was based on a cross-sectional analysis of base-
line data from the PREDIMED-Plus study. Out of a total sample of 6874
participants recruited for the PREDIMED-Plus trial, a total of 228 par-
ticipantswere excluded for the current analysis (Fig.1): 47participants
did not complete the food frequency questionnaire (FFQ) at baseline,
and 181 participants reported values for total energy intake outside
predefined limits (<3347 kJ/800 kcal/day or >17,573 kJ/4000 kcal/day
for men); (<2510 kJ/500 kcal/day or >14,644 kJ/3500 kcal)/day for
women) in accordance with specified nutritional recommendations
[22]. A final sample of 6646 participants was analysed.

2.3. Dietary assessment

Data on dietary intake were collected at baseline. All partici-
pants were asked to complete a 143-item semi-quantitative FFQ
previously validated in Spain [23,24]. The FFQwas administrated by
trained nutritionists. The questionnaire included 9 frequency op-
tions for a specified serving size (never or almost never, 1e3 times a

month, once a week, 2e4 times a week, 5e6 times a week, once a
day, 2e3 times per day, 4e6 times a day, and more than 6 times a
day). Nutrients/food-groups intakes were obtained by multiplying
serving sizes by consumption frequency. Energy and nutrient in-
takes were calculated as frequency multiplied by nutrient compo-
sition of specified portion size for each food item, using a computer
program based on information available in Spanish food composi-
tion tables [25,26]. We classified food items in 11 food groups (dairy
products, meats and processed meats, fish and seafood, vegetables,
fruits, cereals, potatoes, fats, nuts, precooked, sauces and bever-
ages). Baseline adherence to the MedDiet was appraised by a 17
item score, which contained some modifications regarding a pre-
viously validated tool [27], and used to evaluate compliance with
the intervention and as a key element to guide the motivation in-
terviews during the follow-up study. Compliance with each of the
17 items relating to characteristic food habits was scored with 1
point if the goal was met or 0 points otherwise. Therefore, the total
MedDiet score range was 0e17, with 0 meaning no adherence and
17 meaning maximum adherence to MedDiet.

2.4. Diet quality

The dietary intake of a selection of nutrients including carbo-
hydrates (CHO), total fat, monounsaturated (MUFAs), poly-
unsaturated (PUFAs) and saturated fatty acids (SFAs), protein,
dietary fibre, vitamin A, B1, B9, B12, C, D, E, calcium and magnesium,
was compared with age and sex-specific requirements of these
nutrients according to the DRIs for American population [28]. The
DRIs are appropriate for assessing the nutrient adequacy of groups
and individuals [28]. DRI is the general term for a set of reference
values used to plan and assess nutrient intakes for healthy people.
These values vary by age and sex and include Recommended Di-
etary Allowances (RDA), Adequate Intake (AI) and Tolerable Upper
Intake Level (UL). Intake levels above DRI imply a low likelihood of
inadequate intake. To decrease potential measurement errors
derived from the use of the FFQ, we also calculated the proportion
of individuals with intakes below two thirds (2/3) of the DRIs. This
was the criterion used in order to estimate the risk for inadequate
nutrients intake [29]. Furthermore, we estimated the proportion of
inadequate intake according to European Food Safety Agency
(EFSA) average requirements (AR), taking as reference adequate
intake (AI) when AR were not available [30]. Results were based
only on dietary intake data, excluding supplements. To evaluate the
nutrient density of the diet, density intake of dietary fibre, vitamins
and minerals were calculated by dividing absolute nutrient intake
by total energy intake. The nutrient density was expressed as
nutrient intake per 1000 kcal. The number of nutrients with
inadequate intake was determined for each participant. We studied

Fig. 1. Flow-chart of participants.
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the proportion of participants who presented inadequate intake for
4 or more out of the 10 assessed nutrients (fibre, vitamin A, B1, B9,
B12, C, D, E, calcium and magnesium).

2.5. Assessment of non-dietary variables

At baseline, trained staff collected information about socioeco-
nomic and lifestyle factors. The variables included were sex, age,
education level (primary level, secondary level and tertiary level
which includes university studies), civil and employment status
and whether they lived alone or not. Other lifestyle variables such
as smoking habits, alcohol intake (grams per day) and physical
activity where recorded. Physical activity informationwas gathered
using the Rapid Assessment of Physical Activity (RAPA), the ques-
tionnaire for sedentary behaviours of the Nurses' Health Study and
the abbreviated Minnesota Physical activity questionnaire vali-
dated for Spanish population [31e34].

2.6. Statistical analysis

We used PREDIMED-Plus baseline database generated in August
2017. All analyses were cross-sectional and performed using Stata
(12.0, StataCorp LP, Tx. USA). Analyses were conducted for men and
women separately because differences in dietary habits were ex-
pected. Qualitative variables were described as frequencies
whereas the quantitative variables were expressed as means and
standard deviations (SD). The significance level was set at 5%.
Pearson's Chi-square and T student test (for categorical and
continuous variables, respectively) were used to assess differences
in baseline characteristics of participants. Factorial ANOVA was
used to estimate energy intake, adherence to the MedDiet and di-
etary intakes according to sex and age groups predefined (51e70
years and more than 70 years). We also calculated the 95% confi-
dence interval (CI) of the proportion of inadequate intake of
micronutrients (defined above as the proportion of subjects who
met less than 2/3 of DRIs). Adherence to MedDiet was categorized
in tertiles. The association between nutrient density (dependent
variable) and socioeconomic and lifestyle factors (independent
variables) was assessed by multiple linear regression adjusted for
potential confounders [sex, age (55e70 years or more than 70
years), smoking habit (current smoker, former smoker, never
smoker), physical activity (3 categories), educational level (primary,
secondary, tertiary, insufficient data), marital status (married,
widowed, divorced/separated, other), employment status (retired,
employed, housekeeper, other) andMedDiet adherence [low: (tertil
1:<7 points), moderate: (tertil 2: 8e10 points) and high adherence:
(tertil 3: >11 points)] BMI, CHO, MUFAs, PUFAs, SFAs [35]]. Logistic
regression was used to examine associations between inadequate
nutrient intake in �4 nutrients and socioeconomic and lifestyle
factors.

3. Results

Table 1 shows the baseline characteristics of participants ac-
cording to sex. Women were older than men. Excluding men from
55 to 59 years, mean age amongmenwould be 66.07 years, with no
difference with mean age inwomen. The main differences between
men and women were in smoking habit (more men than women
were current smokers (16.7%) or former smokers (60.9%)), physical
activity (more men than womenwere classified as moderate active
or active, but still more than half of men were less active), educa-
tional level (tertiary studies were more frequent among men
(15.0%)), and women were living alone more often than men.

Adherence to the MedDiet, total energy intake, and nutrient
densities by sex and age according to total energy intake are shown

in Table 2. In both sexes, adherence to the MedDiet was higher in
those individuals older than 70 years, being higher in women than
in men. Total energy intake decreased with age in both sexes. The
oldest women had higher nutrient densities for CHO, protein and
fibre intake. Total fat and MUFAs intake was lower in those par-
ticipants younger than 70 years old and in women compared with
the respective counterparts. The micronutrient density intake was
higher inwomen than inmen and in the older persons compared to
the younger for vitamins A, B1, C, calcium and magnesium. There
was interaction by age and sex for PUFAs, vitamins A and E. In order
to exclude possible sex differences attributable to age, this analysis
was redone excluding men younger than 60 years (Supplementary
Table 1), and the results obtained did not change. Macro/micro-
nutrient intake by age and sex are shown in Supplementary ma-
terial (Supplementary Table 2).

The proportion of participants with intake under 2/3 DRIs (two-
thirds of DRIs) was estimated in order to avoid overestimation of
micronutrient intake and are presented in Table 3. A low intake of
dietary fibre, vitamin A, B9, D, E, calcium and magnesium was
frequent in all study groups. Comparisons by sex yielded the
highest prevalence of inadequate intake of dietary fibre, vitamin A
and magnesium in men compared to women. The opposite was
detected for vitamin E and calcium, where men showed a lower
prevalence of inadequacies. According to age, the proportion of
participants with a low intake of macro and micronutrients was
higher in the youngest group (55e70 years), except for dietary
fibre. For comparison, Supplementary Table 3 shows the proportion
of participants with an intake of nutrients below the DRIs.
Supplementary Table 4 shows the same results as for Table 3 when

Table 1
Baseline characteristics of the PREDIMED-Plus study participants analysed by sex
(n ¼ 6646).

Men Women P value

n 3431 3215
Age (y), n (%)
�70 ya 3012 (87.8) 2661 (82.8) <0.001
>70 y 419 (12.2) 554 (17.2)
Mean ± SD 63.7 ± 5.3 66.3 ± 4.0 <0.001

Smoking habit, n (%)
Never smoker 752 (21.9) 2158 (67.1) <0.001
Former smoker 2088 (60.9) 795 (24.7)
Current smoker 573 (16.7) 252 (7.8)
Insufficient data 18 (0.5) 10 (0.3)

Physical activity
Less active 1906 (55.8) 2055 (64.1) <0.001
Moderately active 713 (20.9) 536 (16.7)
Active 799 (23.4) 613 (19.1)

Educational level, n (%)
Primary school 1312 (38.3) 1895 (59.0) <0.001
Secondary school 1118 (32.6) 794 (24.2)
Tertiary school 980 (28.6) 483 (15.0)
Insufficient data 20 (0.6) 40 (1.3)

Marital status, n (%)
Married 2907 (85.2) 2165 (67.5) <0.001
Widowed 110 (3.2) 580 (18.1)
Divorced/separated 247 (7.2) 272 (8.5)
Othersb 149 (4.4) 190 (5.9)

Living alone, n (%) 241 (7.1) 585 (18.2) <0.001
Employment status, n (%)
Retired 2067 (60.5) 1639 (51.2) <0.001
Employed 1001 (29.3) 364 (11.4)
Housekeeper 6 (0.2) 975 (30.4)
Othersc 345 (10.1) 226 (7.1)

Values are presented as means ± SD for continuous variables and n (%) for cate-
gorical variables. Pearson's chi-square test was performed for categorical variables
and T student test for continuous variables.

a This age category includes 55e70 years for males, and 60e70 years for females.
b Includes religious and single.
c Includes unemployed (with/without salary) incapacity, and students.
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using the EFSA dietary recommendations. Inadequate intake is
higher for all nutrients except for vitamins A, B1 and B9, which show
figures slightly low.

Table 4 shows the results from the logistic regression model
fitted using inadequate intake of 4 or more out of 10micronutrients
as the dependent variable. An inadequate intake of 4 or more of the
10 assessed nutrients was observed in 16.6% of participants. This
figure was almost twofold in men (21.3%) compared with women
(11.7%). When we used the EFSA recommendations, 38.2% of par-
ticipants had inadequate intake of 4 or more of the ten nutrients
analysed (Fig. 2), with a higher rate in men (44.0%) than in women
(32.0%) (Supplementary Table 5). Female sex, not being a smoker,
being moderately active and the presence of a higher adherence to
the MedDiet were inversely and significantly associated with

inadequate intake of 4 or more micronutrients (i.e., these factors
were associated with a lower probability of inadequate intake).

Finally, we fitted a multivariable linear regression model to
compare nutrient density (g/1000 kcal) of 7 nutrients (fibre,
vitamin A, B9, D, E, calcium and magnesium) across categories of
lifestyle and sociodemographic variables (Table 5). Female sex
was significantly associated with a higher density of all assessed
nutrients. The participants older than 70 years showed a higher
nutritional density of fibre, but a lower density of vitamin A, D
and E. Participants with lower educational level had lower
density of fibre, vitamin B9, and magnesium. And finally, a
higher adherence to the MedDiet was significantly associated
with higher nutrient density for all assessed nutrients except for
vitamin E.

Table 2
Adherence to Mediterranean diet, total energy intake and nutrient Density by sex and age according to total energy intake.

Men Women P valuea P valueb P valuec

55e59 y 60e70 y >70 y 60e70 y >70 y

n 892 2120 419 2661 554
MedDiet adherenced 7.8 ± 2.6 8.2 ± 2.7 8.5 ± 2.7 8.9 ± 2.6 9.0 ± 2.6 <0.001 <0.001 0.405
Total energy (kcal/d) 2539 ± 581 2508 ± 546 2433 ± 560 2212 ± 496 2161 ± 495 <0.001 0.044 0.520
CHO (g/1000 kcal) 100.3 ± 17.3 100.8 ± 16.5 102 ± 17 103 ± 17 106 ± 18 <0.001 0.009 0.201
Protein (g/1000 kcal) 40.0 ± 6.8 39.6 ± 6.6 39.8 ± 6.1 43.4 ± 6.8 43.5 ± 6.7 <0.001 0.334 0.794
Total Fat (g/1000 kcal) 43.8 ± 7.2 43.4 ± 7.0 43.2 ± 7.3 44.3 ± 7.4 43.4 ± 7.5 0.025 0.081 0.183
MUFA (g/1000 kcal) 22.4 ± 4.9 22.6 ± 5.0 22.3 ± 5.0 23.1 ± 5.3 22.6 ± 5.1 0.031 0.064 0.381
PUFA (g/1000 kcal) 6.9 ± 2.0 7.0 ± 2.0 7.1 ± 2.2 7.1 ± 2.1 7.0 ± 2.0 0.913 0.173 0.036
SFA (g/1000 kcal) 11.3 ± 2.3 10.9 ± 2.1 10.9 ± 2.2 11.0 ± 2.3 10.7 ± 2.3 0.915 0.003 0.141
Total fibre (g/1000 kcal) 9.7 ± 3.0 10.3 ± 3.2 11.0 ± 3.2 12.2 ± 3.4 12.2 ± 3.8 <0.001 <0.001 0.244
Alcohol (g/1000 kcal) 6.4 ± 6.3 6.9 ± 6.6 6.5 ± 6.1 2.0 ± 3.3 1.7 ± 3.0 <0.001 0.042 0.848
Vitamin A (mg/1000 kcal) 435 ± 258 447 ± 255 463 ± 299 513 ± 291 475 ± 242 <0.001 0.057 0.005
Vitamin B1 (mg/1000 kcal) 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.8 ± 0.1 <0.001 0.014 0.495
Vitamin B9 (mg/1000 kcal) 133 ± 35 141 ± 38 146 ± 37 163 ± 42 167 ± 47 <0.001 <0.001 0.477
Vitamin B12 (mg/1000 kcal) 4.1 ± 1.8 4.2 ± 2.1 4.2 ± 2.1 4.4 ± 1.9 4.4 ± 1.7 <0.001 0.770 0.235
Vitamin C (mg/1000 kcal) 72 ± 32 78 ± 33 82 ± 33 98 ± 38 101 ± 42 <0.001 <0.001 0.831
Vitamin D (mg/1000 kcal) 2.4 ± 1.4 2.5 ± 1.4 2.5 ± 1.5 2.8 ± 1.6 2.8 ± 1.6 <0.001 0.034 0.377
Vitamin E (mg/1000 kcal) 4.3 ± 1.3 4.3 ± 1.4 4.4 ± 1.5 4.7 ± 1.4 4.5 ± 1.2 <0.001 0.060 <0.001
Calcium (mg/1000 kcal) 406 ± 123 415 ± 118 419.1 ± 117.6 470.5 ± 131.9 485.7 ± 133.3 <0.001 0.042 0.227
Magnesium (mg/1000 kcal) 2539 ± 581 2508 ± 546 167.9 ± 32.1 183.0 ± 34.3 184.0 ± 35.2 <0.001 <0.001 0.353

Values are mean ± SD unless otherwise indicated.
Factorial ANOVA was used.

a P value for sex.
b P value for age.
c P value interaction between sex and age.
d MedDiet adherence: adherence to Mediterranean diet using the 17 item questionnaire adherence with scale 0e17 points.

Table 3
Proportion of participants with an intake of macro and micronutrient below 2/3 DRIs by sex and age.

DRIb Men P valuec Women P valuec

�70 ya >70 y �70 ya >70 y

% below 2/3 DRI % below 2/3 DRI

CHO 130 g/d 0.2 0 0.321 0.5 0.2 0.310
Protein 56e46 g/d 0.0 0.5 0.004 0.1 0 0.516
Dietary fibre 30e21 g/d 27.9 24.3 0.120 3.7 4.4 0.502
Vitamin A 900e700 mg/d 19.6 19.2 0.878 6.0 8.3 0.046
Vitamin B1 1.2e1.1 mg/d 0.5 0.7 0.501 0.4 0.5 0.691
Vitamin B9 400 mg/d 21.3 19.7 0.448 17.9 19.4 0.403
Vitamin B12 2.4 mg/d 0.1 0.2 0.267 0 0.2 0.224
Vitamin C 90e75 mg/d 1.3 1.4 0.785 0.3 0.2 0.618
Vitamin D 15e20, 15e20 mg/d 84.2 98.1 <0.001 83.6 98.0 <0.001
Vitamin E 15 mg/d 49.0 49.8 0.773 52.0 52.0 <0.001
Calcium 1.0e1.2, 1.2e1.2 g/d 12.5 27.9 <0.001 25.7 24.8 0.677
Magnesium 420e420, 420e320 mg/d 8.3 9.6 0.350 1.3 1.5 0.721

a This age category includes 55e70 years for males, and 60e70 years for females.
b Dietary reference intake: where a single value is displayed, DRI is the same for all analysed groups. If 2 values are displayed, DRI differs between sexes and the first value is

DRI for men and the second number is DRI for women. Where 4 value are displayed, DRI varies also for age groups; values are DRIs for men �70 y, men >70 y, women �70 y,
and women >70 y respectively. Values are presented as %.

c Pearson's chi-square test was performed.
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4. Discussion

The current study analysed nutrient intake data in a large
sample of adult participants (older than 55 years) with MetS in
Spain. One of the main findings was that, for most of the nutrients
analysed (fibre, vitamin A, B1, B9, B12, C, D, E, calcium and magne-
sium), this population was exposed to dietary risks due to the in-
adequacies in terms of consumption of micronutrients. Regarding
micronutrient density intake, our findings showed some clear dif-
ferences in sociodemographic and lifestyle factors such as sex, age,
adherence to MedDiet, smoking habits and physical activity for the
majority of the micronutrients analysed.

The analysis of macronutrient intake in our population
revealed that energy coming from total fat intake was well above
the upper recommended limit (30%) by DRIs postulated by the
Institute of Medicine for population with moderate physical

activity [36] and European recommendations [30]. However, the
most recent recommendations in the US do not set any limit for
total fat intake [37]. Current dietary guidelines emphasize the
need to improve the quality more than the quantity of dietary
fat. In fact, the PREDIMED study showed the benefits of a rela-
tively fat-rich MedDiet compared to a low-fat diet on major
chronic diseases [38] and provided evidence of the beneficial
effect of the replacement of SFAs with PUFAs or MUFAs on CVD
risk [39]. In this sense, we found a fat profile with SFAs intake
lower than 10% and PUFAs intake around 6%. In our study, pro-
tein intake was above recommended intake (15%) whereas CHO
intake was below the updated dietary recommendations
(45e65%) [30,36]. A study that evaluated the macronutrient
distribution in Spanish population showed concurrent results,
taking into account the distribution by sex and age of the
assessed group [40].

Table 4
Multivariablea logistic regression model for inadequate intake of 4 or more out 10 micronutrients according to baseline socioeconomic and lifestyle factors among men and
women in the PREDIMED-Plus study participants analysed.

�4 inadequate intake (95% confidence interval) Odds ratio (95% confidence interval) P value

Sex
Men 21.3 (20.0e22.6) 1 (ref)
Women 11.7 (10.6e12.8) 0.33 (0.28e0.39) <0.001

Age
�70 yb 16.5 (15.5e17.5) 1 (ref)
>70 y 17.5 (15.1e19.9) 1.35 (1.12e1.62) 0.001

Smoking habitsrowhead
Current smoker 22.4 (19.5e25.3) 1 (ref)
Former smoker 18.6 (17.1e20.0) 0.76 (0.62e0.93) 0.008
Never smoker 13.1 (11.9e14.3) 0.68 (0.55e0.84) <0.001

Physical activity
Less active 17.4 (16.2e18.6) 1 (ref)
Moderately active 14.1 (12.1e16.0) 0.79 (0.67e0.94) 0.007
Active 17.0 (15.0e19.0) 1.04 (0.89e1.23) 0.609

Educational level
Tertiary 18.1 (16.1e20.1) 1 (ref)
Secondary 18.2 (16.5e19.9) 0.98 (0.82e1.18) 0.861
Primary 15.1 (13.8e16.3) 0.89 (0.75e1.06) 0.186

Mediterranean diet
Low adherence 22.4 (20.7e24.0) 1 (ref)
Medium adherence 15.7 (14.3e17.1) 0.53 (0.46e0.61) <0.001
High adherence 9.3 (7.9e10.8) 0.25 (0.21e0.30) <0.001

a The multivariable model includes all variables presented in the table and is additionally adjusted for BMI (continuous, kg/m2), marital status (4 categories), employment
status (4 categories), living alone (yes/no), and total energy intake (continuous, kcal).

b This age category includes 55e70 years for males, and 60e70 years for females.
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Fig. 2. Inadequate nutrient intake prevalence according to dietary recommendations (Americans DRI and EFSA AR/AI) in the PREDIMED-Plus study participants. Abbreviations: AI,
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Among dietary factors, dietary fibre intake could play an inter-
esting role in the treatment of overweight MetS patients [41]. In
Spain, the average of dietary fibre intake of adult population has
been estimated to be 17.8 g/day, and therefore does not meet
adequate intake recommendations [42]. The mean intake of dietary
fibre in our studywas slightly over 25 g/d, the figure provided by AR
[30] or 2/3 DRI [43] but still close to 1 in 4 men did not reach an
adequate intake of dietary fibre.

The estimated total average energy intake in this study was
higher than in other studies such as the ANIBES study [44]. How-
ever, despite the high energy intake, 16.6% of the participants in our
study (21.3% of men and 11.7% of women) presented an inadequate
intake of four out of the ten nutrients assessed. This figure
increased (38.2%) whenwe took into account average Requirement/
Adequate Intakes from the European Food Safety Authority [30].
Although malnutrition in developed countries is scarce, some re-
views of published data indicate a high prevalence of inadequate
micronutrients intake across European countries, especially in non-
Mediterranean elderly population [45,46] but similar to those
found in aged Spanish population [47].

High adherence to theMedDiet patternwas related, as expected,
to a good adequacy of micronutrients intake [48]. This association
could be explained by the fact that the diet of these overweight

patients is high in energy density but poor in nutritional quality,
leading to several deficits in nutrient intake. This relationship has
also been noted by other authors, who have described a greater
number of nutritional deficiencies in obese populations in com-
parison with normal-weight populations [49,50].

Recent studies have demonstrated that populations who meet
the recommendations for magnesium and calcium have reduced
risk of MetS [51]. In our sample, around a 9.0% of men showed an
inadequate intake of magnesium. Other studies in Spain and also in
some non-Mediterranean countries showed lower intake of mag-
nesium compared to our results [52,53]. These disparities could be
attributed to the use of different tools to assess dietary intake,
leading to a potential underestimation of micronutrient intake. The
same circumstance is found for calcium consumption: mean cal-
cium intake was lower than recommended for an aged population,
with the prevalence of inadequate calcium intake being higher in
older men (27.9%) than in younger men or in women. In other
studies that evaluated the intake of calcium in older adults in
Europe, the mean intakes were similar to our findings [54].

We observed an elevated percentage of inadequate intakes of
some fat-soluble vitamins such as vitamins A, D and E. The mean
intake of vitamin A or vitamin E was higher than previously re-
ported in the Spanish population [10]. However, as shown in Table 3

Table 5
Coefficients of a multivariable linear regression model fitted to assess difference in nutrient density by several variables. The coefficients should be interpreted as differences
(95% confidence interval) of mean nutrient density in g/1000 kcal.

Total fibre Vitamin A Vitamin B9 Vitamin D Vitamin E Calcium Magnesium

g/1000 kcal mg/1000 kcal mg/1000 kcal mg/1000 kcal mg/1000 kcal mg/1000 kcal mg/1000 kcal

Sex
Men 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Women 1.3 (1.12, 1.46) 33.4 (16.71, 50.02) 15.2 (13.10, 17.32) 0.2 (0.09, 0.27) 0.3 (0.20, 0.34) 38.5 (31.16, 45.79) 12.2

(10.45, 13.87)
Age
�70 ya 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
>70 y 0.3 (0.08, 0.48) �21.9

(�41.09, �2.75)
1.2
(�1.22, 3.64)

�0.1
(�0.20, 0.01)

�0.08
(�0.16, �0.01)

4.0
(�4.46, 12.37)

�0.5
(�2.49, 1.45)

Smoking habits
Current smoker 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Former smoker 0.4 (0.16, 0.60) �12.8 (�34.04, 8.37) 1.9 (�0.80, 4.57) 0.1 (�0.01, 0.21) 0.04 (�0.04, 0.13) 10.4 (1.04, 19.66) 2.9 (0.73, 5.09)
Never smoker 0.5 (0.28, 0.74) �2.9 (�25.16, 19.42) 3.5 (0.71, 6.35) 0.1 (0.01, 0.25) 0.07 (�0.02, 0.17) 19.6 (9.77, 29.34) 3.9 (1.59, 6.18)

Physical activity
status
Less active 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Moderately
active

0.4 (0.22, 0.58) 5.7 (�11.72, 23.02) 4.1 (1.85, 6.25) �0.1 (�0.10, 0.08) 0.08 (0.01, 0.16) 4.4 (�3.20, 12.05) 3.4 (1.61, 5.18)

Active 0.2 (�0.01, 0.34) �16.7 (�33.53, 0.11) 2.0 (�0.17, 4.09) �0.1 (�0.14, 0.04) �0.04 (�0.12, 0.03) �2.4 (�9.75, 5.02) 0.6 (�1.15, 2.31)
Educational

status
Tertiary 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Secondary �0.1 (�0.29, �0.09) 0.9 (�17.79, 19.66) �3.7 (�6.02, �1.28) 0.1 (�0.09, 0.11) �0.07 (�0.14, 0.01) �3.5 (�11.69, 4.76) �2.8

(�4.71, �0.86)
Primary �0.1 (�0.27, �0.10) 10.3 (�7.68, 28.26) �2.9 (�5.17, �0.62) �0.1 (�0.13, 0.06) �0.01 (�0.09, 0.07) �1.5 (�9.37, 6.41) �4.7

(�6.59, �2.89)
Civil status
Married 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Widowed �0.3 (�0.53, �0.02) 14.6 (�11.84, 41.10) �0.8 (�4.18, 2.52) �0.1 (�0.24, 0.04) 0.1 (�0.10, 0.12) 0.4 (�11.18, 12.07) �0.9 (�3.66, 1.78)
Divorced/
separated

0.3 (0.05, 0.62) 20.3 (�7.23, 47.89) 1.7 (�1.82, 5.15) �0.1 (�0.22, 0.08) 0.2 (0.06, 0.29) 6.0 (�6.14, 18.01) 4.1 (1.26, 6.92)

Othersb 0.2 (0.13, 0.55) �7.4 (�40.23, 25.39) �0.7 (�4.82, 3.49) �0.1 (�0.21, 0.13) 0.1 (�0.07, 0.21) �10.2 (�24.64, 4.17) 1.2 (�2.18, 4.57)
Living alone
Yes 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
No �0.2 (�0.50, 0.04) 22.7 (�3.58, 49.03) 1.1 (�2.20, 4.46) �0.2 (�0.31, �0.03) 0.1 (�0.07, 0.15) �3.9 (�15.43, 7.68) �2.2 (�4.87, 0.54)

MedDiet
adherence
Low 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
Medium 1.33 (1.17, 1.48) 35.4 (20.17, 50.60) 12.9 (11.01, 14.87) 0.38 (0.30, 0.46) 0.09 (�0.03, 0.16) 33.3 (26.58, 39.95) 15.2 (13.64, 16.77)
High 3.05 (2.86, 3.24) 66.5 (48.09, 84.83) 29.7 (27.41, 32.06) 0.75 (0.65, 0.84) 0.24 (�0.17, 0.32) 69.7 (61.67, 77.80) 33.4 (31.46, 35.23)

The multivariable model includes all variables presented above and is additionally adjusted for body mass index (continuous, kg/m2), employment status (4 categories),
carbohydrates intake (continuous), MUFA intake (continuous), PUFA intake (continuous), and SFA intake (continuous).

a This age category includes 55e70 years for males, and 60e70 years for females.
b Includes religious and single.
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a considerable proportion of the subjects presented a deficient
intake of vitamin A, D and E. These results are similar to those found
in other studies which showed low intake of these vitamins in all or
most of the elderly subjects analysed [55e58]. In addition to the
traditional role played in bone health, low concentrations of plasma
vitamin D have also been linked to a higher risk of developing MetS
[59]. In Spain, the lack of an appropriate intake of these fat-soluble
vitamins in obese population could be explained by a frequency of
consumption of dairy products below the recommended by dietary
guidelines [40].

MetS is characterized by a high oxidative stress. In this sense, a
low intake of antioxidant nutrients could worsen the evolution of
this disease [60]. Whereas some other authors have suggested a
high risk of inadequate intake of vitamin C, especially in the Eu-
ropean elderly population [46], we found that vitamin C intake was
adequate in more than 90% of our participants, probably because of
a high intake of fruits and vegetables in Spain compared to other
European countries [61,62].

Inadequate nutrient intake could be related to a decrease in total
energy intake by ageing or by a loss weight diet [63]. In order to
analyse changes in nutrient intake we estimated nutrient density
dividing by total energy intake [64]. We found a decrease in energy
consumptionwith age in both sexes; however, nutrient density was
higher in elderly ages, especially in women, compared to younger
adults. The prevalence of nutrient deficits reported by Schr€oder
et al. [47] was higher than the figure among our participants, but
they included younger people. We also penalized our estimation
considering that intake was adequate when it was above two thirds
of the DRI recommendation [28].

A determinant of low nutrient density in our population was
male sex. Better nutrient density and less prevalence of inadequacy
of nutrients intake was observed in women compared with men.
Findings from other studies suggest that a healthy food choice may
be mediated by sex. In this sense women have a higher awareness
and better knowledge of nutrition than men, which could be due to
the traditional role that women have played as housekeepers and
caregivers [65,66].

Lifestyle behaviours, in particular smoking habit (being a
smoker) and physical activity (being less active) were inversely
associated to nutrient density in our study. Alkerwi et al. [67] also
reported an inverse association between diet quality and tobacco
consumption in the Luxembourg adult population. A recent study
has suggested that the dietary nutrient density, such as fibre intake,
increases with energy intake but does not depend on smoking
habits and physical activity [68]. However, our findings showed
that both factors were significantly related to the density of dietary
fibre and the other micronutrients assessed.

Evidence indicates that socioeconomic status has an effect
on diet quality [69]. On the one hand, marital status has been
reported as a strong predictor of a higher quality diet: being
married or cohabitation has been directly associated with a
major nutrient density intake [70,71]. Loneliness, especially
among men, is linked to a negative state and a motivation to
adopt a healthy diet. This is probably influenced by traditional
gender roles and could be related to household disruption after
death or divorce [72]. However, we have not found a significant
association between this factor and nutrient density (shown in
Table 5). We need take into account that in the PREDIMED-Plus
study the most of the participants were married and not living
alone.

On the other hand, a higher educational level was a signifi-
cant predictor of better micronutrient density. This result is
similar to the findings of other studies [73,74]. This could be

mediated by a higher nutritional knowledge leading to better
food choices with higher density of nutrients. The nutritional
knowledge may be easily modified with a correct nutritional
intervention. However, educational level is often a proxy for
socioeconomic status, which may also mediate food choices.

