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NORMAS DE PUBLICACION PARA LOS Nutricion
AUTORES DE NUTRICION HOSPITALARIA  Hospitalaria

Nutricion HosPiTALARIA, es la publicacion cientifica oficial de la Sociedad Espainola de Nutricion Parenteral y Enteral (SENPE), de la Sociedad
Espainola de Nutriciéon (SEN), de la Federacion Latino Americana de Nutricion Parenteral y Enteral (FELANPE) y de la Federacion Espanola de
Sociedades de Nutricion, Alimentacion y Dietética (FESNAD).

Publica trabajos en castellano e inglés sobre temas relacionados con el vasto campo de la nutricién. El envio de un manuscrito a la revista
implica que es original y no ha sido publicado, ni esta siendo evaluado para publicacién, en otra revista y deben haberse elaborado siguiendo los
Requisitos de Uniformidad del Comité Internacional de Directores de Revistas Médicas en su ultima version (versiéon oficial disponible en inglés
en http://www.icme.org; correspondiente traduccion al castellano en: http://www.metodo.uab.es/ enlaces/Requisitos_de_Uniformidad_2006.pdf).

La falta de consideracion de estos requisitos e instrucciones producira, inevitablemente, un retraso en el proceso editorial y en la posible
publicacion del manuscrito, y también puede ser causa del rechazo del trabajo.

IMPORTANTE: A la aceptacion y aprobacion definitiva de cada articulo debera abonarse la cantidad mas impuestos vigente en el momento de
la aceptacion del articulo (que sera publicada en un anexo en estas normas) en concepto de contribucion parcial al coste del proceso editorial de
la revista. El autor recibira un comunicado mediante correo electrénico, desde la empresa editorial, indicandole el procedimiento a seguir.

1. REMISION Y PRESENTACION DE MANUSCRITOS

Los trabajos se remitirdn por via electronica a través del portal www.nutricionhospitalaria.com. En este portal el autor encontrard directrices
y facilidades para la elaboracion de su manuscrito. Los archivos correspondientes a texto se deberan de enviar en formato WORD. Los correspondientes a
imagenes se podran enviar en formato JPG.

Cada parte del manuscrito empezara una pagina, respetando siempre el siguiente orden:

1.1 Carta de presentacion

- Debera indicar el Tipo de Articulo que se remite a consideracion y contendra:

- Una breve explicacién de cudl es su aportacion asi como su relevancia dentro del campo de la nutricién.

- Declaracion de que es un texto original y no se encuentra en proceso de evaluacion por otra revista, que no se trata de publicacién redundante, asi

como declaracion de cualquier tipo de confl icto de intereses o la existencia de cualquier tipo de relacién econdmica.

- Conformidad de los criterios de autoria de todos los firmantes y su filiacion profesional.

- Cesidn a la revista NuTricioN HospiTALARIA de los derechos exclusivos para editar, publicar, reproducir, distribuir copias, preparar trabajos derivados en

papel, electronicos o multimedia e incluir el articulo en indices nacionales e internacionales o bases de datos.

- Nombre completo, direccion postal y electrénica, teléfono e institucion del autor principal o responsable de la correspondencia.

- Cuando se presenten estudios realizados en seres humanos, debe enunciarse el cumplimiento de las normas éticas del Comité de Investigacién o de

Ensayos Clinicos correspondiente y de la Declaracién de Helsinki vigente, disponible en: http://www.wma.net/s/ index.htm.
1.2 Pagina de titulo

Se indicaran, en el orden que aqui se cita, los siguientes datos: titulo del articulo (sera obligatorio el envio del Titulo en castellano e inglés por parte de
los autores); se evitaran simbolos y acrénimos que no sean de uso comun.

Nombre completo y apellido de todos los autores (es obligatorio el envio por parte de los autores del nombre completo y los dos apellidos, no
aceptandose el uso de abreviaturas y/o iniciales), separados entre si por una coma. Se aconseja que figure un maximo de ocho autores, figurando el resto
en un anexo al final del texto.

Mediante nimeros arabigos, en superindice, se relacionara a cada autor, si procede, con el nombre de la institucién a la que pertenecen. Debera volver
a enunciar los datos del autor responsable de la correspondencia que ya se deben haber incluido en la carta de presentacion.

En la parte inferior se especificara el nimero total de palabras del cuerpo del articulo (excluyendo la carta de presentacion, el resumen, agradecimientos,
referencias bibliogréficas, tablas y figuras).

Se incluird la direccién postal y de correo electrénico del/de el autor/a designado para correspondencia.

1.3 Resumen

Sera estructurado en el caso de originales, originales breves y revisiones, cumplimentando los apartados de Introduccién, Objetivos, Métodos,
Resultados y Discusion (Conclusiones, en su caso). Debera ser comprensible por si mismo y no contendra citas bibliograficas.

Se debera de incluir la version en castellano e inglés del resumen con idéntica estructuracion. Asi mismo se incluiran aqui las palabras clave en castellano
e inglés. Tanto resumen como palabras claves se deben enviar en los dos idiomas. Debe recordarse que esta informacién en inglés aparecera en las bases
de datos bibliogréaficas, y es responsabilidad de los autores/as su correccion ortografica y gramatical.

1.4 Palabras clave

Debe incluirse al final de resumen un maximo de 5 palabras clave que coincidiran con los Descriptores del Medical Subjects Headings (MeSH):
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=mesh. Como se ha indicado en 1.3 se deben de enviar las palabras clave en castellano e inglés.
1.5 Abreviaturas

Se incluira un listado de las abreviaturas presentes en el cuerpo del trabajo con su correspondiente explicacién. Asimismo, se indicaran la primera vez
que aparezcan en el texto del articulo.
1.6 Texto

Estructurado en el caso de originales, originales breves y revisiones, cumplimentando los apartados de Introduccién, Objetivos, Métodos, Resultados y
Discusién (Conclusiones, en su caso).

Se deben citar aquellas referencias bibliograficas estrictamente necesarias teniendo en cuenta criterios de pertinencia y relevancia.

En la metodologia, se especificara el disefio, la poblacion a estudio, los métodos estadisticos empleados, los procedimientos y las normas éticas
seguidas en caso de ser necesarias.

Cuando el articulo sea enviado en idioma inglés, antes de su envio a la revista, recomendamos a los autores que lo sometan a la revision de una persona
angloparlante para garantizar la calidad del mismo.

1.7 Anexos
Material suplementario que sea necesario para el entendimiento del trabajo a publicar.

1.8 Agradecimientos

Esta seccion debe reconocer las ayudas materiales y econémicas, de cualquier indole, recibidas. Se indicara el organismo, institucién o empresa que
las otorga y, en su caso, el nimero de proyecto que se le asigna. Se valorara positivamente haber contado con ayudas.

Toda persona fisica o juridica mencionada debe conocer y consentir su inclusiéon en este apartado.
1.9 Bibliografia

Las citas bibliograficas deben verificarse mediante los originales y deberan cumplir los Requisitos de Uniformidad del Comité Internacional de Directores
de Revistas Médicas, como se ha indicado anteriormente.

Las referencias bibliogréficas se ordenaran y numeraran por orden de aparicion en el texto, identificandose mediante nimeros arébigos en superindice.

Las referencias a textos no publicados ni pendiente de ello, se deberan citar entre paréntesis en el cuerpo del texto.

Para citar las revistas médicas se utilizaran las abreviaturas incluidas en el Journals Database, disponible en: http://www. ncbi.nim.nih.gov/ entrez/query.
fcgi?db=journals. En su defecto en el catélogo de publicaciones periddicas en bibliotecas de ciencias de la salud espafiolas: http://www.c17.net/c17/.

dde




1.10 Tablas y Figuras

El contenido sera autoexplicativo y los datos no deberan ser redundantes con lo escrito. Las leyendas deberan incluir suficiente informacién para poder
interpretarse sin recurrir al texto y deberan estar escritas en el mismo formato que el resto del manuscrito.

Se clasificaran con nimeros arabigos, de acuerdo con su orden de aparicion, siendo esta numeracién independiente segln sea tabla o figura. Llevaran
un titulo informativo en la parte superior y en caso de necesitar alguna explicacion se situara en la parte inferior. En ambos casos como parte integrante de
la tabla o de la figura.

Se remitiran en fichero aparte, preferiblemente en formato JPEG, GIFF, TIFF o PowerPoint, o bien al final del texto incluyéndose cada tabla o figura en
una hoja independiente.

1.11 Autorizaciones
Si se aporta material sujeto a copyright o que necesite de previa autorizacién para su publicacion, se debera acompafar, al manuscrito, las autorizaciones
correspondientes.

1.12 Conflicto de intereses
Todos los articulos que se envien a NuTricion HospitaLARIA deben ir acompafiados de una declaracién de los posibles conflictos de intereses de cada una
de las personas firmantes. De la misma manera, si no hay ninguin conflicto de intereses, deberan hacerlo constar explicitamente en el articulo.

2. TIPOS Y ESTRUCTURA DE LOS TRABAJOS

2.1 Original: Trabajo de investigacion cuantitativa o cualitativa relacionado con cualquier aspecto de la investigacion en el campo de la nutricion.
2.2 Revision: Trabajo de revision, preferiblemente sistematica, sobre temas relevantes y de actualidad para la nutricién.

2.3 Notas Clinicas: Descripcion de uno o mas casos, de excepcional interés que supongan una aportacion al conocimiento clinico.

2.4 Perspectiva: Articulo que desarrolla nuevos aspectos, tendencias y opiniones. Sirviendo como enlace entre la investigacion y la sociedad.
2.5 Editorial: Articulo sobre temas de interés y actualidad. Se escribiran a peticion del Comité Editorial.

2.6 Carta al Director: Observacion cientifica y de opinién sobre trabajos publicados recientemente en la revista, asi como otros temas de relevante
actualidad.

2.7 Carta Cientifica: La multiplicacién de los trabajos originales que se reciben nos obligan a administrar el espacio fisico de la revista. Por ello en
ocasiones pediremos que algunos originales se reconviertan en carta cientifica cuyas caracteristicas son:

* Titulo

© Autor (es)

¢ Filiacién

* Direccioén para correspondencia

* Texto maximo 400 palabras

* Una figura o una tabla

* Méaximo cinco citas

La publicacién de una Carta Cientifica no es impedimento para que el articulo in extenso pueda ser publicado posteriormente en otra revista.

2.8 Articulo de Recension: Comentarios sobre libros de interés o reciente publicacién. Generalmente a solicitud del Comité editorial aunque también se
consideraran aquellos enviados espontdneamente.

2.9 Articulo Especial: El Comité Editorial podra encargar, para esta seccion, otros trabajos de investigacion u opinion que considere de especial relevancia.
Aquellos autores que de forma voluntaria deseen colaborar en esta seccién, deberan contactar previamente con el Director de la revista.

2.10 Articulo Preferente: Articulo de revision y publicacion preferente de aquellos trabajos de una importancia excepcional. Deben cumplir los requisitos
sefialados en este apartado, segun el tipo de trabajo. En la carta de presentacion se indicara de forma notoria la solicitud de Articulo Preferente. Se
publicaran en el primer nimero de la revista posible.

| EXTENSION ORIENTATIVA DE LOS MANUSCRITOS |

Tipo de articulo Resumen Texto Tablas y figuras Referencias
Original* Estructurado 250 palabras Estructurado 4.000 palabras 5 35
Original breve Estructurado 150 palabras Estructurado 2.000 palabras 2 15
Revision** Estructurado 250 palabras Estructurado 6.000 palabras 6 150
Notas clinicas 150 palabras 1.500 palabras 2 10
Perspectiva 150 palabras 1.200 palabras 2 10
Editorial - 2.000 palabras 2 10a15
Carta al Director - 400 palabras 1 5

Eventualmente se podra incluir, en la edicién electronica, una versidon mas extensa o informacién adicional.
*La extension total del articulo original, una vez compuesto, con tablas, figuras y referencias, no debera exceder cinco péaginas.
**La extension total del articulo de revision, una vez compuesto, con tablas, figuras y referencias, no debera exceder seis paginas.

3. PROCESO EDITORIAL

El Comité de Redaccion acusara recibo de los trabajos recibidos en la revista e informara, en el plazo mas breve posible, de su recepcién. Todos los
trabajos recibidos, se someten a evaluacién por el Comité Editorial y por al menos dos revisores expertos.

Los autores pueden sugerir revisores que a su juicio sean expertos sobre el tema. Légicamente, por motivos éticos obvios, estos revisores propuestos
deben ser ajenos al trabajo que se envia. Se debera incluir en el envio del original nombre y apellidos, cargo que ocupan y email de los revisores que se
proponen.

Las consultas referentes a los manuscritos y su transcurso editorial, pueden hacerse a través de la pagina web.

Previamente a la publicacién de los manuscritos, se enviara una prueba al autor responsable de la correspondencia utilizando el correo electronico.
Esta se debe revisar detenidamente, sefialar posibles erratas y devolverla corregida a su procedencia en el plazo maximo de 4 dias. En el supuesto de no
remitirse las correcciones o ser enviadas fuera de plazo, Nutricion HospiTALARIA publicard el articulo conforme a la prueba remitida para correccion.

Las correcciones solicitadas deben ser minimas; solamente se admitiran modificaciones en relacion con la sintaxis y la comprension semantica del texto.
El comité editorial se reserva el derecho de admitir o no las correcciones efectuadas por los autores en la prueba de impresion. Aquellos autores que desean
recibir separatas deberdn de comunicarlo expresamente. El precio de las separatas (25 ejemplares) es de 125 euros + IVA.

Abono en concepto de financiacion parcial de la publicacion. En el momento de aceptarse un articulo original o una revision no solicitada, se facturara la
cantidad que se haya estipulado en ese momento + impuestos para financiar en parte la publicacion del articulo [vease Culebras JM y A Garcia de Lorenzo.
El factor de impacto de Nutricion Hospitalaria incrementado... y los costes de edicién también. Nutr Hosp 2012; 27(5)].

NOTA

Los juicios y las opiniones expresadas en los articulos y comunicaciones que aparecen en la revista son exclusivamente de las personas que los firman.
El comité editorial de NuTricion HospitaLaria y Grupo Aula Médica declinan cualquier responsabilidad sobre los contenidos de los trabajos publicados.

El comité editorial de NuTricion HospiTaLAria y Grupo Aula Médica no garantizan ni apoyan ninglin producto que se anuncie en la revista, ni las afirmaciones
realizadas por el anunciante sobre dicho producto o servicio.
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FOREWORD

$

‘The true greatness of science is valued for its usefulness
Gregorio Marafion (1887-1960)

Interest for food and nutrition population studies has followed a continuum in Spain and worldwide from
the beginning of the modern era. Biomedical literature in our country gathers in the middle of the 20%
century several interesting studies related to food consumption in different population groups, some of
them included in the book “Nutrition studies” by Carlos Jiménez Diaz' and his collaborators referred to the
period 1941-1943. During the Spanish Civil war and in the postwar period Francisco Grande Covian’s studies
on malnutrition and vitamin deficiency in the population of Madrid were also very interesting and key to
understand the evolution of nutrition in Spain*3. Some very relevant studies for the time were carried out by
the Food and Nutrition Hygiene Section of the National School of Health, headed initially by Enrique Carrasco
Cadenas and, from 1940, by Francisco Vivanco*®.

In 1954 The School of Bromatology was launched within the frame of the Complutense University of Madrid,
with multiple research and educational activities. From this institution the first National Food Survey was
started in 1956, under the direction of Professor Gregorio Varela-Mosquera, with the collaboration of FAO?'°,
The Inventory methodology was used for data collection along with weighing the food consumed.

During this period, activities of nutritional support and assessment of the nutrition status in different groups
of population were conducted, among others, by the Food and Nutrition School Service created in 1954, the
General Direction for Health Services, the Service of Agrarian Extension, Social Aid, Caritas and other non-
profit entities of the time”8'!-!4,

In 1961 the EDALNU (Educacion en Alimentacion y Nutricion) program was launched with the technical
help of FAO and UNICEF. The aim was to distribute the food aid received throughout the whole national
geography and to start projects of food and nutrition education addressed to women and families'®. Later the
EDALNU program would also elaborate more structured teaching programs and launch food consumption
surveys in most of the Spanish provinces. To illustrate and as a didactic reinforcement of the educational
program, several materials were published, which included “the Food Wheel”, which has been in force in all
informative texts up to very recent dates.A great part of these initiatives was carried out under the direction
of Dr Francisco Vivanco, Dr. Juan Manuel Palacios, Dr.Abraham Garcia Almansa and the excellent work of Dr.

Consuelo Lopez- Nomdedeu'¢?'.

(Nutr Hosp 2015;31(Supl. 3):1-6)
DOI:10.3305/nh.2015.31.sup3.8821
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From the 80s decade onwards, knowledge of food habits in the Spanish population is deepened through the
surveys by INE (National Institute of Statistics)??, Department of Agriculture and other institutions?. Data
referred to that period are also available from FAO, OECD and other national entities?*%.

Around the same time, different Autonomous Regions launched population nutrition surveys, as reflected
in several articles in this supplement. Different research groups publish reviews on food surveys and health
studies conducted in Spain in recent decades®%.

During the last third of the 20th century and the beginning of the 2| st it is interesting to mention the PAIDOS
study (1985)% conducted by Spanish pediatricians to estimate the prevalence of obesity in children population.
The Enkid study (Serra-Aranceta, 2000)? carried out on a representative sample of the children and young
Spanish population, the school based nutrition intervention study PERSEO (2006-201 1)? linked to the NAOS
strategy by the Spanish Agency of Food Security and Nutrition®®. The White Book of Nutrition in Spain,
edited by Prof. G.Varela- Moreiras, from the Spanish Nutrition Foundation®', the different nutrition surveys
launched by institutions, such as ENIDE??, ALADINO?®*, ENALIA |3, ENALIA 2* and the annual reports on
food consumption and food distribution published by MERCASA3 and MAGRAMAY.