MedDiet adherence was strongly related to nutrient density for
most of the micronutrient analysed. This fact is consistent with
other studies [11] and supports the promotion of the traditional
MedDiet to improve adequate nutrients intake.

Our study has some limitations. First, the study sample is not
representative of the general population. Due to the trial inclusion
and exclusion criteria, only older adults with MetS were included.
Second, it is probable that other possible determinants of dietary
quality have not been evaluated in this study. Nevertheless, the most
prominent socioeconomic and lifestyle factors in the literature have
been analysed. Third, the cross-sectional design of the study pre-
cludes causal inference. Irrespective of the direction of association,
the determinants included in the analysis have a high potential to
improve the quality of the diet in the older adult population and
allows us to detect groups of people more prone to nutrient de-
ficiencies. Fourth, we used a FFQ to measure dietary intakes. Despite
the FFQ used having been validated in adult Spanish population and
has a good reproducibility and validity [75], it might not be the ideal
tool to measure micronutrient intake [76]. For this reason, we
considered that there was an inadequacy only when the intake did
not reach 2/3 of the DRIs, correcting the possible bias introduced by
the FFQ and assuming in any case that the inadequate micronutrient
intake should be superior to the figures which we estimated. When
we used AR provided by EFSA [30] we obtained very similar results.
Fifth, it is important to consider the fact that NCDs, besides phar-
macological treatments, produce changes in dietary habits and in
nutrient metabolism, which have not been assessed. Finally, we
recognise that differences in selection criteria for age in men (55e75
years old) and women (60e75 years old) could explain differences
between sexes. However, excludingmales 55e59 years we found the
same results for sex differences. Nonetheless, this study focuses on
MetS rather than on age.

Some strengths of our study are the large sample size
(n ¼ 6646), the use of a standardized protocol which reduces in-
formation bias about food intake and socioeconomic and lifestyles
variables as well as the inclusion of community-dwelling aged
population and the vast amount of baseline information collected
in a large ongoing primary prevention trial.

In conclusion, despite the moderate adherence to the MedDiet
of participants in the PREDIMED-Plus trial at baseline, there was a
high prevalence of inadequate intake of several nutrients, particu-
larly vitamins A, D, E, B9 and calcium. Nutrient density intake was
related to sex (higher for women). A better lifestyle (not smoking,
physical activity and MedDiet adherence) was found to be associ-
ated with better nutrient density intake. Our findings highlight the
importance of focussing on nutritional education in those vulner-
able population, taking into account nutrient requirements.
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Supplementary table 1. Adherence to Mediterranean diet, total energy intake and nutrient Density by sex and age according to total energy 

intake 

 Men Women P valuea P valueb P valuec 

 60-70 y >70 y 60-70 y >70 y    

n 2120 419 2661 554    

MedDiet adherence 8.2±2.7 8.5±2.7 8.9±2.6 9.0±2.6 <0.001 0.381 0.406 

Total energy (Kcal/d) 2508±546 2433±560 2212±496 2161±495 <0.001 0.037 0.513 

CHO (g/1000 kcal) 100.8±16.5 102±17 103±17 106±18 <0.001 0.009 0.205 

Protein (g/1000 kcal) 39.6±6.6 39.8±6.1 43.4±6.8 43.5±6.7 <0.001 0.496 0.793 

Total Fat (g/1000 kcal) 43.4±7.0 43.2±7.3 44.3±7.4 43.4±7.5 0.025 0.041 0.183 

MUFA (g/1000 kcal) 22.6±5.0 22.3±5.0 23.1±5.3 22.6±5.1 0.032 0.030 0.383 

PUFA (g/1000 kcal) 7.0±2.0 7.1±2.2 7.1±2.1 7.0±2.0 0.914 0.829 0.037 

SFA (g/1000 kcal) 10.9±2.1 10.9±2.2 11.0±2.3 10.7±2.3 0.914 0.019 0.137 

Total fiber (g/1000 kcal) 10.3±3.2 11.0±3.2 12.2±3.4 12.2±3.8 <0.001 <0.001 0.250 

Alcohol (g/1000 kcal) 6.9±6.6 6.5±6.1 2.0±3.3 1.7±3.0 <0.001 0.069 0.842 

Vitamin A (µg/1000 kcal) 447±255 463±299 513±291 475±242 <0.001 0.270 0.005 

Vitamin B1 (mg/1000 kcal) 0.7±0.1 0.7±0.1 0.7±0.1 0.8±0.1 <0.001 0.004 0.497 

Vitamin B9 (µg/1000 kcal) 141±38 146±37 163±42 167±47 <0.001 <0.001 0.485 

Vitamin B12 (µg/1000 kcal) 4.2±2.1 4.2±2.1 4.4±1.9 4.4±1.7 <0.001 0.761 0.238 

Vitamin C (mg/1000 kcal) 78±33 82±33 98±38 101±42 <0.001 0.011 0.833 

Vitamin D (µg/1000 kcal) 2.5±1.4 2.5±1.5 2.8±1.6 2.8±1.6 <0.001 0.778 0.382 

Vitamin E (mg/1000 kcal) 4.3±1.4 4.4±1.5 4.7±1.4 4.5±1.2 <0.001 0.061 <0.001 

Calcium (mg/1000 kcal) 415±118 419.1±117.6 470.5±131.9 485.7±133.3 <0.001 0.035 0.230 

Magnesium (mg/1000 kcal)  2508±546 167.9±32.1 183.0±34.3 184.0±35.2 <0.001 0.078 0.359 

Values are mean ± SD unless otherwise indicated.  
Factorial ANOVA was used  
aP value for sex 
bP value for age  
cP value interaction between sex and age  
dMedDiet Adherence: Adherence to Mediterranean diet using the 17 item questionnaire adherence with scale 0 to 17 points
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Supplementary table 2. Macro/micronutrient intake by age and sex in the PREDIMED-PLUS 
study sample 

 Men Women P  

valuea 

P 

valueb 

P 

valuec 

 ≤70 yd >70 y ≤70 yd >70 y    

n 3012 419 2661 554    

CHO (% of kcal) 40.3±6.7 40.7±6.7 41.4±6.9 42.3±7.0 <0.001 0.005 0.241 

Protein (% of kcal) 15.9±2.7 15.9±2.4 17.4±2.7 17.4±2.7 <0.001 0.667 0.994 

Total fat (% of kcal) 39.2±6.3 38.9±6.6 39.9±6.7 39.1±6.7 0.040 0.022 0.259 

MUFA (% of kcal) 20.3±4.5 20.1±4.5 20.8±4.8 20.3±4.6 0.021 0.031 0.311 

PUFA (% of kcal) 6.3±1.8 6.4±2.0 6.4±1.9 6.3±1.8 0.787 0.704 0.022 

SFA (% of kcal) 9.9±2.0 9.8±1.9 9.9±2.0 9.7±2.0 0.457 0.003 0.392 

CHO (g/d) 255±75 249±79 230±67 229±69 <0.001 0.251 0.265 

Protein (g/d) 99±23 96±22 95±21 93±21 <0.001 0.001 0.523 

Total fat (g/d) 109±29 105±27 98±28 94±27 <0.001 <0.001 0.834 

MUFA (g/d) 56±16 54±15 51±16 49±15 <0.001 <0.001 0.995 

PUFA (g/d) 18±6 18±7 16±6 15±6 <0.001 0.10 0.254 

SFA (g/d) 28±9 26±8 25±8 23±8 <0.001 <0.001 0.785 

Total fiber (g/d) 25±9 26.5±8.8 26.7±8.9 26.8±8.6 0.003 0.014 0.035 

Alcohol (g/d) 17±18 16±16 5±8 4±7 <0.001 0.045 0.639 

Vitamin A (µg/d) 1097±640 1099±682 1114±647 1012±568 0.123 0.026 0.022 

Vitamin B1 (mg/d) 1.6±0.4 1.6±0.4 1.6±0.4 1.6±0.4 0.306 0.253 0.839 

Vitamin B9 (µg/d) 342±99 350±99 355±103 354±108 0.018 0.310 0.183 

Vitamin B12 (µg/d) 10.1±4.5 9.9±4.8 9.7±4.4 9.3±4.2 0.001 0.088 0.415 

Vitamin C (mg/d) 188±83 195±80 213±85 213±89 <0.001 0.211 0.348 

Vitamin D (µg/d) 6.1±3.4 6.0±3.4 6.2±3.4 5.9±3.4 0.892 0.173 0.307 

Vitamin E (mg/d) 10.8±4.1 10.7±4.1 10.4±3.9 9.6±3.2 <0.001 0.001 0.001 

Calcium (mg/d) 1025±351 1006±331 1032±342 1036±331 0.133 0.551 0.317 

Magnesium (mg/d)  407±105 405±108 402±108 393±101 0.020 0.145 0.36 
Values are means ± SD unless otherwise indicated. 
Factorial ANOVA was used  
aP value for sex 
bP value for age 
cP value interaction between sex and age 
dThis age category includes 55-70years for males, and 60-70 years for females 
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Supplementary table 3. Proportion of participants with intake of macro and micronutrient below 
DRIs by sex and age. 

aThis age category includes 55-70years for males, and 60-70 years for females 

bDietary Reference Intake: where a single value is displayed, DRI is the same for all analysed groups. If 2 
values are displayed, DRI differs between sexes and the first value is DRI for men and the second value is 
DRI for women. Where 4 values are displayed, DRI varies also for age groups; values are DRIs for men ≤70 
y, men >70 y, women ≤70 y, and women >70 y respectively. Values are presented as %. cPearson’s chi-
square test was performed.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Men Women 

  ≤70 ya >70 y  ≤70 ya >70 y  

 DRIb % below DRI 
 

P valuec % below DRI 
 

P valuec 

CHO 130 g/d 2.7 3.4 0.463 4.9 4.5 0.720 

Protein 56-46 g/d 1.8 1.9 0.805 0.5 1.1 0.136 

Dietary fiber 30-21 g/d 76.9 71.6 0.019 27.6 27.4 0.901 

Vitamin A 900-700 µg/d 49.2 52.2 0.264 26.8 32.8 0.004 

Vitamin B1 1.2-1.1 mg/d 13.5 16.4 0.109 7.9 9.4 0.251 

Vitamin B9 400 µg/d 76.3 70.2 0.007 71.0 72.6 0.440 

Vitamin B12 2.4 µg/d 0.2 0.7 0.088 0.3 0.7 0.203 

Vitamin C 90-75 mg/d 7.6 7.9 0.821 1.8 2.2 0.550 

Vitamin D 15-20, 15-20 µg/d 98.9 100.0 0.028 99.0 99.8 0.052 

Vitamin E 15 mg/d 88.1 87.0 0.538 90.1 95.1 <0.001 

Calcium 1.0-1.2, 1.2-1.2 g/d 52.7 74.3 <0.001 71.0 69.8 0.553 

Magnesium 420-420, 420-320 mg/d 60.0 58.7 0.602 23.7 23.7 0.995 
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Supplementary table 4. Proportion of participants with intake of macro and micronutrient below 
AR according to EFSA criteria by sex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aAR/AI: Average requirements or adequate intake according to criteria proposed by EFSA. Where a single value is 
displayed, AR is the same for all analysed groups. If 2 values are displayed, AR differs between sexes and the first value 
is AR for men and the second number is AR for women.  
bVitamin B1: Values are expressed by total energy intake (kcal/day) 
cPearson’s chi-square test was performed.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Men Women  

  

AR/AIa 

 
% below AR 

 
% below AR 

P 

valuec 

CHO 45% 0 0.5 0.302 

Dietary fiber 25 g/d 55.5 47.9 <0.001 

Vitamin A 570-490 µg/d 16.9 7.8 <0.001 

Vitamin B1b 0.72-0.66 mg/d 0.4 0.2 0.201 

Vitamin B9  250 µg/d 15.9 13.9 0.024 

Vitamin B12 4 µg/d 2.8 3.5 0.109 

Vitamin C 90-80 mg/d 7.7 2.4 <0.001 

Vitamin D 15 µg/d 98.9 99.0 <0.001 

Vitamin E 13-11 mg/d 78.3 66.3 <0.001 

Calcium 950 mg/d 46.2 44.6 0.194 

Magnesium 350-300 mg/d 32.3 16.5 <0.001 
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Supplementary Table 5. Multivariablea logistic regression model for inadequate intake of 4 or 
more out 10 micronutrients according to criteria proposed by EFSA assessing baseline 
socioeconomic and lifestyle factors among men and women in the PREDIMED-Plus study 
participants analysed 

 

aThe multivariable model includes all variables presented in the table  and is additionally adjusted for BMI 
(continuous, Kg/m2), marital status (4 categories), employment status (4 categories), living alone (yes/no), 
and total energy intake (continuous, kcal) 

bThis age category includes 55-70years for males, and 60-70 years for females 

 ≥4 inadequate intake 

(95% Confidence Interval) 

Odds Ratio  

(95% Confidence Interval) 

P value 

Sex    

Men 44.0 (42.3-45.6) 1 (ref)  

Women 32.0 (30.4-33.6) 0.28 (0.23-0.32) <0.001 

Age    

≤70 yb 38.3 (37.0-40.0) 1 (ref)  

> 70 y 37.6 (34.5-40.7) 0.93 (0.78-1.12) 0.448 

Smoking habits    

Current smoker 46.7 (43.2-50.1) 1 (ref)  

Former smoker 40.7 (38.8-42.5) 0.65 (0.53-0.80) <0.001 

Never smoker 33.2 (31.4-34.9) 0.63 (0.51-0.79) <0.001 

Physical Activity    

Less active 38.6 (37.1-40.1) 1 (ref)  

Moderately active 36.5 (33.8-39.1) 0.73 (0.62-0.85) <0.001 

Active 38.6 (36.0-41.2) 0.90 (0.77-1.05) 0.180 

Educational level    

Tertiary 38.2 (35.7-40.7) 1 (ref)  

Secondary 39.9 (37.6-42.1) 1.03 (0.86-1.22) 0.779 

Primary 37.2 (35.5-38.9) 1.02 (0.86-1.20) 0.844 

Mediterranean Diet    

Low Adherence 46.4 (44.4-48.5) 1 (ref)  

Medium Adherence 38.2 (36.4-40.1) 0.44 (0.38-0.51) <0.001 

High Adherence 25.1 (22.9-27.3) 0.20 (0.17-0.24) <0.001 
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Abstract: Inadequate diet influences chronic diseases such as cardiovascular disease (CVD), the
leading cause of death in Spain. CVD figures vary from one geographical region to another; this could
be associated with different food choices. Our aim was to analyse the influence of geographical area on
nutrient intakes among the Spanish adult population with Metabolic Syndrome (MetS). We analysed
cross-sectional baseline data from the PREDIMED-Plus study: 6646 Spanish adults, aged 55–75 years,
with overweight/obesity and MetS in four geographical areas. A validated 143-item Food Frequency
Questionnaire (FFQ) was used to assess energy and nutrient intakes. The prevalence of inadequate
nutrient intake was estimated according to Dietary Reference Intakes (DRIs). Multivariable-adjusted
logistic regression was used to assess the relationship between geographical area (North, Central, East
and South areas) and inadequate nutrient intake. People in the North area consumed significantly
lower amounts of vegetables and fish but more sugar and alcohol (p < 0.001) than other areas. Dietary
fibre, vitamin A, E, calcium and magnesium intakes were all lower among men of North area than in
the other areas (p < 0.001). Sex (women), non-smoker and physical activity were also associated to
adequate nutrient intake. Geographical area influences nutrient intakes. Its effect on dietary quality
should be taken into account when planning food policies.

Keywords: dietary intake; PREDIMED-Plus study; metabolic syndrome; place of residence;
geographical area; nutrient adequacy

1. Introduction

Over the last decades, overweight and obesity have increased in most regions and countries
worldwide [1]. A similar situation has been described in Spain. The prevalence of overweight has
increased in the last 20 years with obesity figures now twice what they were twenty years ago and
they have especially increased in the aged adult Spanish population [2]. The global burden of obesity
and overweight can be explained by the increase in the consumption of diets with high energy density
and low nutritional value, a consequence of the acquisition of Westernized dietary patterns [3].
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A healthy dietary pattern which includes low amounts of saturated fat, salt and refined
carbohydrates and promotes the consumption of high amounts of fruit, vegetables and whole grains
have proved not only to reduce the risk of overweight and obesity but also to have a direct effect on
chronic diseases incidence and prognosis which affect global health [4].

The traditional Mediterranean diet (MedDiet) described in the 1950s and 1960s [5], is characterized
by frugality or moderation on food consumption, a high intake of vegetables, legumes, fruits and
nuts, unrefined cereals, fish and olive oil and a low intake of saturated lipids, dairy products
and red meat [6]. MedDiet prevents diseases that especially affect the aged population, such as
neurodegenerative diseases, diabetes mellitus and some types of cancer [7–10]. Furthermore, MedDiet
has also been associated with protection against some of the leading causes of morbidity and mortality
worldwide, in particular cardiovascular disease (CVD) and metabolic syndrome (MetS) [11,12]. MetS is
a well-described condition in the causative pathway of cardiovascular disease attributable to clustering
factors that includes central obesity, insulin resistance, dyslipidaemia and hypertension [13].

Moreover, accumulated evidence suggests that the elevated overweight and obesity rates around
the world are linked to MetS, coexisting with nutritional deficits in the adult population [14]. In this
context, it is important to note that an increase in adherence to MedDiet is associated with better diet
quality and lower prevalence of deficient intake of certain micronutrients. That is, the MedDiet has
demonstrated supportive effects, not only on the protection against chronic diseases but also on the
aged population’s nutritional status [15].

The nutritional status of the aged population is an important public health issue; adequate dietary
intake plays an important role in the healthy aging process. For a variety of reasons, that include
economic, social and physiologic changes, aged adults are at risk of low dietary quality. Aging is
accompanied by an increased need in several nutrients, such as vitamins and minerals, whereas the
overall caloric requirements decline [16,17]. In this sense, the consumption of a high-quality diet such
as MedDiet is essential to reduce malnutrition figures in older adults. Although some studies suggest
that the adherence to MedDiet in Spain is greater than in other Mediterranean countries [18], recently
published data on dietary patterns in Spanish adults indicated that adherence to the MedDiet has
substantially declined [19].

In fact, besides age, sex or cultural level, the adherence to the MedDiet in Spain varies significantly
among geographical areas. As an example, the Southern regions of Spain had the lowest score for
adherence to the MedDiet in comparison with Northern regions [20,21], even though other authors
have reported that place of residence has limited influence on dietary intake in the adult and senior
adult population [22]. Therefore, differences in dietary intake do not only differ among Mediterranean
countries but also within the same country, most likely because each area has its own gastronomic
culture influenced by particular socioeconomic and cultural factors related to food choices and other
determinants of dietary intake [20]: This could be responsible for the North-South cardiovascular
mortality gradient in Spain [23].

To our knowledge little is known about dietary intake and inadequate nutrient intake among the
older Spanish adults with MetS from different geographical areas of Spain. Our aim was to analyse the
influence of geographical area on nutrient intakes among the Spanish adult population with MetS.

2. Materials and Methods

2.1. Study Design

This research represents a cross-sectional study on baseline data of the PREDIMED-Plus trial study.
PREDIMED-Plus study is a 6-year Spanish multicentre ongoing randomized, parallel-group clinical
trial testing the effect on CVD morbimortality of an intensive weight-loss intervention program based
on an energy-restricted traditional MedDiet, physical activity promotion and behavioural support, in
comparison with a usual care intervention only with energy-unrestricted Mediterranean diet (control
group). The participant recruitment methods and data collection are fully described in a publication
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by Martinez-Gonzalez MA et al. [24] and at http://predimedplus.com/. The PREDIMED-Plus
study protocol was approved according to the ethical standards of the Declaration of Helsinki by
the respective Institutional Review Board (IRB) in each centre and registered at the International
Standard Randomized Controlled Trial (ISRCT), with number 89898870. For more information,
http://www.isrctn.com/ISRCTN89898870. Registration date: 24 July 2014. Informed consent was
obtained from all individual participants included in the study.

2.2. Participants and Data Collection Procedures

The population of the study consisted of a total sample of 6874 aged adults of both genders that
were selected and randomized in 23 centres of recruitment, including different universities, hospitals
and Spanish research institutes, of the PREDIMED-Plus clinical trial from 14 Spanish provinces
(Alicante, Barcelona, Cordoba, Granada, Jaen, Las Palmas de Gran Canaria, Leon, Madrid, Malaga,
Mallorca, Navarra, Sevilla, Valencia and Vitoria), from October 2013 to November 2016. These centres
recruited participants from Primary Care Health clinics belonging to the National Health System.
Potential eligible participants were adult men aged between 55 and 75 years and women between
60 and 75 years with a body mass index between ≥27 and <40 kg/m2 and meeting at least 3 criteria
for MetS [13] but with no previous CVD. Participants were organized into 4 different areas (Figure 1)
according to geographical area of residence (Nielsen areas) [22]. However, some regions have been
grouped with contiguous geographical area, in the same way that other authors have described
previously [20], due to the small sample size. North area (green-North) includes the northern areas:
Leon, Navarra and the Basque Country. Central area (yellow-Central) comprises the central area of the
country: Madrid. East area (blue-East) is composed of the areas located in eastern Spain: Cataluña,
Valencia and Balearic Islands. Finally, South area (red-South) covers the south of Spain (Andalucía)
and Canary Islands.Nutrients 2018, 10, x FOR PEER REVIEW  5 of 19 
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For the current analysis, 228 participants were excluded (Figure 2) because they reported
values for total energy intake outside of the predefined limits (<800 kcal/day or >4000 kcal/day
for men); (<500 kcal/day or >3500 kcal)/day for women). These limits were set in accordance with
recommendations by Willett in Nutritional Epidemiology [25]. In addition, 47 participants were
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excluded because they did not complete the Food Frequency Questionnaire (FFQ). After applying
these exclusion criteria, a final sample of 6646 participants was analysed.
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2.3. Assessment of Dietary Intake

Trained nutritionists collected baseline food intake data in their baseline interview using the
PREDIMED FFQ, which has been previously validated in Spanish subjects [26,27]. The FFQ included
143 food items, arranged into 11 food groups, taking into account the similarities of their nutrient
profiles (vegetables, fruits, legumes, cereals, milk and dairy products, meat and meat products, fish
and seafood, olive oil, nuts, sugars and sweets and eggs). The FFQ includes 9 possible answers for
consumption frequency ranging from never/seldom to >6 servings/day. The indicated frequencies
of consumption were converted to intakes per day and multiplied by the weight of the portion size
indicated by the participant and expressed as grams per day [28]. Nutrient information was derived
using Spanish food composition tables [29,30]. Subjects were asked about MedDiet adherence via
a 17-item screening questionnaire, which contains modifications to a previously validated 14 items
questionnaire [31], used to evaluate compliance with the intervention and was also a key element to
guide the motivation interviews during the study follow-up. Compliance with each of the 17 items
relating to characteristic food habits was scored with 1 point and 0 points for non-adherence. Therefore,
the total score range was 0–17, with 0 meaning no adherence and 17 meaning maximum adherence.
Adherence to MedDiet was categorised in tertiles, as low level of adherence (1st tertile, ≤7 points),
medium (2nd tertile, 8–10 points) or high level of adherence (3rd tertile, ≥11 points). Dietary intake
of total energy, total fat and fatty acids: monounsaturated (MUFAs), polyunsaturated (PUFAs) and
saturated (SFAs), proteins and carbohydrates were estimated. Dietary fibre and alcohol intake were also
measured. Inadequate nutrient intake of dietary fibre and vitamins A, D, E, B12, B6, B9 and minerals
such as calcium, magnesium and phosphorus were analysed according to the Dietary Reference Intakes
(DRIs) for the American population for each participant [32]. DRIs is the general term for a set of
reference values used to plan and assess nutrient intakes of healthy people. These values vary by
age and sex and include the Recommended Dietary Allowance (RDA): average daily level of intake
sufficient to meet the nutrient requirements of nearly all (97–98%) healthy people, Adequate Intake
(AI): established when evidence is insufficient to develop an RDA and is set at a level assumed to
ensure nutritional adequacy and Tolerable Upper Intake Level (UL): maximum daily intake unlikely
to cause adverse health effects [33]. Intake levels above DRI imply a low likelihood of inadequate
intake. To decrease possible measurement errors derived from FFQ, we estimated the proportion of
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individuals with intakes below two thirds (2/3) of the DRIs, correcting the possible bias introduced
by the FFQ and assuming in any case that the actual inadequate intake should be higher than the
figures which were estimated [34]. Furthermore, we have estimated the inadequate intake according
to the European Food Safety Agency (EFSA) average requirements (AR), taking as reference AI when
AR were not available [35]. We also studied the proportion of participants with inadequate intake
of 3 or more out of 6 nutrients. Results were based on dietary intake data only, excluding intake
of supplements.

2.4. Assessment of Non-Dietary Intake

During the baseline visit, trained staff of PREDIMED-Plus trial documented information using a
baseline questionnaire on sociodemographic data and lifestyle behaviours. The variables included
were sex, age (55–70 years and >70 years), geographical area (North, Central, East or South area),
education level (primary level, secondary level and tertiary level that includes university studies), civil
status (married, widowed, divorced/singled or others) and whether they lived alone or not. Other
lifestyle variables such as smoking habits, alcohol intake (grams per day) and physical activity were
taken into account. Physical activity information was gathered using the validated Spanish version of
the Minnesota questionnaire [36,37].

2.5. Statistical Analysis

We used the PREDIMED-Plus baseline database generated in August 2017. Qualitative variables
were analysed through their frequency distribution, whereas quantitative variables were expressed as
means and standard deviations (SD). Pearson’s chi-square tests and Analysis of Variance (ANOVA)
(for categorical and continuous variables, respectively) were used to assess differences in baseline
characteristics of participants according to geographical area. Also, ANCOVA was used to estimate
dietary intakes, adherence to MedDiet and nutrient profiles according to geographical area adjusted for
sex and age. The significance level was set at 5%. The main outcome of this analysis was inadequate
intake of micronutrients, defined for each nutrient as a daily intake below 2/3 of DRIs and set at
95% confidence interval (CI). We also repeated the analysis defining inadequate intake according to
AR/AI proposed by EFSA. Geographical area was the principal independent variable. The associations
between geographical area and inadequate intakes were summarized using odds ratios and 95% CI
obtained via multiple-adjusted logistic regression models. The logistic regression model was adjusted
for sex, age (55–70 years and >70 years), adherence to MedDiet (low, medium and high adherence),
total energy intake, smoking habits (current, former or never smoker), physical activity (less active,
moderately active and active), living alone, diabetic status and educational level (primary, secondary
and tertiary). A logistic regression model was used to examine the associations between the place of
residence and inadequate nutrient intake (defined as deficient intake for 3 or more nutrients) adjusted
for the same potential confounding factors mentioned above.

Vitamins B6, B12 and phosphorus intakes were excluded from the logistic regression model,
because a binary test showed these to be asymmetrically distributed and also a low proportion of
subjects presented inadequate intake of these micronutrients. In addition, the intake of vitamin D
was also excluded from the statistical analysis because it was deficient in a high proportion of the
population (over 80%). All analysis were cross-sectional and performed using Stata (12.0, StataCorp
LP, College Station, TX, USA).
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3. Results

3.1. Baseline Characteristics of the Population and Food Intake

The baseline characteristics of participants and the food group intake in grams per day by
geographical area are shown in Table 1. Mean patient age was 65.0 ± 4.9 years and 51.6% (n = 3431)
of participants were male. When baseline characteristics were compared according to the four
geographical areas included, differences were found in age, smoking habits, physical activity, cultural
level and civil status. Regarding physical activity, 21.3% reported they were active, while 59.8% did
not. Central area had the highest rates of active population (37.0%). The majority of the population had
a primary educational level (48.3%, primary school) but, differences were evident among the 4 areas.
The highest percentage of participants with only primary school (54.9%) was observed in South area.

Table 1. Baseline characteristics of the PREDIMED-Plus study participants by geographical areas
(total population n = 6646).

Total
Population
(n = 6646)

North Area
(n = 1436)

Central
Area

(n = 493)

East Area
(n = 2938)

South Area
(n = 1779)

p
Value

Sex, n (%)
Male 3431 (51.6) 823 (57.3) 264 (53.6) 1478 (50.3) 866 (48.7) <0.001
Female 3215 (48.4) 613 (42.7) 229 (46.5) 1460 (49.7) 913 (51.3)

Age, n (%)
55–70 years 5673 (85.4) 1203 (83.8) 444 (90.0) 2478 (84.3) 1548 (87.0) <0.001
>70 years 973 (14.6) 233 (16.2) 49 (9.9) 460 (15.7) 231 (13.0)
Mean ± SD 65.0 ± 4.9 65.2 ± 5.0 64.1 ± 4.9 65.2 ± 4.9 64.6 ± 4.8 <0.001

Smoking habits, n (%)
Current smoker 825 (12.4) 180 (12.5) 53 (10.8) 357 (12.2) 235 (13.2) <0.001
Former smoker 2883 (43.4) 690 (48.3) 256 (51.9) 1251 (42.6) 683 (38.4)
Never smoker 2910 (43.8) 555 (38.7) 180 (36.5) 1325 (45.1) 850 (47.8)
Insufficient data 28 (0.4) 8 (0.6) 4 (0.8) 5 (0.2) 11 (0.6)

Diabetes mellitus, n (%) 1818 (27.4) 349 (24.3) 125 (25.4) 846 (28.8) 498 (28.0) 0.001

Physical Activity, n (%)
Less active 3961 (59.8) 712 (49.8) 350 (71.4) 1720 (58.6) 1179 (66.7) <0.001
Moderately active 1249 (18.9) 261 (18.3) 71 (14.5) 584 (19.9) 333 (18.8)
Active 1412 (21.3) 457 (32.0) 69 (14.1) 629 (21.5) 257 (14.5)

Education level, n (%)
Tertiary 1463 (22.0) 305 (21.2) 181 (37.0) 654 (22.3) 323 (18.2) <0.001
Secondary 1912 (28.8) 443 (30.9) 184 (37.6) 827 (28.2) 458 (25.7)
Primary 3207 (48.3) 674 (46.9) 121 (24.7) 1436 (48.9) 976 (54.9)
Insufficient data 60 (0.9) 14 (1.0) 3 (0.6) 21 (0.7) 22 (1.2)

Civil status, n (%)
Married 5072 (76.6) 1109 (77.9) 351 (72.1) 2240 (76.5) 1372 (77.1) <0.001
Widowed 690 (10.4) 150 (10.5) 38 (7.8) 313 (10.7) 189 (10.2)
Divorced/Separated 519 (7.8) 82 (5.8) 53 (10.9) 244 (8.3) 140 (7.9)
Others a 339 (5.1) 83 (5.8) 45 (9.2) 133 (4.5) 78 (4.4)

Living alone, n (%) 826 (12.5) 180 (12.6) 77 (15.7) 365 (12.4) 204 (11.5) 0.100

Diabetic, n (%) 1818 (27.4) 349 (24.3) 125 (25.4) 846 (28.8) 498 (28.0) 0.001

Values are presented as mean ± SD for continuous variables and n (%) for categorical variables. Pearson’s
chi-square test was performed for categorical variables and ANOVA test for continuous variables. a includes single
and religious.
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3.2. Description of Food Intake, Adherence to MedDiet and Nutrient Profiles in the Different Geographical
Areas Analysed

Evaluation of food group intake, adherence to MedDiet and nutrient profiles among geographical
areas of Spain adjusted for age and sex are shown in Table 2. According to the geographical area,
the estimated adjusted mean intakes of fruits, sugar and sweets, olive oil, cereals and eggs were
significantly higher among those participants living in North area than among those living in the other
areas (p < 0.001). Whereas the intake of vegetables, nuts, legumes, fish and seafood were the lowest
compared with the others geographical territories analysed (p < 0.001). The evaluation of food intake
by sex and age among the geographical areas is shown in the Supplementary Materials (Table S1).
In order to evaluate differences in MedDiet adherence across the geographical areas, we compared the
mean score. The overall adherence score was 8.5 ± 2.7 (data not shown). According to geographical
area, the East area showed the worst mean score of adherence, which was significantly lower than
the mean score obtained in Central and South areas. The South area showed the lowest total energy
intake, although, the contribution of healthy fats such as MUFAs and PUFAs was higher compared to
the other geographical areas. Alcohol intake was higher in North area. The adherence to MedDiet and
nutrients profile among areas stratified by sex and age is presented in Supplementary Table S2. Mean
adherence to MedDiet increased in aged population (more than 70 years) in both sexes, being higher in
women than in men. Total energy intake decreased with age in both sexes. Alcohol intake was higher
in men than in women independently of age or place of residence, being the highest in the North area.