At this moment, the ANIBES Study on “Evaluation of the Energy balance and Food Habits of the Spanish
population® is in a position to generate information about the determinant factors of excess body weight in
Spain, high quality data on physical activity and sedentary lifestyle and will become an indispensable reference
for the implementation of health promotion actions in the coming years.

In a nearby future we will also have the contributions by the ENPE study on “Nutritional Assessment of the
Spanish Population” performed in a representative sample of Autonomous Regions, on the multi factorial
analysis of food behavior and the different variables related®. This comprehensive work will contribute with
data to inform the development of contents for food and nutrition education programs, evaluate and judge
the need of new products and services and will draw a holistic vision of food habits in the Spanish population.

In this quick reminder of the main population nutrition studies a wide dispersion of the different methods and
approaches used for data collection can be noticed. The use of different reference values, Food Composition
Tables, assessment of physical activity or the way results are presented. This situation encouraged us to
organize an Expert Meeting to debate in depth all the necessary points to be able to arrange future population
nutrition studies, which could include assessment of food intake, physical activity, weight status classification,
any other remaining related factors and other lifestyles using a validated, comparable and harmonized
methodology, that would enable the advancement in the field of Nutrition and Public Health and to take part
in comparative or collaborative analyses at national or international level. Though in the recent past there
were at least two attempts of establishing a few general criteria on the topic that unfortunately failed*-*, we
believe in this occasion the impulse can have a longer way forward.
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The scientific contents of the Expert Meeting are included in this supplement as 32 articles elaborated by 38

experts invited to the event, all of them co-authors as well of the final conclusions added at the end of this
document as a summarized contribution to the final consensus of priorities.

In this supplement you will find an introductory section on the role of population nutrition studies in health
planning and in health related actions prepared by the project coordinators, J. Aranceta from the University
of Navarra, G.Varela- Moreiras from the University CEU-San Pablo and LI. Serra- Majem, from the University
of Las Palmas de Gran Canaria.

The first thematic section consists of a joint overview of the relevant methods of food consumption assessment:
History of the methods for the assessment of food consumption (L. Moran), followed by papers on sources
of information about food consumption in Spain and in Europe (JM Avila), Food records and food diaries (R.
Ortega), 24 hours dietary recall method (G. Salvador), Food Frequency Questionnaires (C. Perez-Rodrigo)
and Diet History method (L Moran).The second section includes a specific paper on the assessment of water
and beverages intake (LI. Serra); assessment valuation of sodium, oil and supplements intake (ML Lépez), an
overview of the modifications required to adapt existing dietary intake assessment methods in order to get
valid and precise estimates from children and adolescents (l. Polanco), adults and the elderly (P.Riobd), as well
as brief instruments and screening tools (C. Pérez-Rodrigo).

One of the main controversies emerges in relation to the estimates of population energy balance with precise
measurements of energy intake, energy expenditure by physical activity and physiological needs (G.Varela). It
is also necessary to be precise in the adjustments and bias control in food surveys (V.Arija) or the control of
under- reporting or over-reporting individuals (LI. Serra- Majem).

In this era of crisis, arises interest on the methods to classify diet quality (A. Gil) and the studies and methods
to research linked to immune nutrition (A. Marcos).

At this point, we address a key element, such as reference values in relation to food intake, anthropometrical
measurements and other indicators of health and nutritional status (V.Arija),along a discussion on transforming
the collected data into estimates of energy and nutrient intake using Food Composition Databases: lights and
shades (E. Martinez de laVictoria), and possibilities for new biomarkers of food intake (D. Corella).

This thematic section is completed by two essential issues: on the one hand, approaches to data analysis and
supporting software (R.Abellana); on the other hand, methods of nutritional assessment in clinical settings. A
necessary and complex procedure related to health care (C. Gémez-Candela).

One of the cutting-edge and most complex sections in this supplement, which was considered in special
depth during the expert meeting working sessions, is focused on the methods of evaluation of the energy
expenditure by physical activity and classification of sedentary lifestyles. Validated questionnaires (S. Aznar);
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instrumental methods and new technologies (M. Gonzalez-Gros); particular aspects of the assessment of

energy expenditure and food intake in sportsmen (N. Palacios), an approximation to biomarkers of physical
activity (M. Gonzalez-Gros & |.Ara) and on the methods of evaluating resting energy expenditure (R. Blasco).

The last thematic section is related to other lifestyles associated to food habits, or that can influence nutritional
or health status: consumption of alcohol, tobacco and other drugs (S. Belmonte); scales to assess quality of life,
autonomy and mental health; screening instruments to assess food security (G. Salvador) and a very special
article about the analysis of nutritional chrono-biology in food surveys (M. Garaulet).

Finally, the coordinators discuss about the usefulness and potential applications of food consumption studies
assessing dietary intake, determinants of physical activity, and other lifestyles, in the area of health and in other
facets of the individual and society, These contents are summarized in the Consensus Document included
on the first pages of this monograph which gathers the 20 concluding remarks debated and agreed among
participants.

| would like to acknowledge my colleagues in the coordination of this venture, Dr. Lluis Serra-Majem and
Dr. Gregorio Varela-Moreiras, as well as the scientific secretariat Dr. Carmen Pérez -Rodrigo, for their
friendship and intensive effort devoted to this project. We also acknowledge all the authors contributing
to this supplement as well as all the participants attending the Experts’ Meeting in Laguardia (Rioja Alavesa)
for their dedication, effort and collaboration to reach the aims of this initiative. Our gratitude also to all the
people who provided us with professional and human coverage for the working sessions, specially, to Coca
Cola Iberia Company that, with a rigorously independent dynamics, has facilitated the publication and diffusion
of this scientific material within the frame of Aula Médica publisher.

Our acknowledgement to the Spanish Society of Community Nutrition (SENC), Foundation for Nutrition
Research (FIN) and Spanish Nutrition Foundation (FEN) for providing the scientific framework to host the

whole process and activities.

We wish that this collaborative effort affects the advancing towards a healthier and happier society.

Javier Aranceta- Bartrina (MD, PhD)
Editor
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which are the objectives of interest and the availa-
ble resources, to be able to decide on which valid

With regard to the Consensus Meeting held in
Laguardia (Spain), 17-19 September 2014, we

would like to emphasize the high scientific le-
vel of the different contributions and the great
personal implication of the professional partici-
pants, which has provided an extensive update of
the methodology and the different factors to be
considered when setting up population nutritional
studies in our country. We hereby consider a syn-
thesis of the most relevant aspects in the format of
a Consensus Document Laguardia 2015:

1.-In population studies on nutrition, physi-
cal activity and lifestyles it is essential to know

Correspondence: Javier Aranceta
Community Nutrition

PO Box 5199. 48080 Bilbao (Spain).
E-mail: jaranceta@unav.es

method or methods are best suited in every cir-
cumstance.

2.-There are numerous sources of information
on food consumption in Europe and Spain. Howe-
ver, it is necessary to continue working at Euro-
pean level on the standardization of data collec-
tion in order to be able to conduct more precise
comparative studies and evolution trends analy-
sis, since the development and use of new food
products affects these sources to be adapted and
include information about characteristics thereof.

3.—Food waste is mostly not considered in the
information sources available and data collection
in institutions has been largely neglected.




4 —All methods of dietary intake assessment
have advantages and disadvantages, which must
be considered when deciding which is best suited
according to aims, population and resources. A
combination of more than one method is recom-
mended for nutritional surveillance studies.

5.-New technologies should help improve the
quality of the available procedures, their validity
and accuracy.

6.—Infant, school aged population, the elderly,
groups with special needs, sportspeople and those
of low socioeconomic status, among others, re-
quire specific methodological approaches accor-
ding to their characteristics.

7.—Careful protocol design, selection and trai-
ning of those responsible for the fieldwork, pilot
study and use of agreed Food Composition Tables
using documented data, updated and representati-
ve of the food consumed in the study site, are key
points in the process.

8.—Nutritional studies should include measured
data on energy expenditure through physical acti-
vity, and thus primarily assess energy balance in
the study group.

9.-The assessment of physical activity and
quantifying of sedentary lifestyle should be per-
formed using the combination of instruments and
self-assessment questionnaires that are conside-
red most suitable according to objectives, popu-
lation and resources. It should be considered that
quantifying energy expenditure through physical
activity questionnaires can raise certain inaccura-
cy and an overestimation of results.

10.—Different categorizations of physical ac-
tivity level should be assessed depending on as-
pects such as gender, age, socioeconomic status
and educational level, among others. Furthermo-
re, the pattern of behaviour should be analysed,
including factors such as type, duration, frequen-
cy and intensity of physical activity performed.

11.—In all studies including food consumption
assessment there are people that under-report or
over-report on their food intake. This problem is
even more important in certain population groups,

and it should be considered when designing the
project and processing the data to relieve its im-
pact on the results.

12.-Food and beverage consumption assess-
ment should consider social aspects related to in-
9% <6 29 ¢

take, including “when”, “where”, “what”, “how”
and ”with who”.

13.—It would be desirable to have validated sca-
les of food insecurity assessment that allow de-
tection of the difficulties that families and indivi-
duals can experience or be experiencing to access
a varied, sufficient and adequate diet. This section
is especially important in disadvantaged environ-
ments and in periods of crisis.

14.—The assessment and quantification of phy-
sical activity is related to more individual aspects,
which makes evaluation more specific than in the
case of food consumption surveys.

15.—For the assessment of nutritional status of
individuals or populations specific tools are re-
quired for use in clinical, healthcare and institu-
tional settings or population level.

16.—Screening instruments may be useful to
identify individuals or groups at nutritional risk
or malnutrition in Primary Health Care and other
care settings. The development of self-assessment
tools is also interesting.

17.—Assessing the quality of the diet, nutritio-
nal status and different related biomarkers require
selecting reference values and standard evalua-
tion criteria.

18.—The measurement of anthropometric data
allows the estimation of body composition of an
individual, but the complexity of these indicators
makes it essential to consider the body mass in-
dex, waist circumference and percentage body fat
values as a whole and not as single components,
allowing for the necessary adjustments according
to age group or physiological state. When used in
combination the accuracy of weight status classi-
fication will be much higher.

19.—Studies that comprehend anthropometric
data, food intake, level of physical activity and
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other related variables facilitates that these mul-
tidisciplinary factors can be addressed globally,
and experts from different areas of knowledge of
health sciences are involved in determining pro-
cesses, quantification and assessment of the data.

20.—It is necessary to promote periodically this
type of scientific meetings with experts on mono-
graphic topics of interest in the field of nutrition,

physical activity and health. The selection of par-
ticipants should allow a rigorous and multidisci-
plinary approach, taking care of a physical and
human atmosphere that fosters communication,
content exchange and discussion. The future cha-
llenge is to evaluate the impact of this consensus
meeting on improving the quality and comparabi-
lity of nutrition information in Spain and associa-
ted lifestyles.

Methodology of dietary surveys, studies on nutrition, physical activity and other lifestyles 11
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Abstract

Nutritional studies including food and beverage con-
sumption assessment are needed for different purposes
in the field of nutrition, food supply monitoring, toxicolo-
gy or in the context of intervention strategies that inclu-
de changes in eating behaviors. Different methods have
been used, each with strengths, weaknesses, biases and
limitations that must be considered when choosing the
most appropriate in each case. The development of new
technologies offers exciting developments to improve the
validity and accuracy of these methods, as well as their
efficiency and commodity. The characteristics of the in-
dividuals under study, its environment and the resources
available should be considered as well.

(Nutr Hosp 2015;31(Supl. 3):15-21)
DOI:10.3305/nh.2015.31.sup3.8746

Key words: Food consumption assessment. Validity. Pre-
cision. New technologies.
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CONTROVERSIAS SOBRE LOS ESTUDIOS
POBLACIONALES, CLINICOS O DE
INVESTIGACION BASICA RELACIONADOS
CON LA ALIMENTACION, NUTRICION,
ACTIVIDAD FISICAY ESTILOS DE VIDA

Resumen

Los estudios nutricionales que incluyen analisis del
consumo de alimentos y bebidas son necesarios con dife-
rentes finalidades de interés nutricional, alimentario, to-
xicoldgico o en el contexto de estrategias de intervencion
que incluyen la modificacion de conductas alimentarias.
Se han venido utilizando diferentes métodos, cada uno
con ventajas, inconvenientes, sesgos y limitaciones que
deben considerarse al elegir el mas adecuado en cada
caso. El desarrollo de las nuevas tecnologias ofrece avan-
ces interesantes para mejorar la validez y precisién de
estos métodos, asi como su rapidez y eficiencia. También
debe tenerse en cuenta las caracteristicas de los indivi-
duos objeto del estudio, su entorno asi como los recursos
disponibles.

(Nutr Hosp 2015;31(Supl. 3):15-21)
DOI1:10.3305/nh.2015.31.sup3.8746

Palabras clave: Consumo alimentario. Evaluacion. Vali-
dez. Precision. Nuevas tecnologias.
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Abbreviations

AECOSAN: Agencia Espaifiola de Consumo, Segu-
ridad Alimentaria y Nutricion.

AMPM: Automated Multiple Pass Method.

EC: European Community.

EFSA: European Food Safety Authority.

FAO: Food and Agriculture Organization of the
United Nations.

FIVR: Food Intake and Voice Recognizer.

MAGRAMA: Ministerio de Agricultura, Alimenta-
cién y Medio Ambiente.

TADA: Technology Assisted Dietary Assessment.

ANIBES: Antropometria, Ingesta, y Balance Ener-
gético en Espaiia.

ENPE: Estado Nutricional de la Poblacion Espafiola.

ENIDE: Encuesta Nacional de Ingesta Dietética.

PREDIMED. Prevencion con Dieta Mediterrdnea.

PERSEOQ: Programa piloto Escolar de Referencia
para la Salud y el Ejercicio contra la Obesidad.

NHANES: National Health and Nutrition Examina-
tion Survey.

Introduction

Health status is influenced by different genetic,
individual and environmental factors that in variable
proportionality interact with well-being, the morbi-
dity/mortality and the vital projection towards future
generations.

Under this assumption, knowledge and analysis of
food habits, physical activity, energy balance and other
lifestyle factors can be of great help in nutritional epi-
demiology studies and in processes of health-planning,
development of dietary recommendations or when
dealing out health plans.

Regarding these studies and their findings, doubts
and controversies arise depending on the complexity
and diversity of the methodologies to be used, the cri-
teria employed to set cut-off points, or the normality
ranges of different variables; or, more frequently the
doubts are concerned with the insufficient quality data
obtained during field-work interviews.

Most of the information collected in such studies
belongs to the intimate personal domain of people,
such as their eating habits, their shopping, cooking or
eating manners, time-schedules, daily life style and
other personal characteristics'. Sometimes methodolo-
gical aspects might be placed into question, such as the
tools used for nutritional assessment or other aspects
related with the variability of intake, but in most cases,
there are two important blocks of uncertainty:

— Incomplete or biased information on dietary in-
take, amount of physical activity or other lifestyle
factors. We often think on memory lapses, but
there are reasons about masking the reality, due
to an urge for approval of habits and social desi-

rability, or even due to saturation induced by too
long and poorly motivating interviews.

— One of the aspects that are more difficult to assess
is related to physical activity: time spent, type or
intensity. The use of validated questionnaires is
only a first estimate, and instrumental aids such
as accelerometers are very expensive to be used
in large scale studies and require specialized per-
sonnel for proper interpretation.

In this regard, one of the characteristics of most
population studies is a large percentage of energy
miss-reporters, but also for some specific food groups,
nutrients, or self-reported physical activity and a lack
of specification of the energy balance of the indivi-
duals and groups under study?.

With these limitations seems very risky to use the
results obtained in a study to modify sustainably the
current diet, to generate recommendations and to plan
actions towards public health.

Based on this strategic approach it seems necessary
to encourage the implementation of representative sur-
veys of food use reality and its determinants, where
the evaluation of physical activity, culinary habits and
individual sensitivity on sustainable production, eco-
logical and emotional balances, are blocks of variables
considered for an operational analysis.

Purpose and interest of food consumption studies

In general, the studies related to food and beverage
intake have multiple streams of application, ranging
from institutional commitment for monitoring food in-
take or shopping basket to a more commercial interests
linked with marketing strategies and market analysis'.

Some of these areas of application are summarized
in the following sections (table I):

1.- Nutritional interest

— Estimation of the adequacy of the food and nu-
trient intake to the Recommended Dietary Intake
and Dietary Guidelines in each region or coun-
try. For example, the recent studies carried out
in Spain such as the ANIBES study?®, the ENPE
project* or the ENIDE study”.

— Evaluation of the relationship between diet-nutri-
tional status-health: nutritional epidemiology. In
this section we consider for example the recent
contributions of the PREDIMED study in Spain®.

— Assessment Tool for evaluating nutrition educa-
tion programs, nutritional interventions and food
fortification programs, for instance, some of the
phases of the PERSEO project’.

16 FOOD AND BEVERAGE CONSUMPTION ASSESSMENT: METHODS AND CONTROVERSIES



Table I
Aims and uses of food consumption studies

Food and Nutrition Plans

Nutrition interest

Toxicological aspects of food supply

Food supply and distribution.
Examples:

Food Balance Sheets
Household Budget Surveys

Total Diet studies
EU Menu

Nutrient inadequacy.
Nutrition and Health Surveys:

Regional surveys (Catalonia, Basque
Country, Canary Islands, Madrid, Valen-
cian Region, Andalusia...)

National surveys
ENIDE (Spain), NHANES (USA), Ger-
many, Austria, Finland, France, Ireland,
Netherlands, United Kingdom, Australia,
New Zealand...