3.3. Evaluation of Inadequate Nutrient Intake According to Recommended Intakes

Table 3 shows the proportion of participants who showed nutrient intake below 2/3 of DRIs by
geographical area. An inadequate intake of dietary fibre, vitamins A, B9, E and calcium was common
in all the analysed groups of participants. Comparing the inadequate intakes by sex, men showed
a higher prevalence than women of inadequate intake for most of the nutrients analysed. For the
majority of nutrients, the prevalence of inadequate intake increased in women in older ages but
not in men, except for calcium. In accordance to geographical areas, the North area presented the
highest prevalence of inadequate intake for most nutrients analysed, except for vitamin B9 and dietary
fibre, while East area presented the lowest prevalence of deficient intake for all the micronutrients
analysed but differences are statistically significant only among the youngest participants and only for
vitamins A, D and E. These results are similar if the EFSA recommendations are used (Table S3).
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Table 2. Intake of food groups (g/day), adherence to MedDiet and nutrient profiles among geographical areas analysed (total population n = 6646).

North Area Central Area East Area South Area

p Valuen (n = 1436) (n = 493) (n = 2938) (n = 1779)

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Food group intake
Vegetables (g/day) 291.1 284.1–298.2 327.8 315.1–340.5 335.8 330.8–34.7 331.5 325.1–337.9 <0.001
Fruits (g/day) 389.6 380.0–400.1 366.0 347.0–385.0 332.5 325.1–339.8 366.9 357.4–376.5 0.001
Legumes (g/day) 18.8 18.2–19.4 20.6 19.6–21.7 19.7 19.3–20.1 23.2 22.7–23.8 <0.001
Cereals (g/day) 173.4 169.4–177.4 150.2 143.0–157.3 142.8 140.0–145.5 143.8 140.2–147.4 <0.001
Milk/dairy products (g/day) 367.0 356.6–377.3 387.3 368.7–405.9 320.8 313.6–328.1 357.9 348.6–367.3 <0.001
Meat/meat products (g/day) 150.8 147.9–153.7 143.6 138.4–148.8 155.4 153.4–157.5 125.7 123.1–128.3 <0.001
Olive oil (g/day) 42.9 42.0–43.8 35.9 34.4–37.5 40.6 40.0–41.2 37.0 36.2–37.8 <0.001
Fish/seafood (g/day) 95.7 93.3–98.1 109.8 105.4–114.1 102.5 100.9–104.2 99.5 97.3–101.7 <0.001
Nuts (g/day) 12.9 12.–13.8 16.3 14.7–17.9 15.0 14.4–15.6 15.5 14.7–16.3 <0.001
Sugar/sweets (g/day) 32.6 31.1–34.2 29.5 26.7–32.2 25.5 24.5–26.6 23.2 21.8–24.6 <0.001
Eggs (g/day) 25.9 25.3–26.5 24.1 23.0–25.2 22.6 22.1–23.0 23.0 22.5–23.6 <0.001

Adherence to MedDiet
MedDiet Q-P17 a, mean 8.6 8.4–8.7 9.2 9.0–9.5 8.1 8.0–8.2 8.9 8.8–9.0 <0.001

Energy intake and nutrient profiles, mean
Total energy intake (kcal/day) 2425.0 2397.6–2452.3 2398.8 2349.7–2447.9 2357.6 2338.5–2376.6 2301.0 2276.3–2325.7 <0.001
Total fat intake (%) 38.3 38.0–38.6 38.5 37.9–39.1 40.4 40.1–40.6 39.0 38.7–39.3 <0.001
Monounsaturated fat (%) 19.9 19.7–20.2 19.5 19.1–19.9 21.0 20.8–21.1 20.3 20.1–20.5 <0.001
Polyunsaturated fat (%) 6.1 6.0–6.2 6.3 6.1–6.5 6.4 6.3–6.4 6.5 6.4–6.6 <0.001
Saturate fat (%) 9.5 9.4–9.6 10.1 9.9–10.2 10.3 10.2–10.3 9.6 9.5–9.6 <0.001
Carbohydrate intake (%) 41.8 41.1–42.1 41.6 41.0–42.3 39.8 39.6–40.1 41.8 41.5–42.1 <0.001
Protein intake (%) 16.3 16.1–16.4 17.0 16.7–17.2 16.8 16.7–16.9 16.4 16.3–16.5 <0.001
Alcohol intake (g/day) 13.5 12.8–14.2 10.4 9.1–11.6 10.6 10.1–11.1 9.7 9.1–10.4 <0.001
Fibre intake (g/day) 25.8 25.4–26.3 26.4 25.6–27.3 25.8 25.4–26.1 26.2 25.8–26.6 0.191

Values are presented as means adjusted by age and sex. ANCOVA test was performed. a MedDiet Q-P17, adherence to Mediterranean diet questionnaire 17 point cut off.
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Table 3. Participants with nutrient intake below 2/3 of DRIs by geographical areas, age and sex.

Nutrient Group DRI a North
Area

Central
Area

East
Area

South
Area p Value 1

Dietary fibre

Male 55–70 30 g/day 28.1 28.4 27.0 29.2 0.744
Male >70 30 g/day 19.4 27.8 24.0 29.4 0.442

Female 60–70 21 g/day 2.3 4.6 4.1 4.0 0.310
Female >70 21 g/day 3.7 6.9 5.6 2.2 0.383

p value 2 <0.001 <0.001 <0.001 <0.001

Vitamin A

Male 55–70 900 µg/day 28.8 21.2 15.8 16.6 <0.001
Male >70 900 µg/day 25.5 16.7 17.3 17.4 0.353

Female 60–70 700 µg/day 8.6 5.8 5.6 5.2 0.078
Female >70 700 µg/day 8.2 6.9 10.4 5.1 0.341

p value 2 <0.001 <0.001 <0.001 <0.001

Vitamin B9

Male 60–70 400 µg/day 19.3 18.5 22.2 22.6 0.250
Male >70 400 µg/day 17.4 22.2 18.8 23.9 0.667

Female 55–70 400 µg/day 15.7 17.3 17.4 20.2 0.204
Female >70 400 µg/day 11.9 24.1 21.9 21.0 0.092

p value 2 0.128 0.819 0.020 0.649

Vitamin D

Male 60–70 15 µg/day 89.0 75.7 83.6 83.0 <0.001
Male >70 20 µg/day 99.0 100.0 97.6 97.8 0.786

Female 55–70 15 µg/day 87.9 77.5 82.0 85.0 0.002
Female >70 20 µg/day 98.5 93.1 97.2 100.0 0.061

p value 2 <0.001 0.021 <0.001 <0.001

Vitamin E

Male 55–70 15 mg/day 63.7 52.3 43.3 43.6 <0.001
Male >70 15 mg/day 56.1 50.0 44.7 54.4 0.214

Female 60–70 15 mg/day 63.1 48.6 49.0 50.4 <0.001
Female >70 15 mg/day 70.2 44.8 61.8 61.6 0.062

p value 2 0.178 0.826 <0.001 <0.001

Calcium

Male 55–70 1000 mg/day 14.2 8.6 11.7 13.5 0.090
Male >70 1200 mg/day 22.5 11.1 30.8 30.4 0.163

Female 60–70 1200 mg/day 25.3 19.7 26.7 25.7 0.268
Female >70 1200 mg/day 21.6 27.6 24.3 28.3 0.625

p value 2 <0.001 0.002 <0.001 <0.001

Magnesium

Male 55–70 420 mg/day 10.2 8.1 7.6 7.7 0.206
Male >70 420 mg/day 12.2 5.6 8.7 9.8 0.718

Female 60–70 320 mg/day 1.0 1.7 1.2 1.5 0.846
Female >70 320 mg/day 1.5 3.5 1.2 1.5 0.819

p value 2 <0.001 0.042 <0.001 <0.001

DRI a: Dietary Reference Intake. Pearson’s Chi-Square test was used to estimate differences among prevalence of
inadequate nutrient intakes according to geographical area for each age and sex strata (p value 1) and also to estimate
differences among prevalence of inadequate nutrient intakes according to age and sex, for each geographical area
(p value 2).

3.4. Assessment of the Influence of the Geographical Area on Inadequate Nutrient Intake

We examined the possible effect of geographical area on the inadequate intake of nutrients
(Table 4), with North area as the reference category. The unadjusted logistic regression model revealed
that the geographical area influenced the inadequate intake for all the nutrients analysed except for
dietary fibre. In this sense, not living in the North area was significantly associated with a lower
likelihood of inadequate intake of vitamin A, E, calcium and magnesium (p < 0.001). However, for
vitamin B9, the East and the South areas had a higher probability of inadequate intake in comparison
with the Northern reference area (OR = 1.19 and 1.31 respectively, p < 0.001). When we used the EFSA
dietary recommendations, we obtained very similar results (Table S4). The influence of demographics
(age, sex and place of residence) and other socioeconomic and lifestyle variables on inadequate nutrient
intake according to the DRIs criteria is presented in the Supplementary Materials (Table S5). Inadequate
nutrient intake was influenced by geographical area and sex. It was also inversely associated with
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better adherence to the MedDiet, total energy intake, not diabetic, being moderately active and being a
non-smoker (p < 0.001). The Supplementary Table S6, shows similar associations according to EFSA
criteria for all nutrients except for calcium.

Table 4. Results from the logistic regression model of micronutrient inadequate intakes according to
2/3 DRIs by geographical areas.

Nutrient North Area Central Area East Area South Area

Dietary fibre Model 1 1 (Ref.) 1.08 (0.81−1.43) 0.92 (0.78−1.10) 0.97 (0.80−1.17)
Model 2 1 (Ref.) 1.03 (0.72−1.46) 0.80 (0.65−0.98) 0.92 (0.73−1.15)

Vitamin A
Model 1 1 (Ref.) 0.66 (0.49−0.89) 0.51 (0.43−0.61) 0.49 (0.40−0.59)
Model 2 1 (Ref.) 0.57 (0.41−0.80) 0.43 (0.35−0.52) 0.40 (0.32−0.50)

Vitamin B9
Model 1 1 (Ref.) 1.09 (0.83−1.44) 1.19 (1.01−1.41) 1.31 (1.10−1.57)
Model 2 1 (Ref.) 0.98 (0.70−1.36) 0.97 (0.80−1.17) 1.09 (0.88−1.34)

Vitamin E
Model 1 1 (Ref.) 0.58 (0.47−0.72) 0.52 (0.45−0.59) 0.54 (0.47−0.62)
Model 2 1 (Ref.) 0.47 (0.36−0.61) 0.30 (0.26−0.35) 0.30 (0.25−0.36)

Calcium
Model 1 1 (Ref.) 0.70 (0.52−0.94) 1.07 (0.91−1.26) 1.11 (0.93−1.32)
Model 2 1 (Ref.) 0.53 (0.38−0.76) 0.86 (0.72−1.04) 0.80 (0.65−0.98)

Magnesium Model 1 1 (Ref.) 0.80 (0.50−1.28) 0.68 (0.52−0.89) 0.70 (0.51−0.95)
Model 2 1 (Ref.) 0.39 (0.21−0.75) 0.35 (0.25−0.50) 0.33 (0.22−0.49)

Values are presented as OR and 95% CI for the inadequate intake of micronutrients as categorical variable according
to area of residence. Model 1: This model has not been adjusted for any variable. Model 2: has been adjusted by
sex, age, smoking habits, physical activity, educational status, diabetic status, living alone, total energy intake and
adherence to MedDiet.

3.5. Multivariable Logistic Regression Model for Inadequate Intake of 3 or More out 6 Micronutrients
According to Place of Residence

Table 5 shows the result from the logistic regression model fitted using inadequate intake of 3 or
more out of 6 micronutrients as the dependent variable. In the North area, 19.0% of participants showed
inadequate intake for 3 or more. Dwellers of Central, East and South areas had a lower probability
of inadequate intake for 3 or more micronutrients (p < 0.05). When we used AR/AI provided by the
EFSA, we obtained higher figures (Table S7), reaching 40.8% of participants with inadequate intake in
the North area.

Table 5. Multivariable logistic regression model for inadequate intake of 3 or more out 6 micronutrients
according to geographical area.

≥3 Inadequate Intake
% Prevalence (95% CI)

Adjusted Odds Ratio
(95% CI) p Value

Geographical area

North area 19.0 (17.0–21.1) 1 (Ref.)
Central area 16.3 (12.8–19.7) 0.65 (0.46–0.94) 0.021
East area 15.9 (14.6–17.2) 0.57 (0.47–0.70) <0.001
South area 16.8 (15.0–18.5) 0.59 (0.47–0.74) <0.001

Results are expressed as OR and 95% CI for the inadequate intake of ≥3 micronutrients as
categorical variables according to geographical area. The model has been adjusted for sex, age,
smoking habits, physical activity, educational status, diabetic status, living alone, total energy intake
and adherence to MedDiet.
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4. Discussion

Our results show significant differences between dietary intake patterns among the different
geographical areas included, characterized by cultural, economic and gastronomic diversity. These
differences are maintained across the different age and sex strata, coinciding with differences in the
prevalence of inadequate intake of micronutrients such as vitamin A, E, B9, Ca and Mg. The differences
found in adequate nutrient intake among the geographical areas studied could be attributable to
different dietary intakes that were also influenced by sex, not being smoker, not being diabetic and
being active.

The traditional MedDiet pattern has been associated with a higher consumption of vegetables,
fruits, fish, legumes and nuts [38]. However, the current dietary pattern in Spain is turning into a
Westernized diet, including the overweight or obese adult population, with high consumption of
sugar and meat products and a decline in the consumption of vegetables and fruits [39]. Although our
results suggest that the main estimated food groups consumed were vegetables and fruits, meat and
processed meat intake were elevated, while fish, seafood and legumes consumption seemed to be lower
according to the recommended intakes. However, compared to a Spanish food consumption survey
carried out in 2013, our estimate intake of fish and legumes was slightly higher (100.7 g/day/person
versus 88.7 g/day/person and 22.1 g/day/person versus 13.9 g/day/person for fish and legumes,
respectively). In contrast, egg intake was somewhat lower (23.5 versus 27.1) [40]. Egg consumption in
our study was under the usually recommended levels [41], probably due to the general (but unfounded)
concern that egg consumptions may increase blood cholesterol levels [42].

Depending on geographical areas, differences in food intake were found. The inhabitants of North
area, especially men, consumed more sugars, sweets and alcohol than the other three areas. These data
are also reflected in another Spanish study which reported that adult males from the North of Spain
had higher intakes of these food groups than adult males from other Spanish areas [22]. Surprisingly,
East area, the main area of fruit production in Spain, showed the lowest fruit consumption. The same
was observed for olive oil consumption in South area, in spite of being the greatest olive oil producing
region in the world. These data are also consistent with findings in another Spanish survey [20].

Food choices depend on individual’s elections, conditioned by cultural influences, demographic
and socio-economic factors [43]. In addition to the geographical area, age and sex were important
factors in determining food intake. According to our data, a higher consumption of vegetables,
fruits and fish or seafood was found in women compared with men. Other previous studies also
corroborated these findings, highlighting that females consumed more fruit and vegetables than males,
decreasing the risk of nutrient deficiencies [44]. In our study, oldest people (more than 70 years) tend
to have a higher consumption of vegetables, fruits, legumes, nuts and fish compared to a younger
adult population. Similar findings have been previously reported in a Swiss community-dwelling
sample [45].

People in Mediterranean countries such as Spain, have decreased their adherence to the MedDiet
pattern, which was traditionally high [46]. Our results show only a moderate MedDiet adherence
in most of the areas analysed. Other studies indicated a similar adherence to MedDiet at baseline
interview [47]. According to the geographical area, the lowest mean score of adherence to MedDiet was
found in East area, especially in younger adult men, which barely reached a compliance score of 8 out
of 17 points. This finding can be explained by the low intake of fish and fruits, a surprising outcome as
the geographical location of this area is on the Mediterranean coast and has an extensive agricultural
tradition. This result is similar to previous findings reported in the DIMERICA study [20]. Furthermore,
the percentage of the population in the first tertile of adherence to MedDiet (low adherence) reached a
maximum of 48.9% in men (55–70 years) in the East area and a minimum of 16.7% in women (>70 years)
in the Central area. The data described by other authors consistently show a high adherence to MedDiet
in women and the aged population [48,49]. However, this phenomenon could be attributable to a
generational effect (cohort effect).
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Energy and nutrient intakes in our population revealed a diet high in proteins and lipids and low
in carbohydrates. In this sense, protein intake and total fat intake were above the upper recommended
limits (15% and 30% of total energy intake, respectively) [50]. Other authors have shown a similar
nutrient distribution in Spanish population [51]. Despite the fact that in our study total fat intake was
higher than recommended for adult population, recent results from PREDIMED study have postulated
that fat quality intake is a major nutritional determinant of quality of diet and cardiovascular benefits
can be obtained with a relatively fat-rich diet [52]. Particularly, the adequate intake of MUFAs and
PUFAs in our study, mainly due to a high consumption of olive oil, has been previously associated with
a lower risk of CVD [53]. On the one hand, the intake of SFAs was not higher than 10% in most of the
areas analysed, except in the East area, probably because this area recorded the highest consumption
of meat and meat products compared to the other geographical territories. On the other hand, low
intakes of carbohydrates and dietary fibre may be linked to low consumption of cereals, vegetables
and fruits in our population study, influenced by an abandonment of traditional eating choices [54].

Nutrient availability can be compromised by unbalanced dietary patterns, especially for specific
population groups whose requirements are increased because of age or diseases [55]. In elderly,
the decrease of energy, as a result of lower food consumption has been described as an essential
factor for inadequate nutrient intake [56]. Despite our population having a higher energy intake, the
results in the present study suggest that they present several nutritional inadequate intakes (dietary
fibre, vitamins A, B9, E, calcium and magnesium). Consequently, other authors put forward that
micronutrient deficiencies occur frequently in overweight or obese subjects due to poor-nutritional
habits and high intake of energy-dense foods [57]. In our study, the prevalence of inadequate intake
was increased in elderly women but not in men for the majority of nutrients, except for calcium. This
fact can be explained by an increase of milk and dairy products consumption, due to the general
concern about their effects and properties on aged women bones [58]. In accordance with place of
residence, the North area presented the highest prevalence of inadequate nutrient for most of the
nutrients analysed, except for vitamin B9 and dietary fibre. This may be as consequence of their
high intake of meat and meat products and cereals, as shown in Table 3, compared with the other
geographical areas.

Determinants of diet quality are multilevel and include food choices influenced by demographic
variables, socioeconomic and cultural factors [59]. When comparing data from this study with a recent
one which suggested that place of residence has a limited influence on dietary intake [22], our study
shows that geographical area was a predictive factor of nutrient adequacy, with the highest inadequate
nutrient intake in inhabitants of the North area for the majority of the nutrients analysed. In the
same line, the analysis of the association between place of residence and dietary intake among North
American adult women showed regional disparities in dietary intake influenced by food environment
and food customs [60]. Furthermore, findings from this study, suggest that lifestyle behaviours,
in particular smoking status (not being a smoker) and physical activity (being more active), were
associated in a significant positive way the adequacy of nutrient intakes. Other study carried out in
Brazil found a similar association for adequate minerals intake [61]. Other factors, for instance sex,
have been postulated as criterion for an adequate dietary intake [62]. A study that assessed the role
of diet knowledge, reported that women followed a healthy diet compared with men due to higher
knowledge about food choices [63]. These results are consistent with findings in our work in which
women had lower risk of inadequate nutrient intake than men.

Finally, micronutrient intakes in elderly adults are related to socioeconomic and cultural level
factors, so that participants with a high educational level and from a high social class had overall
higher micronutrient intakes [64,65]. Nevertheless, we have not found this relationship, presumably
because most of our participants had a similar socioeconomic and cultural level, so variability in these
determinants was small.
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Our study has some limitations and several strengths. Firstly, the methodological nature of
a cross-sectional analysis, does not allow to address causality, although the possibility of reverse
causality bias as an alternative, non-casual, explanation of our results is unlikely (nutrient intake
cannot predict geographical area). Secondly, the present findings cannot be extrapolated to other
population groups given that our study participants are aged adults with overweight/obesity and
MetS and the sample is not representative of the general population. However, our sample is large
enough to be representative of this specific population group. Thirdly, the exposure measurement of
dietary intake could be influenced by the retrospective way to assess dietary intake. Although the FFQ
used has been validated in adult Spanish population and has good reproducibility and a relatively
good validity [28], this questionnaire may be subject to potential bias with under-reporting being a
common error. For this reason, we have considered that there is an inadequate intake only when the
intake does not reach 2/3 of the DRIs, with the aim to compensate the possible bias introduced by the
FFQ and assuming in any case that the actual inadequate micronutrient intake should be superior to
the estimated figures. However, the bias introduced would be non-differential, affecting uniformly
the different geographical areas. Finally, it is unknown if the participants have always resided in the
same geographical area, however, the internal migration fluxes in Spain have been low in the last
twenty years, affecting mainly young people [66,67]. Among the strengths of the PREDIMED-Plus
study we must point out the use of a standardized protocol which reduces information bias about food
intake, socioeconomic and lifestyles variables and the election of a large sample highly representative
of the Spanish older adults with MetS (n = 6646), as well as the inclusion of community-dwelling older
population that contributes to determine the modification on nutrient intakes related to geographical
disparities. Finally, to our knowledge, no study in Spain has analysed the influence of geographical
area on nutrient intake in older adult population at high risk of CVD.

5. Conclusions

Despite the higher figures of overweight and obesity in older adult population at high risk of
CVD, there are significant inadequate nutritional intakes. Even within the same country, geographical
area was significantly associated with inadequate nutrient intake. The dietary pattern of the aged
adult population leaves sufficient room from improvement in relationship with the promotion of
the MedDiet adherence, as well as to ensure adequate micronutrients intake. If we want to change
dietetic habits in a population we need to take into account their roots and peculiarities. Therefore, it
is important to show the basal differences in nutrient intake among the different study centres. This
will be useful to fully understanding the results of the PREDIMED-Plus study and in addition, if this
intervention is successful to extend it to other countries.

Supplementary Materials: The following materials are available online at http://www.mdpi.com/2072-6643/
10/11/1661/s1, Table S1: Intake of food groups (g/day) in both sexes divided by geographical areas and age,
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Table S1. Intake of food groups (g/day) in both sexes divided by geographical areas and age 

           55-70 years 

Men Women 

 North area  

(n=724) 

 

Central area  

(n=245) 

East area 

(n=1269) 

South area  

(n=774) 

P value North area 

(n=479) 

 

Central area 

(n=199) 

 

East area 

(n=1209) 

 

South area 

(n=774) 

 

P value 

Vegetables 277.1 ±95.3 304.4 ±155.8 317.5 ±141.9 314.1±141.4 <0.001 301.2 ±106.8 357.2 ±163.9 358.6 ±144.7 352.3 ±146.0 <0.001 

Fruits 354.8±204.8 346.5±259.1 315.5±184.3 339.5±195.9 0.001 412.2±225.2 369.1±242.6 343.2±187.4 387.5±215.6 <0.001 

Legumes 18.9±8.2 20.6±10.9 20.2±11.5 23.0±10.6 <0.001 17.7±7.8 20.8±13.9 19.2±10.9 23.7±11.5 <0.001 

Cereals 190.5±100.0 156.9±92.3 153.4±76.5 152.1±75.9 <0.001 152.8±77.3 142.6±87.4 132.5±66.7 135.0±63.7 <0.001 

Milk/dairy products 333.9±206.3 379.3±220.1 306.4±188.7 337.1±200.1 <0.001 401.0±208.4 377.9±177.9 334.6±193.1 375.7±214.8 <0.001 

Meat/meat products 155.7±54.8 153.4±58.7 163.0±63.0 137.7±57.4 <0.001 147.7±51.0 134.8±51.3 150.1±56.1 117.7±48.5 <0.001 

Olive oil 43.2±13.5 35.4±20.5 41.1±16.7 39.6±19.0 <0.001 43.3±14.7 36.8±18.6 39.9±16.7 33.4±17.5 <0.001 

Fish/seafood 92.9±40.6 107.8±53.6 99.0±48.1 102.3±48.9 <0.001 99.8±38.1 114.2±67.5 106.3±45.8 99.0±46.1 <0.001 

Nuts 13.2±16.1 16.3±20.9 15.5±17.3 15.3±16.5 0.018 12.0±16.5 15.5±23.1 15.0±17.3 16.0±18.2 0.001 

Sugar/sweets 34.3±37.6 31.8±30.6 27.8±30.2 23.3±24.1 <0.001 31.0±34.1 27.7±31.0 23.5±24.9 22.8±24.9 <0.001 

Eggs 27.7±14.8 24.9±14.1 23.7±12.4 23.7±12.8 <0.001 24.1±11.4 23.2±14.7 21.8±9.2 22.4±10.8 0.006 

More than 70 years 

Men Women 

Vegetables 298.6±113.7 308.6±120.0 325.0±143.7 326.9±128.3 0.368 304.9±105.7 333.3±137.6 332.1±141.7 330.0±136.2 0.245 

Fruits 403.6±191.9 330.4±219.9 353.0±195.8 342.8±164.6 0.087 466.5±194.9 481.3±383.6 359.4±198.9 429.2±235.1 <0.001 

Legumes 21.1±8.6 25.8±18.1 21.0±12.9 22.7±10.5 0.280 20.8±15.3 17.1±11.9 18.3±9.4 22.1±11.5 0.008 

Cereals 187.0±95.9 152.7±82.7 154.6±76.4 147.6±82.7 0.004 158.8±88.0 153.0±98.1 124.8±58.5 135.7±69.1 0.001 

Milk/dairy products 321.7±185.4 409.3±234.8 295.5±172.4 334.2±172.3 0.035 432.7±197.5 465.5±221.1 356.3±196.8 403.6±220.2 0.001 

Meat/meat products 149.2±55.3 151.4±46.6 153.5±55.2 109.7±41.6 <0.001 143.3±50.6 127.2±45.5 141.5±53.0 111.9±47.2 <0.001 

Olive oil 42.6±13.8 36.5±21.0 40.7±16.6 35.1±17.5 0.064 41.0±14.1 35.7±17.5 41.2±15.6 33.4±17.5 <0.001 

Fish/seafood 94.6±41.5 105.2±52.8 102.3±45.0 94.2±47.3 0.327 94.2±38.5 101.6±62.6 102.9±48.4 92.4±40.3 0.104 

Nuts 14.6±17.9 17.6±19.2 15.5±16.2 14.8±15.3 0.891 13.2±14.5 21.6±27.7 12.0±13.5 14.2±14.8 0.001 

Sugar/sweets 35.2±39.1 29.9±57.5 26.7±31.5 28.6±43.7 0.324 29.9±32.0 23.6±20.5 22.0±24.5 20.3±22.5 0.012 

Eggs 25.8±16.7 25.3±14.6 21.6±9.6 23.4±10.4 0.036 23.9±9.9 24.4±10.3 21.3±9.6 22.3±9.2 0.056 

Data are expressed as means ± SD. ANOVA test was performed 
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Table S2. MedDiet adherence, total energy intake and profile of macronutrients, fiber and alcohol intake by geographical areas (total population n = 6646) 

among 55-75 years population 

Values are means ± SD for continuous variables and percentages (n) for categorical variables unless otherwise indicated. Abbreviations: (MedDietQ-P17b), Mediterranean diet questionnaire 17 point cut off. 

55-70 years 

Men Women  

  

North area  

(n=724) 

 

 

Central area 

(n=245) 

East area 

(n=1269) 

South area 

(n=774) 

P 

value  

North area 

(n=479) 

 

Central area 

(n=199) 

 

 

East area 

(n=1209) 

 

 

South area 

(n=774) 

 

 

P  

value 

MedDiet adherence 

Mean ±SD 

8.1±2.7 9.0±2.4 7.7±2.6 8.5±2.6 <0.001 9.0±2.7 9.4±2.4 8.5±2.6 9.2±2.5 <0.001 

Low adherence, n (%)  307 (42.4) 77 (31.4) 621 (48.9) 269 (34.8)  

<0.001 

146 (30.5) 43 (21.6) 435 (35.6) 186 (24.0)  

<0.001 Medium adherence, n (%) 272 (37.6) 106 (43.3) 466 (36.7) 330 (42.7) 188 (39.3) 89 (44.7) 502 (41.5) 356 (46.09 

High adherence, n (%) 145 (20.0) 62 (25.3) 182 (14.3) 175 (22.6) 145 (30.3) 67 (33.7) 272 (22.5) 232 (30.0) 

Total energy intake, mean ±sd 2575±533 2507±629 2524±5446 2456±572 0.001 2262±501 2293±519 2205±485 2173±501 0.002 

%Total fat intake,mean ±sd  37.6±5.9 38.0±6.5 40.0±6.0 39.5±6.9 <0.001 39.4±6.3 39.1±7.1 40.8±6.4 38.9±7.1 <0.001 

% Monounsaturated fat,mean ±sd  19.4±4.0 19.0±4.5 20.8±4.3 20.6±5.1 <0.001 20.8±4.3 20.1±5.3 21.3±4.7 20.3±5.1 <0.001 

% Polyunsaturated fat,mean ±sd  6.0±1.9 6.3±2.0 6.3±1.7 6.5±1.6 <0.001 6.1±2.0 6.3±1.9 6.5±1.9 6.5±1.8 0.002 

% Saturated fat, mean ±sd 9.4±1.8 10.1±2.1 10.3±2.0 9.7±1.8 <0.001 9.7±2.0 10.1±2.2 10.3±2.0 9.5±1.9 <0.001 

% Carbohydrate intake,mean ±sd 41.2±6.6 41.0±6.3 39.5±6.5 40.4±7.1 <0.001 41.9±6.4 42.2±7.2 40.1±6.6 42.9±7.2 <0.001 

Protein intake (%),mean ±sd 15.5±2.4 16.6±3.2 16.0±2.7 15.8±2.7 <0.001 17.2±2.5 17.3±3.0 17.7±2.8 17.0±2.6 <0.001 

Alcohol intake (g/d),mean ±sd  21.3±20.9 16.3±17.6 16.2±16.4 15.5±15.7 <0.001 5.1±10.2 4.7±7.6 4.5±6.9 4.1±6.9 0.162 

Fiber intake (g/d),mean ±sd  25.1±8.6 25.3±9.2 25.2±8.5 24.9±8.6 0.883 25.9±8.3 27.2±9.7 26.3±8.5 27.6±9.4 0.003 

More than 70 years 

Men Women 

MedDiet Q-P17a adherence 

Mean ±SD 

8.5±3.1 8.5±2.4 8.3±2.6 9.0±2.5 0.275 9.3±2.6 9.5±2.0 8.5±21 9.4±2.5 0.002 

Low adherence, n (%) 38 (38.4) 5 (26.3) 80 (30.3) 30 (32.6)  

0.622 

32 (23.9) 5 (16.7) 89 (35.5) 33 (23.7)  

0.004 Medium adherence, n (%) 33 (33.3) 10 (52.6) 89 (42.6) 41 (44.6) 59 (44.0) 16 (53.3) 103 (41.0) 54 (38.9) 

High adherence, n (%) 28 (28.3) 4 (21.1) 40 (19.1) 21 (22.8) 43 (32.1) 9 (30.0) 59 (23.5) 52 (37.4) 

Total energy intake, mean ±sd 2574.5±602.3 2439.1±534.9 2444.4±527.7 2257.4±548.4 0.001 2264.2±527.9 2338.7±575.1 2127.1±461.6 2085.3±484.5 0.003 

%Total fat intake,mean ±sd 37.7±6.1 38.3±8.3 39.5±6.4 38.9±7.0 0.154 38.0±6.7 38.9±7.7 40.5±6.0 37.7±7.3 0.001 

% Monounsaturate fat, mean ±sd  19.3±3.5 19.4±4.9 20.5±4.6 20.1±5.2 0.182 19.7±4.4 20.2±5.8 21.1±4.2 19.5±5.1 0.002 

% Polyunsaturate fat,  mean ±sd  6.3±2.3 6.4±2.5 6.4±1.8 6.7±2.0 0.671 6.2±1.9 6.7±2.2 6.3±1.7 6.4±1.9 0.429 

% Saturated fat,mean ±sd  9.4±1.8 10.0±2.5 10.1±2.0 9.5±1.7 0.008 9.3±1.9 9.6±2.3 10.2±2.0 9.1±1.9 <0.001 

% Carbohydrate intake,mean ±sd  41.6±6.8 40.5±8.2 39.9±6.4 41.4±7.1 0.148 43.6±7.0 43.0±8.2 40.5±6.4 44.3±7.1 <0.001 

Protein intake (%),mean ±sd  15.5±2.0 17.2±3.2 16.1±2.4 15.7±2.6 0.015 17.3±2.3 16.9±2.6 17.6±2.9 17.1±2.6 0.255 

Alcohol intake (g/d),mean ±sd  20.2±18.7 12.2±12.7 15.9±15.9 12.9±12.6 0.010 3.5±6.7 3.6±3.8 4.5±7.6 2.7±5.0 0.064 

Fiber intake (g/d),mean ±sd  26.9±8.1 27.5±9.8 26.7±9.2 25.3±8.5 0.511 28.2±9.0 29.3±11.5 25.5±8.0 27.1±8.5 0.010 
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Table S3. Participants with nutrient intake below AR/AI proposed by EFSA by geographical 

areas, age and sex 

 

aAR/AI: Average Requirements/Adequate intake according to EFSA criteria. Pearson`s Chi Square test was used to estimate 

differences among prevalence of inadequate nutrient intakes according to geographical area for sex strata (p value1) and also to 

estimate differences among prevalence of inadequate nutrient intakes according to sex, for each geographical area (p value2). 

 

Nutrient Group AR/AIa North 

area 

Central 

area 

East 

area 

South 

area 

P 

value1 

Dietary fiber Male  25g /d 55.3 53.3 54.2 58.9 0.183 

Female  25g /d 49.8 48.5 48.7 45.2 0.273 

P value2   0.037 0.313 0.003 <0.001  

Vitamin A Male  570 µg/d 23.5 19.2 14.2 14.5 <0.001 

Female  490 µg/d 9.8 7.4 7.8 6.6 0.154 

P value2   <0.001 <0.001 <0.001 <0.001  

Vitamin B9 Male  250 µg/d 13.6 15.4 16.5 17.1 0.201 

Female  250 µg/d 11.3 13.4 14.5 14.8 0.196 

P value2   0.189 0.542 0.123 0.202  

Vitamin D Male 15 µg/d 99.3 95.0 99.1 99.1 <0.001 

Female 15 µg/d 99.5 96.5 99.0 99.1 0.004 

P value2   0.562 0.428 0.680 0.914  

Vitamin E Male  13 mg/d 86.4 77.5 75.5 75.7 <0.001 

Female  11 mg/d 76.0 60.4 65.0 63.2 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  

Calcium Male  950 mg/d 48.6 37.5 46.5 45.8 0.026 

Female  950 mg/d 43.4 37.1 46.7 43.5 0.045 

P value2   0.051 0.936 0.871 0.336  

Magnesium Male  350 mg/d 34.9 29.2 31.3 32.4 0.233 

Female  350 mg/d 18.8 12.9 16.2 16.3 0.232 

P value2   <0.001 <0.001 <0.001 <0.001  
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Table S4. Logistic regression model of micronutrients inadequate intake according to EFSA by geographical areas 

Nutrient  North area Central area East area South area 

Dietary fiber 
Model 1 1 (Ref.) 0.93 (0.75-1.15) 0.94 (0.83-1.08) 0.95 (0.83-1.10) 

Model 2 1 (Ref.) 0.92 (0.71-1.19) 0.72 (0.62-0.84) 0.78 (0.66-0.91) 

Vitamin A 
Model 1 1 (Ref.) 0.75 (0.55-1.01) 0.58 (0.48-0.69) 0.54 (0.44-0.67) 

Model 2 1 (Ref.) 0.68 (0.49-0.96) 0.49 (0.40-0.59) 0.45 (0.36-0.56) 

Vitamin B9 
Model 1 1 (Ref.) 1.18 (0.86-1.60) 1.27 (1.06-1.53) 1.32 (1.08-1.61) 

Model 2 1 (Ref.) 1.05 (0.73-1.51) 1.02 (0.83-1.26) 1.06 (0.84-1.34) 

Vitamin E 
Model 1 1 (Ref.) 0.51 (0.40-0.65) 0.52 (0.44-0.61) 0.50 (0.42-0.59) 

Model 2 1 (Ref.) 0.45 (0.34-0.61) 0.36 (0.30-0.43) 0.33 (0.27-0.40) 

Calcium 
Model 1 1 (Ref.) 0.69 (0.55-0.86) 1.01 (0.89-1.15) 0.93 (0.81-1.07) 

Model 2 1 (Ref.) 0.56 (0.43-0.73) 0.87 (0.75-1.00) 0.70 (0.59-0.82) 

Magnesium 
Model 1 1 (Ref.) 0.71 (0.55-0.92) 0.80 (0.70-0.93) 0.82 (0.70-0.96) 

Model 2 1 (Ref.) 0.55 (0.38-0.80) 0.47 (0.39-0.58) 0.45 (0.36-0.56) 

Values are presented as OR and 95% CI for the inadequacy intake of micronutrients as categorical variable according to area of residence. Model 1: This model has not been adjusted for any variable. 

Model 2: has been adjusted by sex, age, smoking habits, physical activity, educational status, diabetic status, living alone, total energy intake and adherence to MedDiet.  
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Table S5. Logistic regression model of micronutrients deficiency intake according to 2/3 DRIs by areas 

OR, p value and 95% CI for the inadequacy intake of micronutrients as categorical variable according to area. Model has been adjusted by sex, age, smoking habits, physical activity, educational status, diabetic status, living alone, total energy intake and adherence into MedDiet Q-P17. 

 

 

 

DIETARY FIBER VITAMIN A VITAMIN B9 VITAMIN E CALCIUM MAGNESIUM 

OR  

(CI 95%) 

p  

value 

OR  

(CI 95%) 

p  

value 

OR  

(CI 95%) 

p   

value 

OR  

(CI 95%) 

p   

value 

OR  

(CO 95%) 

p   

value 

OR  

(CI 95%) 

p   

value 

Geographical areas 

North area 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Central area 1.03 

(0.72-1.46) 

0.874 0.57 

(0.41-0.80) 

0.001 0.98 

(0.70-1.36) 

0.889 0.47 

(0.36-0.61) 

<0.001 0.53 

(0.38-0.76) 

<0.001 0.39 

(0.21-0.75) 

0.005 

East area 0.80 

(0.65-0.98) 

0.033 0.43 

(0.35-0.52) 

<0.001 0.97 

(0.80-1.17) 

0.721 0.30 

(0.26-0.35) 

<0.001 0.86 

(0.72-1.04) 

0.112 0.35 

(0.25-0.50) 

<0.001 

South area 0.92 

(0.73-1.15) 

0.454 0.40 

(0.32-0.50) 

<0.001 1.09 

(0.88-1.34) 

0.437 0.30 

(0.25-0.36) 

<0.001 0.80 

(0.65-0.98) 

0.029 0.33 

(0.22-0.49) 

<0.001 

Age  0.83 

(0.67-1.06) 

0.133 1.04 

(0.84-1.30) 

0.706 0.93 

(0.77-1.14) 

0.507 1.25 

(1.06-1.48) 

0.010 1.41 

(1.17-1.70) 

<0.001 0.92 

(0.62-1.38) 

0.713 

Sex 

Men 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Female 0.05 

(0.04-0.07) 

<0.001 0.19 

(0.16-0.23) 

<0.001 0.49 

(0.42-0.58) 

<0.001 0.66 

(0.58-0.76) 

<0.001 1.36 

(1.15-1.60) 

<0.001 0.93 

(0.62-1.38) 

0.713 

MedDiet adherence 

Low adherence 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Moderate adherence 0.41 

(0.35-0.49) 

<0.001 0.71 

(0.60-0.84) 

<0.001 0.47 

(0.40-0.54) 

<0.001 0.58 

(0.51-0.67) 

<0.001 0.78 

(0.66-0.91) 

0.002 0.25 

(0.18-0.35) 

<0.001 

High adherence 0.14 

(0.11-0.18) 

<0.001 0.44 

(0.35-0.55) 

<0.001 0.19 

(0.16-0.24) 

<0.001 0.35 

(0.30-0.41) 

<0.001 0.58 

(0.48-0.71) 

<0.001 0.09 

(0.06-0.15) 

<0.001 

Energy intake (kcal/day) 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 

Smoking habits  

Current smoker 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Former smoker 0.71 

(0.57-0.88) 

0.002 1.09 

(0.86-1.38) 

0.472 0.69 

(0.56-0.86) 

0.001 0.84 

(0.69-1.01) 

0.119 0.84 

(0.67-1.06) 

0.125 0.60 

(0.41-0.87) 

0.007 

Never smoker 0.67 

(0.52-0.85) 

0.001 0.97 

(0.75-1.25) 

0.798 0.60 

(0.48-0.75) 

<0.001 0.82 

(0.67-1.00) 

0.047 0.68 

(0.54-0.86) 

0.001 0.51 

(0.33-0.79) 

0.003 

Physical activity  

Less active 1 (Ref.) 1  (Ref.) 1  (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Moderate active 0.58 

(0.47-0.72) 

<0.001 0.82 

(0.67-1.01) 

0.064 0.65 

(0.53-0.79) 

<0.001 0.96 

(0.82-1.12) 

0.578 0.83 

(0.69-1.00) 

0.056 0.52 

(0.35-0.77) 

0.001 

Active 0.83 

(0.67-1.01) 

0.065 0.88 

(0.72-1.07) 

0.187 0.88 

(0.74-1.06) 

0.187 0.93 

(0.79-1.08) 

0.323 1.00 

(0.84-1.20) 

0.982 0.83 

(0.58-1.19) 

0.306 

Education level   

Tertiary level 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Secondary level 0.91 

(0.74-1.12) 

0.376 0.81 

(0.66-1.01) 

0.048 1.02 

(0.84-1.24) 

0.829 1.20 

(1.01-1.42) 

0.035 1.02 

(0.83-1.25) 

0.869 1.00 

(0.68-1.46) 

0.984 

Primary level 0.75 

(0.62-0.92) 

0.006 0.88 

(0.73-1.08) 

0.221 0.80 

(0.67-0.97) 

0.022 1.12 

(0.95-1.31) 

0.177 1.04 

(0.85-1.25) 

0.725 1.22 

(0.85-1.76) 

0.277 

Non diabetic 0.79 

(0.66-0.94) 

0.008 0.81 

(0.68-0.97) 

0.019 0.95 

(0.80-1.10) 

0.481 0.85 

(0.75-0.97) 

0.019 0.79 

(0.68-0.93) 

0.004 0.81 

(0.59-1.10) 

0.176 

Living alone 0.84 

(0.64-1.10) 

0.193 0.91 

(0.71-1.17) 

0.466 0.82 

(0.67-1.01) 

0.068 0.93 

(0.77-1.11) 

0.426 1.09 

(0.89-1.35) 

0.376 1.31 

(0.80-2.13) 

0.285 

107



Table S6. Logistic regression model of micronutrients deficiency intake according to EFSA by areas  

OR, p value and 95% CI for the inadequacy intake of micronutrients as categorical variable according to area. Model has been adjusted by sex, age, smoking habits, physical activity, educational status, diabetic status, living alone, total energy intake and adherence into MedDiet Q-P17 

 

 

 

DIETARY FIBER VITAMIN A VITAMIN B9 VITAMIN E CALCIUM MAGNESIUM 

OR  

(CI 95%) 

p  

value 

OR  

(CI 95%) 

p  

value 

OR  

(CI 95%) 

p   

value 

OR  

(CI 95%) 

p   

value 

OR  

(CO 95%) 

p   

value 

OR  

(CI 95%) 

p   

value 

Geographical areas 

North area 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Central area 0.92 

(0.71-1.19) 

0.518 0.68 

(0.49-0.96) 

0.026 1.05 

 (0.73-1.50) 

0.798 0.48 

(0.34-0.61) 

<0.001 0.56 

(0.44-0.73) 

<0.001 0.51 

(0.36-0.74) 

>0.001 

East area 0.72 

(0.62-0.84) 

<0.001 0.49 

(0.40-0.59) 

<0.001 1.02 

(0.83-1.26) 

0.859 0.36 

(0.30-0.43) 

<0.001 0.87 

(0.75-1.00) 

0.051 0.48 

(0.39-0.59) 

<0.001 

South area 0.78 

(0.66-0.92) 

0.003 0.45 

(0.36-0.56) 

<0.001 1.06 

(0.84-1.34) 

0.615 0.33 

(0.27-0.40) 

<0.001 0.70 

(0.59-0.82) 

<0.001 0.43 

(0.35-0.54) 

<0.001 

Age  0.79 

(0.67-0.93) 

0.005 0.11 

(0.76-1.20) 

0.703 0.92 

(0.73-1.14) 

0.432 1.16 

(0.96-1.39) 

0.125 0.95 

(0.81-1.12) 

0.544 0.96 

(0.77-1.20) 

0.715 

Sex 

Men 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Female 0.47 

(0.41-0.54) 

<0.001 0.27 

(0.23-0.33) 

<0.001 0.53 

(0.44-0.63) 

<0.001 0.21 

(0.18-0.25) 

<0.001 0.52 

(0.46-0.60) 

<0.001 0.08 

(0.07-0.10) 

<0.001 

MedDiet adherence             

Low adherence (Ref.)  (Ref.)  1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Moderate adherence 0.37 

(0.33-0.43) 

<0.001 0.68 

(0.57-0.81) 

<0.001 0.46 

(0.39-0.55) 

<0.001 0.66 

(0.56-0.76) 

<0.001 0.90 

(0.79-1.02) 

0.108 0.35 

(0.29-0.42) 

<0.001 

High adherence 0.14 

(0.12-0.17) 

<0.001 0.40 

(0.31-0.50) 

<0.001 0.18 

(0.14-0.23) 

<0.001 0.43 

(0.36-0.51) 

<0.001 0.68 

(0.59-0.80) 

<0.001 0.10 

(0.08-0.13) 

<0.001 

Energy intake (kcal/day) 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 0.99 

(0.99-0.99) 

<0.001 

Smoking habits  

Current smoker 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Former smoker 0.70 

(0.58-0.85) 

<0.001 1.16 

(0.91-1.48) 

0.241 0.67 

(0.53-0.85) 

0.001 0.87 

(0.70-1.08) 

0.204 0.81 

(0.67-0.97) 

0.020 0.67 

(0.53-0.85) 

0.001 

Never smoker 0.66 

(0.54-0.80) 

0.002 1.06 

(0.81-1.40) 

0.670 0.57 

(0.45-0.73) 

<0.001 0.89 

(0.71-1.12) 

0.324 0.69 

(0.57-0.84) 

<0.001 0.60 

(0.47-0.78) 

<0.001 

Physical activity  

Less active 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Moderate active 0.74 

(0.64-0.86) 

<0.001 0.80 

(0.65-1.00) 

0.045 0.68 

(0.55-0.80) 

<0.001 0.83 

(0.70-0.98) 

0.029 0.81 

(0.70-0.93) 

0.004 0.73 

(0.59-0.89) 

0.002 

Active 0.80 

(0.69-0.92) 

0.003 0.95 

(0.78-1.16) 

0.636 0.86 

(0.71-1.06) 

0.157 0.93 

(0.79-1.10) 

0.425 0.85 

(0.74-0.98) 

0.029 0.86 

(0.70-1.05) 

0.132 

Education level   

Tertiary level 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 

Secondary level 0.94 

(0.80-1.11) 

0.491 0.93 

(0.75-1.15) 

0.488 1.06 

(0.85-1.31) 

0.599 1.20 

(1.00-1.45) 

0.047 0.99 

(0.85-1.16) 

0.930 1.02 

(0.82-1.27) 

0.846 

Primary level 0.86 

(0.74-1.00) 

0.054 0.97 

(0.79-1.20) 

0.804 0.79 

(0.64-0.97) 

0.026 1.11 

(0.94-1.32) 

0.218 1.04 

(0.90-1.21) 

0.598 1.15 

(0.94-1.41) 

0.181 

Non diabetic 0.91 

(0.80-1.03) 

0.141 0.78 

(0.65-0.94) 

0.008 0.94 

(0.79-1.11) 

0.468 0.79 

(0.69-0.92) 

0.002 0.74 

(0.65-0.84) 

<0.001 0.87 

(0.73-1.03) 

0.110 

Living alone 1.16 

(0.97-1.38) 

0.101 0.89 

(0.70-1.14) 

0.353 0.78 

(0.62-0.98) 

0.032 0.88 

(0.72-1.07) 

0.191 0.96 

(0.81-1.14) 

0.664 1.15 

(0.90-1.47) 

0.252 
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Table S7. Multivariable logistic regression model for inadequate intake of 3 or more out 6 

micronutrients in accordance with criteria by EFSA according to geographical area 

 ≥3 inadequate intake 

% Prevalence (95% CI) 

Odds Ratio 

(95% CI) 

P value 

Geographical area 

North area 40.8 (38.2-43.3) 1 (Ref.)  

Central area 33.5 (29.1-37.9) 0.59 (0.44-0.80) 0.001 

East area 36.6 (34.8-38.3) 0.59 (0.50-0.69) <0.001 

South area 37.4 (35.1-39.7) 0.59 (0.49-0.71) <0.001 

Results are expressed as OR and 95% CI for the inadequacy intake of ≥3 micronutrients as categorical variable according to 

geographical area. The model has been adjusted by sex, age, smoking habits, physical activity, educational status, diabetic status, 

living alone, total energy intake and adherence to MedDiet. 
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Abstract: Dietary guidelines emphasize the importance of a varied diet to provide an adequate
nutrient intake. However, an older age is often associated with consumption of monotonous diets that
can be nutritionally inadequate, increasing the risk for the development or progression of diet-related
chronic diseases, such as metabolic syndrome (MetS). To assess the association between dietary
diversity (DD) and nutrient intake adequacy and to identify demographic variables associated with
DD, we cross-sectionally analyzed baseline data from the PREDIMED-Plus trial: 6587 Spanish adults
aged 55–75 years, with overweight/obesity who also had MetS. An energy-adjusted dietary diversity
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score (DDS) was calculated using a 143-item validated semi-quantitative food frequency questionnaire
(FFQ). Nutrient inadequacy was defined as an intake below 2/3 of the dietary reference intake (DRI)
forat least four of 17 nutrients proposed by the Institute of Medicine (IOM). Logistic regression models
were used to evaluate the association between DDS and the risk of nutritionally inadequate intakes. In
the higher DDS quartile there were more women and less current smokers. Compared with subjects
in the highest DDS quartile, those in the lowest DDS quartile had a higher risk of inadequate nutrient
intake: odds ratio (OR) = 28.56 (95% confidence interval (CI) 20.80–39.21). When we estimated food
varietyfor each of the food groups, participants in the lowest quartile had a higher risk of inadequate
nutrient intake for the groups of vegetables, OR = 14.03 (95% CI 10.55–18.65), fruits OR = 11.62 (95%
CI 6.81–19.81), dairy products OR = 6.54 (95% CI 4.64–9.22) and protein foods OR = 6.60 (95% CI
1.96–22.24). As DDS decreased, the risk of inadequate nutrients intake rose. Given the impact of
nutrient intake adequacy on the prevention of non-communicable diseases, health policies should
focus on the promotion of a healthy varied diet, specifically promoting the intake of vegetables and
fruit among population groups with lower DDS such as men, smokers or widow(er)s.

Keywords: dietary diversity; nutrient adequacy; metabolic syndrome; aging; PREDIMED-Plus study

1. Introduction

Metabolic syndrome (MetS), a clustering of risk factors (central obesity, insulin resistance,
dyslipidemia and hypertension) [1], is a well-known condition in the causal pathway of cardiovascular
disease (CVD). MetS has also been associated with a higher risk of other chronic diseases, such as
cancer [2] and neurodegenerative diseases [3]. In recent years, the prevalence of MetS has increased
worldwide to the point that presently it is considered as a major public health problem [4]. This trend
has also been observed in Spain, where the current prevalence of MetS is approximately 22.7%
and increases with age [5]. Typically subjects with MetS have a higher use of health care services,
incrementing costs [6].

MetS is a multifactorial disease that may be associated with some modifiable risk behaviors,
such as unhealthy lifestyles and dietary patterns [7]. Among these factors, dietary intake plays a
critical role in the prevention and treatment of MetS. Thus, dietary patterns that include healthy varied
food groups and which provide adequate nutrient intake have been shown to be beneficial in the
progression of MetS [8]. In this sense, the Mediterranean dietary pattern (MedDiet) has been related,
not only to a delay in the progression and a lower mortality of MetS [9], but also to an adequate
nutritional intake [10]. This can be explained by the great variety of food products that characterize the
MedDiet. These foods, such as fruit and vegetables, nuts, legumes, fish and whole grain cereals, have a
relatively low caloric value but a high nutrient content, increasing the probability to meet nutritional
requirements [11].

Spanish dietary guidelines have emphasized the importance of a varied, balanced and moderated
diet to reduce the risk of diet-related chronic diseases [12]. However, the role of a varied diet on
chronic disease development is still uncertain. Some studies have suggested that dietary diversity
(DD) contributes to high energy consumption and has a positive association with a poor quality diet,
increasing the risk of MetS in older adults [13–16]; other researchers have reported that DD is a key
component of high-quality diets, being associated with nutrient adequacy [17] and reducing the rates
of CVD [18] and MetS [19] in the overall population.

Older adult populations with chronic diseases are considered vulnerable groups, as they are at
greater nutritional risk due to a higher prevalence of inadequate nutrient intakes [20]. This could be a
consequence of the consumption of monotonous and nutritionally inadequate diets, influenced by
several factors, including loneliness, low socioeconomic status and functional quality [21].
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There is evidence that nutritional inadequacy is prevalent in the older Spanish population [22],
likely related to a monotonous diet and which could accelerate the progression of chronic diseases
such as MetS. In this study we examined DD among PREDIMED-Plus participants, an older adult
population with MetS, with the aim of assessing the association between DD and nutrient adequacy
and to identify demographic variables associated with DD.

2. Materials and Methods

2.1. Design of the Study

A cross-sectional analysis on baseline data of the PREDIMED-Plus study was conducted.
The PREDIMED-Plus study is an ongoing multicenter, randomized and parallel-group primary
cardiovascular prevention trial. The PREDIMED-Plus study aims to assess the potential advantages
of the synergy of a high-quality energy reduced MedDiet plus a weight-loss intervention and
behavioral support on the incidence of CVD, in comparison to standard MedDiet advice (control
group). The participant recruitment methods and data collection process have been described
previously [23]. The Institutional Review Boards of all participating centers approved the study
protocol. The clinical trial was registered in 2014 at the International Standard Randomized Controlled
Trial (www.isrctn.com/ISRCTN89898870). All participants provided written informed consent.

2.2. Study Population

The study participants were men and women (55–75 years old and 60–75 years old, respectively),
with overweight or obesity (body mass index (BMI) ≥27 and ≤40 kg/m2), who at baseline met at least
three of the MetS criteria. The MetS criteria used have been previously described [24].

A total of 6874 subjects were recruited and randomized in 23 centers of the PREDIMED-Plus
clinical trial from October 2013 to December 2016, from different universities, hospitals and research
institutes across Spain. Of these, 287 participants were excluded for the present study (Figure 1):
47 participants because they did not complete the food frequency questionnaire (FFQ), and 240
participants because they reported values for total energy intake outside predefined limits (<3347 kJ
<800 kcal/day or >17,573 kJ >4000 kcal/day for men); (<2510 kJ <500 kcal/day or >14,644 kJ >3500
kcal)/day for women) [25]. A final sample of 6587 participants was analyzed.
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2.3. Dietary Intake Assessment

Trained dieticians collected data on dietary intake at baseline in a face-to-face interview. Dietary
intake was assessed using a 143 item semi-quantitative FFQ previously and repeatedly validated in
Spain [26]. The FFQ provides a list of foods commonly used by the Spanish population and asks about
the consumption of these foods during the previous year. It includes nine response options (never
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or almost never, 1–3 times a month, once a week, 2–4 times a week, 5–6 times a week, once a day,
2–3 times a week day, 4–6 times a day and more than 6 times a day). The indicated frequencies of
consumption were converted to intakes per day and multiplied by the weight of the standard serving
size in order to estimate the intake in grams per day. Nutrient information was derived from Spanish
food composition tables [27,28].

2.4. Dietary Diversity Score Construction

Using the 143-item validated FFQ mentioned above, we calculated an energy-adjusted DD score
(DDS). This DDS was calculated by the method originally developed by Kant et al. [29] and recently
used by Farhangi et al. [30]. We included five food groups: Vegetables, fruits, cereals, dairy products
and protein food groups (legumes, meat, fish, eggs and nuts), based on the food groups recommended
by the Spanish guidelines’ pyramid [12]. The vegetable group was divided into four subgroups,
including: Green vegetables, tomatoes, yellow vegetables and mushrooms. The cereal group included
potatoes and refined or whole grain cereals (bread, pasta, rice and breakfast cereals). The fruit group
included all fresh fruit products divided in three categories: Citrus fruits, tropical fruits and other
seasonal fruits. The dairy group included all kinds of milk, yogurt and cheese. Protein food groups
included legumes (peas, beans, lentils and chickpeas), white meats (poultry and rabbit), fish (oily fish,
white fish and other shellfish/seafood), eggs and nuts. Non-recommended food groups (that should be
consumed as little as possible) [27], including sugar food groups (pastries, pies, biscuits, chocolate,
fruit in sugar syrup and fruit juices) and food groups with high salt and/or saturated fats (butter,
margarine, unhealthy vegetable fats, red meat, processed meats, sauces, pre-cooked dishes, condiments
and snacks) were not included in the analysis as they are less healthy products and their variety is
not desirable. These groups were used to define food variety groups. Therefore, we only analyzed
diversity of recommended food groups, because the more important question was the percentage of
total energy supplied by these food groups and our analyses were adjusted for total energy intake.

To be counted as a consumer for any of the food group categories reported previously, a subject
should consume at least half of the recommended serving during one day (for example, if the Spanish
nutritional recommendation advises a usual protein intake of three servings per week, for each protein
item, participants should consume at least 1.5/7 servings/day). Within each food group, we summed
up the number of items consumed. Each of the five predefined food categories received a maximum
diversity score of 2 points, therefore the sum was rescaled to a 0-to-2 score by multiplying the score by
2 and dividing by the maximum score in that food group. Total DDS is the sum of the scores of the five
main groups, theoretically ranging between 0 and 10 points. The score was adjusted for total energy
intake, due to the general concern that high food variety might be a consequence of overconsumption
of energy [14]. Finally, DDS was categorized in quartiles (Q) and the cutoff points were 3.8, 4.6 and 5.4.
The variety in each food group was classified into four categories (C): C1 = 0 points, C2 ≥0–≤0.5 points,
C3 ≥0.5–<1 points and C4 ≥1 point.

Subjects were asked about MedDiet adherence using a 17-item screening questionnaire used to
both evaluate compliance with the intervention and guide the motivational interviews during the
study follow-up. This screener is a modification of a previously validated 14-item MedDiet adherence
questionnaire [31]. Compliance with each of the 17 items relating to characteristic food habits was
scored with 1 point, and 0 points otherwise, so that the total score range was 0–17, with 0 meaning
no adherence and 17 meaning maximum adherence. Adherence to the MedDiet, was categorized
in tertiles as lower level (1st tertile, ≤7 points), medium (2nd tertile, 8–10 points) or higher level of
adherence (3rd tertile, ≥11 points).

2.5. Nutrient Adequate Intake

The dietary intake of 17 selected nutrients, including vitamins A, B1, B6, B9, B12, C, D, E, minerals
such as calcium, phosphorus, magnesium, iron, iodine, potassium, selenium and zinc and dietary fiber,
was compared with age and sex-specific recommended intakes for these nutrients according to the
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established dietary reference intake (DRI) recommendations for the North-American population [32].
DRI is the general term for a set of reference values used to plan and assess nutrient intakes for healthy
people. These values vary by age and sex. Intake levels above DRI imply a low likelihood of inadequate
intake. To decrease potential measurement errors derived from the use of the FFQ, we calculated
the proportion of individuals with intakes below two thirds (2/3) of the DRIs [33]. Furthermore,
we estimated the proportion of inadequate intake according to European Food Safety Agency (EFSA)
average requirements (ARs), taking as reference adequate intake (AI) when ARs were not available [34].
Results were based on dietary intake data only, excluding supplements.

2.6. Assessment of Non-Dietary Variables

At the baseline visit, trained PREDIMED-Plus staff collected information on lifestyle variables,
educational achievement and socioeconomic status. The variables collected were sex, age (55–70 years
and >70 years), educational level (primary, secondary and tertiary level, which includes university
studies), civil status (married, widowed, divorced/single or other, which includes single participants
and those who are priests or nuns who were categorized as “religious”) and whether they lived
alone or not. Other lifestyle variables such as smoking habit (non-smoker, current smoker or never
smoker), alcohol intake (measured as a continuous variable and expressed as intake in g/day) and
physical activity (less active, moderately active and active) were taken into account. Individuals
were classified based on their level of physical activity using a validated Spanish version of the
Minnesota questionnaire: Less active (<4 MET), moderately active (4–5.5 MET) and active (≥6 MET)
physical activity level [35,36]. Anthropometric variables (weight, height and waist circumference) were
determined by trained staff in accordance with the PREDIMED-Plus operations protocol. Weight and
height were measured with calibrated scales and a wall-mounted stadiometer, respectively. BMI was
calculated as the weight in kilograms divided by the height in meters squared. Waist circumference
(WC) was measured midway between the lowest rib and the iliac crest using an anthropometric tape.