Food production and distribution.
Examples:
Ministry of Agriculture surveillance

Epidemiological research
about diet- nutrition- health status.
Example: PREDIMED...

Food regulation, food fortification
and nutrition education

Evaluation of nutrition intervention
programs, policies.and guidelines

2.- Food and Nutrition Planning

— Analysis of the production and availability of
food in a region or country (FAO Food Balance
Sheets)?.

— Analysis of supply and distribution of food and
beverages (Household Budget Surveys’, MA-
GRAMA!*!" or MERCASA'? surveys in Spain).

— Food and Nutrition Surveillance Programs (AE-
COSAN)".

— Food regulation, food fortification and nutritional
education projects as some of those led by AE-
COSAN on salt content of some foods.

3.- Toxicological aspects of food supply

— Total Diet Studies to determine trace elements
and contaminants in food. Several regions have
developed such studies, as also did AECOSAN
recently'.

— EU Menu, project coordinated by the European
Food Safety Agency (EFSA) aiming to promote
the collection of data on food consumption in Eu-
ropean countries with standardized procedures,
in order to assess the exposure and risk analysis
more accurately and efficiently. It will collect
data about the European population menu be-
tween 2012 and 2017.

Some common concerns in nutritional studies

There are many elements to consider in all popu-
lation studies, from the selection of the sample to the
interpretation of the results, but one of the limiting fac-
tors is related with the validity and reliability of the se-
lected methodology for data collection on food intake.
Table II summarizes frequent issues and controversies
related to food consumption and nutrition surveys.

From the available methods and their variants, the
procedure chosen usually depends on the purpose,
budget, resources and characteristics of the sample
group. In all cases, our ultimate goal is to determine
the usual intake of the individuals and groups under
study?®.

Knowledge of the usual and real intake is a deman-
ding goal. The application of different complemen-
tary supportive methods based on food records will
be required, such as, one or more 24-hour recalls or
the Automated Multiple Pass Method (AMPM). The
latter one is a computerized method used to systema-
tically collect the reminders of food eaten in 24 hours
by telephone or face-to-face interview. Other methods
include food frequency questionnaires and even diet
history questionnaires. Based on the information co-
llected, appropriate statistical analysis will help to mo-
del usual intake and provide estimates closer to real
intake.

Data collection is key in this process. Planning the
adequate strategy for data collection is as important as
choosing the appropriate method and protocol, prepa-
ring the suitable arrangements to involve trained and
qualified personnel. They can motivate respondents to
collaborate and get them to contribute as best the qua-
lity and complete information as possible.
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Table II
Issues and controversies in food and nutrition studies

Issue

Controversy

Validity

Portion size

Special foods and additions

Respondent burden

Special population groups

Energy and nutrient intake estimates

Biomarkers

Physical activity

Data analysis

Cost-effectiveness

Estimation of usual intake

Appropriate method according to aims and resources
Harmonization — comparability of data

Energy balance

Underreporting- Overreporting

Food models and replicas
Photograph models
New technologies

Bread

Salt

Water and beverages
Fats and oils
Supplements

Influence eating behavior
Response rate

Cognitive ability
Surrogate response

Food composition databases
Suitable software- platforms

Energy and nutrient intake
Physical activity
Omics

Questionnaires
Accelerometry
New technologies

Response rate
Bias and adjustments

This work requires the support of validated tools for
the interpretation of weights and portion sizes as well as
a appropriate use of new technologies as means to save
this information in a quick, precise and easy manner.
This is undoubtedly one of the key points of nutritional
studies.

EFSA work-teams have suggested a methodological
approach to make a consistent data collection and nu-
tritional assessment in order to obtain reliable data and
hence be able to compare the data collected in surveys
conducted in different countries as well as provide the
possibility to combine efforts and data from different
countries in the European Community (EC)'¢!7,

Portion size models and dietary intake assessment

As mentioned earlier, the portion size and weight
estimations of food intake are limiting factors in nu-
tritional studies. We are interested in gathering all in-
formation on the consumption of food and drinks in a
given period of time, but also, we may want to assess
the portion of sizes and weights of foods consumed
and food ingredients.

Different kinds of food models have been used in
food and nutrition surveys since the Nutrition Survey
of Canada in 1974. In that survey, sizes and thicknes-
ses of cardboard, calibrated containers and other gad-
gets were used as food models to estimate the portion
sizes of foods consumed. Other procedures include
food replicas, household measures (plates, spoons,
glasses, cups...) and even modeling with fingers and
hands. Currently, photographic models and technolo-
gy based aids are the most widely used resources'®.
Photographic models are suitable for being specifica-
Ily designed for each study, considering four or more
volumetric references for food or food group'®?. The
description of the average servings consumed as small,
medium, large or very large can also be useful, depen-
ding on the level of the information required.

These days, web pages, laptops, tablets or mobile
phones with specific applications are frequently used
for this purpose. Sometimes, images are recorded to
display the choice of food in catering or during the
process of buying in small shops or supermarkets or
even to support food records®-,

Technology Assisted Dietary Assessment (TADA)
system is one of such new technological applications,
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which involves capturing photos with the mobile be-
fore and after food consumption. These photos are
tagged with supporting details to estimate the portion
size and subsequent automatic analysis from a link to a
database of food composition analysis®.

The Food Intake and Voice Recognizer (FIVR) sys-
tem allows us to capture images with the mobile and
simultaneously record comments about the prepared
dishes to be consumed. The information is processed
with the estimation of food portion sizes and volumes.
The end result is a dietary study with automated nutri-
tional assessment™.

The sensor system e-button, for ubiquitous evaluation,
allows image capturing and logging of data for a day or a
set period. This method is based on the use of a device with
sensors and a recording camera that allows for a real-time
collection of information from environmental factors, food
shopping, food intake, cooking techniques used, physical
activity, leisure time activities, and consumption of drinks
or other substances. It is a process of great interest in the
future of telemedicine and health research®'.

Main difficulties in estimating dietary intake

Dietary assessment is a complex procedure. All
foods, fresh or processed, need a special attention to
get a more precise picture and avoid the leak of any
details to the overall assessment. However, there are
some elements of the diet are particularly difficult for
accurate quantification.

Water and beverages

The estimated consumption of water and other
drinks require special attention and the use of specific
validated questionnaires. Many people have trouble
remembering their water and overall beverages intake
and its variability further complicates the assessment
of the usual intake. Use of biomarkers and urine output
are recommended.

Alcoholic beverages

The assessment of alcohol intake in alcoholic be-
verages users requires a thorough interview about this
particular product, starting from the time of getting
up to bedtime and even at night-times. This section
should be completed at the end of the interview with a
sensible approach and empathy.

Salt intake
Assessment of salt and total sodium intake is a di-

fficult challenge. Information can be derived from the
buying and spending of salt in a given time period by

the number of users in each family. Information on the
use of extra salt at the table and/or contribution of salt
marked with lithium. We can draw on 24 hour urine
collection for the determination of sodium and parti-
cularly, we can draw on a good food composition table
or on a duplicate portion analysis system.

Intake of oil and other added fats

Quantification of oil consumption individually or in
a group have varying degrees of difficulty depending
on culinary techniques, added oil, type of oil, or the
ratio between oil availability and intake, among others.
A homogenous criteria needs to be placed for alloca-
ting oil consumption depending the type of dish and
food volume and wherever possible it should be ac-
companied by the use of biomarkers.

For fat spreads the recipe will be used, home ser-
vings or quantities allocated according to the size of
the receiving surface.

Bread

In some situations, bread is a food of difficult cha-
racterization. We will need to know the sizes and wei-
ghts of the most used breads in each region, along with
the weight and size of the loaves and alike. Photogra-
phic models, home measures and the usual shopping
will help in quantifying bread consumption.

Other critical variables

Along with the complexity of assessing the diet as a
whole and some foods or products in particular, various
challenges arise regarding the relationship between the
respondent and the interviewer throughout the field-
work process. This issue will be discussed with parti-
cular thoroughness in some sections of this monograph.
This is about getting a good rate of valid responses on
a well selected theoretical sample. Adapt the whole dy-
namic of the process to encourage the participation and
collaboration of respondents and nonetheless conduct
an adequate analysis of the nonresponse rate.

Other added peculiar features should be noted in
some groups such as the elderly, children, disabled,
homeless, immigrants or people affected by illness,
etc. Also in cases of surrogate responses.

Some studies have important limitations based on
low response rates, important under-response sub-
groups and the use of low quality or difficult to com-
pare food composition tables.

Some biases are related with the lack of quality in-
formation on nutritional supplements or dietetic pro-
ducts intake. Also bias can be related with the use of
just few days for intake analysis or periods that do not
allow integrating seasonal or monthly variability.
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Instrumental assessment: anthropometry and
physical activity

Some nutritional studies and almost all the studies
aimed at assessing nutritional status incorporate a re-
latively extensive section on anthropometric measure-
ments. This section requires a large technical training,
approved/homologated instrumentation, calibration
and daily quality controls. The preceding work befo-
re a study begins will allow achieving a high level of
training in making measurements, along with the de-
cision of the cut-off points and the reference values to
be used.

As explained earlier, a key points related to the in-
vestigation of physical activity and caloric expenditure
of each study participant. The use of validated ques-
tionnaires will be aided by incorporating modern ins-
truments and new technologies such as specific appli-
cations in connection with accelerometers, pedometers
and other technical utilities®.

The relevance of incorporating haematological and
biochemical indicators, other biological tests or ge-
netic determinants will be discussed by the research
team depending on the objectives of the project and
the characteristics of the study group. Finally, Ethics
Committees will be an added guarantee of balance in
our overall proposals.

Other lifestyles

In this preliminary review on the various factors to
consider in the development of population studies on
nutritional status, we cannot forget to include smo-
king, alcohol, medicaments and other drugs, along
with accurate indicators of mental health/well-being
and quality of life.

From the modelled framework of the Mediterranean
Diet we will not forget the chronobiological aspects,
time and environment dedicated to each meal, sustai-
nability criteria, characteristics of food production, the
balance of remains, leftovers and other anthropologi-
cal variables related to diet.

All of them are factors related with and determinants
of dietary habits and health status. These data, in var-
ying degrees, will be of great use for our future propo-
sals of intervention initiatives and nutrition education.

References

1. Aranceta J. Nutricion Comunitaria (3* edicion). Barcelona: El-
sevier-Masson 2013

2. Archer E, Hand GA, Blair SN. Validity of U.S. Nutritional
Surveillance: National Health and Nutrition Examination Sur-
vey Caloric Energy Intake Data 1971-2010. PLoS ONE 2013;
8(10): €76632. doi:10.1371/journal.pone.0076632

3. Ruiz E, Avila IM, Castillo A, Valero T, del Pozo S, Rodriguez
P et al. The ANIBES Study on Energy Balance in Spain: De-
sign, Protocol and Methodology. Nutrients 2015 (in press)

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Fundacién Eroski — Sociedad Espafiola de Nutricién Comuni-
taria. Encuesta Nutricional de la Poblacion Espafiola (ENPE).
Madrid: SPRIM 2014

Agencia Espafiola de Seguridad Alimentaria y Nutricién
(AESAN). Encuesta Nacional de Ingesta Dietética Esparnola
(ENIDE) 2011. [http://aesan.msssi.gob.es/AESAN/web/eva-
luacion_riesgos/subseccion/enide.shtml

Prevencion con Dieta Mediterrdnea (PREDIMED). [http:/
www.predimed.org/]

Aranceta J, Pérez Rodrigo C, Campos Amado J, Calderén
Pascual V, en nombre del Grupo Colaborativo Proyecto PER-
SEO. Proyecto PERSEO. Diserio y metodologia del estudio de
evaluacion Revista Espariola de Nutricion Comunitaria 2013;
, 19,76-87

FAO. Food Balance Sheets Avaible at:[ http://www.fao.org/
economic/ess/hojas-de-balance-de-alimentos/es/]

INE. Encuesta de Presupuestos Familiares (EPF). INEbase.
Available at: [www.ine.es] (Accessed 15 January 2015)

La Alimentacién mes a mes en Espafia Afio 2014. Madrid: MA-
GRAMA, 2014. Available at: [http://www.magrama.gob.es/es/
alimentacion/temas/consumo-y-comercializacion-y-distribu-
cion-alimentaria/panel-de-consumo-alimentario/ultimos-da-
tos/] (Accessed 15 January 2015)

Del Pozo de la Calle S, Garcia Iglesias V, Cuadrado Vives C,
Ruiz Moreno E, Valero Gaspar T, Avila Torres JM, Varela Mo-
reiras G. Valoracion Nutricional de la Dieta Espafiola de acuer-
do al Panel de Consumo Alimentario. Madrid: Fundacion Es-
paiiola de la Nutricion (FEN)- MAGRAMA 2012. Available at:
[http://www.fen.org.es/imgPublicaciones/30092012125258.
pdf] (Accessed 15 January 2015)

Informe 2013 sobre Produccion, Industria, Distribucion y Con-
sumo de Alimentacion en Espafia. Madrid: MERCASA 2013.
Available at: [http://www.mercasa.es] (Accessed 15 January
2015).

AECOSAN. Evaluacion de riesgos. Datos de consumo alimen-
tario. Available at: [http://aesan.msssi.gob.es/AESAN/web/
evaluacion_riesgos/seccion/datos_consumo.shtml] (Accessed
15 January 2015)

Estudio de Dieta Total. Madrid: AESAN-Fundacion Bamberg
2007. Available at: [http://www.fundacionbamberg.org/inno-
vacion/estudios-publicaciones/estudios/estudio-dieta-total]
(Accessed 15 January 2015)

Serra Majem LI, Aranceta Bartrina J (eds). Nutricién y salud
publica: Métodos, bases cientificas y aplicaciones. 2 ed. Bar-
celona: Elsevier- Masson 2006.

European Food Safety Authority; General principles for the
collection of national food consumption data in the view of a
pan-European dietary survey. EFSA Journal 2009; 7(12):1435.
[51 pp.]. doi:10.2903/j.efsa.2009.1435

Gavrieli A, Naska A, Berry R, Roe M, Harvey L, Finglas P et
al. Dietary monitoring tools for risk assessment. EFSA suppor-
ting publication 2014: EN-607, 287 pp.

Gibson RS. Principles of nutritional assessment (2nd edition).
New York: Oxford University Press 2005

Islam NG, Dadabhoy H, Gillum A, Baranowski J, Zimmerman
T, Subar AF, Baranowski T. Digital Food Photography: dietary
surveillance and beyond. Procedia Food Science 2013; 2: 122
—128

McCabe-Sellers, B. Advancing the art and science of die-
tary assessment through technology. J Am Diet Assoc 2010
Jan;110(1):52-4. doi: 10.1016/j.jada.2009.10.014.

Illner AK, Freisling H, Boeing H, Huybrechts I, Crispim SP,
Slimani N. Review and evaluation of innovative technologies
for measuring diet in nutritional epidemiology. Int J Epidemiol
2012:41:1187-1203

Subar AF, Crafts J, Zimmerman TP, Wilson M, Mittl B, Islam
NG, et al. Assessment of the accuracy of portion size reports
using computer-based food photographs aids in the develop-
ment of an automated self-administered 24-hour recall. J Am
Diet Assoc 2010;110: 55-64.

Toobert DJ, Strycker LA, Hampson SE, Westling E, Christian-
sen SM; Hurley TG, Hébert JR. Computerized portion-size
estimation compared to multiple 24-hour dietary recalls for

20 FOOD AND BEVERAGE CONSUMPTION ASSESSMENT: METHODS AND CONTROVERSIES



24.

25.

26.

27.

measurement of fat, fruit, and vegetable intake in overweight
adults. J Am Diet Assoc 2011;111: 1578-1583.

Millen BE. Dietary behavior assessment: historical and recent
innovations. J Am Diet Assoc 2010 Aug;110(8):1166-9. doi:
10.1016/j.jada.2010.05.011.

Ngo J, Engelen A, Molag M, Roesle J, Garcia-Segovia P, Se-
rra-Majem L. A review of the use of information and commu-
nication technologies for dietary assessment. Br J Nutr 2009;
101 (Suppl 2): S102-S112.

Stumbo PJ, Weiss R,.Newman JW, Pennington JA, Tucker KL,
Wiesenfeld PL, Illner AK, Klurfeld DM, Kaput J. Web-enabled
and improved software tools and data are needed to measure
nutrient intakes and physical activity for personalized health
research. J. Nutr 2010; 140: 2104-2115

Kirkpatrick SI, Reedy J, Butler EN, Dodd KW, Subar AF,
Thompson FE, McKinnon RA. Dietary assessment in food
environment research. A systematic review. Am J Prev Med
2014;46(1):94-102.

28.

29.

30.

31.

32.

Serra-Majem L. Food availability and consumption at natio-
nal, household and individual levels: implications for food-ba-
sed dietary guidelines development. Public Health Nutr
2001;4(2B):673-676.

Stumbo PJ. New technology in dietary assessment: a review
of digital methods in improving food record accuracy. Procee-
dings of the Nutrition Society 2013, 72, 70-76

Food Intake and Voice Recognizer (FIVR) Available at: [
http://www.viocare.com/index.aspx ]

Sun M; Fernstrom JD, Jia W, Hackworth SA, Yao N, Li Y. et
al. A wearable electronic system for objective dietary assess-
ment. J Am Diet Assoc 2010 Jan;110(1):45-7. doi: 10.1016/j.
jada.2009.10.013.

Plasqui G, Bonomi AG, Westerterp KR. Daily physical acti-
vity assessment with accelerometers: new insights and valida-
tion studies. Obes Rev 2013 Jun;14(6):451-62. doi: 10.1111/
obr.12021. Epub 2013 Feb 7.