2.7. Statistical Analysis

Data were analyzed using Stata (12.0, StataCorp LP, College Station, TX, USA). We used the
PREDIMED-Plus baseline database generated in August 2017. Participants were classified according to
DDS quartiles. Baseline characteristics of participants were described as means ± standard deviations
(SD) for continuous variables or number and percentages for categorical variables. Comparison of
quantitative variables across DDS quartiles was performed using ANOVA. Pearson χ2 test was used to
compare the distribution of qualitative variables among DDS quartiles. A linear regression model was
fitted to estimate the association of sociodemographic and lifestyle variables (sex, age, educational
level, civil status, living alone, physical activity, smoking and drinking status) with DDS. Logistic
regression models were used to evaluate the association between nutritional inadequate intakes (≥4
nutrients) as dependent variable and total DDS or food variety groups as the main independent
variables. All analyses were adjusted for potential confounders based on prior knowledge: Sex, age,
energy intake, BMI, WC, level of education, smoking status, physical activity, MedDiet adherence,
marital status and living alone. We used a significance level of 0.05 for all analyses.

3. Results

3.1. Baseline Characteristics of PREDIMED-Plus Participants by Quartiles of DDS

Table 1 shows the comparison of demographic, anthropometric and lifestyle variables according
to quartiles of DDS. We found significant differences for age, sex, smoking habits, marital status,
educational level and WC (p < 0.001), but not for physical activity or BMI. Participants in the top DDS
quartile (Q4) were older (65.8 ± 4.7) and more likely to be women (63.6%), never smokers (54.3%) and
married (77.8%, p < 0.05) in comparison with the lower DDS quartiles. Moreover, participants in the
top DDS quartile had a lower WC (106.3 ± 9.6) and lower educational level. However the magnitude
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of the differences across quartiles was small and should be interpreted in the light of the large power
and sample size of the study.

Table 1. Baseline characteristics of PREDIMED-Plus participants by quartiles of an energy-adjusted
dietary diversity score (DDS, total population = 6587).

Q1
(n = 1647)

Q2
(n = 1647)

Q3
(n = 1647)

Q4
(n = 1646)

p
Value

Age (Year), n (%)
55–70 years 1442 (87.6) 1416 (86.0) 1403 (85.2) 1356 (82.4)

<0.001
>70 years 205 (12.5) 231 (14.0) 244 (14.8) 290 (17.6)

Mean ± SD 64.1 ± 5.1 64.8 ± 4.9 65.3 ± 4.8 65.8 ± 4.7 <0.001

Sex, n (%)
Male 1116 (67.8) 916 (55.6) 770 (46.8) 600 (36.5)

<0.001Female 531 (32.2) 731 (44.4) 877 (53.3) 1046 (63.6)

Smoking Habits, n (%)
Current Smoker 297 (18.0) 195 (11.8) 171 (10.4) 152 (9.2)

<0.001
Former Smoker 793 (48.2) 747 (45.4) 722 (43.8) 593 (36.0)
Never Smoker 548 (33.3) 699 (42.4) 749 (45.5) 893 (54.3)

Without information 9 (0.6) 6 (0.4) 5 (0.3) 8 (0.5)

Physical Activity, n (%)
Less active 1014 (61.7) 985 (59.9) 983 (59.9) 940 (57.4)

0.29Moderately active 294 (17.9) 304 (18.5) 319 (19.4) 326 (19.9)
Active 335 (20.4) 355 (21.6) 340 (20.7) 373 (22.8)

Educational Level, n (%)
Tertiary level 421 (25.6) 360 (21.9) 340 (20.6) 320 (19.5)

<0.001
Secondary level 534 (32.4) 480 (29.2) 449 (27.3) 435 (26.4)

Primary level 679 (41.3) 796 (48.4) 842 (51.1) 873 (53.1)
Without information 13 (0.7) 11 (0.6) 16 (1.0) 18 (1.0)

Civil Status, n (%)
Married 1258 (76.7) 1254 (76.4) 1243 (75.7) 1278 (77.8)

0.030
Widowed 151 (9.2) 162 (9.9) 182 (11.1) 186 (11.3)

Divorced/Separated 145 (8.8) 123 (7.5) 130 (7.9) 117 (7.1)
Others a 93 (5.2) 108 (6.2) 92 (5.3) 65 (3.8)

Living alone, n (%) 193 (11.8) 189 (11.5) 220 (13.4) 212 (12.9) 0.29

BMI (kg/m2), Mean ± SD 32.6 ± 3.4 32.5 ± 3.4 32.5 ± 3.5 32.5 ± 3.5 0.82
WC (cm), Mean ± SD 109.3 ± 9.5 108.1 ± 9.5 107.0 ± 9.7 106.3 ± 9.6 <0.001

Values are presented as means ± SD for continuous variables and n (%) for categorical variables. Pearson’s chi-square
test was performed for categorical variables and ANOVA test for continuous variables. a includes religious and
single status. Abbreviations: BMI, body mass index; DDS, dietary diversity score; Q, quartile; SD, standard deviation;
WC, waist circumference.

3.2. Associations Between Demographic and Lifestyle Variables with DDS

The associations between these demographic and lifestyle variables with DDS as a continuous
variable are presented in Table 2. We observed that DDS was significantly higher among women
(mean difference = 0.26, 95% CI 0.18, 0.33), non-smokers (mean differences = 0.18, 95% CI 0.09, 0.27)
and participants with higher adherence to the MedDiet (mean difference = 0.65, 95% CI 0.58, 0.73),
whereas alcohol intake (mean difference = −0.01, 95% CI −0.01, −0.01) and being widowed (mean
difference = −0.15, 95% CI −0.26, −0.05) were inversely associated with higher DDS.
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Table 2. Linear regression model to evaluate demographic and lifestyle variables associated with DDS
(DDS measure as continuous variable).

Total DDS

Mean Differences
(95% CI)

p
Value

Sex
Men 0 (ref)

Women 0.26 (0.18, 0.33) <0.001

Age
≤70 years 0 (ref)

More 70 years 0.06 (−0.15, 0.14) 0.12

Smoking Habits
Current smoker 0 (ref)
Former smoker 0.14 (0.06, 0.23) 0.001
Never smoker 0.18 (0.09, 0.27) <0.001

Physical Activity Status
Less active 0 (ref)

Moderate active 0.06 (−0.01, 0.13) 0.11
Active 0.03 (−0.04, 0.10) 0.34

Educational Status
Tertiary Level 0 (ref)

Secondary Level 0.02 (−0.05, 0.09) 0.59
Primary Le 0.07 (0.03, 0.14) 0.041

MedDiet Adherence
Low Adherence 0 (ref)

Medium Adherence 0.34 (0.28, 0.40) <0.001
High Adherence 0.65 (0.58, 0.73) <0.001

Civil Status
Married 0 (ref)

Widowed −0.15 (−0.26, −0.05) 0.004
Divorced/Separated −0.12 (−0.23, −0.02) 0.026

Others a
−0.21 (−0.34, −0.08) 0.002

Living alone −0.31 (−0.14, 0.07) 0.57
WC (cm) b −0.01 (−0.01, 0.01) 0.57

BMI (kg/m2) b −0.01 (−0.01, 0.01) 0.75
Alcohol intake (g) b −0.01 (−0.02, −0.01) <0.001

Linear regression model (95% CI) for the DDS as a dependent variable according to baseline characteristics of
participants. a Others: Includes religious and single status. b 1-unit increase. Abbreviations: BMI, body mass index;
CI, confidence interval; DDS, dietary diversity score; SD, standard deviation; WC, waist circumference.

3.3. Adherence to MedDiet and Dietary Intake of PREDIMED-Plus Participants by Quartiles of DDS Adjusted
by Energy

Comparing across DDS quartiles, individuals in Q4 had significantly higher MedDiet adherence,
higher intake of dietary fiber, carbohydrates, proteins and polyunsaturated fat, but lower saturated fat
intake (Table 3). Vitamin and mineral intake increased progressively across DDS quartiles (p < 0.001).
However the magnitude of these differences across quartiles is small and should be interpreted in
the light of the large power and sample size of the study. On the other hand, participants in the
bottom DDS quartile (Q1) reported higher alcohol intake. Total energy intake followed a U-shaped
line, higher in Q1 and Q4 than in Q2–Q3. Supplementary Table 1 (Table S1) shows the proportion of
participants with an intake below 2/3 of DRIs by DDS quartiles and is stratified by sex and group of
age. The prevalence of inadequate intake of all nutrients decreased across DDS quartiles in all age and
sex strata, except for vitamin D in older individuals. Vitamins B1, B12, C, phosphorus, iron, potassium,
selenium and zinc presented high number of categories with zero cases, as nearly all the prevalent
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cases of deficient intake were at Q1 of DDS (Table S2.). These results were similar when the EFSA
recommendations were used instead (Table S3.).

Table 3. Adherence to MedDiet, mean energy, alcohol and nutrient intakes of PREDIMED-Plus
participants by quartiles of DDS adjusted by energy.

Q1
(n = 1647)

Q2
(n = 1647)

Q3
(n = 1647)

Q4
(n = 1646)

p
Value

MedDiet Adherence, n (%)
Low adherence 857 (52.0) 638 (38.7) 507 (30.8) 372 (22.6)

<0.001Medium adherence 602 (36.7) 686 (41.7) 717 (43.5) 684 (41.6)
High adherence 188 (11.4) 323 (19.6) 423 (25.7) 590 (35.8)

Mean ± SD 7.4 ± 2.5 8.3 ± 2.6 8.8 ± 2.5 9.5 ± 2.6 <0.001

Nutrient Intake, Mean ± SD
Total energy (Kcal/day) 2382.3 ± 612.8 2345.0 ± 557.9 2340.7 ± 527.0 2397.1 ± 502.6 0.006

Total fat intake (%) 39.9 ± 7.1 39.9 ± 6.6 39.5 ± 6.3 38.9 ± 5.9 <0.001
Monounsaturated fat (%) 20.7 ± 4.9 20.8 ± 4.7 20.5 ± 4.6 20.1 ± 4.3 0.002
Polyunsaturated fat (%) 6.2 ± 1.9 6.3 ± 1.9 6.4 ± 1.8 6.6 ± 1.8 <0.001

Saturated fat (%) 10.1 ± 2.2 10.1 ± 2.1 9.9 ± 1.9 9.7 ± 1.8 <0.001
Carbohydrate intake (%) 40.1 ± 7.5 40.2 ± 7.0 40.7 ± 6.5 41.3 ± 6.1 <0.001

Protein intake (%) 15.4 ± 2.6 16.6 ± 2.7 17.2 ± 2.8 17.9 ± 2.6 <0.001
Fiber intake (g/day) 21.4 ± 7.8 24.8 ± 7.7 27.1 ± 7.8 31.3 ± 8.8 <0.001
Vitamin A (µg/day) 909.3 ± 624.6 1075.1 ± 648.9 1133.2 ± 587.7 1302.9 ± 650.3 <0.001

Vitamin B1 (mg/day) 1.5 ± 0.4 1.6 ± 0.4 1.7 ± 0.4 1.8 ± 0.4 <0.001
Vitamin B6 (mg/day) 2.0 ± 0.5 2.2 ± 0.5 2.4 ± 0.5 2.7 ± 0.6 <0.001
Vitamin B9 (µg/day) 290.7 ± 82.3 335.6 ± 88.9 363.6 ± 90.9 416.1 ± 102.0 <0.001
Vitamin B12 (µg/day) 9.0 ± 4.5 9.7 ± 4.5 10.1 ± 4.3 10.9 ± 4.5 <0.001
Vitamin C (mg/day) 147.5 ± 66.4 189.0 ± 74.3 216.5 ± 78.3 255.7 ± 83.2 <0.001
Vitamin D (µg/day) 5.3 ± 3.2 5.9 ± 3.3 6.4 ± 3.4 7.1 ± 3.6 <0.001
Vitamin E (mg/day) 9.6 ± 4.1 10.4 ± 3.9 10.7 ± 3.7 11.7 ± 3.8 <0.001
Calcium (mg/day) 876.6 ± 325.3 987.2 ± 325.1 1071.8 ± 320.3 1201.5 ± 326.2 <0.001

Phosphorus (mg/day) 1556.4 ± 389.7 1699.4 ± 388.3 1796.7 ± 389.7 1985.6 ± 397.1 <0.001
Magnesium (mg/day) 371.0 ± 99.3 403.7 ± 98.4 428.2 ± 98.8 479.4 ± 108.5 <0.001

Iron (mg/day) 15.2 ± 3.9 16.0 ± 3.8 16.6 ± 3.7 18.1 ± 3.9 <0.001
Iodine (µg/day) 242.9 ± 163.6 274.7 ± 153.1 297.0 ± 155.3 327.2 ± 151.1 <0.001

Potassium (mg/day) 3767.9 ± 858.1 4262.1 ± 880.0 4619.6 ± 929.3 5256.5 ± 1053.4 <0.001
Selenium (µg/day) 113.6 ± 36.8 115.9 ± 32.9 116.4 ± 31.3 122.5 ± 30.9 <0.001

Zinc (mg/day) 12.5 ± 3.5 13.0 ± 3.2 13.2 ± 3.1 14.1 ± 3.1 <0.001
Alcohol intake (g/day), Mean ± SD 16.5 ± 19.4 11.7 ± 15.0 9.1 ± 12.4 6.8 ± 9.8 <0.001

Values are presented as means ± SD for continuous variables and n (%) for categorical variables. Pearson’s chi-square
test was performed for categorical variables and ANOVA test for continuous variables. Abbreviations: DDS, dietary
diversity score; Q, quartile; SD, standard deviation.

3.4. Distribution of Participants ny Number of Nutrients below Adequate Intake According to the DDS by Age
and Sex

Table 4 shows the prevalence of four or more inadequacies in nutrient intake according to DDS
quartiles, stratified by sex and age. Independently of age and sex, we observed that participants with
the highest DDS (Q4) showed a lower number of nutrient inadequacies (p < 0.001). Also the prevalence
of four or more inadequacies in nutrient intake decreased across DDS quartiles (p < 0.001) regardless of
age or sex. When we used the EFSA dietary recommendations, we obtained similar results (Table S4.).
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Table 4. Number of inadequacies and distribution of participants with ≥4 nutrients below 2/3 of the
dietary reference intake (DRI) according to DDS by age and sex.

MEN: ≤70 years

Q1 (n = 787) Q2 (n = 763) Q3 (n = 973) Q4 (n = 489) p Value
Inadequacies, mean ± SD 3.0 ± 1.1 2.3 ± 1.1 2.0 ± 0.1 1.7 ± 0.7 <0.001 1

Participants, n (%) 468 (46.8) 156 (19.3) 78 (11.7) 12 (2.4) <0.001 2

WOMEN: ≤70 years

Q1 (n = 630) Q2 (n = 610) Q3 (n = 884) Q4 (n = 529) p Value
Inadequacies, mean (SD) 2.9 ± 1.0 2.5 ± 1.1 2.1 ± 1.0 1.7 ± 0.8 <0.001 1

Participants, n (%) 169 (38.2) 145 (23.8) 81 (11.0) 23 (2.7) <0.001 2

MEN: >70 years

Q1 (n = 124) Q2 (n = 136) Q3 (n = 111) Q1 (n = 48) p Value
Inadequacies, mean (SD) 2.9 ± 1.1 2.6 ± 1.2 2.0 ± 1.0 1.6 ± 0.9 <0.001 1

Participants, n (%) 51 (44.0) 37 (33.9) 11 (10.9) 5 (5.5) <0.001 2

WOMEN: >70 years

Q1 (n = 138) Q2 (n = 137) Q1 (n = 177) Q1 (n = 103) p Value
Inadequacies, mean (SD) 3.0 ± 1.1 2.5 ± 1.1 2.0 ± 0.9 1.7 ± 0.8 <0.001 1

Participants, n (%) 38 (42.7) 30 (24.6) 14 (9.8) 6 (3.0) <0.001 2

1 p value: Pearson’s Chi-Square test was used to estimate differences among prevalence of inadequate nutrient
intake according to quartiles of DDS for sex strata. 2 p value: ANOVA test was performed to estimate differences
among mean of inadequate nutrient intakes according to sex, for each DDS quartile. Abbreviations: DDS, dietary
diversity score; DRI, dietary reference intake; Q, quartile; SD, standard deviation.

3.5. Multivariable Logistic Regression Model for Inadequate Intake of Four or More out Eight Micronutrients
According to Food Group’s Diversity Intake and Total DDS Quartiles

The risk of inadequate intake of four or more nutrients increased in the lower DDS quartiles,
regardless of the model we chose to adjust by (Table 5). The adjusted odds ratio (OR) of inadequate
intake was 28.56 (95% CI 20.80–39.21) for Q1 compared to Q4. We analyzed the prevalence of inadequate
intake according to the category of DD for each one of the included food groups and found the same
trend for all of them except for the cereal food group. The groups showing the strongest association
were vegetables and fruit. These results were comparable if the EFSA criteria were used to define
inadequate intake (Table S5.). The adjustment by age as a quantitative variable did not change the
results (data not shown).

Table 5. Multivariable logistic regression models for inadequate intake of four or more out eight
micronutrients according to food group’s diversity intake and total DDS quartiles in the PREDIMED-Plus
study participants. Odds ratios (95% Confidence intervals).

Q1
(n = 1647)

Q2
(n = 1647)

Q3
(n = 1647)

Q4
(n = 1646)

Total DDS

Model 1 27.42 (20.13−37.34) 10.00 (7.30−13.72) 4.37 (3.14−6.09) 1 (Ref.)
Model 2 28.56 (20.80−39.21) 9.97 (7.25−13.70) 4.33 (3.11−6.04) 1 (Ref.)

C1
(n = 550)

C2
(n = 1315)

C3
(n = 2482)

C4
(n = 2240)

Vegetable Group

Model 1 19.82 (15.19−25.85) 7.28 (5.85−9.10) 2.74 (2.22−3.38) 1 (Ref.)
Model 2 14.03 (10.55−18.65) 6.21 (4.92−7.83) 2.52 (2.02−3.14) 1 (Ref.)
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Table 5. Cont.

C1
(n = 845)

C2
(n = 4497)

C3
(n = 779)

C4
(v466)

Fruit Group

Model 1 19.75 (11.87−32.86) 3.76 (2.30−6.15) 2.23 (1.29−3.84) 1 (Ref.)
Model 2 11.62 (6.81−19.81) 2.71 (1.62−4.53) 2.02 (1.15−3.57) 1 (Ref.)

C1
(n = 350)

C2
(n = 4767)

C3
(n = 1390)

C4
(n = 80)

Cereal Group

Model 1 1.33 (0.54−3.31) 1.13 (0.47−2.71) 0.90 (0.37−2.19) 1 (Ref.)
Model 2 0.83 (0.32−2.19) 0.84 (0.33−2.14) 0.71 (0.28−1.82) 1 (Ref.)

C1
(n = 26)

C2
(n = 1254)

C3
(n = 2770)

C4
(n = 2537)

Proteins group

Model 1 12.33 (4.10−37.19) 3.00 (2.48−3.62) 2.00 (1.69−2.37) 1 (Ref.)
Model 2 6.60 (1.96−22.24) 2.02 (1.64−2.48) 1.63 (1.36−1.96) 1 (Ref.)

C1
(n = 686)

C2
(n = 2447)

C3
(n = 2600)

C4
(n = 854)

Dairy Group

Model 1 9.51 (6.88−13.14) 3.35 (2.50−4.49) 1.52 (1.12−2.06) 1 (Ref.)
Model 2 6.54 (4.64−9.22) 2.40 (1.76−3.27) 1.24 (0.90−1.71) 1 (Ref.)

Values are presented as OR and 95% CI for inadequate intake of micronutrients as categorical variable according to
total DDS and food’s group diversity. Model 1: Adjusted for energy intake. Model 2: Adjusted for energy intake,
sex, age, smoking habits, physical activity, educational level, MedDiet adherence, BMI, alcohol intake, living alone
and civil status. Abbreviations: BMI, body mass index; C, category; DDS, dietary diversity score; Q, quartile.

4. Discussion

The present study, conducted among older individuals with MetS, showed that the greater the
DDS the lower the risk of inadequate nutrient intake. Characteristics associated with a lower DDS are
male sex, any marital status other than married, smoking habit and alcohol intake. Special attention
should be paid to patients with these characteristics as they are likely to have a lower DDS.

It is known that demographic characteristics influence diet quality. The influence of age and sex
on DDS could be attributable to multiple factors, including psychological and mental health issues,
poorer nutritional knowledge, lack of cooking skills and increased loneliness [21,37]. Our results are in
line with other studies regarding the impact of sex on the variety of food choices: Women consume
more varied diets than men, presumably due to the traditional role as housewives and culinary
knowledge [38]. Regarding age, despite other authors noting that dietary variety declined with age [39],
we have not found the same trend, probably because the percentage of participants with >70 years old
was small in our sample. Living alone has also been traditionally considered as a risk factor for poor
dietary habits, mainly due to lower diversity of food intake [40,41]. We found lower DDS for widowed
and divorced people, but not for people living alone.

In addition, some studies have highlighted that lower levels of education and economic status
predict lower dietary variety [42,43]. Our results are not consistent on this point. According to
socioeconomic level, the economic factors could explain low consumption of foods such as fish,
fruits and vegetables, which require more frequent purchase and consumption and can also be more
expensive. The discrepancy might be attributed to the fact that these studies have been carried out in
non-European countries with heterogeneous socioeconomic levels. In our study, most participants
had similar economic capacity (they were mostly retired) with the economic differences among them
being small. Furthermore, the distribution of our population reflects the social and demographic
characteristics of the Spanish population born in the 1940s–1960s. In that context, women had limited
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opportunity to pursue high levels of formal education. As the percentage of women is greater in the
top quartile of DDS, this could be an attributable factor that explains that subjects with a higher DDS
have a lower educational level.

In literature, smoking status and alcohol intake are the most important lifestyles variables related
to food choices among older adults. In our study, non-smokers and drinkers of low quantities of
alcohol showed higher DDS. Several studies have reported that smoking and drinking status are
directly associated with less variety of food choices and poor nutrient intakes, consistent with our
results [44,45]. However these findings have not been supported by a study carried out in middle-aged
adults in Japan, probably because of socio-cultural differences and small sample size [46].

Dietary guidelines worldwide have promulgated the benefits of a variety of dietary intake, mainly
because it is easier to provide the necessary amount of nutrients with a highly diverse diet. This could be
especially important for obesity and chronic disease management [47,48]. In this regard, monotonous
diets usually imply unhealthy eating habits, as well as the worsening in the progression of certain
diseases, for example CVD [49]. In spite of this, some observational studies have related the diversity
of food intake to higher rates of obesity and poor nutritional adequacy in adults [13,16]. However,
in the case-control study of Karimbeiki et al. [16], cases were chosen from participants attending an
obesity treatment group and dietary intake referred to the previous year, hence it is difficult to know
whether it was cause or consequence. The study of Jayawardena et al. [13] estimate a DDS from a
24-h food record and not from a FFQ, and their results are not adjusted for total energy intake. Thus,
their findings are not comparable to our results.

A recent non-systematic review concluded that “the scientific evidence to date does not support
benefits of greater dietary diversity for optimal diet quality or healthy weight” [50] pointing out a need
for standardized, reliable measures defining what diet diversity is. In the current study, high DDS level
(Q4) was directly associated with adequate nutrient intake (≥4 nutrients out of 8) even after adjustment
for confounders such as sociodemographic and lifestyle variables. This association corroborates
findings reported by other authors [17,51,52], emphasizing the need to increase diet variety, specifically
in older adult populations, in order to achieve adequate nutrient intakes in these vulnerable groups.
A variety of recommended foods, such as vegetables, fruit, cereals and dairy products, decreases the
risk of inadequate nutrient intake, mainly because these foods group are rich in vitamins and minerals
and other healthy nutrients such as dietary fiber [53].

Based on results obtained from the adjusted binary logistic regression analyses, the higher DDS of
the majority of the food groups analyzed was inversely associated with the risk of inadequate intake
of nutrients (≥4 nutrients), except for cereals. Probably because the cereal group included not only
whole grains, but also potatoes and refined grains. These findings are consistent with previous studies
reporting a low probability of inadequate nutrient intakes in consumers of a high variety of foods
groups, including vegetables and fruit [54], dairy products and protein-rich foods [51,55,56]. The notion
is that for people who eat less variety of the healthy food groups, the intake of several nutrients
might be endangered. For example, although vegetables provide a considerable amount of dietary
fiber and water, green vegetables provide vitamins B9, while yellow ones are rich in vitamin A and
carotenes. Another example of variety within the same group is the protein group, which includes eggs,
white meat, legumes, fish and nuts. This group is an excellent source of high-quality protein, minerals
and vitamins. In particular, white meat is high in B-vitamins, while oily fish is rich in polyunsaturated
fat and eggs provide vitamins D and E and minerals such as zinc, iron and iodine [27,28].

Our study has some limitations. First, the study sample is not representative of the general
population. Due to the trial inclusion and exclusion criteria, only older adults with MetS were included.
Second, we did not have data about income status; however, we recorded the education level and
employment status, which are both reasonable “proxy” indicators of socioeconomic status. Third,
the cross-sectional design of the study does not allow for inferring causality. Irrespective of the direction
of the associations, the variables included in the analysis have a high potential to improve the nutrient
intake in older populations and allow the detection of groups of individuals more prone to nutrient
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deficiencies (those with lower DDS). Fourth, we used a FFQ to measure dietary intakes. Despite
that the FFQ used has been validated in an adult Spanish population and has a good reproducibility
and validity [26], it might not be the ideal tool to measure micronutrient intake [57]. For this reason,
we considered that there was an inadequacy only when the intake did not reach 2/3 of the DRIs,
correcting the possible bias introduced by the FFQ and assuming in any case that the inadequate
micronutrient intake would be higher than the estimated figures. Fifth, it is important to consider that,
besides pharmacological treatments, chronic diseases entail changes in dietary habits and nutrient
metabolism, which have not been assessed. Last, we have estimated a DDS following the methodology
of Kant et al. [29]. However, we excluded non-recommended foods such as sweets, snacks, juices and
sweet beverages and processed foods because these products are high-energy density foods, rich in
sodium, sugar and saturated fat, and also low-nutrient density foods, thus we considered that the
intake of these food groups could not increase dietary diversity [58]. A culinary fat group was also not
taken into account because Spanish individuals consume olive oil almost exclusively [59].

Some strengths of our study are its large sample size (n = 6587) and the considerable amount of
baseline information collected in a large ongoing primary prevention trial, using a standardized protocol
that reduces information bias regarding reported food intakes, sociodemographic characteristics and
lifestyles. The individual analysis of each food group’s diversity can help to determine which
aspects may maximize diet quality. The follow-up of this cohort will allow for the identification
of any association between dietary diversity and clinical, metabolic and cardiovascular outcomes.
Our results focus on the promotion of a healthy varied diet, specifically promoting the intake of a
variety of vegetables and fruits among population groups with lower DDS such as men, smokers or
widow(er)s people.

5. Conclusions

According to our findings, older Spanish adults with MetS had a high risk of inadequate nutrient
intake. As DDS decreased, risk of inadequate nutrients intake increased. The impact of nutrient intake
adequacy on the prevention of chronic non-communicable diseases, mainly among population groups
with lower DDS such as men, older or widow people is very likely to play a crucial role from a public
health perspective.
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Table S1. Percentage of participants of PREDIMED-Plus study with nutrient intake below 2/3 of 

DRIs according to DDS. 

Nutrient 
Group DRIa Q1 

(n=1647) 
Q2 

(n=1647) 
Q3 

(n=1647) 
Q4 

(n=1646) 
P 

value1 

Dietary 
fiber 

Male 55-
70 

30g /d 49.6 25.9 12.0 4.7 <0.001 

Male >70 30g /d 38.8 32.1 12.9 5.5 <0.001 
Female 
60-70 

21 g/d 13.4 4.6 1.2 0.4 <0.001 

Female 
>70 

21 g/d 18.0 5.7 0.7 0 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  

Vitamin A 

Male 55-
70 

900 
µg/d 

33.8 15.7 12.0 3.5 <0.001 

Male >70 900 
µg/d 

31.9 20.2 9.9 7.7 <0.001 

Female 
60-70 

700 
µg/d 

14.9 8.4 3.4 0.7 <0.001 

Female 
>70 

700 
µg/d 

22.5 12.3 6.3 0 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  

Vitamin B9 

Male 55-
70 

400  
µg/d 

40.6 15.7 8.8 3.0 <0.001 

Male >70 400  
µg/d 

33.6 25.7 6.9 5.5 <0.001 

Female 
60-70 

400  
µg/d 

39.4 24.8 13.5 3.1 <0.001 

Female 
>70 

400  
µg/d 

46.1 27.9 12.6 5.0 <0.001 

P value2   0.31 <0.001 0.020 0.33  

Vitamin D 

Male 60-
70 

15 µg/d 88.5 84.0 80.1 72.5 <0.001 

Male >70 20 µg/d 98.3 99.1 97.0 95.6 0.401 
Female 
60-70 

15 µg/d 89.1 84.2 82.3 76.2 <0.001 

Female 
>70 

20 µg/d 96.6 98.4 98.6 97.0 0.66 

P value2   0.001 <0.001 <0.001 <0.001  

Vitamin E 

Male 55-
70 

15 
mg/d 

61.7 46.6 42.5 29.3 <0.001 

Male >70 15 
mg/d 

62.1 56.0 43.6 30.8 <0.001 

Female 
60-70 

15 
mg/d 

67.2 57.8 53.1 35.3 <0.001 

Female 
>70 

15 
mg/d 

79.8 69.7 59.4 50.3 <0.001 

P value2   0.003 <0.001 <0.001 <0.001  

Calcium 

Male 55-
70 

1000 
mg/d 

24.4 9.4 4.8 0.1 <0.001 

Male >70 1200 
mg/d 

48.3 26.6 18.8 9.9 <0.001 

Female 
60-70 

1200 
mg/d 

49.1 35.6 20.7 7.1 <0.001 

Female 
>70 

1200 
mg/d 

41.6 36.1 18.9 10.6 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  
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Magnesium 

Male 55-
70 

420 
mg/d 

14.6 4.1 1.8 0.4 <0.001 

Male >70 420 
mg/d 

15.5 6.4 2.0 1.1 <0.001 

Female 
60-70 

320 
mg/d 

3.2 1.2 0.3 0 <0.001 

Female 
>70 

320 
mg/d 

3.4 0.8 0 0 0.011 

P value2   <0.001 0.001 0.012 0.06  

Iodine 

Male 55-
70 

150 
µg/d 

17.7 9.4 7.6 3.3 <0.001 

Male >70 150 
µg/d 

24.1 11.0 9.9 3.3 <0.001 

Female 
60-70 

150 
µg/d 

22.6 14.5 8.3 4.5 <0.001 

Female 
>70 

150 
µg/d 

13.5 9.8 6.3 3.0 0.007 

P value2   0.037 0.029 0.73 0.63  
DRIa: Dietary Reference Intake. Pearson´s Chi-Square test was used to estimate differences among 

prevalence of inadequate nutrient intakes according to quartiles of DDS for each age and sex 

strata (p value1) and also to estimate differences among prevalence of inadequate nutrient intakes 

according to age and sex, for each DDS quartile (p value2). 

Abbreviations: DDS, dietary diversity score; DRI, dietary reference intake.  
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Table S2. Percentage of participants in the PREDIMED-Plus study with nutrient intake below 
2/3 of DRIs according to DDS  

DRIa: Dietary Reference Intake. Pearson´s Chi-Square test was used to estimate differences among prevalence of 
inadequate nutrient intakes according to quartiles of DDS for each age and sex strata (p value1) and also to estimate 
differences among prevalence of inadequate nutrient intakes according to age and sex, for each DDS quartile (p value2). 
Abbreviations: DDS, dietary diversity score; DRI, dietary reference intake; Q, quartile.  

 

 

 

 

 

 

 

Nutrient Group DRIa Q1 
(n=1647) 

Q2 
(n=1647) 

Q3 
(n=1647) 

Q4 
(n=1646) 

P value1 

Vitamin B1 

Male 55-70 1.2 mg/d 1.3 0 0 0 <0.001 
Male >70 1.2 mg/d 2.6 0 0 0 0.049 
Female 60-70 1.1 mg/ 2.3 0 0 0 <0.001 
Female >70 1.1 mg/d 2.3 0.82 0 0 <0.001 

P value2   0.48 0.006 - -  
Vitamin B6 

 

 

 

Male 60-70 1.7 mg/d 1.9 0 0 0 <0.001 
Male >70 1.7 mg/d 3.5 0 0 0 0.015 
Female 60-70 1.5 mg/d 2.3 0.2 0 0 <0.001 
Female >70 1.5 mg/d 3.4 0.8 0 0 0.011 

P value2   0.61 0.11 - -  

Vitamin B12 

Male 60-70 2.4  µg/d 0.2 0 0 0 0.26 
Male >70 2.4  µg/d 0 0 0 0 - 
Female 60-70 2.4  µg/d 0.2 0 0 0 0.18 
Female >70 2.4  µg/d 0 0.8 0 0 0.32 

P value2   0.93 0.006 - -  
Vitamin C Male 60-70 90 mg/d 3.7 0 0 0 <0.001 
 Male >70 90 mg/d 5.2 0 0 0 0.001 
 Female 60-70 75 mg/d 1.8 0 0 0 <0.001 
 Female >70 75 mg/d 1.1 0 0 0 0.16 
P value2   0.09 - - -  

Phosphorus 

Male 55-70 700 mg/d 0 0 0 0 - 
Male >70 700 mg/d 0 0 0 0 - 
Female 60-70 700 mg/d 0.2 0 0 0 0.18 
Female >70 700 mg/d 0 0 0 0 - 

P value2   0.44 - - -  

Iron 

Male 55-70 8 mg /d 0 0 0 0 - 
Male >70 8 mg /d 0 0 0 0 - 
Female 60-70 8 mg /d 0.2 0 0 0 0.18 
Female >70 8 mg /d 0 0 0 0 - 

P value2   0.44 - - -  
Potassium Male 55-70 4 g/d 0 0 0 0 - 
 Male >70 4 g/d 0 0 0 0 - 
 Female 60-70 4 g/d 0 0 0 0 - 
 Female >70 4 g/d 0 0 0 0 - 
P value2   - - - -  

Selenium 

 

 

Male 60-70 55  µg/d 0.2 0 0 0 0.26 
Male >70 55  µg/d 0 0 0 0 - 
Female 60-70 55  µg/d 1.1 0.8 0 0.4 <0.001 
Female >70 55  µg/d 1.1 0 0 0 0.34 

P value2   0.08 0.006 - -  

Zinc 

Male 55-70 11 mg/d 3.3 0.7 0.8 0.2 <0.001 
Male >70 11 mg/d 2.6 0.9 0 0 0.17 
Female 60-70 8 mg/d 1.1 0 0 0 <0.001 
Female >70 8 mg/d 2.3 0 0 0 0.015 

P value2   0.13 0.13 0.06 0.53  
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Table S3. Participants of PREDIMED-Plus study with nutrient intake below AR/AI proposed by 
EFSA according to DDS  

AR/AIa: Average Requirements/Adequate intake according to EFSA criteria. DDS: dietary diversity score. EFSA: 
European Food Safety Authority. Q: Quartile. 
Pearson´s Chi-Square test was used to estimate differences among prevalence of inadequate nutrient intakes according 
to quartiles of DDS for each age and sex strata (p value1) and also to estimate differences among prevalence of 
inadequate nutrient intakes according to age and sex, for each DDS quartile (p value2). 

 

 

 

 

 

 

 

 

 

 

 

Nutrient Group AR/AIa Q1 
(n=1647) 

Q2 
(n=1647) 

Q3 
(n=1647) 

Q4 
(n=1646) 

P value1 

Dietary fiber 
Male  25g /d 74.8 58.5 43.4 24.7 <0.001 
Female  25 g/d 72.1 59.2 46.5 25.5 <0.001 

P value2   0.25 0.77 0.20 0.70  

Vitamin A Male  570 µg/d 30.6 12.9 9.6 3.0 <0.001 
Female 490 µg/d 19.8 11.1 5.0 0.7 <0.001 

P value2   <0.001 0.27 <0.001 <0.001  

Vitamin B1 
Male  0.072 mg/d 0 0 0 0 - 
Female 0.072 mg/d 0 0 0 0 - 

P value2   - - - -  
Vitamin B6 

 

Male 1.5 mg/d 13.9 3.0 1.8 0.7 <0.001 
Female 1.3 mg/d 8.9 2.3 0.2 0 <0.001 

P value2   0.004 0.44 0.001 0.008  

Vitamin B9 
Male  250  µg/d 31.6 11.9 5.5 1.8 <0.001 
Female  250  µg/d 34.7 19.0 8.9 1.9 <0.001 

P value2   0.22 <0.001 0.007 0.91  
Vitamin B12 Male 4  µg/d 4.8 2.2 2.0   0.3 <0.001 
 Female 4  µg/d 9.0 3.7 3.0 0.7 <0.001 
P value2   0.001 0.07 0.19 0.37  
Vitamin C Male  90 mg/d 19.0 3.8 0.7 0.2 <0.001 
 Female  80 mg/d 11.1 1.4 0.2 0 <0.001 
P value2   <0.001 0.002 0.19 0.19  

Vitamin D Male  15 µg/d 99.5 98.8 98.3 97.3 0.003 
Female 15 µg/d 98.7 99.0 99.3 98.3 0.19 

P value2   0.09 0.64 0.06 0.19  

Vitamin E Male 13 mg/d 85.4 78.7 74.2 65.0 <0.001 
Female 11 mg/d 79.1 70.6 68.2 52.9 <0.001 

P value2   0.001 <0.001 0.008 <0.001  

Calcium Male 950 mg/d 64.6 45.7 36.9 19.0 <0.001 
Female 950 mg/d 65.9 55.5 43.0 25.1 <0.001 

P value2   0.60 <0.001 0.012 0.005  
Phosphorus Male 550 mg/d 0.1 0 0 0 0.56 
 Female 550 mg/d 0.2 0 0 0 0.17 
P value2   0.591 - - -  

Magnesium Male  350 mg/d 43.2 27.4 16.5 6.5 <0.001 
Female  300 mg/d 29.2 17.1 10.0 1.9 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  
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Table S3. (Continued). Participants of PREDIMED-Plus study with nutrient intake below AR/AI 
proposed by EFSA according to DDS  

AR/AIa: Average Requirements/Adequate intake according to EFSA criteria. Pearson´s Chi-Square test was used to 
estimate differences among prevalence of inadequate nutrient intakes according to quartiles of DDS for each age and sex 
strata (p value1) and also to estimate differences among prevalence of inadequate nutrient intakes according to age and 
sex, for each DDS quartile (p value2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nutrient Group DRIa 
Q1 

(n=1647) 
Q2 

(n=1647) 
Q3 

(n=1647) 
Q4 

(n=1646) 
P value1 

Iron 
Male  6 mg /d 0.3 0 0 0 0.11 
Female  6 mg /d 0.6 0 0 0 0.002 

P value2   0.35 - - -  

Iodine Male  150 µg/d 34.2 19.7 16.8 10.2 <0.001 
Female 150 µg/d 33.2 23.3 15.2 8.4 <0.001 

P value2   0.66 0.08 0.38 0.23  
Potassium Male  3.5 g/d 0 0 0 0 - 
 Female  3.5 g/d 0 0 0 0 - 
P value2   - - - -  
Selenium 

 

Male  70  µg/d 9.4 4.9 3.1 2.0 <0.001 
Female  70  µg/d 14.3 7.9 6.0 1.9 <0.001 

P value2   0.003 0.012 0.005 0.90  

Zinc 
Male 11 mg/d 31.3 22.4 19.4 10.8 <0.001 
Female  8.9 mg/d 20.0 11.8 7.3 2.9 <0.001 

P value2   <0.001 <0.001 <0.001 <0.001  
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Table S4. Number of inadequacies and distribution of participants with ≥4 nutrients below 

EFSA criteria according to DDS stratified by sex  

 
 MEN 

 Q1 (n=787) Q2 (n=763) Q3 (n=973) Q4 (n=489) P value 

Inadequacies, mean ±SD 3.5±0.8 3.1±1.0 2.8±1.1 2.2±1.0 <0.0011 

Participants, n (%) 778 (69.7) 432 (47.2) 253 (32.9) 81 (13.5) <0.0012 

 WOMEN 

 Q1 (n=630) Q2 (n=610) Q3 (n=884) Q4 (n=529) P value 

Inadequacies, mean (SD) 3.4±0.8 3.1±1.0 2.7±1.1 2.1±1.1 <0.0011 

Participants, n (%) 335 (63.1) 330 (45.1) 284 (32.4) 136 (13.0) <0.0012 

1P value: Pearson´s Chi-Square test was used to estimate differences among prevalence of inadequate nutrient intake 
according to quartiles of DDS for sex strata. 2P value: ANOVA test was performed to estimate differences among mean 
of inadequate nutrient intakes according for each DDS quartile. 
Abbreviations: AR/AI, Average Requirements/Adequate intake according to EFSA criteria; DDS, dietary diversity score; 
EFSA, European Food Safety Authority; Q, quartile.  
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Table S5. Multivariable logistic regression models for inadequate intake of 4 or more out 8 
micronutrients according to EFSA AR/AI by food group’s diversity intake and total DDS quartiles 

in the PREDIMED-Plus study participants. Odds ratios (95% Confidence intervals). 

 Q1 
 (n=1647) 

Q2  
(n=1647) 

Q3 
(n=1647) 

Q4 
(n=1646) 

Total DDS 
Model 1 13.73 (11.51-16.37) 5.67 (4.77-6.74) 3.19 (2.67-3.80) 1 (Ref.) 
Model 2 14.48 (11.93-17.57) 5.50 (4.57-6.60) 3.17 (2.64-3.82) 1 (Ref.) 
 C1 

(n=550) 
C2 

(n=1315) 
C3 

(n=2482) 
C4 

(n=2240) 

Vegetable food group 

Model 1 10.73 (8.41-13.71) 5.47 (4.62-6.48) 2.34 (2.03-2.70) 1 (Ref.) 
Model 2 8.11 (6.13-10.73) 4.90 (4.01-5.93) 2.15 (1.83-2.53) 1 (Ref.) 
 C1 

(n=845) 
C2 

(n=4497) 
C3 

(n=779) 
C4 

(n=466) 
Fruit food group 

Model 1 12.31 (8.89-17.01) 2.88 (2.17-3.84) 1.68 (1.21-2.33) 1 (Ref.) 
Model 2 6.66 (4.61-9.62) 2.05 (1.49-2.84) 1.45 (1.00-2.10) 1 (Ref.) 
 C1 

(n=350) 
C2 

(n=4767) 
C3 

(n=1390) 
C4 

(n=80) 
Cereal  food group     
Model 1 1.30 (0.68-2.52) 1.13 (0.61-2.07) 1.07 (0.57-1.98) 1 (Ref.) 
Model 2 0.71 (0.34-1.49) 0.74 (0.37-1.47) 0.77 (0.38-1.55) 1 (Ref.) 
 C1 

(n=26) 
C2 

(n=1254) 
C3 

(n=2770) 
C4 

(n=2537) 
Protein  food group     
Model 1 7.19 (1.94-26.67) 3.00 (2.56-3.53) 1.89 (1.66-2.15) 1 (Ref.) 
Model 2 3.91 (0.77-19.72) 1.93 (1.61-2.32) 1.48 (1.28-1.72) 1 (Ref.) 
 C1 

(n=686) 
C2 

(n=2447) 
C3 

(n=2600) 
C4 

(n=854) 
Dairy  food group     
Model 1 23.13 (17.18-31.13) 6.61 (5.23-8.36) 2.67 (2.11-3.38) 1 (Ref.) 
Model 2 17.88 (12.84-24.90) 5.14 (3.96-6.67) 2.19 (1.69-2.85) 1 (Ref.) 

 
Model 1: Adjusted for energy intake. Model 2: Adjusted for energy intake, sex, age, smoking habits, physical activity, 
educational level, MedDiet adherence, BMI, WC, alcohol intake, living alone and civil status.  
Abbreviations: AR/AI, Average Requirements/Adequate intake according to EFSA criteria; C, category; DDS, dietary 
diversity score; EFSA, European Food Safety Authority; Q, quartile. 
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Artículo 4. Cano‐Ibáñez N, Bueno‐Cavanillas A, Martínez‐González MA, Salas‐Salvadó J, Corella 

D, Freixer G, et al. Effect of changes in adherence to Mediterranean diet on nutrient density 

after one‐year of follow‐up: Results from the PREDIMED‐Plus Study. Ahead of print. 2019.  

 

Finalmente, en el cuarto artículo titulado “Effect of changes in adherence to Mediterranean Diet 

on nutrient density after one‐year of follow‐up: Results from the PREDIMED‐Plus Study” enviado 

a publicación, se partió del precepto de que la adherencia a la Dieta Mediterránea promulgada 

en  un  estudio  de  intervención  nutricional  como  es  el  estudio  PREDIMED‐Plus, mejoraría  la 

calidad dietética de todos los participantes, independientemente del grupo de aleatorización. 

Se estimó  la densidad nutricional basal y al año de  los participantes del estudio; y se tuvo en 

cuenta como variable independiente en los modelos de regresión lineal ejecutados los cambios 

en la adherencia a la Dieta Mediterránea. De los resultados obtenidos, se puede destacar que 

los participantes,  independientemente del grupo de aleatorización, mostraron un  incremento 

en la densidad nutricional de todos los nutrientes analizados (medido como % de cambio en la 

densidad nutricional),  excepto  para  la  cantidad  total de hidratos de  carbono,  ácidos  grasos 

saturados  e  ingesta  calórica,  que  sufrieron  un  descenso  conforme  se  incrementaba  la 

adherencia  a  la  Dieta  Mediterránea.  Los  modelos  de  regresión  lineal  múltiple  ajustados 

mostraron una asociación directa entre las mejoras en la adherencia a la Dieta Mediterránea y 

el  incremento  en  la  densidad  nutricional  después  de  un  año  de  intervención  en  el  estudio 

PREDIMED‐Plus. Principalmente, puede destacarse que aquellos nutrientes que experimentaron 

mayores  incrementos en  su densidad nutricional  (>20%)  fueron:  la  fibra dietética,  los ácidos 

grasos monoinsaturados, polinsaturados, vitaminas A, B9, B12, C, D, E, potasio, yodo y magnesio.  
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ABSTRACT 1 

Background: The prevalence of overweight and obesity and related manifestations such as Metabolic 2 

Syndrome (MetS) is increasing worldwide. High energy density diets, usually with low nutrient density, 3 

are among the main causes. Some high-quality dietary patterns like the Mediterranean diet (MedDiet) 4 

have been linked to the prevention and better control of MetS. However, it is needed to show that 5 

nutritional interventions promoting the MedDiet are able to improve nutrient intake.  6 

Objective: To assess the effect of improving MedDiet adherence on nutrient density after one year of 7 

follow-up at the PREDIMED-Plus trial. 8 

Methods: We assessed 5783 men (55-75 years) and women (60-75 years) with overweight or obesity and 9 

MetS at baseline from the PREDIMED-Plus trial. Dietary changes and MedDiet adherence were 10 

evaluated at baseline and after one year. The primary outcome was the change in nutrient density 11 

(measured as nutrient intake per 1000 kcal). Multivariable-adjusted linear regression models were fitted 12 

to analyse longitudinal changes in adherence to the MedDiet and concurrent changes in nutrient density.  13 

Results: During 1-y follow-up, participants showed clinically relevant improvements in nutrient density 14 

for all micronutrients assessed. The density of carbohydrates (CHO) (-9.0%), saturated fatty acids (SFA) 15 

(-10.3%) and total energy intake (-6.4%) decreased. These changes were more pronounced in the subset 16 

of participants with higher improvements in MedDiet adherence. 17 

Conclusions: The PREDIMED-Plus dietary intervention, based on MedDiet recommendations for older 18 

adults, may be a feasible strategy to improve nutrient density in Spanish population at high risk of 19 

cardiovascular disease with overweight or obesity.  20 

Keywords: Mediterranean Diet; nutrient density; Metabolic Syndrome.  21 
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INTRODUCTION 22 

Global obesity rates have reached epidemic proportions. In the United States, the prevalence of obesity has 23 

increased progressively among adults, achieving figures of 39.6% [1]. A similar trend has been described in 24 

Spain, with growing rates of obesity in the last decades, particularly among males [2]. 25 

Diet and lifestyle changes that lead to an energy imbalance are among the main causes of the increased 26 

prevalence of obesity [3]. Usually, the ratio of nutrient intake related to energy is poor in obese people despite 27 

the increasingly energy-rich diet [4]. Reducing dietary energy intake has shown to improve weight 28 

maintenance and weight loss. However, restrictive diets jeopardize micronutrient intake and could worsen 29 

underlying metabolic diseases [5].  30 

For the prevention and treatment of obesity and its related conditions such as Metabolic Syndrome (MetS) we 31 

must recommend high-quality overall dietary patterns. A high-quality dietary pattern should provide a low 32 

energy density but a high nutrient density. Mediterranean Diet (MedDiet) outmatches other high-quality 33 

patterns because of the growing evidence about its role in the management of weight and adiposity [6,7], and 34 

the prevention of cardiovascular diseases (CVD) and other chronic conditions such as cancer or 35 

neurodegenerative diseases [8,9]. MedDiet is characterized by the consumption of a wide variety of 36 

vegetables and fruits, legumes, whole-grains, nuts and olive oil, instead of sugar-sweetened beverages and 37 

other energy-dense foods, providing the necessary amount of vitamins and minerals but with a low energy 38 

content [10].  39 

Peng et al. [11] showed an association between MedDiet adherence and an increase in nutrient density and we 40 

have been able to reproduce the same association among the PREDIMED-Plus participants (cross-sectional 41 

article) [12]. In Spain, some observational studies carried out in non-obese population showed that subjects 42 

with low adherence to the MedDiet exhibited a higher prevalence of inadequate intake of some nutrients such 43 

as zinc, iodine, magnesium, iron, selenium and vitamins B1, B9 and E [10,13]. However, to our knowledge 44 

no large clinical trial has assessed whether nutrient density also increases when MedDiet adherence does. We 45 

hypothesized that changes in dietary pattern toward greater MedDiet adherence might be associated to an 46 

improvement in nutrients intake (measured as nutrient density). The PREvención con DIeta MEditerránea 47 

(PREDIMED-Plus) is a large trial which randomize high CVD-risk individuals to follow a MedDiet (a 48 

usual or an energy-restricted MedDiet diet, respectively for control and intervention group) for primary 49 

cardiovascular prevention. The aim of the PREDIMED-Plus study is to improve MedDiet adherence in 50 
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order to reduce CVD, supporting a causal association between adherence to MedDiet and diet quality 51 

independently of randomization group.    52 

Therefore, with the present study, we aimed to assess the effect of improving MedDiet adherence over dietary 53 

nutrient density after one year of follow-up in the cohort integrated by the PREDIMED-Plus participants at 54 

the trial. 55 

METHODS 56 

Design of the Study 57 

A detailed description of the design and methods of the PREDIMED-Plus trial can be found elsewhere 58 

[14]. Briefly, the PREDIMED-Plus trial is an ongoing 6-year multicentre, randomized, parallel-group, 59 

primary prevention trial conducted in Spain, to compare 2 interventions: a) an intensive weight loss 60 

intervention program based on an energy-restricted traditional Mediterranean diet, physical activity 61 

promotion behavioural support (intervention group), versus b) usual care and dietary counselling 62 

intervention recommending energy unrestricted MedDiet (control group).  The primary end-point is CVD 63 

morbidity and mortality after 6-y follow-up.  64 

 

Ethics Approval 65 

The protocol was written in accordance with the principles of the Declaration of Helsinki. The respective 66 

Institutional Review Board (IRB) of all study centres approved the study protocol. The trial was 67 

registered in 2014 at the International Standard Randomized Controlled Trial 68 

(www.isrctn.com/ISRCTN89898870). All participants provided written informed consent. 69 

 

Participants and data collection procedures.  70 

Eligible participants were men (aged 55-75 years) and women (aged 60-75 years) with overweight or 71 

obesity (body mass index (BMI) ≥27 and <40 kg/m2) who were free of CVD at study recruitment, but 72 

with MetS according to the harmonized criteria of the International Diabetes Federation and the American 73 

Heart Association and National [15].  74 

From the 6874 participants enrolled to the PREDIMED-Plus study, we selected for the present 75 

longitudinal analysis those participants who completed at baseline and at 1-year of follow-up a Food 76 

Frequency Questionnaire (FFQ) and a MedDiet adherence questionnaire. Those who failed to complete 77 
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the FFQ (n=40) and MedDiet questionnaire (n=27), were excluded from this sub-study. Among the 78 

available 6807 participants, we also excluded those individuals with extreme values for total energy 79 

intake in FFQ (<800 kcal/day or >4000 kcal/day for men); (<500 kcal/day or >3500 kcal)/day for women) 80 

[16] (n=1024). Finally, data from 5783 participants were included in our analyses (Figure 1). 81 

 

Figure 1. Flow chart of the study participants 82 

 

Dietary Assessment  83 

Baseline adherence to the energy-reduced MedDiet (er-MedDiet) was appraised by a 17 item score, a 84 

modified form of a previously validated tool [17]. This tool was used to evaluate compliance with the 85 

intervention and as a key element to guide the motivation interviews during the follow-up study. 86 

Compliance with each of the 17 items relating to characteristic food habits was scored with 1 point if the 87 

goal was met or 0 points otherwise. Therefore, the total er-MedDiet score range was 0-17, with 0 meaning 88 

no adherence and 17 meaning maximum adherence to MedDiet. The study participants completed the 89 

156



questionnaire prior the randomization and also after 1 year of follow-up. As the main independent 90 

variable, we used changes in er-MedDiet adherence after 1 year of follow-up. The changes in adherence 91 

to er-MedDiet, were categorised in tertiles as follows: small changes of er-MedDiet adherence (1st tertile, 92 

≤1 points, including negative values), medium (2nd tertile, 2-4 points) or large changes of adherence (3rd 93 

tertile, ≥5 points). 94 

Data on dietary intake were collected at baseline and once yearly thereafter by trained dieticians. All 95 

participants were asked to complete a 143-item semi-quantitative FFQ previously validated in Spain [18]. 96 

The questionnaire included 9 frequency options for a specified serving size (never or almost never, 1-3 97 

times a month, once a week, 2-4 times a week, 5-6 times a week, once a day, 2-3 times per day, 4-6 times 98 

a day, and more than 6 times a day). Nutrient intakes and food consumptions were obtained by 99 

multiplying serving sizes by consumption frequency. Energy and nutrient intakes were calculated as 100 

frequency multiplied by nutrient composition of specified portion size for each food item, using a 101 

computer program based on information available in Spanish food composition tables [19,20]. Thus, the 102 

dietary intake of a selection of nutrients including carbohydrates (CHO), total fat, monounsaturated 103 

(MUFAs), polyunsaturated (PUFAs) and saturated fatty acids (SFAs), protein, dietary fiber, vitamins A, 104 

B1, B6, B9, B12, C, D and E, calcium, magnesium, iron, iodine, potassium, selenium and zinc was 105 

assessed. To evaluate the nutrient density of the diet, density intake of all nutrients was calculated by 106 

dividing absolute nutrient intake by total energy intake. The nutrient density was expressed as nutrient 107 

intake per 1000 kcal [21]. For the present analysis, we have included the changes in nutrient density after 108 

1 year of follow-up as the dependent variable in order to ascertain the effect of changes in er-MedDiet 109 

adherence (independent variable) on this variable.  110 

 

Statistical Analysis  111 

We used the PREDIMED-Plus database generated in March, 2019 including 1-y follow-up. All analyses 112 

were performed in the entire cohort, without taking into account the trial allocation group, as all 113 

participants were recommended to follow a MedDiet. All analyses were performed using Stata software 114 

(13.0, StataCorp LP, Tx. USA). Qualitative variables were described as frequencies and percentages, n 115 

(%), whereas the quantitative variables were expressed as means and standard deviations (SD). The 116 

significance level was set at 5%. ANOVA was used to test differences in nutrient density across tertiles of 117 

changes in er-MedDiet adherence. Mean percentage change was estimated for each nutrient as follows: 118 
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100*((baseline nutrient density - nutrient density at 1 year)/ baseline nutrient density). A multiple linear 119 

regression model was fitted to evaluate changes in mean nutrient density (dependent variables) of all the 120 

nutrients assessed across tertiles of changes in adherence to the er-MedDiet (compared with the lowest 121 

tertile) (as main independent variable). After the crude model, we fitted a sex- and age (55-70 years or 122 

more than 70 years)-adjusted model (model 1) and a model 2 additionally adjusted for other confounding 123 

variables (smoking habit (current smoker, former smoker, never smoker), physical activity (less active, 124 

moderately active and active), educational level (primary, secondary, tertiary, insufficient data), living 125 

alone (yes/no), marital status (married, widowed, divorced/separated, and other category which includes 126 

single participants and those who are priests or nuns who were categorized as “religious”), baseline BMI 127 

(kg/m2), and allocation group of the participant (model 2). In order to evaluate the effect that the 128 

recruitment centre exerts on the dietary intervention and assuming in any case that the results could be 129 

heterogeneous, we performed a third model (model 3, supplementary table 1). To fit this model we 130 

performed a linear regression adjusted for the same confounding factors that in model 2 for each centre 131 

and nutrient, and then we obtained pooled results with a random-effects meta-analysis. As members of the 132 

same household were recruited for the study, we used robust variance estimators to account for 133 

intracluster correlation in all models.  134 
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RESULTS 135 

Table 1 shows the baseline characteristics of participants across levels of changes in er-MedDiet adherence after 1-year follow-up: small (≤1 point), moderate (≥2 point - 4 136 

point) and large (≥5 point). The following baseline characteristics were associated with smaller changes in er-MedDiet adherence after 1 year: female sex, higher levels of 137 

physical activity and higher educational level. Higher BMI and WC were associated with larger changes.  138 

 

Table 1. Baseline characteristics of the PREDIMED-Plus trial participants according to tertiles of MedDiet adherence changes after 1 year of follow-up (n=5783) 139 

 
Small changes in MedDiet Adherence 

(≤1 point) 

Moderate changes in  MedDiet 
Adherence  

(≥2 - 4 point) 

High changes in MedDiet 
Adherence 
(≥5 point) 

P value 

Age (y), n (%) 

≤70 ya 2016 (83.2) 1653 (85.5) 1260 (88.1) 
<0.001 

>70 y 407 (16.8) 280 (14.5) 170 (11.9) 

Mean ±SD 65 (4.9) 65 (4.9) 64 (4.8) <0.001 

Female sex, n (%) 1225 (50.6) 935 (48.4) 627 (43.9) <0.001 

Smoking Habit, n (%) 

Current smoker 307 (12.7) 230 (11.9) 178 (12.5) 

0.384 
Former smoker 1002 (41.4) 852 (44.1) 636 (44.5) 

Never smoker 1105 (45.6) 840 (43.5) 610 (42.7) 

Insufficient Data 9 (0.4) 11 (0.6) 6 (0.4) 

Physical activity 

Less active 1409 (58.4) 1172 (60.7) 857 (60.1) 

0.187 Moderately active 445 (18.4) 368 (19.1) 272 (19.1) 

Active 559 (23.2) 391 (20.3) 296 (20.8) 

Educational level, n (%) 

Tertiary School 544 (22.5) 413 (21.4) 294 (20.6) 

0.087 
Secondary School 650 (26.8) 569 (29.5) 440 (30.8) 

Primary School 1211 (50.0) 935 (48.4) 679 (47.5) 

Insufficient Data 17 (0.7) 14 (0.7) 16 (1.1) 

Marital status, n (%) 

Married 1837 (76.1) 1456 (75.5) 1146 (80.4) 
0.005 

Widowed 249 (10.3) 224 (11.6) 133 (9.3) 
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Divorced/Separated 207 (8.6) 139 (7.2) 83 (5.8) 

Othersb 120 (5.0) 109 (5.7) 64 (4.5) 

Living alone, n (%) 306 (12.6) 260 (13.5) 140 (9.8) 0.016 

Employment status, n (%) 

Retired 1395 (57.8) 1125 (58.5) 778 (54.5) 

0.008 
Employed 450 (18.6) 384 (20.0) 327 (22.9) 

Housekeeper 373 (15.5) 258 (13.4) 188 (13.2) 

Othersc 197 (8.2) 155 (8.1) 135 (9.5) 

BMI (Kg/m2) 32.4 (3.4) 32.5 (3.4) 32.6 (3.5) 0.100 

WC (cm) 107.1 (9.4) 107.4 (9.6) 108.3 (9.8) 0.001 
Values are presented as means and standard deviations (SD) for continuous variables and number and percentages, n (%) for categorical variables. Pearson’s chi-square test was performed for categorical variables and ANOVA test for continuous variables. aThis age category 

includes 55-70years for males, and 60-70 years for females b Includes religious and single participants  cIncludes unemployed (with/without salary) incapacity, and students participants. Abbreviations: (BMI): Body Mass Index, (WC): Waist Circumference.  

 

 

Changes from baseline to 1 year of follow-up in selected nutrient density intake per 1000 kcal are shown in Table 2. Participants showed a significant (p<0.001) increasing 140 

trend in nutrient density of all nutrients analyzed (% mean change), except for total CHO (-9.0 g/1000 kcal) and SFA (-10.3g/1000 kcal) that showed a marked decrease after 141 

1 year of follow-up.  Caloric intake at baseline point was higher between those who showed higher improvements in er-MedDiet adherence.  At the same time, these 142 

participants showed lesser caloric intake after 1 year of follow-up. A similar result was observed for total fiber, vitamin B9, vitamin C, phosphorus and magnesium. The 143 

greater increase in total fat, PUFA and MUFA and decrease in SFA was found among those who showed higher increases in er-MedDiet adherence during the follow-up.  144 

 

 

Table 2. One-year follow-up changes in total energy intake and nutrient density (mean and (SD)) by changes in MedDiet adherence in the PREDIMED-Plus study (n=5783).  145 
 

 Changes in MedDiet Adherence Baseline 1 year of follow-up % Mean Change  (95% CI) P value  

Total energy (Kcal/d) 

≤1 point 2336.9 (549.3) 2274.7 (498.4) -0.5 (-1.4, 0.44) 0.305 

≥2 point - 4 point 2362.7 (547.3) 2230.8 (471.6) -2.5 (-1.4, -3.5) <0.001 

≥5 point 2421.0 (545.2) 2193.8 (430.2) -6.4 (-5.1, -7.6) <0.001 

CHO (g/1000 kcal) 

≤1 point 100.2 (17.3) 95.5 (15.6) -3.0 (-3.7, -2.3) <0.001 

≥2 point - 4 point 101.3 (17.1) 93.0 (14.8) -6.4 (-7.2, -5.6) <0.001 

≥5 point 102.9 (16.4) 91.9 (13.6) -9.0 (-9.9, -8.1) <0.001 
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Protein (g/1000 kcal) 

≤1 point 42.4 (7.1) 42.2 (6.9) 0.8 (0.1, 1.5) 0.020 

≥2 point - 4 point 42.2 (7.2) 43.7 (6.8) 5.2 (4.4, 6.0) <0.001 

≥5 point 40.8 (6.6) 44.4 (6.2) 10.8 (9.9, 11.7) <0.001 

Total Fat (g/1000 kcal) 

≤1 point 44.3 (7.3) 46.7 (6.7) 7.5 (6.7, 8.3) <0.001 

≥2 point - 4 point 43.9 (7.3) 47.1 (6.4) 9.4 (8.5, 10.3) <0.001 

≥5 point 43.6 (7.0) 47.1 (6.1) 10.1 (9.1, 11.1) <0.001 

MUFA (g/1000 kcal) 

≤1 point 23.2 (5.3) 26.3 (5.2) 18.3 (17.0, 19.6) <0.001 

≥2 point - 4 point 22.8 (5.2) 26.8 (5.1) 22.8 (21.3, 24.2) <0.001 

≥5 point 22.5 (4.8) 27.1 (4.8) 24.9 (23.2, 26.6) <0.001 

PUFA (g/1000 kcal) 

≤1 point 7.2 (2.0) 7.9 (1.9) 16.1 (14.5, 17.6) <0.001 

≥2 point - 4 point 7.1 (2.1) 8.3 (1.9) 24.6 (22.9, 26.3) <0.001 

≥5 point 6.8 (1.9) 8.6 (1.8) 33.9 (31.9, 36.) <0.001 

SFA (g/1000 kcal) 

≤1 point 11.0 (2.3) 10.5 (2.0) -1.9 (-2.7, -1.2) <0.001 

≥2 point - 4 point 11.0 (2.2) 10.1 (1.8) -5.7 (-6.6, -4.8) <0.001 

≥5 point 11.2 (2.2) 9.8 (1.7) -10.3 (-11.4, -9.3) <0.001 

Total fiber (g/1000 kcal) 

≤1 point 11.7 (3.6) 12.7 (3.6) 12.9 (11.4, 14.4) <0.001 

≥2 point - 4 point 11.3 (3.5) 13.8 (3.4) 29.2 (27.5, 30.9) <0.001 

≥5 point 10.5 (3.1) 15.0 (3.1) 52.3 (50.3, 54.3) <0.001 

Values are presented as means and standard deviations (SD) at baseline point and at 1 year of follow-up. ANOVA test was performed to assess differences in dietary intake. Abbreviations: (CHO): Carbohydrates, (MUFA): Monounsaturated Fatty Acids, (PUFA): Polyunsaturated Fatty Acids, 

(SFA): Saturated Fatty Acids.  