Controversies about population, clinical or basic research studies related with food, nutrition, physical activity and lifestyle 21



Nutr Hosp. 2015;31(Supl. 3):22-28
ISSN 0212-1611 « CODEN NUHOEQ
S.V.R. 318

Historical overview of diet assessment and food consumption surveys in
Spain; assessment methods and applications

Luis Juan Mordn Fagundez!, Alejandra Rivera Torres', Maria Eugenia Gonzdlez Sdnchez!,
Mari Lourdes de Torres Aured?, Mercedes Lépez-Pardo Martinez® and José Antonio Irles Rocamora*

ISociedad Andaluza de Nutricion Clinica y Dietética (SANCYD). *Unidad de Dietética y Nutricion. Hospital Universitario Miguel
Servet. Zaragoza. *Unidad de Gestion Clinica de Endocrinologia y Nutricion del Hospital Universitario Reina Sofia. Facultad
de Medicina y Enfermeria de Cdrdoba. *Unidad de Gestion Clinica de Endocrinologia y Nutricion Hospital Universitario Virgen

de Valme. Sevilla.

Abstract

The food consumption assessment methods are used in
nutrition and health population surveys and are the basis
for the development of guidelines, nutritional recommen-
dations and health plans, The study of these issues is one
of the major tasks of the research and health policy in
developed countries.

Major advances nationally in this area have been made
since 1940, both in the reliability of the data and in the
standardization of studies, which is a necessary condition
to compare changes over time.

In this article the history and application of different
dietary surveys, dietary history and food frequency re-
cords are analyzed.

Besides information from surveys conducted at a na-
tional level, the main data currently available for pu-
blic health planning in nutrition comes from nutritional
analysis of household budget surveys and food balance
sheets, based on data provided by the Ministry of Agri-
culture.
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REVISION HISTORICA DE LA VALORACION
DE LA INGESTA Y ESTUDIOS DE CONSUMO
ALIMENTARIO EN ESPANA: METODOS DE
VALORACION Y APLICACIONES

Resumen

Los métodos de valoracion del consumo de alimentos,
son utilizados para evaluar la salud nutricional de la po-
blacién y sirven de base para la elaboracion de guias, re-
comendaciones nutricionales y planes de salud, y el estu-
dio de estos temas constituye una de las grandes tareas de
la investigacion y de las politicas sanitarias en los paises
desarrollados.

Los principales avances en este drea en nuestro pais se
han realizado a partir de 1940, avanzindose tanto en la
fiabilidad de los datos, como en la estandarizacion de los
estudios, lo que es una condicién necesaria para poder
comparar los cambios ocurridos a lo largo del tiempo.

En este articulo se analizan la historia y aplicacion de
las diferentes encuestas dietéticas, de la historia dietética
y de los Registros de frecuencia de alimentos.

Ademas de la informacion procedente de algunas en-
cuestas realizadas a nivel nacional, los principales datos
de que disponemos actualmente para planificacién en
salud publica Nutricional, proceden de la explotacion
nutricional de las encuestas de presupuestos familiares
y de las hojas de balance alimentario, basadas en datos
proporcionados por el Ministerio de Agricultura.

(Nutr Hosp 2015;31(Supl. 3):22-28)
DOI1:10.3305/nh.2015.31.sup3.8747

Palabras clave: Dietética. Encuesta dietética. Hdbitos ali-
mentarios. Registro dietético. Historia.
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Eating is a primary need for humans and assessment
of food consumption and diet both individually and
collectively, has raised interest for a long time.

Initially the study of diet focused on the distinction
between foods that favored survival and those who
were harmful to health or poisonous, experiences ba-
sed on trial and error. The empirical knowledge acqui-
red at the high cost of many lives among our ancestors
has been incorporated and passed down from genera-
tion to generation as a valuable knowledge in the cul-
tural heritage of civilizations.

The study of diet, not only to survive but to main-
tain good health, came later. Etymologically the word
“diet” comes from the Greek DAYTA, meaning ‘way
of life’. It is accepted as a synonymous to diet, which
refers to ‘set and amounts of foods or food mixtures
commonly consumed’. It can also mean food choices
made by healthy, ill or convalescing people, in certain
circumstances, in eating, drinking and sleeping'.

Information about diet is available before writing
appeared. However it was not until the last 200 years
when major developments took place in food con-
sumption assessment, applying the scientific method.
Nowadays the study of these issues is one of the ma-
jor tasks of research and health policies in developed
countries.

This article reviews the attempts to study food con-
sumption from its initial steps to date. We have also re-
viewed the use of the methods and techniques in major
Public Health interventions.

Ancient Times

For millions of years humanity fed on what people
could find around, without any scientific knowledge
about food, the first aim of feeding for humans was to
satisfy hunger. Survival of human groups was condi-
tioned by access to food?.

The original habitats of our ancestors mainly consis-
ted of forests and wood areas in a tropical-like climate.
Dental morphology analysis shows that the feeding of
primates 12 million years ago was particularly frugi-
vorous, including fresh and dried fruits, leaves, stems,
seeds, etc.’. The subsequent climate changes on our
planet changed the landscape and food distribution
which in turn, conditioned the evolution of species.
With the settlement and the emergence of the first civi-
lizations, human left behind nomadic hunter-gathering
and gave way to a diet based on foods produced.

Probably the first dietary experiment, with docu-
mented evidence, is described in the Biblical story of
Daniel, which took place 600 years a.C , when Da-
vid rejected a diet based on delicate viands and wine
offered by King Nebuchadnezzar of Babylon. In re-
turn, David managed to persuade the cook to feed
himself and his colleagues with a diet rich in legumes
and change the wine for water during ten days. After
these ten days, they saw the satisfying appearance of

these young people and were allowed to continue on
the same diet. Even three years later, the king himself
noticed that they were ten times better than all the ma-
gicians and enchanters in his kingdom. Perhaps this
was the beginning of the assessment of “Scientific”
truths, although at that time knowledge was scarce and
confusing: trust in magic began to decrease.

Primitive humans had guidance only based on
self-experience and therefore it should not be surpri-
sing that many misconceptions prevailed. Traditional
beliefs gave illness a divine character as a “punishment
from the gods”. Hippocrates (460 years a.C.) was the
first person who firmly confronted these superstitions
was. He offered a rational view, relating the develop-
ment of medicine with the development of nutrition;
he believed that diseases were the result of vital habits,
food and the environment*. However, although Greeks
and Romans considered appropriate to use diet in the
treatment of diseases, they didn’t know exactly which
foods were useful or why. But at that time we have
knowledge of one of the first data on food consump-
tion in the population. At the time of the Republic of
Ancient Rome, trade of basic foods like wheat, was
controlled with known prices regulation and quantities
stored in their warehouses, or consumed by the popu-
lation.

The period since the fall of the Roman Empire (year
476 a.C.) until the Middle Ages was the period of the
spread of Christianity, and not much attention to medi-
cine or science was given.

The experimental method

To our knowledge, Hippocrates was the first one
who modified the old concepts related to food; but it
was not until the beginning of the Christian Age the
experimental method was developed. Galen, a Greek
physician (130 a 200 d. C) learned from animal expe-
riments and dissections in human cadavers that food is
fragmented into particles small enough to be absorbed
in the stomach. He revealed the functions of kidney
and bladder and demonstrated that arteries carry blood,
ending the common understanding at the time that they
carried air. He gave a powerful impetus to the experi-
mental method as a necessary element in the study of
medicine. However, over the next ten centuries after
his death little progress was made in this field and his
writings were considered as the last word on the matter
for almost 1200 years*.

Sanctorius (1561 -1636), Italian physician, recorded
his own weight, all food he ate and all products of ex-
cretion from his own body for several weeks. He was
probably the first one who began the study of human
nutrition and his book published in Leipzig in 1614
can be considered the first one on the study of human
basal metabolism®.

Since then, new progress in medicine came; William
Harvey (1578 — 1657) showed blood circulation; the
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French René Réamur (1683 -1757) showed digestion
as a chemical process and the existence of acid in the
gastric juice, the Russian Pedro Ivdn Pavlow (1849-
1936), published his work ‘Lectures on the Work of
the Digestive Glands’. Chemistry made big progress
during the XIX Century. Gastric juice was identified
as hydrochloric acid, and also the presence of another
agent responsible for the dissolution of food, the pep-
sin enzyme (1835).

Another remarkable advance in the world of nu-
trition was the discovery of metabolism. In the 18th
century, Antoine Lavoisier was the first one to mea-
sure metabolism in humans. His work was continued
by scientists like Liebig, Voit and Rubner®. Lavoisier
showed that in science it is essential to measure wei-
ghts and all measures accurately. His experiments pro-
vided the basis for understanding the metabolic pro-
cesses occurring in the human body and thereafter he
was assigned the title of ‘Father of Nutrition’*.

In the early nineteenth century three kinds of food
materials were known: saccharides, oilseeds and albu-
min. The same elements later called carbohydrates, fats
and protein. In the mid-nineteenth century, a more criti-
cally view study started and also research on how they
were formed in the body, where they came from and
whether they were or were not necessary in the diet*.

The study on minerals (iron, calcium and phos-
phorus) began, as well as vitamins, whose history is
probably the longest, even though it was the last group
of nutrients studied.

Current time

Currently the health of populations is addressed
through a new approach, it is Nutrition in Public Heal-
th, and nowadays is one of the major tasks of research
and health policy in developed countries and it will
probably continue to do so over the coming decades.

During the first two or three decades of the last
century, the deficit and infectious diseases were the
leading cause of mortality, but in the middle of the
twentieth century chronic diseases took over. From
this moment, diet had a role in maintaining health and
reducing the risk of chronic diseases, such as heart di-
sease and cancer, which formed the basis of most of
the research being carried out. Subsequently diet was
reaffirmed through clinical epidemiology and labora-
tory as one of the most important factors involved in
the etiology of these diseases”.

Dietary assessment methods are key tools to inform
this area, among other dietary surveys, diet history and
food frequency questionnaires.

Dietary surveys

They were first used in the 1930s, in studies aimed
to describe the nutritional status of populations.

The “24 hours recall “ method was mentioned by
Burke in 1938°, presenting it as a basic method to
teach mothers to collect dietary intake of their chil-
dren. But since the results were not calculated in terms
of energy and nutrients, Wiehl has often been cited as
the first researcher who used this method in a study
of dietary deficiencies among industrial workers in
1942. It has been one of the most common methods in
national studies, among others countries like Canada,
USA (NHANES I, II, III), Spain, Mexico and South
and Central American countries.

Diet History

Diet history was first used in 1947 by Burke et al.,
to measure the usual intake. The technique was struc-
tured in 3 parts: 1. Interview about the usual pattern of
intake of the individual respondent, estimating quan-
tities by household measures. 2. A questionnaire on a
detailed list of foods to clarify the overall pattern of
intake and verify the information obtained in the first
part (cross-check) and 3.- 3 days food record with esti-
mates of portions consumed®.

Food Frequency Questionnaires.

Wiehl developed in 1960 a short questionnaire for
qualitative classification of dietary habits. The diet re-
cords used by Heady were intended to show that the
frequency of food consumed was greater than the total
weights of the same foods. It was based on a self-ad-
ministered questionnaire strictly based on the frequen-
cy of food consumption.

Stephanik and Trulson found in 1963 that a food
frequency questionnaire discriminated between groups
defined by ethnicity, but it was not considered useful
to calculate nutrient intake. Also in 1963, JH Abram-
son studied the limitations and possible uses of food
frequency questionnaires concluding that “its use
in epidemiological studies is useful as a simple and
inexpensive tool, although not very accurate™”. Marr
in 1971 -1973 proposed various methods for assessing
the intake®.

In 1985, Walter Willett developed a food frequency
questionnaire known as the “Harvard FFQ” that inclu-
des information on portion sizes as part of the descrip-
tion of the food, rather than a separate list’.

Currently, there are new designs for food frequency
questionnaires that address specific population groups,
such as children' or elderly'" '2. There are also ques-
tionnaires focused on the characterization of food or
nutrients, such as calcium or zinc'.

The need for further research and improve the me-
thodology of individual questionnaires for the assess-
ment of dietary intake deserves a renewed effort and
maximum impetus'?.
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Situation in Spain

Currently the main sources of information on food
consumption in our country come from both knowle-
dge of food availability, based on food balance sheets
(FBS), and the analysis of nutritional data derived
from the household budget surveys (HBS) and other
surveys conducted nationwide.

If we make a historical tour from 1900 to date, we
can notice how both the reliability of the data, and the
standardization of studies have progressed, a necessary
condition to compare changes over time. In the evolu-
tion of these sources of information, we can clearly
distinguish two stages: pre- and post- 1940.

The first stage, from the late nineteenth century until
1940, is characterized by scarcity and poor homoge-
neity of the information available. Information sources
are the Ministry of Agriculture and surveys at provin-
cial or regional level. Some historians like Simpson
and Cusso have analyzed these data conducting a re-
trospective reconstruction of those years'* 15,

Among the difficulties they found, the poor relia-
bility of tithing in many areas after the Independen-
ce war, and the lack of a register or good information
acreage. Production estimates are based on the ‘Censo
de Frutos y Manufacturas’ and the Agricultural Advi-
sory Board (JCA)'®.

Among the studies after 1900, highlights that con-
ducted by pharmacist J. Giral “Food supply from a hy-
gienic and social view,” 1914, one of the classics of the
nutrition transition in Spain. It is based on documents
and works of the extra-parliamentary commission for
transforming consumption tax, and provides informa-
tion on the estimated calorie intake, albumin, carbo-
hydrates and fat as well as the consumption of various
food groups in 6 populations with different economic
income. The differences, especially in protein for poor
families were evident!”.

Carrasco Cadenas in the Department of Food Hy-
giene and Nutrition, National School of Health, con-
ducted several studies to determine the average regu-
lar diet of Spaniards, from the quantities consumed of
each food throughout the country, following metho-
dology recommended by the International Commit-
tee of Experts in Geneva and Rome 1932 Committee.
With the method of food survey highlights the work of
pharmacists Francisco Jiménez and Manuel Jiménez,
1934, conducted in the province of Jaén. They studied
3592 cases in 70 villages, based on the familiar fee-
ding cards following the methodology recommended
by the Hygiene committee of the League of Nations.
They recorded everyone ordinary food, in quantities
of bread, meat, eggs, etc., as well as epidemiological
and anthropometric data. Most animal protein intake
was constant in middle and upper classes. Higher con-
sumption of fish was observed in working classes, es-
pecially salted cod!®.

During the early years of the 1940s, Francisco Ji-
ménez Garcia and Francisco Grande Covidn, from the

National Institute of Food Hygiene, published in Spa-
nish Clinical Journal a series of clinical studies about
the deficiency diseases in the population of Madrid du-
ring the war and the period after the war. We can learn
details about this decade through the study of nutrition
in Madrid during the Spanish War, 1937 to 1939!9%0.

From 1940 onwards, in order to inform about eating
habits of the Spanish population over a number of years,
the most important contribution is the nutritional analy-
sis of the data from household budget surveys, conduc-
ted in a collaboration between the National Institute
Statistics and the National Institute of Nutrition for the
years 1958, 1964 to 1965, 1980 to 1981 and 1991.

The first standardized data on food availability are
the HBA, appearing since 1940 and continue up to
date. The Food and Agriculture Organization, United
Nations (FAO) and The Organization for Economic
Co-operation and Development (OECD) produce
these reports from data provided by the Ministry of
Agriculture. The FBS provide information about the
amount of food that enters the domestic market, avai-
lable for consumption. The calculation of food avai-
lability is a synthesis in which data from numerous
statistical sources are integrated.

More recently, Rodriguez Artalejo made the first
systematic reconstruction of food and nutritional his-
tory of Spain in the last fifty years, re-analyzing data
from the Ministry of Agriculture, from 1940 to 1988.
These new FBS for Spain also incorporate the sources
cited and information from the International Olive Oil
Council, the Vertical Olivo Trade Union, the National
Association of Fish Powder Producers and the Natio-
nal Wheat Service. The changes occurred especially
since the sixties, coinciding with the acceleration of
economic development®'.

Among the surveys from 1940, highlights that by G.
Varela, 1961, based on data from the National Statis-
tics Institute (INE). Subsequently nutritional analysis
of data derived from household budget surveys (HBS)
has provided information of food consumed per per-
son per day in physical quantities of food purchased
by households.

Since 1987 the Panel of Food Consumption in Spain
was conducted by the Ministry of Agriculture, Food
and Environment (MARM, former MAPA). From
1987 until 2005 published yearly, the volume “Food
in Spain”.

Subsequently, the Ministry, under the Framework
Cooperation Agreement signed with the Spanish Nu-
trition Foundation (FEN), followed a step further by
deciding a more complete nutritional analysis of the
data obtained, leading to the volume “Rating Spanish
Diet According to the Food Consumption Panel, from
2000 to 2006. The latest edition of 2012 valued data
for the years 2007 and 2008. The figures refer to con-
sumption within households, hotels/restaurants and
institutions.

Finally, the ENKID Study can be mentioned among
child population surveys conducted.
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Applications of food consumption assessment
methods.

Food consumption assessment methods are an es-
sential tool in determining food intake in populations.
They are useful for assessing and monitoring nutritio-
nal health, allowing to observe trends and changes in
consumption patterns. This information will serve as a
basis for the development of guidelines, recommenda-
tions and nutritional health plans and policies for the
organization of agricultural prices and food and nutri-
tion. Also, to execute actions for the prevention and
control of non-communicable diseases and, someti-
mes, to regulate the advertising of industrialized foods.

In this section we review some of these basic do-
cuments in the field of Public Health, such as Recom-
mendations and Guidelines, the development of Health
Plans and actions on the Disease-Related Malnutrition

Recommendations and Guidelines

Documents dating from the 40s to the 60s of 20th
century are known and they are the precursors of cu-
rrent dietary guidelines; but not until 1970 guidelines
appeared, some of them in a pyramid shape, published
by the competent authorities and state agencies in each
country. The first one was published in Sweden in
1974. In the United States, the first guidelines were
published in 1980 (Food Based Dietary Guidelines)
and they are reviewed every five years. In January
2005, some of the foundations of the new pyramid
are specified; the latest revision is from 2010 and the
next, currently under development, will be published
in 2015. Perhaps the best known is the 1992 United
States Department of Agriculture version revised and
updated in 2005 and called ‘My Pyramid’, where the
importance of exercise is reflected and which was later
replaced by ‘My Plate” in 201122

FAO and WHO during the Rome meeting in 1992,
made a statement in which they urged all countries to
adopt strategies to promote health through food and
make dietary guidelines to guide the population. In
1996 they developed a report describing the metho-
dology for setting standards and proper use of these
guidelines based on food consumption®: 2,

The Spanish Society of Community Nutrition
(SENC) sponsored by the World Health Organization
made a document in the shape of a pyramid and pio-
neer in our country, where the nutritional status of the
population is reviewed, nutritional goals are defined
and food guidelines for the population are disclosed.
The Food Guideline, published in 1992, follows the
model promoted by the National Nutrient Database
for Standard Reference (USDA), which reflected the
latest nutritional science. Until the publication of the
new pyramid, the Food Guideline was the only nutri-
tion guide for consumers. In subsequent years a spread
work of the food pyramid was made, being used by

many institutions and agencies at national, regional
and local level and it was included in nutrition publi-
cations and textbooks. Later in 2001, following the 4th
Congress of the SENC in Bilbao, the 2nd edition of
the Dietary Guidelines was published, incorporating
recommendations for different population groups and
diseases. In 2004 the SENC publishes the “Guideline
for Healthy Eating” in collaboration with the “Spanish
Agency of Consumer Affairs, Food Security and Nu-
trition” (AECOSAN)?.

In addition to the Food Pyramid other graphic re-
sources for nutrition education of the population have
been suggested, as the Food Wheel, an educational
resource that was widely used in the 70s and 80s pro-
moted in Spain by the EDALNU program of the Mi-
nistry of Health and involved health professionals and
education professionals. In 2005% the Spanish Society
of Dietetics and Food Science (SEDCA) retook this
symbol and updated it with the collaboration of the Al-
fonso X el Sabio University of Madrid and the Madrid
regional government?’.

More recent data on the Spanish diet should be kept
in mind when planning future action on Nutrition® .

Health Plans

At the International Conference on Nutrition (ICN)
held in December 1992, 159 countries unanimously
adopted a World Declaration and Plan of Action for
Nutrition where the strong commitment of all partici-
pating governments was to eliminate hunger and all
forms of malnutrition before the end of the twentieth
century. The new global statement CIN and Plan of
Action for Nutrition®, adopts new targets to combat
malnutrition by 2000 as nutritional predicting and de-
tecting short-term or acute problems; specify popula-
tions groups for short term SOS campaigns; long-term
programs development; close monitoring of changes
in the situation; to organize programs and evaluate
the impact of the interventions and development pro-
grams.

In the past few years a comprehensive plan for
mother and child, infant and child nutrition has been
developed, it was voted and adopted by the 194 mem-
ber countries of WHO in 2012, during the 65th World
Health Assembly. This plan includes six goals related
to nutrition to be achieved by 2025. In June 2014 the
World Health Organization (WHO) published its pro-
posed Action Plan on Food and Nutrition for the pe-
riod 2015-2020%.

At the last International Conference on Nutrition of
FAO in Rome in November 2014 a framework is pro-
posed with 60 objectives to be achieved by 2025 which
compliance will be monitored every two years by FAO
and WHO?*" *. The program advocates, among other
challenges, to reduce by 40 % the number of children
under 5 suffering from stunting, 50% the number of
anemias suffered by women in reproductive age and
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by 30% the number of babies born weighing less than
healthy®. It also sets as objectives, a 50% increased
in rates of breastfeeding in the first six months of life
and a 30% decrease in the consumption of salt, sugar,
animal fats and trans fats.

As can be seen, the objectives are aimed for peo-
ple to obtain a correct nutritional status, in situations
of abundance and scarcity. Another innovation is the
creation of a website as a teaching tool about the pro-
per food intake and dietary guidelines, and trying to
unify the messages made by nutritional educators,
which sometimes can be confusing?*°. This nutrition
web currently has a collection of dietary guidelines
from more than 100 countries, including Spain.

Disease-Related Malnutrition (DRM)

All references made so far refer to guidelines or pro-
tocols facing the population understood as healthy; but
one of the issues that most concern in recent decades
is related to the Disease-Related Malnutrition (DRM)
because it constitutes a health problem of high prevalen-
ce and high costs. It affects about 30 million people in
Europe. In this aspect, the Spanish Society of Parenteral
and Enteral Nutrition (SENPE) is the one who has taken
the initiative and lead the studies on this issue, as being
part of the European Society for Clinical Nutrition and
Metabolism (ESPEN), endorses the recommendations
of the European Nutrition for Health Alliance (ENHA)
on Nutritional Risk Assessment in Europe.

Malnutrition is a common problem at all levels of
healthcare, from primary to specialized care and also
in geriatric care centers. Its incidence in hospitals is
40% and in nursing homes exceeds 60%. Malnutrition
increases morbidity, mortality, hospital admissions
and length of stay. These high numbers logically imply
an increased use of health care resources. According to
(ENHA) in Europe there are 20 million people suffe-
ring from malnutrition . This is a universal problem,
which was recognized by the Europe Council in 2003.

The +Nutridos Project is a Strategic Plan, or “Action
Plan to Combat Malnutrition in Spain” which includes
the following points: Training in nutrition; assessment
of disease-related malnutrition; Nutritional therapy
in primary care centers , hospitals and nursing homes
defining degrees of intervention; nutritional care mo-
nitoring and treatment; registration of diagnosed pa-
tients with disease-related malnutrition; Evaluation of
results in health®®*'. One approach of the project is ‘to
invest in early nutritional care, is investing in health’
and at the same time, saving costs.

The 2008-2013 Strategy “Together for Health” rai-
sed in the European Parliament urges Member States to
develop , together with regional and local authorities,
initiatives in the field of education to the population
, specific training , research and good clinical practi-
ce. The ENHA has promoted the “Optimal Nutritional
Care for All” (ONCA), strategy debated in Brussels

in 2014 by several delegations of member countries,
which takes over from the previous and on which will
work from now on.

These strategic lines continue the recommendations
proposed by the European Council in the “Resolution
on Food and Nutritional Care in Hospitals “, released
in 2003 and other initiatives such as the “Prague De-
claration” of June 2009.

In 2011 the ‘Consensus on Multidisciplinary
Approach of Malnutrition in Spain’ appeared at the
Ministry of Health signed by representatives of more
than 35,000 healthcare professionals represented in
22 scientific associations, the Spanish Foundation for
Nutrition and The Patient Forum. With all these stra-
tegies, they pretend DRM to be a priority of the health
system, as similar strategies have been made before
for obesity.

The Swedish physician Arvid Wretlind, by 1961
said: “Malnutrition in the villages is a sign of poverty,
in hospitals is a sign of ignorance.”

Conclusions

Consumption quantification and eating habits has
awaken interest from the time of Hippocrates and been
related to the individual health.

Since the 30s and 40s of the twentieth century this
effort by collecting food consumption data begins to
be standardized in the form of questionnaires, in a time
when the deficit and infectious diseases were the lea-
ding cause of mortality.

With the relief brought about by the chronic disea-
ses from the mid-twentieth century, the methods to
evaluate dietary intake take a position better oriented
to health maintenance and to reduce the risk of chronic
diseases.

Currently, they constitute an essential tool in deter-
mining food intake in populations groups. They are
useful for assessing and monitoring the nutritional
health of the population allowing to observe trends
and changes in consumption patterns, this information
serves as a basis for the development of guidelines,
recommendations and nutritional health plans, and for
the organization of agricultural price policies and food
and nutrition. They are also useful to measure the pre-
vention and control of no communicable diseases and
sometimes regulating propaganda of industrialized
food.

However, more research and the improvement of
the methodology of individual questionnaires are nee-
ded for their faithful applicability to the realities of
food consumption.
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Abstract

Estimation of food consumption and nutrient intake
is a topic of growing interest. Currently, both in Europe
and in Spain, there are numerous sources of information
on food consumption, that we provide information on di-
fferent levels: national, household and individual, all of
them are useful, but including some limitations, mainly
arising from the lack of accurate data on food purchased
but not consumed.

The data obtained allow, among other things, meet
dietary habits, explore the food quality, study the energy
and nutrient intake and / or assessing exposure to food
risks.

Among the existing sources in Spain can highlight two
surveys especially useful: the Household Budget Survey
of the National Statistics Institute (INE) and Food Con-
sumption Panel Ministry of Agriculture, Food and En-
vironment (MAGRAMA). Both provide for many years
food consumption but, lately, only in households.

Both European and Spanish would be necessary to im-
prove the usefulness of the data, standardize the type of
survey used and could be comparable between them.
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FUENTES DE INFORMACION SOBRE
EL CONSUMO ALIMENTARIO EN ESPANA
Y EUROPA

Resumen

La estimacion del consumo de alimentos y la ingesta
de nutrientes es un tema de creciente interés. Actual-
mente, tanto en Europa como en Espaiia, existen fuentes
de informacion sobre el consumo de alimentos, que nos
ofrecen esta informacion a distintos niveles: nacional, fa-
miliar o individual, todas ellas son de gran utilidad, pero
incluyen algunas limitaciones, principalmente derivadas
de la falta de datos precisos sobre los alimentos compra-
dos pero no consumidos.

Los datos obtenidos permiten, entre otras, conocer los
habitos alimentarios, explorar la calidad de la alimenta-
cion, estudiar la ingesta de energia y nutrientes y/o eva-
luar la exposicion a riesgos alimentarios.

Entre las fuentes existentes en Espaiia se pueden re-
saltar dos encuestas de especial utilidad: la encuesta de
presupuestos familiares del Instituto Nacional de Esta-
distica (INE) y el panel de consumo de alimentos del Mi-
nisterio de Agricultura, Alimentacién y Medio Ambiente
(MAGRAMA). Ambas proporcionan desde hace bastan-
tes aiios la informacion relativa al consumo de alimentos
pero, dltimamente, sélo en hogares.

Tanto a nivel europeo como espaiiol seria necesario,
para mejorar la utilidad de los datos, estandarizar el tipo
de encuestas utilizadas, para ser comparables entre ellas.

(Nutr Hosp 2015;31(Supl. 3):29-37)
DOI1:10.3305/nh.2015.31.sup3.8748

Palabras clave: Consumo de alimentos. Espaiia. Europa.

EFG: European Food Groups.

FEN: Spanish Nutrition Foundation.

UE: European Union.

HBS: Household Budget Survey.

INE: National Statistics Office.

COICOP: Classification of Individual Consumption
by Purpose.

MAGRAMA: Ministry of Agriculture, Food and
Environment.

Background

There are many factors that influence in the health of
the population, some of them such as age, sex, race,
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etc. cannot influence, but there are others, among
which is the consumption of food if modified. There-
fore, there is growing interest in learning about food
consumption of the population.

Food intake is regulated in humans by many fac-
tors, other than nutritional ones, that together determi-
ne their choice and therefore food habits. Food habits
are the result of more or less conscious, collective in
most cases and always repetitive behavior, which leads
to selecting, preparing and eating a particular food or
menu as a part of their social, cultural and religious
customs and which is influenced by multiple factors
(socioeconomic, cultural, geographic, etc.).

Along time various tools have been used, more or
less correctly, to achieve this goal. Information can be
obtained at three different levels, which depend on the
consumer unit: national, family or individual and the
methodology in the collection of food consumption
data (Fig. 1).

National surveys: The estimated supply of food
for human consumption is performed by the techni-
que of food balance sheets with national statistics on
production, imports, exports, food etc. Food balance
sheets present a comprehensive picture of the pattern
of a country’s food supply during a specified reference
period.

The estimates are based on an inventory of availa-
ble food for the inhabitants of a country. Considering
the production and imports of food and making de-
ductions export losses in storage or transportation and
employment purposes other than human consumption
(animal feed, seeds for farming, industrial uses, etc.) is
obtained by dividing by the census of the country, an
indirect estimate of the average availability per person
per day.

Food and Agriculture Organization of the United
Nations (FAO) published the first food balance sheets
in 1949 that included the periods 1934-38 and 1947-
48, and has since made numerous publications perio-
dicals on the subject'.

To know food consumption can also make dietary
surveys that provide a quantitative and qualitative as-
sessment of a food or food group in an individual du-
ring a given period of time.

Household surveys: Household budget surveys
(HBS) control of all food consumed by the family is
usually done for a week or, in the case of a collec-
tive dining room, for the time necessary to cover an
entire period of menus. In the collective dining room
all meals or only some of them can be made. In them
the consumer unit is the household (institution or ho-
mogeneous group). HBS are periodically conducted
by the National Statistical Offices of most European
countries.

The technique consists of measuring all foods which
are in the larder at the beginning and end of the study,
adding daily entries: shopping, gifts, etc. and all tho-
se outlets which are not intended for consumption of
respondents.

Subsequently, a homogeneous distribution among
all the diners is performed. Often the respondent group
presents quite homogeneous characteristics, for exam-
ple, when it comes to school meals or nursing homes.
In others, however, as in a family the composition can
be very heterogeneous.

In 1945, at the First Session of the FAO (Quebec),
indicated that they should start making dietary sur-
veys, globally, to collect data on food consumption,
food habits, nutritional status, the prevalence of mal-
nutrition and deficiency diseases. The importance of
consumer studies based on HBS as additional informa-
tion to food balance sheets was also mentioned?.

Individual survey: There are many methods to study
individual food intake. Some of them studying current
intake, prospective as weighing method, and other stud-
ying past intake, retrospective as food frequency ques-
tionnaire, 24-hour recall, diet history, that we provide
information on the individual consumption.

The weighing method can be used in surveys in
which very accurate data on food intake of individuals
or groups are desired. Because of its expense that me-
thod is restricted to small samples. The estimated food
record is a little less accurate but is especially suitable
for individual surveys and a larger sample is possible
than with the weighing method.

The 24-hour recall was conceived by Burke the late
1930s and developed by Wiehl in the early 1940s®, who
used it the first time in 1942. It is one of the most used

Method Find out differences between

National surveys  Food Balance Sheets
Household budget surveys
Family surveys :
Household surveys: shopping basket
The weighing method
Food frequency questionnaire
Individual surveys
24-hour recall

Diet history

Countries and regions worldwide

Country, locality, seasonal, household

Geographics, seasonal and demographics subgroup and individuals

Temporary and demographics subgroup and individuals

Fig. 1.—Sources of information. Dietary surveys.
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techniques for its simplicity. Purpose: obtain detailed
information about all foods and beverages consumed
on a given day. The participant recalled the food and
beverage intake for the past 24 hours (and possibly
dietary supplements). Food quantities were assessed
by using of household measures, food models, pictu-
res, or the brands.

The classic version of a diet history was developed
by Burke in 1947 and quantitatively assesses an indi-
vidual intake and eating habits®. Allows to know the
usual diet of a person generally used as reference pe-
riod remember the last month.

The method consists of three components:

1. Frequency of food consumption refers to the last
month (a list of foods and beverages for which
usual frequency and amount are queried).

2. Detailed questions about usual patterns of eating,
organized by meal.

3. A self-administered 3-day food record or alter-
natively a 24-hours recall. The food list and the
3-day food record are used only as cross-checks
to modify information gathered during the meal
pattern interview.

Both recall and diet history give fairly reliable mean
results of the nutrient intakes of groups of individuals,
but they are less suitable for surveying the food con-
sumption of individuals. An advantage of diet history
over recall is that it provides data on the normal food
consumption, which is of importance in epidemiologi-
cal investigations in particular.

Although the results are not quite as accurate as tho-
se obtained by the weighed or estimated food records,
they give a good general idea of the diet. An advanta-
ge of the method is that the sample is large, although
it cannot always be representative. With and without
stock inventories it can be used also for studying the
intake of people living in institutions. The interview
methods are the cheapest ones for collecting food con-
sumption data of large population groups selected at
random.

The choice of data at national, household or indivi-
dual levels will depend on the objectives of the work
for which these data are used.

Therefore, we propose to make a description of the
current status of the different sources of information
on food consumption in Spain and Europe describing
its limitations, controversies and applications.

Interest

Knowledge of food consumption in Europe and
Spain will be useful in different ways. Their useful-
ness will be influenced by the level at which this data
is collected.

At state level these studies can be useful in formu-
lating nutrition policy, planning adequacy of supply,

production, food distribution and regulation of food
products.

They will also have an important nutritional interest
because they are allowed to know the intake of energy
and nutrients and compare this with the reference va-
lues or recommendations. This data will help identify
individuals or populations, inadequate intakes for de-
ficiencies or excesses, and identify risk groups among
the study population. They allow to know food habits,
consumption of fortified foods and explore the quali-
ty of food. In this sense also be possible to evaluate
intervention and nutrition education programs. The-
refore, we can perform a map of nutritional status. It
will be possible to evaluate the risks and exposure to
dietary intake of toxic substances pollutants or food
additives.

On the other hand, are very important in public
health. This will allow to investigate the relationship
between diet, health and nutrition states and thereby
improve the health status of the population and pre-
vent disease. To know global and regional food con-
sumption patterns and trends is useful to promote
healthy diets and lifestyles to reduce the global bur-
den of noncommunicable diseases because there are
a positive correlations between foods and different
diseases.