 

 

Multivariate adjusted-linear regression models (table 3) showed a direct association between improvements in adherence to er-MedDiet and the increase of the nutrient 146 

density after 1 year of follow-up (P for trend <0.05). This association persisted after adjusting for several confounding factors. We obtained similar findings after performed 147 

pooled results with a random-effects meta-analysis in order to evaluate the effect of the recruitment centre (supplementary table 1).  148 
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Table 3. β-coefficients and 95%CI for changes in nutrient density across categories of MedDiet adherence changes after 1 year of follow-up in the PREDIMED-Plus trial (n=5783) 149 

 Small changes in MedDiet Adherence  
(≤1 point) 

Medium changes in  MedDiet Adherence  
(≥2 point - 4 point) 

High changes in MedDiet Adherence 

(≥5 point) 
CHO 

Model 1 1 (Ref.) -3.5 (-4.5, -2.4) -6.1 (-7.2, -4.9) 

Model 2 1 (Ref.) -3.2 (-4.2, -2.1) -5.3 (-6.5, -4.0) 

Protein 

Model 1 1 (Ref.) 4.3 (3.3, 5.4) 9.9 (8.7, 11.0) 

Model 2 1 (Ref.) 3.3 (2.2, 4.3) 7.6 (6.4, 8.9) 

Total Fat 

Model 1 1 (Ref.) 1.9 (0.8, 3.1) 2.7 (1.4, 4.0) 

Model 2 1 (Ref.) 1.7 (0.5, 2.9)  2.2 (0.8, 3.6) 

MUFAs 

Model 1 1 (Ref.) 4.5 (2.6, 6.4) 6.7 (4.6, 8.8) 

Model 2 1 (Ref.) 3.7 (1.7, 5.7) 5.1 (2.8, 7.3) 

PUFAs 

Model 1 1 (Ref.) 8.6 (6.3, 10.9) 18.0 (15.5, 20.6) 

Model 2 1 (Ref.) 7.9 (5.5, 10.3) 16.6 (13.9, 19.3) 

SFAs 

Model 1 1 (Ref.) -3.7 (-4.9, -2.6) -8.4 (-9.6, -7.1) 

Model 2 1 (Ref.) -3.5 (-4.7, -2.3) -7.8 (-9.2, -6.5) 

Dietary Fiber 

Model 1 1 (Ref.) 16.1 (13.8, 18.3) 38.6 (36.1, 41.1) 

Model 2 1 (Ref.) 14.0 (11.7, 16.3) 34.7 (32.0, 37.3) 

Vitamin A 

Model 1 1 (Ref.) 7.1 (3.1, 11.0) 17.3 (12.9, 21.7) 

Model 2 1 (Ref.) 5.8 (1.7, 9.9) 15.2 (10.5, 19.8) 

Vitamin B1 

Model 1 1 (Ref.) 6.2 (5.0, 7.5) 15.1 (13.7, 16.5) 

Model 2 1 (Ref.) 4.9 (3.6, 6.1) 12.3 (10.8, 13.7) 

Vitamin B6    

Model 1 1 (Ref.) 10.1 (8.6, 11.5) 22.8 (21.2, 24.4) 

Model 2 1 (Ref.) 8.7 (7.2, 10.2) 19.8 (18.2, 21.5) 
Model 1: Adjusted for sex and age. Model 2: Additionally adjusted for smoking habits, physical activity, educational level, BMI, living alone, civil status and allocation group in the trial.  
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Regarding nutrient density, the largest changes after 1-year of follow-up (more than 20%) were observed 

for the intakes of dietary fiber, MUFAs, PUFAs (Figure 2), vitamin A, B9, B12, C, D, E (Figure 3), 

potassium, iodine and magnesium (Figure 4). For all these dietary variables, we observed an increased 

intake as compared to baseline, although the increase was larger among participants who experimented 

large or moderate changes in er-MedDiet adherence. We also observed a relative decrease in total energy 

intake, CHO and SFA, particularly intense among participants with the largest change in er-MedDiet 

adherence (Figure 2). 

Figure 2. Changes in percentage of total energy and nutrient intake after 1-year of follow up baseline according to 

changes in MedDiet adherence 

 

Figure 3. Changes in percentage of nutrients intake (vitamins) after 1-year of follow up baseline according to 

changes in MedDiet adherence 
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Figure 4. Changes in percentage of nutrients intake (minerals) after 1-year of follow up baseline according to 

changes in MedDiet adherence 

 

 

DISCUSSION  

The results of the present analysis showed an association between an increase in the adherence to the er-

MedDiet after one year of follow up in the PREDIMED-Plus study and better dietary nutrient density. 

Although there are studies that have associated dietary patterns and nutrient adequacy [10,22],  to our 

knowledge no large observational prospective study has assessed if nutrient density also increases when 

MedDiet adherence does over 1 year of follow-up in participants of a large cohort of free living aged 

adults with MetS.   

In our sample, the highest MedDiet adherence changes were observed among male and younger 

population and in contrast with other studies [23], failure to increase postulated dietary goals by the 

MedDiet, was usually found among women and older participants.  Furthermore, although other authors 

found a positive association between better anthropometric values and physical activity levels [24,25] in 

subjects with better MedDiet adherence, we found that people with lesser physical activity level but with 

high values of BMI and WC were more likely to achieve the intended MedDiet adherence changes.  

A reason that may explain our contradictory results, is that having baseline dietary habits which are 

farther away from the dietary study goals could predict a higher success rate in reaching the intended 

dietary adherence [26].  That is, if the baseline dietary patterns of participants were closer to the MedDiet, 

the changes in dietary habits were small, meanwhile the participants with worst dietary habits at baseline 

tend to improve their dietary intake after 1 year of follow-up. In fact, when we stratified our sample by 

baseline MedDiet adherence, those who scored below 9 points (low adherence) showed higher changes in 

164



MedDiet adherence after 1 year of follow up  (4.7±3.1 points of adherence) compared to participants with 

good adherence into MedDiet (≥9 points) (1.7±2.8 points).   

Dietary energy intake and dietary nutrient density are inversely linked [27]. Our data showed a negative 

association between MedDiet adherence and total energy intake, at the same time that the nutrient density 

of the majority of the vitamins and minerals increased with MedDiet adherence. The suggested lower 

energy density but higher micronutrient density of the MedDiet adds value to the health benefits of the 

MedDiet hypothesis. According to it, and considering the prevalence of suboptimal micronutrient intakes 

worldwide in overall population [28] and specifically in older adults [29], promoting MedDiet could be a 

plausible solution to the major global public health problems such as obesity and MetS [30,31] due to the 

low energy density and high quality nutrient of this dietary pattern.  

In relation to dietary macronutrient, we observed that subjects with higher changes in adherence to the 

MedDiet after 1 year of follow-up, presented lower percentage of energy coming from SFAs and total 

CHO. Meanwhile the protein, MUFA and dietary fiber density increased throughout the tertiles of 

changes in MedDiet adherence. A review by Castro-Quezada et al. [32] evaluating the nutritional 

adequacy of the MedDiet reported similar findings. However, these results should be carefully 

interpreted, because they used repeated cross-sectional study designs, with different populations, and did 

not examine the same cohort over time.  

Few studies have specifically examined longitudinal intra-individual changes in diet quality in adult 

populations [33-35]. The reported nutrient intake trends from these studies differ from our findings. The 

NHANES study (National Health and Nutrition Examination Survey) (1988-2012) found a decreased 

intake of dietary fiber and protein, meanwhile the SFAs intake among older adults (aged 20 years and 

over) increased significantly over the study period [34]. In addition, in a German cohort (14-80 years old), 

the total energy intake remained steady over 6 years of follow-up, although the CHO intake decreased 

[33]. The SUN (Seguimiento Universidad de Navarra) a Spanish study (average age of the participants at 

baseline: 35.0 years old), showed that intakes of CHO increased, whereas intakes of MUFA and PUFA 

decreased [35]. However, all these studies were observational. Our results support that the intervention 

promoting MedDiet is able to achieve better diet quality, in spite that social and population temporal 

trends go toward increased SFA and decreased fiber intakes as these observational studies have 

demonstrated. 
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Finally, several factors may contribute to explain the reported beneficial changes in the overall diet 

quality. One of them could be attributable to the personal characteristic of participants who accepted to be 

included in the study. It is possible that PREDIMED-Plus participants were aware of their metabolic 

problems and its relationship with poor food habits, and thus, firmly motivated to comply with dietary 

advices. However, the nutritional intervention was designed to improve MedDiet adherence, increasing 

knowledge and skills of participants and improving their dietary intake [36]. What is particularly relevant 

is that all the participants got some profit from their inclusion in the study, regardless the allocation group 

of the trial. This positive effect has been previously shown by other authors [37].  

These findings highlight that the changes in dietary quality are presents after a nutritional intervention. 

These changes will be a part of the mechanism that explains a possible effect in health. The effect should 

be similar in both allocation groups. Therefore, anyone who participates in the PREDIMED-Plus study, 

even if they have been randomized into the control group, will obtain a nutritional benefit.  

Our study has some limitations. First, the study sample is not representative of the general population 

since only aged adults with MetS were included. Second, other possible determinants of dietary quality 

might have not been evaluated in this study. Nevertheless, the most prominent sociodemographic and 

lifestyle factors in the literature have been analyzed. Third, although we used a FFQ to measure dietary 

intakes validated in adult Spanish individuals with good reproducibility and validity [38] , it might not be 

the ideal tool to measure micronutrient intake [39]. Furthermore, the use of FFQ could include a memory 

bias and, we could not rule out the possibility that intake of some nutrients have been misclassified. 

However, we have used the same FFQ with the same participants one year after and if there was some 

degree of misclassification it would be the same.  Some strengths of our study include the large sample 

size (n=5783), the use of a standardized protocol which reduces the possibility of information bias about 

food intake and sociodemographic and lifestyles variables, as well as the inclusion of community-

dwelling aged population, and the vast amount of baseline information collected in a large ongoing 

primary prevention trial. Finally, in the PREDIMED-Plus study, the same participants were evaluated 

over a period of time (1-year of follow-up). Therefore, the observed changes are less likely to be the 

result of differences in the sample characteristics. Last, we have dealt with all the study population like an 

entire cohort, independently of the intervention group. Previous analysis have shown the intervention 

effectiveness to improve MedDiet adherence [36], better in intervention group than in control one. 
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However, regardless of the allocation group, a greater MedDiet adherence implies better diet nutrient 

density. 

In conclusion, this study showed that as MedDiet adherence increases the nutrient density also does. Thus 

diet quality could be easily enhanced addressing simple dietary advice to improve MedDiet adherence.  
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Supplementary Table 1. Linear Regression of pooled results obtained with a random-effects meta-analysis in order to evaluate the effect of recruitment centre on the 

dietary intervention in the PREDIMED-Plus trial (n=5783) (β-coefficients and 95%CI for changes in nutrient density across categories of MedDiet adherence changes after 1 

year of follow-up) 

 Small changes in MedDiet Adherence  
(≤1 point) 

Medium changes in  MedDiet Adherence  
(≥2 point - 4 point) 

High changes in MedDiet Adherence 

(≥5 point) 
CHO 

Model 3 1 (Ref.) -3.1 (-4.3,-2.0) -5.1 (-6.9, -3.3) 

Protein 

Model 3 1 (Ref.) 2.9 (1.8, 4.1) 6.3 (4.6, 7.9) 

Total Fat 

Model 3 1 (Ref.) 1.3 (-0.2, 2.5) 2.4 (0.2, 4.7) 

MUFAs 

Model 3 1 (Ref.) 3.2 (1.3, 5.2) 5.8 (2.4, 9.1) 

PUFAs 

Model 3 1 (Ref.) 6.4 (3.8, 9.0) 13.0 (8.2, 17.7) 

SFAs 

Model 3 1 (Ref.) -3.0 (-4.4, -1.6) -6.2 (-7.9, -4.5) 

Dietary Fiber 

Model 3 1 (Ref.) 11.6 (8.4, 14.8) 28.9 (24.8, 32.9) 

Model 3: Adjusted for sex, age, smoking habits, physical activity, educational level, BMI, living alone, civil status and allocation group in the trial.  
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Table Supplementary 1. (Continued) Linear Regression of pooled results obtained with a random-effects meta-analysis in order to evaluate the effect of recruitment centre 

on the dietary intervention in the PREDIMED-Plus trial (n=5783) (β-coefficients and 95%CI for changes in nutrient density across categories of MedDiet adherence changes 

after 1 year of follow-up) 

Model 3: Adjusted for sex, age, smoking habits, physical activity, educational level, BMI, living alone, civil status and allocation group in the trial.  

 Small changes in MedDiet Adherence  
(≤1 point) 

Medium changes in  MedDiet Adherence  
(≥2 point - 4 point) 

High changes in MedDiet Adherence 

(≥5 point) 
Vitamin A 

Model 3 1 (Ref.) 4.1 (-1.5, 9.7) 10.9 (3.2, 18.6) 

Vitamin B1 Vitamin B1 Vitamin B1 Vitamin B1 

Model 3 Model 3 Model 3 Model 3 

Vitamin B6    

Model 3 1 (Ref.) 7.5 (5.8, 9.1) 15.9 (14.1, 17.7) 

Vitamin B9 

Model 3 1 (Ref.) 7.5 (4.8, 10.2) 15.8 (12.6, 18.9) 

Vitamin B12 

Model 3 1 (Ref.) 8.4 (5.1, 11.8) 13.9 (8.3, 19.6) 

Vitamin C 

Model 3 1 (Ref.) 9.5 (5.0, 14.0) 19.3 (14.2, 24.4) 

Vitamin D 

Model 3 1 (Ref.) 15.6 (7.1, 24.2) 28.8 (18.6, 39.0) 

Vitamin E 

Model 3 1 (Ref.) 7.9 (5.0, 10.7) 16.4 (13.6, 19.1) 

Calcium 

Model 3 1 (Ref.) 4.8 (2.7, 6.9) 6.0 (2.7, 9.4) 

Phosphorus 

Model 3 1 (Ref.) 5.3 (4.1, 6.4) 11.0 (9.0, 13.1) 

Magnesium  

Model 3 1 (Ref.) 8.4 (6.6, 10.2) 19.4 (16.8, 22.1) 

Iron 

Model 3 1 (Ref.) 5.1 (3.4, 6.8) 10.7 (9.1, 12.4) 

Iodine 

Model 3 1 (Ref.) 7.9 (2.4, 13.5) 8.7 (0.9, 16.5) 

Potassium  

Model 3 1 (Ref.) 6.5 (4.7, 8.2) 14.3 (11.9, 16.7) 

Selenium  

Model 3 1 (Ref.) 3.3 (1.8, 4.9) 6.7 (4.8, 8.5) 

Zinc 

Model 3 1 (Ref.) 3.0 (1.8, 4.1) 7.4 (5.9, 8.9) 
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7. DISCUSIÓN 

La realización de esta Tesis Doctoral ha permitido estudiar de forma pormenorizada la dieta de 

un  colectivo  creciente  poblacional  en  nuestro  país:  población  adulta  mayor,  no 

institucionalizada, con sobrepeso/obesidad y Síndrome Metabólico. Población vulnerable cuyo 

número se está viendo  incrementado debido a  la occidentalización de  los estilos de vida y al 

aumento de la esperanza de vida a nivel mundial. Lo realmente novedoso de la aproximación 

realizada en este  trabajo es el enfoque por el que  se ha abordado  la  temática, obviando  la 

perspectiva  tradicional  de  la  sobreingesta  energética  para  centrarse  en  la  deficiencia  de 

nutrientes.  

El proceso de investigación realizado permitió obtener os resultados presentados  en cada una 

de las publicaciones que configuran  esta Tesis Doctoral, en concreto:  

1. Evaluar el porcentaje de población con ingesta adecuada de nutrientes de acuerdo a las 

ingestas  dietéticas  de  referencia  teniendo  en  cuenta  tanto  las  recomendaciones 

europeas como  internacionales en  función del sexo y  la edad; así como  investigar  la 

influencia que  los factores socioeconómicos, demográficos y de estilo de vida ejercen 

sobre la calidad dietética, definida tanto por la densidad nutricional como por la ingesta 

inadecuada de nutrientes.  

 

2. Comparar la ingesta alimentaria y el perfil nutricional en función del área geográfica de 

residencia de  los  individuos; así como analizar  la  influencia de esta variable sobre  la 

frecuencia de ingesta inadecuada de nutrientes.  

  

3. Identificar los factores socioeconómicos, demográficos y de estilo de vida asociados con 

la  diversidad  dietética;  y  cuantificar  el  efecto  de  esta  variable  sobre  la  ingesta 

inadecuada de nutrientes, tanto de  la diversidad dietética total como de  la referida a 

cada uno de los grupos alimentarios que se incluyen al estimar la variedad de la dieta.  

  

4. Cuantificar el efecto que  la mejora de  la  calidad de  la dieta  (medida en  función del 

aumento de la adherencia a la Dieta Mediterránea) después de un año de seguimiento 

en el estudio PREDIMED‐Plus ejerce sobre la densidad nutricional, independientemente 

del grupo de estudio al que se asignan aleatoriamente los participantes del ensayo.  

 

Los resultados obtenidos en cada uno de los trabajos fueron discutidos individualmente en cada 

una de  las publicaciones que componen esta Tesis Doctoral. En este apartado se procederá a 

resaltar  los  principales  hallazgos  y  se  destacarán  las  fortalezas  y  limitaciones  encontradas. 

Finalmente  se realizará una valoración de la utilidad práctica de los resultados obtenidos y de 

las nuevas líneas de investigación que las evidencias derivadas de esta investigación permitirán 

construir.   
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7.1. Principales hallazgos 
 

Los  resultados más  destacables  que  se  han  obtenido  se  resumen  de  forma  esquemática  a 

continuación. Los análisis descriptivos señalan una frecuencia elevada de ingesta deficitaria en 

población adulta mayor con Síndrome Metabólico, a pesar de presentar sobrepeso u obesidad. 

Al utilizar un índice sintético (déficits en la ingesta de al menos 4 nutrientes), se encontró una 

prevalencia de  ingesta deficitaria de aproximadamente el 17%, esto supone que 1 de cada 6 

adultos con Síndrome Metabólico, sobrepeso u obesidad está afectado por un déficit importante 

de nutrientes. Cuando se analizó cada nutriente por separado, la ingesta deficitaria osciló entre 

el 98% para  la Vitamina D y el 8% para el magnesio.   Los  factores asociados con una menor 

probabilidad de presentar una ingesta deficitaria fueron el sexo, en concreto ser mujer, tener 

un mayor  nivel  de  estudios,  y mejor  adherencia  a  la Dieta Mediterránea. Hábitos  como  el 

tabaquismo activo o la vida sedentaria se asociaron por el contrario a un mayor riesgo de déficit 

nutricional. 

Existen diferencias significativas en  la  ingesta de macro y micronutrientes en relación al área 

geográfica  de  residencia,  sin  embargo,  y  en  contra  de  lo  esperado  inicialmente,  la mayor 

frecuencia de ingesta deficitaria se encontró en las regiones del Norte de España, en particular 

para la ingesta de vitaminas A y E, calcio y magnesio. 

Cuanto mayor es la diversidad de la dieta menor frecuente es el déficit nutricional. Además, la 

diversidad de la dieta se asocia de forma independiente y estadísticamente significativa con ser  

mujer y con otros estilos de vida saludables, destacando principalmente la mayor adherencia a 

la Dieta Mediterránea y el ser no fumador. 

Una vez corroborado que la densidad nutricional y la adherencia a la Dieta Mediterránea están 

estrechamente  asociadas  a  la  ingesta  deficitaria  de  nutrientes,  y  que  no  necesariamente 

presenta  la misma  intensidad en sujetos de diferentes puntos de  la población española, nos 

planteamos  si  la  intervención  realizada,  centrada  en  el  fomento  de  la Dieta Mediterránea, 

consigue no sólo mejorar  la adherencia, sino también aumentar  la densidad nutricional de  la 

dieta  y  disminuir  la  ingesta  deficitaria  de  los  micronutrientes  analizados.  Los  resultados 

muestran que al año de intervención existe una mejora global neta, que beneficia a todos los 

participantes en el estudio, pero  que es significativamente mayor en el grupo de intervención. 

 

7.1.1.  La  adecuación  de  la  ingesta  nutricional  y  la  influencia  de  los  factores 

socioeconómicos, demográficos y de estilo de vida sobre la calidad dietética 

 

El análisis de la ingesta nutricional en términos de macronutrientes de la población de nuestro 

estudio mostró que  la  ingesta  total procedente de grasas estaba por encima de  las  ingestas 

recomendadas (<30%) (Health, 2018). Sin embargo, esto no debería suponer ningún problema 

ya que  las pautas dietéticas actuales enfatizan  la necesidad de mejorar  la calidad más que  la 

cantidad de este nutriente. Así, el estudio PREDIMED demostró que la sustitución del consumo 

de ácidos grasos saturados por  la  ingesta de ácidos grasos mono/poliinstaurados  resultó ser 

beneficiosa en  la prevención de  la enfermedad cardiovascular (Guasch‐Ferré et al., 2015). En 
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nuestra población,  se encontró  un perfil de ingesta de grasa saturada inferior al 10%, mientras 

que la ingesta de ácidos grasos polinsaturados fue de aproximadamente el 6%, ambos valores 

refrendan por tanto que el exceso de grasa dietética se produce a expensas de grasa dietética 

saludable. Además,  la  ingesta de proteínas  también  fue  superior a  la  ingesta  recomendadas 

(<15%),  mientras  que  la  ingesta  de  hidratos  de  carbono  fue  ligeramente  inferior  a  la 

recomendada. Esta  tendencia ha sido  también reportada por otros autores que evaluaron  la 

distribución  de  los  macronutrientes  y  sus  fuentes  alimentarias  en  la  población  Española 

recientemente (Ruiz et al., 2016).  

Precisamente en esa cohorte poblacional (Ruiz et al., 2015) se estimó la ingesta energética, en 

el estudio PREDIMED‐Plus la ingesta media fue superior para los mismos estratos de edad y sexo. 

A pesar de la elevada ingesta energética, y que nuestra estimación fue penalizada considerando 

ingesta  deficitaria  solo  cuando  un  sujeto  presentaba  ingestas  inferiores  a  2/3  de  las 

recomendadas,  el  16.6%  (21.3%  de  los  hombres,  11.7%  de  las mujeres)  de  los  individuos 

presentaron una  ingesta  inadecuada en al menos 4 de  los 10 nutrientes analizados en este 

estudio.  Para  estas  estimaciones  se  tomaron  como  referencia  las  ingestas  dietéticas 

internacionales, cuando  se  tuvieron en cuenta  las  recomendaciones para población europea 

dichas cifras se incrementan de forma notoria (44.0 % de los hombres, 32.0 % de las mujeres).  

La desnutrición en países desarrollados ha sido poco estudiada hasta la fecha, sin embargo, son 

notorios  los datos  aportados por  algunas  revisiones publicadas  sobre  la  alta prevalencia de 

ingesta inadecuada en países europeos, especialmente en población no mediterránea de edad 

avanzada (Mensink et al., 2013). Así pues uno de los principales hallazgos de este estudio fue 

encontrar  que  la  población  adulta  mayor  Española  con  sobrepeso/obesidad  y  Síndrome 

Metabólico está expuesta a riesgos dietéticos debido a las deficiencias encontradas en términos 

de consumo inadecuado de los siguientes nutrientes: fibra, vitaminas B9, B12, calcio y magnesio. 

Todos estos nutrientes parecen  tener un  rol protector  fundamental en el  tratamiento de  la 

obesidad/sobrepeso y el Síndrome Metabólico (Hosseinpour Niazi, Mirmiran, Sohrab, Hosseini 

Esfahani, & Azizi, 2012; Moore‐Schiltz, Albert, Singer, Swain, & Nock, 2015).  

También resulta llamativo el hecho de que a pesar de la elevada ingesta de grasa en la dieta de 

la  población  analizada,  se  encontraron  deficiencias  en  numerosas  vitaminas  liposolubles 

(vitaminas  A,  D  y  E).  Esta  tendencia  ha  sido  sustentada  por  otros  estudios  que muestran 

resultados similares (Toffanello et al., 2011). Una posible explicación a este fenómeno podría 

venir derivada de una baja  frecuencia de  consumo de productos  lácteos, por debajo de  las 

ingestas recomendadas (Ruiz et al., 2016).  

La ingesta inadecuada de nutrientes puede estar relacionada con una disminución de la ingesta 

energética vinculada al proceso de envejecimiento o por una dieta restrictiva (Ter Borg et al., 

2015), para obviar esta dualidad se estimó la densidad nutricional. Así, a pesar de que respecto 

a la ingesta energética se encontró un descenso en el consumo energético con la edad en ambos 

sexos,  la  densidad  nutricional  fue  significativamente  superior  en  los mayores  de  70  años, 

especialmente en mujeres.  

El hecho de que la densidad nutricional y la ingesta adecuada de nutrientes fuesen superiores  

en mujeres puede ser atribuible al fenómeno encontrado por otros autores en el que se sugiere 

que una elección alimentaria está mediada por el género. El  interés no  radica en cuestiones 
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puramente biológicas, sino que se sustenta en los tradicionales roles impuestos a la mujer y que 

están estrechamente relacionados con la alimentación (Hsiao et al., 2013). Otros factores, como 

los asociados al estilo de vida, en particular fumar y ser poco activo se asociaron también de 

forma  independiente  con menor  densidad  nutricional  y mayor  riesgo  de  presentar  ingesta 

inadecuada  de nutrientes. Ambos  factores  se  relacionaron  también  de  forma  significativa  y 

similar a la aquí referida en un estudio realizado en población europea (Alkerwi et al., 2017), es 

decir,  aquellos  individuos  que  se  preocupan más  por  su  salud,  adoptando  estilos  de  vida 

saludables, también cuidan más su alimentación. Respecto a  la Dieta Mediterránea, nuestros 

resultados mostraron  que  aquellos  sujetos  que  presentaban  una mayor  adherencia  a  este 

patrón dietético también tuvieron una mayor calidad nutricional, lo que sustenta la continuidad 

de la promoción de este modelo de alimentación como herramienta para la mejora de la calidad 

de la dieta.  

En cuanto a los factores sociodemográficos, la evidencia actual indica que el estado civil es un 

fuerte predictor en  la calidad dietética, así estar casado o convivir en pareja  se ha asociado 

directamente con una mayor densidad nutricional (Deierlein, Morland, Scanlin, Wong, & Spark, 

2014). La soledad, específicamente en hombres mayores, se vincula de forma negativa con la 

adopción de una dieta saludable. Este hecho puede estar fundamentado directamente con los 

roles de género tradicionales y con la interrupción de la vida cotidiana sufrida tras quedar viudo 

(Charlton, 1999). Sin embargo, en nuestro análisis no   se observó una asociación significativa 

entre  este  factor  y  la  densidad  nutricional.  Probablemente  porque  la  mayoría  de  los 

participantes de nuestro estudio estaban casados y no vivían solos por lo que el escaso tamaño 

muestral de este colectivo no ha sido suficiente para ser representativo. Finalmente, factores 

socioeconómicos como el nivel educativo y la ocupación se han vinculado con una mayor calidad 

dietética  (Fekete & Weyers, 2016; Shatenstein et al., 2016) en estudios  internacionales, este 

hecho  vendría  derivado  de  la  idea  de  que  un  alto  poder  adquisitivo  y  un mayor  nivel  de 

conocimiento  mediarían  en  la  elección  de  alimentos  con  un  mejor  perfil  nutricional.  Sin 

embargo, de nuestros hallazgos tampoco puede desprenderse esa idea, principalmente porque 

la mayoría de  los participantes estaban  jubilados y partían del mismo nivel educativo oficial 

(estudios primarios). Es  interesante  señalar que  la población de estudio abarca una  cohorte 

generacional  nacida  en  las  décadas  de  1940  y  1950,  arrastrando  sin  duda  alguna  las 

peculiaridades socioeconómicas y culturales de la época en la que les tocó vivir.  

 

7.1.2.  Influencia  del  Área  Geográfica  en  la  ingesta  alimentaria  e  inadecuación 

nutricional 

 

El patrón dietético tradicional de la población española está sufriendo un deterioro progresivo, 

en el sentido de que cada vez se parece menos a un modelo de Dieta Mediterránea.  Así, la dieta 

en España se caracteriza por un elevada consumo de cereales refinados, azúcares y productos 

cárnicos en detrimento de  alimentos  tales  como  las  verduras,  las  frutas,  las  legumbres  y el 

pescado  (Ruiz  et  al.,  2015).  En  nuestros  resultados,  aunque  la  ingesta media  estimada  de 

verduras y frutas fue menor que la reportada en el Estudio ANIBES, la ingesta de legumbres y 

pescados  fue  ligeramente  superior.  Llamativamente,  aunque  esperable  debido  a  las 

características del colectivo poblacional estudiado, el consumo de huevo se encontró muy por 
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debajo de los niveles recomendados de ingesta, probablemente debido a la extendida creencia 

(pero  infundada) de que el huevo  incrementa  los niveles de  colesterol  (Vázquez‐Ruiz et al., 

2018).  