These studies also allow us to estimate the daily
consumption of a particular food or beverages.

Controversy

There is a great discussion regarding the usefulness
of dietary surveys because of biases produced by di-
fferent methods used, since no method gives an exact
image of what it consumes a population or an indivi-
dual, because all have limitations.

Therefore, it is important that each study using the
most appropriate method will depend on the purpose
of the work, sample the type of information, accuracy,
etc., and thus get a proper map of food consumption
at all times.

For this reason, it is preferable to use an instrument
that collects dietary data with the least bias possible.

Limitations

When speaking of limitations, we must distingui-
sh between the different methods used to obtain food
consumption, because each has distinct features as
well as strengths and limitations.

National surveys: when studying consumption na-
tionally use food balance we only indicate the quan-
tities of food available for human consumption at the
national level do not indicate what is actually consu-
med. It is not considered possible losses along the food
chain, storage, transportation, preparation, etc., not
food intended for animal use are taken into account.

Sources of information on food consumption in Spain and Europe
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On the other hand, do not provide data on the differen-
ce in the diet consumed between different regions or in
different months.

When speaking of family or individual level to ob-
tain detailed information about access to food in the
home or individual food consumption can be long and
expensive, and require a high level of technical capa-
bility for both the collection and the analysis of data.

HBS: Provide us with information on the consump-
tion of food at home, so do not provide us the con-
sumption of each individual.

Individual surveys: these surveys are complicated
when the respondent has a large number of foods in
his diet or take many intakes outside the home or take
many packaged foods which there is no known their
composition. Other problem is the underreporting, de-
pending on age, gender and / or cultural level of the
sample can result in over or underestimation of intake
and some of these populations may have more pro-
blems performing surveys. Currently have developed
a study, ANIBES, which aims to minimize this pro-
blem, has used new technologic with the possibility for
“real-time” recording at eating events.

On the other hand, there are some foods that are di-
fficult to register in a dietary survey, among them we
can highlight: water, oil, bread, salt and alcohol.

Another common limitation to all individual sur-
veys is the degree of abandonment that can be produ-
ced by the sample during the study.

Because of these limitations is important to remem-
ber that data gathered using these instruments are pro-
ne to measurement error (the difference between the
true value of a parameter and the value obtained from
the reported dietary intake). Knowing how to deal with
measurement error is critical.

Actual status
Europe

Currently there are different sources of information
about food consumption in Europe. Among them we
can highlight:

FAQO: FAOSTAT Food and Agriculture Organization
of the United Nations Statistics Division. Provides
time-series and cross sectional data relating to food
and agriculture for some 200 countries. Presents a
comprehensive picture of the pattern of a country’s food
supply during a specified reference period. The Food
Balance Sheets domain covers: production, trade, feed
and seed and waste, other utilization: food availability,
elements covered: quantities, calories, proteins and fats*.

Nutrition assessment. Nutrition Country Profiles.
FAO publishes Nutrition Country Profiles which pro-
vide a comprehensive review of the food and nutrition
situation in developing countries>®.

DAFNE: Data Food Networking system - The
DAFNE databank is based on information collected in

the context of HBS. HBS are periodically conducted by
the National Statistical Offices of most European coun-
tries in country-representative samples of households.
The methodology followed is uniform enough to allow
between countries comparisons following minimal ad-
justment only’?.

European Nutrition and Health Report 2009. The
aim of the European Nutrition and Health Report 2009
is to provide a comprehensive view of the health and
nutrition status in the European Union (EU)3”.

EFCOSUM: The aim of EFCOSUM was to define a
method for monitoring food consumption in nationally
representative samples of all age-sex categories in Euro-
pe in a comparable way. Additionally, the project aimed
to indicate how to make existing food consumption data
comparable and available to the health monitoring sys-
tem (HIEMS)®>.

EFCOVAL: European Food Consumption Valida-
tion. Aims to further develop and validate a trans-Euro-
pean food consumption method to be used for estimating
the intake of foods, nutrients and potentially hazardous
chemicals within the European population'®s.

The European Prospective Investigation into Cancer
and Nutrition (EPIC) study is one of the largest co-
hort studies in the world, with more than half a million
(521.000) participants recruited across 10 European
countries and followed for almost 15 years.

EPIC was designed to investigate the relationships
between diet, nutritional status, lifestyle and environ-
mental factors, and the incidence of cancer and other
chronic diseases.

This study used a classification system of internatio-
nal food, distributing food to 17 different levels and is
recommended in many studies. EPIC SOFT software
was developed.

PANCAKE: Pilot study for the Assessment of Nu-
trient intake and food consumption among kids in Eu-
rope, the aim was to develop, test, and evaluate tools
and procedures for a future harmonized pan-European
food consumption survey (EU Menu) among infants,
toddlers, children (upto ten years), and breastfeeding
women'!s,

SENECA: Survey in Europe on Nutrition and the El-
derly. A Concerted Action. This study was an internatio-
nal, multi-centric longitudinal cohort study from 1988,
in an attempt to analyze these factors in various food
cultures of Europe in elderly people'*>.

To obtain these food consumption is necessary to
have identification systems, classification and des-
cription of food.

LangualL the International Framework for Food Des-
cription. It is an automated method for describing, cap-
turing and retrieving data about food. Since 1996, the
European LangualL Technical Committee has adminis-
tered the thesaurus who provides a standardized lan-
guage for describing foods, specifically for classifying
food products for information retrieval.

LanguaL is a multilingual thesaural system using
facetted classification. Each food is described by a set
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of standard, controlled terms chosen from facets cha-
racteristic of the nutritional and/or hygienic quality of
a food, as for example the biological origin, the me-
thods of cooking and conservation, and technological
treatments'>.

Many different systems to systematically define
food items are available. It is important to remember
that classification is a point of view and it is necessary
to think that level is to conduct the study to find out
what classification system used (individual, HBS or
food balance sheets).We can classify foods in relation
to many aspects as may be:

— Food additives (CIAA, Codex Alimentarius
GSFA)

— Pesticides (Codex Classification of Foods and
Feeds, CCPR)

— Contaminants (Codex Classification for Conta-
minants and Toxins, GSC)

— EC Common Nomenclature, PRODCOM (Euros-
tat), World Trade, Organization, ...

— Global Product Classification (GS1 GPC, GSDN
Food and Beverage Extension)

— European Food Groups (Cost Action 99/EFCO-
SUM) and EFSA Food Categorization (Concise
European Food Consumption Database)

— Food Composition Databases (EuroFIR classifi-
cation)'*3,

And many other classifications

At the European level can be highlighted:

Eurocode 2 food classification: To serve as a stan-
dard instrument for nutritional surveys in Europe and
to serve the need for food intake comparisons'3.

EFG European Food Groups includes 33 groups:
The European Food Groups (EFG) classification sys-
tem was developed, as a project of COST Action 99/
Eurofoods, in an attempt to evaluate the level of food
description and classification that would permit inter-
national comparisons of the results of available food
consumption and food availability surveys. In order to
formulate the EFG system, several classification sche-
mes used for recording food intake at the international
and national classification schemes were compared: In-
ternational - FAO Food Balance Sheet, WHO GEMS/
FOODS regional diets, DAFNE classification system
for HBS data, and Eurocode 2 core classification (levels
1 and 2); National - French National Food Consump-
tion Survey (1999), Dutch National Food Consumption
Survey (1998), and British National Food Survey. In
the process of comparing food intake data from various
European countries, it became evident that such com-
parisons are feasible only when results are expressed at
the raw ingredient level. Since the DAFNE classifica-
tion system groups food items at the raw level, it was
one of the international classification schemes used to
create the EFG food grouping system's.

CIAA and EUROFIR food classification. These
terms are for classification only".

FoodEx2 - In an effort to introduce standardized
food nomenclature across pan-European data collection
activities, a Working Group including EFSA staff and
external experts was established to develop a suitable
.Food classification and description system FoodEx
2, new system of classification and coding of foods
that allow the use of consumption data from different
countries of the EU'>.

In the EU, there is no requirement regarding the
collection of data on food consumption of individual
character. However, there are national dietary surveys
in many European that provide valuable information
for use in national policies and are critical for asses-
sing the nutritional status countries. Among the natio-
nal surveys in countries of the European Union carried
out in recent years are:

Germany (14-80 years old, 2008)

Austria (18-65 years old, 2008)

Finland (25-74 years old, 2008)

France (3-79 years old, 2007)

Ireland (>18 years old, 2008)

Holland (7-69 years 2010)

UK (>1.5 years old, 2010)".

Spain

Bases previously discussed can be used to meet
food consumption in Spain, but also find specific sour-
ces for the country.

Different valuable dietary surveys have been con-
ducted in Spain. Briefly, the first Food Consumption
Survey was performed in 1956 under the National
Health Survey. Among them:

INE (National Statistics Office),The Household
Budget Survey (HBS): the survey provides annual
information on the nature and destination of consump-
tion expenses, as well as on a range of features relating
to household living conditions.

Consumption expenses refer both to the monetary
flow into the home for paying for specific final con-
sumption goods and services, and to the value of goods
received for self-consumption, self-supply, payment in
kind, free or subsidized food and rent of the dwelling
in which the household lives (where it is owned or it is
granted by other households or institutions). Expenses
are recorded at the time of acquisition, irrespective of
whether payment is in cash or in instalments.

The sample size is approximately 24,000 house-
holds per year. Each household remains in the sample
for two consecutive years, with half of the sample re-
newed each year.

Since its implementation in 1958, there has been an
alteration in the different types of surveys that tried to
collect the information needed at each moment.

The survey provides estimates of annual consump-
tion for the entire country and the Autonomous Com-
munities, and of consumption in physical amounts of
certain food goods for the country as a whole'.

Sources of information on food consumption in Spain and Europe

33



The HBS has representativeness by municipalities,
geographic, population, basket, shopping areas, esta-
blishments, for items, price trends should be similar to
the rest of the items they represent, should be consu-
med regularly, easily observable prices with reasona-
ble assurance of continued market.

The choosing criteria the establishments is the most
frequented and largest sales volume in each establish-
ment cannot pick up on the same day, more than one
price per item and an establishment should not concen-
trate a large number of observations prices. The sam-
ple establishments are not part restricted and should
provide continuity of sales items. The classification
used to collect expenses is COICOP, which is the
national adaptation of the international classification
used by Eurostat for budget surveys (COICOP/HBS),
and which is structured in twelve groups:

Items are added into subclasses, these classes, sub-
sequently into subgroups, and last subgroups into
groups.

The structure consists of 12 categories or groups,
37 subgroups, 79 classes and 126 subclasses, which
include a total of 489 items. The number of items has
been changing since the beginning, in 1936 the basket
was between 95 and 139 items'’.

The results of this survey can be accessed through
the INE websitehttp://www.ine.es/jaxi/menu.do?type=
pcaxis&path=/t25/p458&file=inebase.

The processing of data from this survey gave rise to
National Food and Nutrition Survey (ENNA 1, 2 and
3) which includes the conversion into energy and nu-
trients from food purchased in households the Spanish
population®.

Ministry of Agriculture, Food and Environment
MAGRAMA: Food Consumption Panel:

The Food Consumption Panel, conducted for over
25 years (since 1987) by the Ministry of Agriculture,
Food and Environment MAGRAMA, has as one of
its goals the study of food consumption in households
and commercial establishments and social restoration
in Spain and represents a very detailed food shopping
map in Spain®..

The sample size in 2013 was 12,000 households
which daily pointed their shopping with an opti-
cal reader. The choice of this sample is random with
a two-stage method. In the first stage, survey points
were selected based on population size for each of the
regions. In the second, the collaborators is selected on
each of the chosen points.

In 2011, there was a change census which was first
used the panel to show food consumption data from
the year 2013. In that year coexisted both censuses.
The extra-household panel consumption was modified
in 2012, showing weight/year, volume/year, units/year
per capita, to show the impact of the different products
studied and the evolution of these.

As in the previous case the results of the consu-
mer panel can be viewed on the website of MAGRA-
MA  (http://www.magrama.gob.es/es/alimentacion/

temas/consumo-y-comercializacion-y-distribu-
cion-alimentaria/panel-de-consumo-alimentario/ul-
timos-datos/).

Traditionally MAGRAMA published their results
in an annual text entitled “Food in Spain” which was
annexed a section that valued nutritionally diet “diet
food”, but since 2000 the data have been treated since
the Spanish Nutrition Foundation who has done va-
rious publications:

— Nutritional Assessment of the Spanish diet ac-
cording to the Food Consumption Panel.

— Consumption evaluation enriched / fortified
foods in Spain through the Food Consumption
Panel (Spanish Nutrition Foundation. FEN).

National Health Survey of Spain by the Ministry
of Health Social Services and Equality in collaboration
with the National Institute of Statistics, collects health
information on the resident population in Spain (21,508
households). It is a five-yearly research that allows to
know many aspects of the health of citizens at national
and regional level, and to plan and evaluate interven-
tions in health care. Among the information collected is
food consumption?.

At national level, the current AECOSAN (Spanish
Agency for Consumer Affairs, Food Safety and Nutri-
tion) recently carried out:

ENIDE National Survey of Dietary Intake (2009-
2010). AECOSAN has performed a nutritional assess-
ment of the Spanish adult population, the objective was
to determine food consumption in Spain and, more spe-
cifically, to determine the patterns of dietary intake in
the Spanish adult population of both sexes®.

ENALIA 1t is a food survey involving children and
adolescents aged 6 months to 17 years of all the Auto-
nomous Communities. It is an individual survey, which
identifies the exact type and quantity of food consumed,
which is essential to assess the nutrient intakes and
for scientific research on exposure to other chemicals
through food*.

ENALIA 2 (children and adolescents / adults and el-
derly).This study, continuation of Enalia survey, inclu-
des adults between 18 and 75 years from all the Autono-
mous Communities and a group of pregnant women. It
is an individual survey, which identifies the exact type
and quantity of food consumed, which is essential to as-
sess the nutrient intakes and for scientific research on
exposure to other chemicals through food®.The latter
updates the reference survey in Spain in children and
young people (2-24 years old) called EnKid, and the
AVENA study, a multicenter nutrition survey in Spanish
adolescents.

At regional level, other valuable and representative
surveys have been conducted: The Region of Madrid,
which has been recently updated by FEN (ENUCAM
Survey of eating habits in the Region of Madrid), Cata-
lonia (ENCAT. Evaluation of the state nutritional of Ca-
talan towns 2002-2003. Evolution of eating habits and
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food consumption and nutrient Catalonia (1992-2003)),
the Region of Valencia (Nutrition Survey of the Com-
munity of Valencia), Galicia (Survey on the eating
habits of the adult population of Galicia, 2007), Bas-
que Country (EINUT-1. Nutrition Survey of the Auto-
nomous Community of the Basque Country), Andalusia
(Nutritional Survey of Andalusia) among others.

Other surveys are UNINUT (Study of eating habits
and lifestyles of Spanish university), ANIBES (Study
on Energy Balance in Spain) (in press), ENRICA: Sur-
vey of Nutrition and Cardiovascular Risk in Spain, Sur-
vey of Child Nutrition Community of Madrid, SUN
Project, PREDIMED: “Effects of the Mediterranean
diet on the primary prevention of cardiovascular disea-

i)

ses .

Perspectives

European Food Safety Authority (EFSA) promotes
and coordinates data collection standardized food con-
sumption and is working with Member States to deve-
lop harmonized surveys on food consumption in the
European Union. Thereby the studies are comparable,
allowing use at the community level. Thus, EFSA has
published a guide to conducting surveys in a European
context and other documents on classification and co-
ding of foods in addition to the database “Comprehen-
sive Food Consumption Database” with detailed data
from individual surveys in several countries EU.

In this sense it has been developed “The food classifi-
cation and description system FoodEx 27, a new system
of coding and classification of foods that allow the use
of consumption data from different EU countries for
different purposes: risk assessment, nutritional studies
and any other needs that may arise in the future.

The EU Menu is a project aimed at harmonizing
data collection on food consumption across Europe.
Co-ordinated by EFSA, and in close co-operation with
Member States, it will allow the collection of compara-
ble food consumption data across the EU.

Although national dietary surveys are already conduc-
ted in many European countries, it is not currently possi-
ble to carry out EU-wide analysis or country-to country
comparisons on food consumption due to differences in
how information is collected.

The EU Menu aims to provide standardized infor-
mation on what people eat in all countries and regions
across the EU. It will allow more efficient and accurate
exposure assessment and support risk managers in their
decision making on food safety. It will also assist policy
makers in assessing the nutritional status of population
groups, setting targets regarding healthy diets and moni-
toring progress over time. In that way, the EU Menu will
contribute to safer food and healthier diets for European
citizens.

In February 2010 members of EFSA’s Advisory
Forum signed a declaration supporting the establish-
ment of a pan-European food consumption survey®.

Applications

Knowledge of food consumption either national,
household or individual surveys may have numerous
applications: identifying food patterns and sources of
nutrients, explore the quality of food and evaluate the
dietary exposure to risks. It can also be used to meet
the nutritional status, although it is not possible to have
an accurate idea exclusively from dietary data, the re-
sults of the dietary survey do allow to have intakes on
the possibility that a person or a group at risk for ha-
ving inadequate intakes of energy and nutrients.

Once you know food consumption, it becomes in-
take of energy and nutrients through the databases of
food composition and subsequently compared with
those recommended for judge the adequacy of dietary
intakes. In addition, the calculation of different indices
of quality diet can have a global idea of nutritional sta-
tus, judged by diet and these data can be used to update
the current recommendations of energy and nutrients.

Transform food consumption into energy and nu-
trients to assess the nutritional status of the individual
or group study is the most used application from the
FEN.

The sources used by FEN are HBS and more recent-
ly Food Consumption Panel. Both provide food con-
sumption in weight/year, volume/year or units/year
measurements and transformation in g/person per day
is done: discounting an inedible portion all food and
performing a “correction” in the case of vegetable oils
(-20%).

The first was used for the realization the “National
Study of Nutrition and Food (ENNA 1, 2 and 3)” and
the second “Food Diet” (MAGRAMA), “Nutritional
Assessment of the Spanish diet according to consumer
Panel (2008 and 2012)” and “Evaluation of the use of
enriched/fortified in Spain through food Consumption
Panel”. table I provides a summary of the characteris-
tics of both sources and table II shows the strengths
and weaknesses.

Recommendations

There are numerous sources of information on food
consumption, but the diversity of designs and data co-
llection methods of the studies difficult to evaluate and
compare them. Therefore, it is necessary to work at
European level in the standardization of data collec-
tion, since the complexity both individually and in
population nutrition studies, requires models agreed
questionnaires and tools to facilitate the identification
of information collection, for this is precisely compa-
rable across countries.

In relation to individual surveys should continue
working on the use of technologies to easily record the
intake at the time of consumption.

Regarding the Spanish data, the coexistence of two
databases (Food Consumption Panel, HBS) contribu-

Sources of information on food consumption in Spain and Europe
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Table I

The Household Budget Survey (HBS) and Food Consumption Panel

Food Consumption Panel

The Household Budget Survey

Beginning

1987

1939

Frequency

Annual

Quarterly

Population scope

Households, hotel industry/restoration and

institutions

Family homes, commercial areas and establish-
ments (excluding institutions)

Geographic scope

Peninsula, Baleares y Canarias

National territory

Sample size

12.000 households

24.000 households

Criteria breakdown

Geographic areas and autonomous
Household socioeconomic status

Habitat size
Family size

Age and activity of responsible for purchasing

Presence ofchilds

Autonomous Community

Province

Size of the municipality

Household composition

Household Income Level

Educational level of the main breadwinner
Quarter Survey

Number of foods

130 food staples disaggregated in 416 inputs

(quantified by weight)

187 foods
66 (quantified by weight)

Table IT

Strengths and weaknessesin the Household Budget Survey (HBS) and Food Consumption Panel

Strengths

Weaknesses

Food Consumption
Panel

Consolidate

Annual

Representative

Includes a large amount of food
Reliable information

Allows study the evolution of feed
Data freely distributable

No studied Ceuta and Melilla

Since 2011 not collect kg / person per day in catering and institutions
Food waste is not evaluated

Not allowed value according to age or sex

Database change

Not include energy and nutrient content (unless Evaluation of food
consumption and dietary patterns in Spain by the Food Consump-
tion Survey)

Provides information on a group but does not show the real value
of each individuals

Household Budget
Survey

Consolidate

Quarterly

Weighted

Includes database changes
International classification (COICOP)
Representative

Entire country

Reliable information

Allows study the evolution of feed
Data freely distributable

No includes all food quantified by weight

They exclude institutions

Food waste is not evaluated

Not allowed value according to age or sex

Not include energy and nutrient content (unless National Food and
Nutrition Survey ENNA)

Provides information on a group but does not show the real value
of each individuals

tes greatly to show a good picture of feeding of the 3.
Spanish people, however, as in Europe, it must follow
a set of coding and classification of unique foods, to

make better comparisons.
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Abstract

Dietary records or food diaries can be highlighted
among dietary assessment methods of the current diet for
their interest and validity. It is a prospective, open-en-
ded survey method collecting data about the foods and
beverages consumed over a previously specified period
of time. Dietary records can be used to estimate current
diet of individuals and population groups, as well as to
identify groups at risk of inadequacy. It is a dietary as-
sessment method interesting for its use in epidemiological
or in clinical studies.

High validity and precision has been reported for the
method when used following adequate procedures and
considering the sufficient number of days. Thus, dietary
records are often considered as a reference method in va-
lidation studies. Nevertheless, the method is affected by
error and has limitations due mainly to the tendency of
subjects to report food consumption close to those socia-
lly desirable. Additional problems are related to the high
burden posed on respondents. The method can also in-
fluence food behavior in respondents in order to simpli-
fy the registration of food intake and some subjects can
experience difficulties in writing down the foods and be-
verages consumed or in describing the portion sizes. In-
creasing the number of days observed reduces the quality
of completed diet records. It should also be considered
the high cost of coding and processing information co-
llected in diet records. One of the main advantages of the
method is the registration of the foods and beverages as
consumed, thus reducing the problem of food omissions
due to memory failure. Weighted food records provide
more precise estimates of consumed portions.

New Technologies can be helpful to improve and ease
collaboration of respondents, as well as precision of the
estimates, although it would be desirable to evaluate the
advantages and limitations in order to optimize the im-
plementation.

(Nutr Hosp 2015;31(Supl. 3):38-45)
DOI:10.3305/nh.2015.31.sup3.8749

Key words: Dietary record method. Food intake. Energy
and nutrient intakes. Diet assessment. Validity.

Correspondence: Rosa M Ortega.

Departamento de Nutricion, Facultad de Farmacia,
Universidad Complutense de Madrid.

Plaza Ramén y Cajal s/n, 28040-Madrid.

E-mail: rortega@ucm.es

METODOS DE EVALUACION DE LA INGESTA
ACTUAL: REGISTRO O DIARIO DIETETICO

Resumen

Entre los métodos de evaluacion de la ingesta actual los
métodos de registro, o diario dietético, destacan por su in-
terés y fiabilidad. Se trata de un método prospectivo en for-
mato abierto que recoge informacion sobre los alimentos y
bebidas consumidos en un periodo de tiempo previamente
especificado. Permite estimar la ingesta actual de indivi-
duos y de grupos de poblacion, asi como identificar grupos
con riesgo de presentar ingestas inadecuadas. Se trata de
un método de interés para su aplicacion en estudios epide-
mioldgicos o en el ambito clinico.

Cuando se aplica de forma adecuada, y se considera
el periodo de estudio suficiente, tiene alta validez y pre-
cision, por lo que es un método de analisis de la ingesta
considerado a menudo como referencia en estudios de
validacion. No obstante, esta sujeto a errores y limitacio-
nes, derivadas principalmente de la tendencia del suje-
to a declarar consumos de alimentos proximos a los que
considera correctos. Otros problemas son la alta deman-
da de colaboracién, posible induccién de modificaciones
en la dieta de los sujetos analizados o dificultades para
describir los alimentos y/o porciones consumidas. Cuanto
mayor es el nimero de dias de observacion de la dieta
disminuye la calidad de los registros completados. Tam-
bién hay que considerar el elevado coste de procesado
de la informacion. Entre las principales ventajas de este
método destaca el registro de los alimentos y bebidas en
el momento de su consumo, lo que reduce el problema de
omitir alimentos por olvido. El registro por pesada per-
mite estimaciones mas precisas de las cantidades consu-
midas.

Las nuevas tecnologias pueden ser de gran ayuda para
mejorar y facilitar el grado de colaboracion de las perso-
nas estudiadas, asi como la precision de las estimaciones,
aunque seria deseable evaluar sus ventajas y limitaciones
para optimizar su utilizacion.

(Nutr Hosp 2015;31(Supl. 3):38-45)
DOI1:10.3305/nh.2015.31.sup3.8749

Palabras clave: Registro dietético. Consumo de alimen-
tos. Ingesta de energia y nutrientes. Andlisis de la ingesta.
Validez.
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Introduction

Nutrient intake modulates the health and functio-
nal capacity, both in the short and in the long term,
so the assessment of dietary intake can be of interest
for different purposes in a variety of contexts. There
are different methods to assess the intake of food and
beverages, which can be used to analyse dietary intake
from a prospective or a retrospective point of view.
The dietary record (DR) highlights among the pros-
pective methods'*.

Description and types of DR

A DR is a prospective open-ended assessment me-
thod where the subject records all the foods and be-
verages consumed over a specific period of time. De-
pending on the aim/hypothesis of the study it is often
requested to record detailed information about food
preparation methods, ingredients of mixed dishes and
recipes, and even the brand name of commercial pro-
ducts, depending on the aim/hypothesis of the study.
DR collects data by subjects’ self-record at the time
the food are eaten, thus minimizes reliance on a sub-
jects’ memory. To obtain accurate data, however,
respondents must be trained before participating in
the survey. Therefore, a high level of motivation is
required and relatively large burden is passed onto
the respondents’*.

Although completely free open-forms could be used,
it is very useful to apply a structured format, with ad-
ditional questions for each eating occasion about name
of the meal (breakfast, lunch...), time/hour, location,
company, menu, menu ingredients and weight of food
consumed, in order to record all details of the meals.
The DR forms should be formatted so they provide
adequate space for individuals to record all the data. A
pocket notebook could be provided in order to record
consumption away from home'.

Close-ended forms have been developed also. The-
se included a specific list of foods so that the inter-
viewee indicates which food has been consumed>®.
Additionally, a check list can be developed to assess
particular “corefoods” that contribute substantially
to intakes of some nutrients, or to track food conta-
minants. Estimates of portion size can also be asked,
either in an open-ended manner or using categories”.

The DR can also be filled in by someone else.
This procedure is often used in the case of children,
or in the case of people with trouble scoring/recor-
ding the food consumed®. Theoretically, the food is
recorded at the time of each eating occasion, but it
is not always necessary to be performed in a paper
form. Dictaphones have been used and hold special
promise for low literacy groups®. Also camera and
mobile telephone technology have been used to cap-
ture food and meal images, especially in disabled
people?®.

Training of interviewees

The interviewee should receive a specific training
to be able to describe in a proper way all the foods and
the quantities used, including the name/brand of the
consumed food, recipes of dishes, method of prepa-
ration or cooking, and also the portion sizes. In some
studies this training is reinforced with a subsequent
contact with the interviewee after the first day of re-
gistration, in order to check the registered data and
resolve any doubts. At the end of the recorded period,
again a trained interviewer should review the DR with
the respondent, to clarify any doubts and to probe the
possible consumption of forgotten foods®.

Description of consumed portion sizes

The amount of food consumed should be recor-
ded as precisely as possible. The amounts of each
food can be measured with a kitchen weighing scale
or using household measures (e.g., bowls, cups, and
glasses). Alternatively, portion sizes can be estimated
in reference to standard household measures, or using
three-dimensional food models, or two-dimensional
aids such as photographs”.

When interviewee uses common household measu-
res to describe the quantities consumed, it is impor-
tant that coders receive a specific training to transform
those amounts described in grams of consumed food.
Some software commonly used to process DR (such as
DIAL)” includes a comprehensive database with infor-
mation on weight of common household measures or
each food (tablespoon, cup, cup, plate...) which facili-
tates the DR processing (Fig. 1).

In the subsequent revision of DR, and to clarify ques-
tions about the amounts described, it may be useful to
employ food models representing dishes or foods of
different sizes. In this case the interviewee points out
which is the closer model to the portion size consumed.

Length of the DR

It is important to establish the number of days to
be monitored in the DR and also whether they must
be consecutive or not. Ideally the controlled period
should be long enough to provide reliable information
on usual food consumption (a minimum of 3 days is
required), but this has to be balanced against the li-
kelihood of poor compliance if the recording period
is too long'~.

Traditionally the most common DR monitors the
diet for 7 consecutive days. This time period allows
for collecting information about the diet minimizing
bias related to the day of the week. It also helps collect
information about those foods eaten less often.

However, it was found that recording periods of
more than 4 consecutive days are usually unsatisfac-

Dietary assessment methods: Dietary records
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B) Photographic models to define the portion size

C) Specific software with comprehensive database
of foods and also common household measures
of each food’

Fig. 1.—Some useful
aids in obtaining accu-
rate information and
tabulation of DR.

tory, as reported intakes decrease due to respondent
fatigue, and individuals who do comply may differ
systematically from those who do not. Additionally,
it has been noted that many respondents develop the
practice of filling out the record retrospectively rather
than concurrently®, so the validity of the collected in-
formation decreases in the later days of a 7-day recor-
ding period, in contrast to collected information in the
earlier days>.

Because of these limitations, shorter DRs are often
used!?. The optimal number of days to collect more
reliable data depends largely on the nutrient subject of
attention or the sample size of the study. As a general
rule, the smaller the number of individuals, the greater
must be the number of controlled days. When the aim
is to have an overview of a group, the main interest is
that the sample is large enough to be representative,
instead of increasing the number of monitored days.
However, it is likely that foods eaten less than once or
twice a week may not be captured in 3-4 days DR. In
these cases it may be useful to supplement the collec-
ted information with a brief Food Frequency Question-
naire (FFQ) or a propensity questionnaire.

On the other hand, because the foods and amounts
consumed on consecutive days of reporting may be re-
lated (e.g., leftovers and eating more one day and less
the next day), it may be advantageous to collect non
consecutive single-day records in order to increase re-
presentativeness of the individual’s diet’.

Regardless of the length of the DR, it is desirable
to control both working and weekend days, in order to
get a better picture of the overall diet. In some studies
it is also required to collect information in different

seasons, bearing in mind that the availability and pre-
paration of food changes with the season. For these
reasons, the date of every single day included in the
DR should be recorded'>>.

Strengths of DR

The main advantage of DR is its potential to collect
accurate quantitative information on individual foods
consumed during the registration period’. Because of
the quality of the dietary data, the DR is considered
to be the gold standard of the dietary methods, and is
often used as a reference in calibration or validation
studies using other less involved and less expensive
methods.

The weighed DR provides more precise estimates of
intakes for individuals which can be related to health
indices, such as nutritional status measured by blood
analytes.

As foods are recorded as consumed, it is the less
likely to omit / forget food items and moreover, the
description thereof is more accurate. Also, as the
amount consumed is recorded when eaten, valuable
and accurate information about exact portion size is
provided, and therefore it does not rely on portion size
estimation. In this sense, the weighed DR remains an
invaluable tool for estimations of actual portion sizes,
which are needed for estimated methods.

When the DR uses open-ended questions, abun-
dant information can be collected and analyzed in
various aspects. For example, if sufficient days are
recorded, day-to-day variation can be studied. Also
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detailed descriptions of the foods consumed and all
eating occasions are provided.

It can be easily applied to diverse groups with a
wide range of eating habits and may be used to esti-
mate the average intake of a certain population®?, sin-
ce provides excellent estimates for energy, nutrients,
foods and food groups.

DR is suitable in metabolic and intervention stu-
dies. In the latter case, the weighed DR is very useful
for knowledge of dietary habits and change>’. Recor-
ding, by itself, is an effective weight loss technique’.

Disadvantages of the method

The diet is highly variable from day to day, so that
the recorded data can represent the current diet but
not the usual diet. But usual intake can also be es-
timated if repeated.

Those who have to fill in DR (interviewees or ca-
regivers) must be both motivated and literate (if done
on paper), which potentially limits their application
in some population groups (people with low literacy,
immigrants with low language skills, children, elder-
ly, people with difficulty writing ....). Because the DR
require high cooperation limits the type of population
that can be applied, and this could compromise the
generalizability of the results to the wider population®
(table I).

The method could be complex for some indivi-
duals, particularly for those who do not cook regularly
and are not familiar with weighing foods (table I).

The knowledge that foods and amounts must be re-
corded and the demanding task of doing it may alter
the dietary behaviors the tool is intended to measure.
Previous studies have found some respondents may
improve their dietary habits unintentionally through
self-reflection. However, some respondents may alter
their diet intentionally to avoid a burden on responses
or even choose to not report actual intake®. This can
affect both the types of food chosen and the quantities
consumed™!*®!". This effect is a weakness when the aim
is to measure typical dietary behaviors’.

In weighing DR a kitchen scale must be used, and
this could bias the study because:

— The subject has to have a scale (participation bias).

— If researcher provides scales, the study may be-
come more expensive (scales must be purchased)
and the interviewee has to be specifically trained
in the use of the scale and how to record clearly the
food consumed (if the weight is just food, or dish,
if the weight is complete food or edible part ...).

— The interviewee has to spend more time (in ad-
dition to completing the registration he/she must
weigh), and always carry with him/her the scale
(problem with meals outside the home).

— Can modify further dietary habits and food choi-
ces can be more influenced by the fact the subject
is more conscious his/her diet will be analyzed.

Unless electronic devices are used to carry out the
DR, the coding of an open-ended format requires a con-
siderable effort of data collection, entry and analyses.
Each DR requires a careful review by a trained research
staff. All food and mixed dishes consumed according to
the detailed description of the respondent must be coded
and matched with the most appropriate food of the food
composition database. Portion size must be converted in
its actual weight. These processes tend to be time-consu-
ming, laborious, and highly expensive to implement®. In
this regard it is of great interest to use software enabling
enter information using common spellings of foods, as
it helps to save time in the coding of food>.

Given that it is a method that requires significant
personal and economic resources, and the substantial
individual burden on the participant, the DR is not
practical for large population studies.

As DR measures the current intake, and is mainly
focused on short-term intake, it cannot be used in stu-
dies looking at associations of past diet with health
outcomes, or when long-term dietary exposure is of
interest, as when chronic diseases are investigated. In
this latter case, to measure average intakes, multiple
DRs are needed. Then, the repeated measurement not
only requires a lot of resources and time but also the
survey repetition can also influence a respondents’ diet.

Table I
Characteristics, strengths and limitations of dietary record

Method Subjective measure using open-ended, self- administered questionnaires
Collected data Actual intake information throughout a specific period
Strengths Provides detailed intake data; no interviewer required; no recall bias

Limitations

Relatively large respondent burden (literacy and high motivation required, possible under-

reporting); expensive and time-consuming; multiple days required to assess usual intake;
possible changes to diet if repeated measures

New techniques

Required technology: Software, internet, PDA, mobile phone, application, etc.