Tal y como se planteaba en la hipótesis de partida de este trabajo, el área geográfica ejerce una 

impronta significativa en  los modelos de  ingesta alimentaria. Así, se encontraron diferencias 

estadísticamente  significativas  en  relación  al  consumo  alimentario  y  por  ende  en  el  perfil 

nutricional. Los habitantes del Norte de España, específicamente los hombres, consumen más 

azúcares y alcohol que en  las otras áreas analizadas. Estos  resultados  fueron  similares a  los 

encontrados en un  reciente estudio que examinó  la  influencia del  lugar de  residencia en  la 

alimentación  española  (Samaniego‐Vaesken  et  al.,  2018).  Sin  embargo  y  lejos  de  lo  que 

esperábamos  encontrar,  los  participantes  reclutados  en  las  áreas  geográficas  Este  y  Sur, 

principales regiones españolas exportadoras de frutas y aceite de oliva, registraron las ingestas 

más bajas de estos productos respectivamente. Curiosamente estos resultados son consistentes 

con los referidos por Alemán (Alemán et al., 2016)  en un estudio publicado recientemente. 

La adherencia a la Dieta Mediterránea medida a nivel global fue moderada. Sin embargo cuando 

se  estratifica  por  área  geográfica  de  residencia  se  comprueba  que  en  el  Área  Este, 

específicamente entre  los hombres   de menor edad, apenas se alcanza una puntuación de 8 

puntos  sobre  17  en  el  cuestionario  de  adherencia,  y  aproximadamente  la  mitad  de  esta 

población  se  encuentra  en  el  tercil  más  bajo  de  adherencia  la  Dieta  Mediterránea. 

Probablemente  influenciado por el hecho de que en este colectivo se registró  la  ingesta más 

baja de pescado y frutas.  

También  resultó  llamativa  la  baja  ingesta  de  hidratos  de  carbono  totales,  ligada  al  escaso 

consumo de cereales, verduras y frutas. Las diferencias en el perfil nutricional detectadas en 

función de la edad avalan el abandono progresivo de la Dieta Mediterránea reflejado por otros 

autores (Naska & Trichopoulou, 2014), más agudizado en algunas áreas geográficas españolas 

que en otras.  

El  área  geográfica  de  residencia  se  comportó  como  un  factor  independiente  asociado  a  la 

adecuación nutricional. Los patrones dietéticos de  las diferentes áreas geográficas españolas 

están caracterizados por factores culturales, económicos y gastronómicos diversos, diferencias 

que se mantienen en todos los estratos de sexo y edad. Resultados equivalentes se han descrito 

en otros países, concretamente en mujeres norteamericanas, entre las que se ha demostrado 

que existen diferencias significativas en la ingesta dietética influenciadas por el ambiente y las 

costumbres alimentarias propias de cada región del país (Newby et al., 2012).  

 

7.1.3.  Influencia de  la diversidad dietética en  la  inadecuación nutricional y  factores 

asociados a esta variable 

 

Aunque las guías dietéticas nacionales han promulgado los beneficios de la variedad dietética 

en  la salud (Aranceta Bartrina et al., 2016), algunos estudios observacionales han asociado  la 

diversidad dietética con el desarrollo de enfermedades crónicas como la obesidad y el Síndrome 

Metabólico (Azadbakht, Mirmiran, Esmaillzadeh, & Azizi, 2006; Karimbeiki et al., 2018; Kennedy, 
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2004) y una peor adecuación nutricional (Jayawardena et al., 2013).  Sin embargo, estos estudios 

utilizaron poblaciones no europeas, distintas herramientas para medir la ingesta alimentaria y 

además la alimentación no fue ajustada por la ingesta energética total, por lo que los resultados 

de  los citados estudios no son comparables a  los nuestros. Así pues, una reciente revisión no 

sistemática  concluyó en que  “Es necesario definir qué es  la diversidad dietética y el uso de 

herramientas estandarizadas para evaluarla” (de Oliveira Otto et al., 2018).  

El  índice de diversidad dietética utilizado se derivó del cuestionario de frecuencia alimentaria 

previamente validado para población española, utilizando la metodología propuesta por Kant et 

al. (Kant et al., 1993), con ligeras modificaciones, acordes a las recomendaciones propuestas por 

la Sociedad Española de Nutrición Comunitaria (Aranceta Bartrina et al., 2016). Los resultados 

nos permiten  comprobar que  la diversidad dietética  se  asocia positivamente  con  la  ingesta 

adecuada de nutrientes,  incluso después de ajustar por factores de confusión, realzando por 

tanto  la  necesidad  de  aconsejar  el  consumo  de  alimentos  variados,  específicamente  en 

poblaciones de edades avanzadas (Foote, Murphy, Wilkens, Basiotis, & Carlson, 2004), en  las 

que,  por  el  contrario,  la  tendencia  generalizada  es  a  disminuir  el  espectro  de  alimentos 

consumidos.  El  análisis  individualizado  de  los  componentes  de  este  índice  de  diversidad 

dietética, mostró que una mayor variedad de alimentos recomendados en cada grupo (verduras, 

frutas  y productos  lácteos) era  capaz por  sí mismo de disminuir  el  riesgo de presentar una 

ingesta  inadecuada  de  nutrientes.  Esto  no  pudo  comprobarse  para  el  grupo  de    cereales. 

Probablemente porque  el  grupo  de  cereales  incluido  en  el  análisis, no  solo  incluía  cereales 

integrales, sino también cereales refinados y patatas.  

El análisis de los factores asociados a la adopción de una dieta variada destacó nuevamente la 

ventaja del sexo (ser mujer). Este hallazgo, y en la misma dirección, también ha sido constatado 

por otros autores (Ochieng, Afari‐Sefa, Lukumay, & Dubois, 2017). Respecto a la edad,  ya se ha 

comentado  anteriormente  que  la  dieta  de  los  mayores  tiende  a  hacerse  monótona, 

posiblemente por  las características que acompañan el proceso de envejecimiento  (soledad, 

pérdida  de  ingresos,  limitación  de movimientos  y  capacidades,  etc.)  y  que  condicionan  la 

alimentación del individuos (Westenhoefer, 2005); no obstante no se encontraron diferencias 

por edad estadísticamente significativas, seguramente porque el porcentaje de participantes 

mayores de 70 años fue escaso. Otros factores como el estado civil y/o el vivir solo también se 

han asociado a una menor diversidad alimentaria, específicamente para la ingesta de frutas y 

verduras (Hanna & Collins, 2015; Vinther, Conklin, Wareham, & Monsivais, 2016).  

Además de los factores mencionados anteriormente, bajos niveles educativos y económicos se 

relacionan con una menor diversidad dietética (Fukuda et al., 2017; Ochieng et al., 2017). Parece 

lógico pensar que los factores económicos podrían explicar el bajo consumo de alimentos que 

requieren una mayor  inversión económica como es el caso de pescado, frutos secos, frutas y 

verduras  en  comparación  con  productos  ultrapocesados  que  suelen  ser  más  asequibles  y 

accesibles  (De Roos, Binacchi, Whybrow, &  Sneddon, 2017). Paradójicamente  y  lejos de  los 

resultados que se esperaban obtener, el nivel socioeconómico (medido a partir de la ocupación 

de  los  participantes)  no mostró  asociación  significativa  alguna.  Hay  que  considerar  que  la 

mayoría de  los participantes en el estudio PREDIMED‐Plus tienen un nivel sociocultural y una 

capacidad económica media o media‐baja, por lo que el espectro de diferencias en esta variable 

fue  limitado. En este sentido destacó una asociación significativa entre nivel educativo bajo y 
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mayor diversidad dietética.  Las  características de  la  cohorte estudiada pueden explicar este 

resultado, dado que en España, entre los años 40 y 50 del siglo pasado, las mujeres tuvieron un 

acceso a la educación secundaria y superior bastante limitado. 

 

7.1.4.  Efecto  de  la  intervención  dirigida  a  incrementar  la  adherencia  a  la  Dieta 

Mediterránea sobre la Densidad Nutricional  
 

Algunos  estudios  observacionales  han  examinado  los  cambios  en  la  calidad  de  la  dieta  en 

población adulta  (Casagrande & Cowie, 2017; De La Fuente‐Arrillaga et al., 2016; Gose, Krems, 

Heuer, & Hoffmann, 2016), y son varios los autores que constatan una relación positiva entre la 

Dieta Mediterránea y la adecuación nutricional (Castro‐Quezada, Román‐Viñas, & Serra‐Majem, 

2014; Serra‐Majem et al., 2009), sin embargo no tenemos constancia de que se haya evaluado 

esta  asociación  de  forma  prospectiva  en  una  población  de  adultos  mayores  no 

institucionalizados.  

Los  mejores  resultados  en  cuanto  al  incremento  de  la  adherencia  al  patrón  dietético 

mediterráneo se observaron entre los hombres y en la población más joven, entre los sujetos 

con menor nivel de actividad física y peores valores antropométricos, resultados en principio 

contrarios a los referidos en otros estudios llevados a cabo en población española (Agnoli et al., 

2018; Vitale et al., 2019; Zazpe et al., 2010). A  priori, los sujetos que presentan mejor adherencia 

a  la Dieta Mediterránea  al  inicio del  estudio  son  los que  van  a  cambiar menos  sus hábitos 

alimenticios, mientras que aquellos participantes con peores hábitos a nivel basal deberían ser 

los  que  con  mayor  frecuencia  introducen  mejoras  en  su  ingesta  alimentaria.  Esto  pudo 

comprobarse al estratificar por adherencia basal a la Dieta Mediterránea.  

Los resultados obtenidos han confirmado la existencia de una asociación negativa entre el grado 

de adherencia a Dieta Mediterránea y  la  ingesta energética  total,  la densidad nutricional de 

ácidos grasos saturados e hidratos de carbono y positiva con la densidad nutricional del resto de 

nutrientes, específicamente vitaminas y minerales. Es decir, conforme la adherencia a la Dieta 

Mediterránea aumenta,  se  incrementa  también  la  calidad nutricional, al mismo  tiempo que 

disminuye el aporte de energía total. De acuerdo a esto, y considerando la elevada prevalencia 

de  ingesta  nutricional  inadecuada  encontrada  en  la  población  de  adultos  con  sobrepeso  u 

obesidad y Síndrome Metabólico (Cano‐Ibáñez et al., 2019), la promoción de una alimentación 

basada en  los preceptos  tradicionales de  la Dieta Mediterránea  sería una  solución  factible y 

plausible  para  suavizar  los  déficits  nutricionales  y  por  ende  atenuar  las  enfermedades  no 

transmisibles relacionadas con una ingesta nutricional inadecuada (Salas‐Salvadó et al., 2016).  

Así mismo, los resultados incluidos en esta tesis avalan el efecto positivo de la participación en 

un  ensayo  comunitario  de  prevención  primaria.  Todos  los  participantes  en  este  estudio 

obtuvieron algún beneficio nutricional derivado de su inclusión, independientemente del grupo 

de asignación dentro del estudio. Un metaanálisis centrado en el efecto sobre  la salud de  las 

mujeres  en  diferentes  ensayos  clínicos  destacó  igualmente  los  beneficios  netos  de  dicha 

participación,  independientemente  del  grupo  de  asignación  de  la  participante  (Nijjar  et  al., 

2017).    No  obstante,  hay  que  señalar  que  son  los  participantes  asignados  al  grupo  de 
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intervención,  aquellos    que  reciben  un  consejo  nutricional  intensivo,  los  que  presentan  los 

mayores incrementos de la densidad nutricional.  

 

7.2. Limitaciones de la Tesis Doctoral 
 

Este  trabajo  no  está  exento  de  limitaciones,  que  deben  afrontarse,  tanto  para  interpretar 

correctamente los resultados como para  diseñar estrategias que permitan superarlas. Pueden 

ser agrupadas en grandes bloques:  

 Extrapolación de los resultados obtenidos a la población general 

 Factores asociados a la ingesta dietética no incluidos en los análisis 

 Diseño del estudio 

 Fuentes de información utilizadas para estimar la ingesta alimentaria 

 Otros factores  

 

7.2.1. Extrapolación de los resultados obtenidos a la población general 
 

Debido a  los criterios de  inclusión de  la población de estudio en el ensayo clínico PREDIMED‐

Plus, puede decirse que se trata de una población altamente seleccionada, ya que únicamente 

se  incluyen  adultos  mayores  con  sobrepeso/obesidad  y  Síndrome  Metabólico,  sin  otras 

patologías  cardiovasculares,  neurológicas  o  metabólicas.  Se  trata  además  de  sujetos  que 

aceptan participar en el estudio tras ser informados de sus objetivos, y que por tanto, en general, 

son conscientes de la necesidad de mejorar su alimentación y perder algo de peso. Es por ello, 

que la muestra analizada no es representativa de la población general, por lo que los resultados 

obtenidos  deben  interpretarse  con  cautela  y  no  pueden  extrapolarse  a  toda  la  población 

española.   Sin embargo, el hecho de ser una cohorte de más de 6000 sujetos, reclutados en 

puntos muy  distantes  de  la  geografía  española,  y  afectados  por  un  problema  de  elevada 

prevalencia en nuestra población y enorme trascendencia, el Síndrome Metabólico, supone que 

la información recogida es altamente relevante para este grupo específico de población.  

 

7.2.2. Factores asociados a la ingesta dietética no incluidos en los análisis 
 

Aunque se han incluido los principales factores asociados a la ingesta dietética que la literatura 

científica sugiere, es probable que existan otros determinantes no evaluados en este estudio. 

Por ejemplo, el  seguimiento cercano de nuestros participantes nos ha permitido  comprobar 

cómo  las habilidades  culinarias  influyen en el  cumplimiento de  los  consejos nutricionales, o 

cómo la efectividad de la intervención aumenta cuando se cambian las dietas por recetas, con 

instrucciones claras de cómo preparar los diferentes platos recomendados.  

Al  tratarse  de  una  población  de  edad  avanzada,  hay  que  valorar  la  prevalencia  de  otras 

enfermedades, y en particular el  consumo de  fármacos, que pueden  inducir  cambios en  los 
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hábitos dietéticos y en el metabolismo nutricional, factores que no han sido contemplados en 

los  análisis  realizados.  No  obstante,  dada  la  homogeneidad  de  la  población  analizada,  es 

presumible que tengan un efecto limitado. 

Por otra parte, para algunas de  las variables recogidas no se dispone de mediciones directas, 

sino sólo de variables “proxy”. Por ejemplo, para evaluar  los factores socioeconómicos no se 

cuenta con datos sobre ingresos económicos, sino que se hace una estimación indirecta a partir 

del nivel educativo y el estatus ocupacional.  

 

7.2.3. Diseño del estudio 
 

A pesar de que trabajamos sobre la población seleccionada para un gran ensayo comunitario, 

los  análisis  realizados  en  los  tres  primeros  artículos  utilizan  un  diseño  transversal. 

Epidemiológicamente, este diseño no permite inferir relaciones causales. Independientemente 

de  la dirección de  la asociación,  los factores  incluidos en el análisis poseen un gran potencial 

para mejorar  la  calidad de  la dieta en población de  semejantes  características, permitiendo 

detectar grupos poblacionales de alto riesgo. En el cuarto artículo se ha podido acceder a datos 

longitudinales,  con  ello  hemos  podido  consolidar  algunas  de  las  asociaciones  detectadas 

previamente. En concreto, confirmar que la adherencia a la Dieta Mediterránea no sólo se asocia 

a  una  mejor  calidad  nutricional,  sino  que  su  aumento  se  acompaña  de  un  incremento 

significativo en dicha calidad nutricional.  

 

7.2.4. Fuentes de información utilizadas para estimar la ingesta alimentaria 
 

Para  la evaluación de  la  ingesta dietética, se utilizó un cuestionario de frecuencia alimentaria 

previamente validado para población española. Sin embargo, a pesar de que esta herramienta 

posee una adecuada  reproducibilidad y validez, no es  la herramienta más eficaz para medir 

déficits nutricionales. Por esta razón, y asumiendo que un cuestionario de frecuencia infraestima 

la ingesta de micronutrientes, se consideró que existía un aporte inadecuado de un nutriente 

dado solo cuando la ingesta estimada para dicho nutriente no alcanzaba al menos dos terceras 

partes de la ingesta dietética recomendada. De esta manera se pretendió corregir, al menos en 

parte, el posible sesgo introducido por el cuestionario. En cualquier caso, tanto este sesgo como 

el posible sesgo de memoria, son no diferenciales,  al menos para los datos basales, recogidos 

antes de  la aleatorización. Los cuestionarios de frecuencia cumplimentados al año de estudio 

pudieran estar afectados por un  sesgo de observación diferencial, a pesar de ello podemos 

comprobar un beneficio neto de la intervención, manifestado en un incremento de la adherencia 

a  la  Dieta Mediterránea  y  de  la  densidad  nutricional  incluso  en  el  grupo  control.  Estudios 

posteriores basados en marcadores bioquímicos de  la dieta permitirán constatar o desmentir 

las asociaciones detectadas. 

En  relación  a  los  índices  de  calidad  de  la  dieta,  tanto  el  índice  de  adherencia  a  la  Dieta 

Mediterránea  cómo el  índice de diversidad dietética, estimados a partir del  cuestionario de 

frecuencia de alimentos, e igualmente para la estimación de ingestas adecuadas de acuerdo a 

las referencias, hay que destacar su dependencia de la cantidad de alimentos consumida. Es por 
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ello, que de acuerdo  con  las  recomendaciones de  los expertos en epidemiología nutricional 

(Willet, 2013), todos los análisis realizados están ajustados por consumo energético total.  

 

7.2.5. Otros factores 
 

Finalmente, debemos considerar  las diferencias en  los criterios de  inclusión de participantes. 

Dado  que  la  población  de  estudio  se  recluta  para  un  ensayo  de  prevención  primaria  de 

enfermedad cardiovascular, es lógico entender que se pretenda seleccionar población de alto 

riesgo de enfermedad cardiovascular, y por tanto que existan diferencias en los criterios de edad 

aplicados a hombres y mujeres, así se incluyeron hombres de 55 a 75 años, y mujeres de 60‐75 

años. Estas diferencias por edad podrían explicar ligeramente  las diferencias detectadas en la 

ingesta dietética. Para descartar o confirmar este argumento, en el primer artículo se realizó un 

análisis  de  sensibilidad  excluyendo  a  la  población  de  hombres  de  55‐59  años,  sin  que  se 

observaran variaciones relevantes en los resultados originales.  

En relación con la clasificación del área geográfica de residencia utilizada en el segundo artículo, 

es importante destacar que se basó en la localización del nodo que reclutaba al participante. En 

ningún momento se ha dispuesto de información sobre el origen geográfico del participante o 

sus posibles movimientos geográficos a lo largo de su historia vital. No obstante, es importante 

destacar que el flujo de migraciones internas en España ha sido bastante escaso en los últimos 

20 años y que ha afectado principalmente a  los grupos poblacionales más  jóvenes  (Arbucias, 

2011).  

 

7.3. Utilidad Práctica de los Resultados Obtenidos 
 

Las cifras de obesidad en España se han duplicado en  los últimos 40 años, de forma paralela 

aumenta la prevalencia de diabetes, hipertensión e hiperlipemia, la enfermedad cardiovascular 

continua siendo la primera causa de muerte y los problemas osteomusculares constituyen una 

de las primeras causas de perdida de salud y calidad de vida. La evidencia científica que apoya 

la  importancia de un estilo de vida  saludable  (dieta  sana, actividad  física, evitar alcohol, no 

fumar, controlar el estrés) para  la prevención primaria y secundaria de  las enfermedades no 

transmisibles es cada día mayor y más fuerte. Los resultados discutidos ponen de manifiesto una 

vez más que  la dieta de nuestra población ofrece muchas oportunidades de mejora, no sólo 

porque la ingesta es muy superior al gasto, sino fundamentalmente porque los alimentos que 

se están consumiendo no son los adecuados para lograr un buen equilibrio nutricional. 

Somos plenamente conscientes de que los cambios en la dieta y los patrones de actividad son 

el resultado de cambios ambientales y sociales, asociados con el desarrollo, y favorecidos por la 

ausencia o  la debilidad de políticas  sanitarias, agrícolas, de  transporte, planificación urbana, 

medioambientales,  comerciales  (procesamiento,  distribución  y  publicidad  de  alimentos),  y 

educativas. En Andalucía, el proyecto de Ley para  la Promoción de una Vida Saludable y una 

Alimentación Equilibrada, anunciado como una estrategia rompedora y novedosa, a día de hoy 

no aún no ha sido ejecutado. Y aunque sin duda se han intentado hacer grandes esfuerzos en 
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materia  de  legislación  alimentaria  e  información  al  consumidor,  por  ejemplo  con  la 

implementación del NutriScore,  las medidas  legislativas han  sido  laxas,  condicionadas por  la 

posible disminución del consumo de ciertos alimentos, y los intereses económicos de la industria 

alimentaria. Así, asistimos con estupor a situaciones como las derivadas del Plan de Colaboración 

para  la Mejora de  la Composición de Alimentos y Bebidas y Otras Medidas 2020  (AECOSAN, 

2018) que  recoge  los  compromisos de  reformulación de  los  sectores de  la  Fabricación  y de 

la  Distribución,   para varios  tipos de alimentos y bebidas de consumo habitual en  las niños, 

jóvenes y familias y se centra en  la reducción de azúcares añadidos, sal y grasas saturadas. A 

modo de ejemplo, una reducción del 5% en el contenido de sal de los productos de aperitivo, 

que  supone  pasar  de  2.02  a  1.92  gramos  por  cada  100  gramos  de  producto,  permitirá 

promocionar estos productos  como  “contenido  reducido de  sal”. De  la misma manera, una 

reducción del 5% en el contenido de azúcares de la bollería industrial implica para un dulce pasar 

de 39 a 37.1 gramos por cada 100 gramos de producto y con ello alegar “contenido reducido 

de azúcares”. Estos ejemplos pueden inducir a pensar al consumidor que son saludables, a pesar 

de que los beneficios nutricionales son insignificantes.   

Ante situaciones de este tipo, desde el sector sanitario, además de implantar medidas radicales, 

apoyadas en una evidencia científica clara y contundente, deben utilizarse una y otra vez  los 

resultados de la investigación para exigir a los gobiernos, y a la industria alimentaria, un cambio 

en  la orientación de  las políticas de producción, distribución y comercialización de alimentos 

(Bes‐Rastrollo & Ruiz‐Canela, 2013), y concienciar a la población en general sobre la necesidad 

de controlar sus estilos de vida, evitando el consumo de productos de alimentación y transporte 

que poco a poco van minando la salud de igual o peor forma que el tabaco u otras drogas.  

En este sentido es alentador el 1º Accésit en los premios de la Estrategia NAOS de 2019 logrado 

por  el  proyecto “Efecto  de  un  programa  de  intervención  del  estilo  de  vida  con  Dieta 

Mediterránea restringida en energía y promoción del ejercicio físico sobre la pérdida de peso y 

los factores de riesgo cardiovascular: Resultados de un año del ensayo clínico PREDIMED‐PLUS” 

a iniciativa de la Facultad de Medicina y Ciencias de la Salud. Universidad Rovira i Virgili (URV). 

Reus. Cataluña. 

Los resultados que se presentan en esta Tesis Doctoral constituyen un empujón adicional en la 

lucha hercúlea  contra  los estilos de vida nocivos que  impone  la occidentalización de  la vida 

diaria. No cabe  la menor duda de que una  ingesta dietética adecuada, equilibrada, variada y 

saludable es el mejor cimiento para lograr una vida plena. Esta premisa, válida a cualquier edad, 

es particularmente significativa en sujetos de edad avanzada, en los que no solo contribuye a la 

prevención  primaria  de  enfermedades  crónicas,  sino  que  es  fundamental  para  un  control 

adecuado de dichas enfermedades y la prevención de sus complicaciones. 

En este sentido, nuestros resultados permiten llamar la atención sobre el peligro de una dieta 

restrictiva, cuyos efectos directos serán disminuir aún más la diversidad de la dieta y el aporte 

de  nutrientes.  Por  otra  parte,  nos  permiten  confirmar  la  repercusión  positiva  de  una 

intervención dietética centrada en el fomento de la Dieta Mediterránea. Cuando se incrementa  

la  adherencia  a  la  Dieta  Mediterránea  mejora  significativamente  el  aporte  de  macro  y 

micronutrientes a pesar de que se reduce la ingesta calórica total.  
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De los resultados aquí presentados y discutidos se deriva la necesidad de diseñar y desarrollar 

estrategias nutricionales orientadas a mejorar la densidad nutricional de la dieta en la población 

con sobrepeso u obesidad. Las autoridades sanitarias deben asumir las riendas de la prevención 

primaria  y  poner  los  recursos  necesarios  para  una  actuación  efectiva  sobre  la  conducta 

alimentaria de nuestra población en  lugar de  focalizar  todos  los  recursos en poner parches 

farmacológicos para controlar los efectos de una mala alimentación.  

La selección de una población diana adecuada es fundamental para las estrategias centradas en 

la intervención directa sobre los individuos. De ahí la importancia de analizar las variables que 

identifican  los  grupos más  vulnerables,  sobre  quienes  se  deben  priorizar  las  intervenciones 

nutricionales.  Finalmente,  debemos  destacar  la  necesidad  de  adaptar  las  estrategias  de 

intervención a la idiosincrasia de cada una de las regiones españolas, partiendo de su entorno 

sociocultural  y  su  antropología  gastronómica,  e  identificando  en  cada  caso  los  objetivos 

concretos sobre los que trabajar para conseguir una mejor adaptación a los preceptos generales 

de la Dieta Mediterránea.  

 

7.4. Estrategias Futuras de Investigación 
 

Cada  pregunta  a  la  que  se  contesta  abre  nuevos  interrogantes.  Tras  una  aproximación 

transversal  que  permitió  caracterizar  la  situación  de  partida,  hemos  comprobado  que  la 

intervención  nutricional  permite  aumentar  la  calidad  de  la  dieta, mejorando  el  aporte  de 

nutrientes  y  al mismo  tiempo  disminuyendo  la  ingesta  calórica.  El  paso  siguiente  debe  ser 

valorar si un aporte de nutrientes más acorde con las recomendaciones dietéticas realmente se 

relaciona con una evolución positiva de los marcadores bioquímicos y en definitiva del proceso 

de enfermar.  

He  tenido  la  fortuna de  iniciar mi andadura en el mundo de  la  investigación en el  seno del 

proyecto PREDIMED‐Plus. Un proyecto ambicioso, con gran amplitud de miras, y que me ha 

puesto al alcance una cohorte de 6.874 pacientes, aleatorizada y controlada, y hasta  la fecha 

seguida entre 3 y 5 años. A pesar de que  son muchos y muy buenos  los  investigadores que 

trabajan sobre esta cohorte, son muchas más  las respuestas que, gracias a  la generosidad de 

nuestros  participantes,  esta  gran  muestra  guarda  para  quién  sepa  hacer  las  preguntas 

adecuadas.  Mi ambición es poner un granito de arena para hacer realidad esa frase atribuida a 

Thomas Alba Edison: “El médico del futuro no tratará el cuerpo humano con medicamentos, 

más bien curará y prevendrá las enfermedades con la nutrición.”  
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8. CONCLUSIONS/CONCLUSIONES  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

187





 

 

8. CONCLUSIONS 

 

1. Adult  Spanish  with  Metabolic  Syndrome  have  a  moderate  adherence  into 

Mediterranean Diet. However,  they  show a high prevalence of  inadequate  intake of 

several nutrients, particularly vitamin A, D, E, B9 and calcium. The nutrient density intake 

is related to sex (higher for women). A better lifestyle (not smoking intake and practice 

of physical activity) is associated with raised nutrient density intake. The results found, 

stress  the  importance  of  focusing  on  nutritional  education  in  those  vulnerable 

population, taking into account the nutrients requirements. 

 

2. Even within the same country, the place of residence was significantly associated with 

nutrients inadequacy intake. Aged adult dietary pattern leave room from improvement 

related to Mediterranean Diet adherence as well as to micronutrients intake. The effect 

of geographical area on diet quality should be taken into account when planning food 

policies. 

 

3. Greater dietary diversity is directly associated with adequate nutrient intake even after 

adjustment for confounders such as sociodemographic and lifestyle variables. The food 

groups with higher contribution in the prevention of the nutritional inadequateness are 

vegetables  and  fruits. Our  results  focus  on  the  promotion  of  a  healthy  varied  diet, 

specifically  promoting  the  intake  of  a  variety  of  recommended  foods,  such  as 

vegetables,  fruit,  cereals  and  dairy  products. On  the  long  time,  the  nutrient  intake 

adequacy  impacts  on  the  prevention  of  chronic  non‐communicable  diseases  is  very 

likely to play a crucial role from a public health perspective.  

 

4. The Mediterranean Diet is an important factor linked to diet quality. As Mediterranean 

Diet adherence  increases the nutrient density also does. This means that diet quality 

can be easily enhanced addressing simple dietary advice to improve Mediterranean Diet 

adherence.  In  other  words,  we  can  conclude  that  the  PREDIMED‐Plus  dietary 

intervention,  based  on Mediterranean  Diet  recommendations  for  older  adults,  is  a 

feasible  strategy  to  improve  nutrient  density  in  Spanish  population  at  high  risk  of 

cardiovascular disease with overweight or obesity 
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8. CONCLUSIONES 

 

1. La población adulta Española con Síndrome metabólico tiene una adherencia a la Dieta 

Mediterránea moderada. A pesar de ello muestra una elevada prevalencia de ingesta 

deficiente de varios nutrientes, en particular Vitaminas A, D, E y B9  y Calcio. La densidad 

de nutrientes en la dieta está relacionada con el sexo (mayor en mujeres). Un estilo de 

vida saludable (no fumar y realizar alguna actividad física) se asocia con mayor densidad 

nutricional. Los  resultados obtenidos enfatizan  la necesidad de centrar  la educación 

nutricional  en  la  población  más  vulnerable,  teniendo  siempre  en  cuenta  los 

requerimientos nutricionales mínimos. 

 

2.   Incluso dentro del mismo país, el lugar de residencia influye significativamente sobre 

la ingesta deficiente de nutrientes. El patrón dietético de los adultos mayores tiene un 

amplio margen de mejora, relacionado tanto con el incremento de la adherencia a la 

Dieta  Mediterránea  como  con  la  ingesta  de  micronutrientes.  El  efecto  del  área 

geográfica  de  residencia  debe  considerarse  cuando  se  planifican  las  políticas 

alimentarias.  

  

3. La diversidad de la dieta se asocia directamente con la ingesta adecuada de nutrientes, 

incluso tras ajustar por factores de confusión cómo variables sociodemográficas y otras 

relacionadas con el estilo de vida. Los grupos de alimentos con mayor contribución a la 

inadecuación  nutricional  son  las  verduras  y  frutas.  Nuestros  resultados  alientan  la 

promoción  de  una  dieta  saludable,  específicamente  promocionando  la  ingesta  tan 

variada como sea posible de  los alimentos recomendados: verduras, frutas, cereales 

integrales y lácteos. A largo plazo, y desde una perspectiva de salud pública, es más que 

probable que el impacto de la ingesta adecuada de nutrientes sobre la prevención de 

enfermedades crónicas transmisibles sea fundamental.  

 

4. El patrón de Dieta Mediterránea está estrechamente vinculado a la calidad de la dieta. 

A medida que aumenta  la adherencia a  la Dieta Mediterránea aumenta  también  la 

densidad  de  nutrientes  en  la  dieta.  Esto  significa  que  la  calidad  de  la  dieta  puede 

mejorarse fácilmente  mediante consejos dietéticos simples para mejorar la adherencia 

a  la  Dieta Mediterránea.  En  otras  palabras,  podemos  concluir  que  la  intervención 

nutricional  del  ensayo  PREDIMED‐Plus,  basada  en  la  Dieta  Mediterránea,  es  una 

estrategia factible para mejorar  la densidad nutricional de  la población española con 

sobrepeso u obesidad, y alto riesgo de enfermedad Cardiovascular. 
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