Strengths of new techniques  Standardized, real-time data collection possible; likely reduce time and cost; improve feasibility

Limitations of new techniques Inherent bias related to self-report; requires participant training on how to use the technology

Modified from Shim et al.>.
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Table II
Overall methodological drawbacks of dietary records

Topic

Issue detected

Type of foods

Addition /omission of foods influenced by social desirability

Amount of food

Underestimation increases as consumed portion sizes increase
Overestimation increases as consumed portion sizes decrease
Personal views on specific food items can affect reported portion sizes above or under real intake

Age of the studied population

Elderly:
Inadequate cognitive function
Ignoring food ingredients / difficulties to describe portion sizes

Cultural and physical difficulties to write down the food items and portion sizes consumed.

Children:

Ignoring what they consume or the ingredients in food preparations
Difficulty to write down the food items consumed

Problems affecting indivi-

Obese people, ill people, sport people:

duals or groups in the studied May avoid reporting the consumption of foods being advised not to eat or those considered to

population

help them in their success (sport people)

Sources of error

In DR, and in prospective methods in general, the
respondent can voluntarily modify his/her diet because
is aware of being studied, so the main source of error is
the tendency to declare foods and portion sizes closer
to those considered to be socially desirable (table II)!2.

Some of the sources of error due to the respondent are:

— Motivation, memory, communication skills.
Perception (type and amount): over or underes-
timation.

Forgetting of certain foods (bread, fats, oils, li-
quids, snacks, alcohol).

— Personal characteristics (age, sex, obesity).

Other sources of error are linked to the field wor-
kers:

— Insufficient training to instruct individuals on un-
dertaking a DR.

— A non-deep check of the DR when collected.

— Mistakes in DR tabulation and food codification.

Other possible sources of error must be considered,
such as errors in the food database regarding to the
nutritional composition of foods, or the recommended
intakes, etc.

Validation of DR data

DRs are often regarded as the “gold standard”
against which other dietary methods could be asses-
sed*. But, anyway, and considering that the DR has
drawbacks as other dietary methods, DR must be va-
lidated using a more precise method with a different
source of error.

Compared to other methods, like FFQ or 24-hour
recall method, that are more practical and cost-effec-
tive for application in large epidemiological studies, a
4-day DR provides a stronger estimate of energy and
protein intake, as has been shown using doubly labe-
lled water method and 24-hour urinary nitrogen'?. In
the EPIC-Norfolk cohort a 7-day DR showed closer
data than FFQs to biomarkers for protein, potassium,
and sodium consumptions'?, at least for absolute in-
takes'.

Biochemical markers (measured in blood / urine)
are helpful to analyze the relationship between a deri-
ved DR nutrient intake and the corresponding bioche-
mical index of nutritional status. A positive correlation
between the nutrient intake and the serum data helps to
validate the DR as reliable. But this correlation is more
expected when the nutrient intake is inadequate and the
likelihood for reaching optimal blood levels is lower.
When the nutrient intake is adequate, a higher intake
not always is related to increased blood levels. In this
scenario (higher intakes) urine parameters could be
more useful if a correlation between the dietary intake
and the output of water-soluble nutrients or nitrogen
catabolites is expected. Another possibility to test the
validity of the DR, is to find significant differences in
biochemical parameters between subjects with lower
or higher intakes than those recommended'?.

Specific biochemical markers have been used as a
surrogate to measure the dietary intake of selected nu-
trients or dietary components in epidemiological stu-
dies*>"7. Previous studies have found these markers
to be highly correlated with dietary intake levels, free
of a social desirability bias, independent of memory,
and not based on subjects’ ability to describe the type
and quantity of food consumed*®. Thus, these bioche-
mical markers may provide more accurate measures
than dietary intake estimates do. However, a number
of biomarkers have been known to provide integrated
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measures reflecting their absorption and metabolism
after consumption, and they are also affected by disea-
se or homeostatic regulation, thus their values cannot
be translated into the subject’s absolute dietary intake.
Moreover, the results based on biomarkers cannot pro-
vide dietary recommendations to modify a subject’s
dietary habit. Thus, direct assessment of dietary intake
may be more informative than biomarkers are*'s'°.

Comparing energy intake (EI) to energy expendi-
ture (EE), measured or estimated, in people with sta-
ble weight, also helps to identify those subjects more
prone to under/overestimation of energy intake. The
discrepancy between EI and EE, measured with the
formula: (EE-EI) x 100 / EE, provides a percentage
of probable underestimation (with positive values) or
overestimation (with negative values)?-?,

Using IOM equations® for estimating EE, and EI
estimated with DR, some studies found a low discre-
pancy (-0.64 + 10.5%)*. But this mean figure, that
suggests that EI is very close to EE, also highlights
that a significant percentage of the studied population
underestimated their energy intake>%,

There is a general tendency to declare foods and
amounts closer to those considered as more correct,
and some of the factors that can contribute to this dis-
crepancy may be mentioned:

— Being overweight or obese: the underestimation
of energy intake increases with increasing wei-
ght?02!,

— Concern about the body weight/shape: those
people who wish to lose weight, even without
excess body weight, show a tendency to underes-
timate their energy intake to a greater extent than
people who do not have this concern about wei-
ght, regardless of actual BMI?*22,

Studies that follow individuals for 30 days to see if
their weight was stable?, show that the underestimation
of energy intake was higher in those individuals who
reported a desire of losing weight, and this discrepancy

increases as BMI does. On the other hand, in those who
didn’t want to lose weight, a slight overestimation of
the intake was observed, which increased as BMI de-
creases, especially when a weight deficit was observed®
(Fig. 2).

Having in mind that a high percentage of the popula-
tion suffer from overweight / obesity® or are concerned
with the control of body weight (even being normalwei-
ght)?, these data must be taken into account when con-
ducting dietary studies, in order to improve the accuracy
of the data.

Another point to consider is that people tend to re-
port food intakes close to those they consider more
appropriate or healthy. Sometimes misconceptions and
preconceived ideas can make that some foods conside-
red unhealthy (rightly or wrongly) were recorded/de-
clared in lower amounts than true intakes, while higher
amounts of top rated foods can be declared/recorded
(like fruits, vegetables ....)*".

New Technologies and DR

In recent years, new technologies have been deve-
loped in order to increase feasibility of DR in large
epidemiological studies. Their main purposes are to
reduce the respondents’ burden, improve accuracy and
making multiple self-administrations possible. Several
reports have discussed their use and implications in
clinical and research settings®2%%,

Although many of these techniques are still under de-
velopment, they have made great strides. Admittedly, the
development of both software and hardware implies a
great investment in the early stages of the research. But
once developed, these new technologies can reduce costs
and resources. Collecting and handling data are easier,
consistency of data improves, and the collection of data
and calculation of dietary intakes in real-time allows res-
pondents to focus on dietary assessment® (table I).

Some of the applications developed allow the user to
use their mobile phone to enter his/her dietary intake.

Discrepancy between E. expenditure and E. intake (%)
207 (E. Expdnditure-E. Intake) x 100
151 E.Expenditure
Underestimation
10
5 0 BMI<P30
B P30<BMI>P60
0 [ BMI>P60
Overestimation
-5
-10 -
Want to lose Don’t want to
weight lose weight
Fig. 2.—Influence of BMI and concern about
E.: Energy body weight on discrepancy between Energy
intake and Expenditure with DR*.
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The subject can record the diet by matching each food
from a predefined list of foods and beverages, and the
amount consumed can be recorded choosing pre-defi-
ned portion sizes®>¥. In other studies the subject’s ca-
mera and mobile phone were use to report everything
that was consumed by sending images before and after
eating to the research staff’. Specific software can be
used to estimate the weight of portion sizes. Some inter-
net-based technologies include online tutorials, digital
images for food identification and portion-size estima-
tion, and audio files. Thus, those with low literacy can
easily complete the survey, and researchers can collect
real-time data’®.

While the feasibility of multiple DRs in epidemiolo-
gical studies has considerably improved with the help of
these new technologies, there are still some limitations.
First, these methods may be difficult to apply to certain
populations who are not familiar with innovative tech-
nologies or new devices: Training subjects on how to
use these technologies and use a computer including ac-
cessing the internet is also required®. Second, technical
problems in data transfer, storage, battery life, and other
concerns must be improved. And third, these new me-
thods do not seem to overcome the methodological pro-
blems related to self-report. Subjects still had difficul-
ties in recalling and reporting their diet, underreported
in repeated assessments, and altered their food intake
when they knew the survey date in advance®. For the-
se reasons, open-ended methods with new technologies
have not yet been widely implemented as the primary
assessment tool in epidemiological studies® (table 1).

Conclusions

Dietary intake is difficult to measure, and any sin-
gle method cannot assess dietary exposure perfectly.
But DR is one of the most reliable methods of dietary
assessment. However it is important to consider some
aspects such as the length of the study (= 3 days, <7
days), the format of the questionnaire, the motivation
of participants, their training in completing the ques-
tionnaire, and the need of trained staff. New technolo-
gies are very promising and probably in a near future
will facilitate the implementation of DR in large epi-
demiological studies. Some interviewee’s factors must
be considered as they can influence the accuracy of
DR: The BMI, weight/shape concerns, or the subject’s
perception of certain foods can be useful to detect /
fix bugs. Despite being a reliable method, it is always
advisable to validate the DR results with biochemical
markers or analyze the discrepancy between intake /
energy expenditure.
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Abstract

Diet, along with lifestyle factors, is an important de-
terminant of the health status of an individual and of a
community. Dietary assessment at the population level
provides us with key information on the frequency and
distribution of possible inadequate diets and/or nutritio-
nal status. It is also useful as input into the elaboration
of food and nutrition policies aiming to improve dietary
habits and the health status of a community. This article
reviews the characteristics, advantages and limitations of
the 24-hour dietary recall method (24hDR), which is one
of the most widely used tools in nutrition epidemiology to
identify food, energy and nutrient intake in national nu-
trition surveys, cross-sectional studies, clinical trials and
cohort studies as well as in the evaluation of individual
dietary intake and Total Diet assessment. To reduce the
key factors associated with bias, the importance of pre-
viously trained interviewers is highlighted, as well as the
role of support materials and the contribution of novel
technologies.

(Nutr Hosp 2015;31(Supl. 3):46-48)
DOI1:10.3305/nh.2015.31.sup3.8750
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Diet is an important risk factor for a wide range of
chronic diseases. The assessment of dietary intake at
the population level provides us with important infor-
mation on the frequency and distribution of inadequate
diets and/or nutritional status, as well as guiding the
design of population based interventions targeting the
improvement of dietary habits at the community level.
Obtaining reliable data on food consumption (identif-
ying the intake of energy and nutrients) is a key factor
and necessary tool in health promotion and the pre-
diction of disease risk, particularly for cardiovascular
diseases'*.
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(QUE Y CUANTO COMEMOS?
METODO DE RECUERDO 24 HORAS

Resumen

La dieta, junto con los estilos de vida, es un importante
factor determinante del estado de salud del individuo y de
la comunidad. La valoracién de la ingesta dietética a nivel
poblacional nos aporta informacién basica para conocer
la frecuencia y la distribucion de posibles desequilibrios
dietéticos y/o nutricionales, asi como para orientar el dise-
o de politicas nutricionales dirigidas a mejorar los habi-
tos alimentarios y los niveles de salud de una comunidad.
En este articulo se revisan las caracteristicas, ventajas y
limitaciones del método de recordatorio dietético de 24h
(RD24h), uno de los métodos mas ampliamente utilizados
en epidemiologia nutricional para determinar ingesta de
alimentos, energia y nutrientes, en encuestas nutriciona-
les a nivel nacional, en estudios transversales, ensayos
clinicos, estudios de cohortes y también en valoraciones
individuales y en evaluacion de Dieta Total. Se destaca la
importancia, para reducir los principales puntos de sesgo,
de la formacion de los encuestadores, las herramientas de
apoyo y las aportaciones de las nuevas tecnologias.

(Nutr Hosp 2015;31(Supl. 3):46-48)
DOI1:10.3305/nh.2015.31.sup3.8750

Palabras clave: Valoracion nutricional. Recordatorio die-
tético de 24h. Encuestas nutricionales. Encuestas dietéticas.

A wide variety of dietary survey methods exists,
with each one presenting a series of advantages and di-
sadvantages that must be taken into consideration ba-
sed on the study aims, the degree of precision needed
and the available resources. Of the numerous methods
available, the 24-hour dietary recall (24hDR) is one of
the most utilised. In Spain, as well as in many other
countries, the majority of nutrition surveys, particular-
ly in the adult population, have employed this method,
in combination with others (food frequency question-
naires, diet records, diet history, etc.). The 24hDR has
also been systematically utilised in the different edi-
tions of the NHANES (National Health and Nutrition
Examination Study) in the USA. 4°¢

The 24hDR is a subjective, retrospective method that
requires a direct face to face or telephone interview,
and can also be self-administered using computer pro-
grammes (on line retrospective self-reported data). The
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method consists of precisely recalling, describing and
quantifying the intake of foods and beverages consu-
med in the 24 hour period prior to, or during the day
before the interview, from the first intake in the morning
until the last foods or beverages consumed at night (be-
fore going to bed or later, in the case of those who get up
at midnight and eat and/or drink something). The infor-
mation should describe the type of food and its charac-
teristics (fresh, precooked, frozen, canned, preserved),
the net quantity consumed, method of preparation, com-
mercial brands, sauces, dressings (type of fats and oils
used),condiments, liquids, multivitamin supplements
and food supplements, as well as the time and place of
consumption (at home, away from home), etc.

The information is collected via an open or prede-
termined questionnaire (paper format or digital format
employing specially designed reliable software). The
method requires diverse support instruments (examples
of dishes, volumes and household measures, drawings,
photographic models, three dimensional models, de-
tailed recipe ingredients, etc). The estimated average
interview time can vary between 20 to 30 minutes.

The method requires a trained interviewer and the
elaboration of a detailed and thorough procedure pro-
tocol. A minimum of 2 to 5 24hDRs are needed (in
common practice 2-3 are usually collected) to establi-
sh usual intake, depending on the study objectives, the
nutrients of interest and the sample size, and optimally
administered in distinct times of the year so as to captu-
re seasonal variation. In population based studies, inter-
views are usually conducted in the subject’s home and
as such, facilitates the quantification of household mea-
sures, collect brand names and corroborate the compo-
sition of multivitamin/mineral and food supplements’#.

The quality of information obtained is largely
determined by 5 factors

1. Interviewee: age, sex, educational and cultural
level, degree of involvement with food and nu-
trition, recall capacity, etc.

2. Interviewer: prior training, specific training for
the project, level of commitment, past expe-
rience.

3. Quality and adequacy of interview support
tools.

4. Coding system and computer software that
allows for the conversion of collected informa-
tion into data that can be utilised in statistical
programmes.

5. Food and beverage composition table.

Recommendations and procedures to reduce error
and bias

— Conduct interviews over seven days of the week
(including weekends).

— Prefer direct face to face interviews (ideally in the
subject’s home).

— In our setting, it’s important to detect seasonal
intake (seasonal production and food prepara-
tion).

— Essential to have a thorough interviewer training
programme and interview protocol. (know how
to motivate the subject interviewed to participa-
te, ask questions, assist in recall with influencing
responses, identify quantities, foods and ingre-
dients with agility, resolve unexpected events,
etc.).

— Have available/elaborate interview support mate-
rials: photographs of various serving sizes, volu-
mes, plates, foods, ingredients of recipes prepared
food. The use of different sized models improves
the reported answers.

— Data collection via specialised software that di-
rectly carries out codification improves the quali-
ty of information obtained, allows for increasing
the number of food codes, reduces possible errors
linked to manual coding and also saves time.

— Utilization of novel technologies for data collec-
tion and processing.

Advantages of the 24hDR"%’

— Being a retrospective method, the subject’s usual
consumption is not altered.

— Serial recalls can estimate the usual intake at the
individual as well as the community level.

— It’s administration does not require so much time.

— High precision (capacity of the method to produce
similar measures or results when the tools is re-
peatedly administered in one context). Improves
with increased numbers of 24hDR administered in
the same study subject (2-3 times).

— Elevated response rate.

— Can be administered to low literacy populations
(via direct interviews).

— Validity (the extent to which the method or instru-
ment measures what is supposed to be measured
and is exempt of systematic errors). It is consi-
dered as a valid instrument for the assessment of
energy and nutrients. To validate 24hDRs, the use
of food records or other methods such as direct
observation of actual consumption (weighed food
records, doubly labelled water, filming, cameras,
etc.) as well as certain biochemical parameters.

Limitations of the 24hDR

— Extensive dependence on the recent memory of
the study subject (not recommended for the elder-
ly or subjects less than 12 years of age).

— Depends on interviewer capacity for describing
ingredients, food preparation, dishes.

What and how much do we eat? 24-hour dietary recall method
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— One single 24hDR does not estimate usual intake.
The planning of 2 or more 24hDRs complicates
field work.

— Requires well trained interviewers, both for face
to face and telephone administered interviews.

— Difficulty in precisely estimating “What, How
and How much”.

— In general the 24hDR tends to underestimate in-
take, especially in the elderly and children.

— “Flat slope syndrome” or the tendency to overes-
timate low intakes and underestimate high intakes

— The quality of data obtained via interviews is fre-
quently limited by the lack of adequate food com-
position databases.

Digital vs. Paper & Pencil instruments

The majority of the latest generation technologies
offer interesting tools for the process of evaluating die-
tary intake in epidemiological studies!®!!: 1213 1415,

The following highlights the advantages of digital
instruments:

Reduces interviewer bias.

Reduces the time and cost during field work.

— Data collection and codification in real time.
Automatic calculation of daily intake.

Highly economic options of capturing food in-
take: on line (computer, tablets and smart-phone)
tools.

New technologies provide us with many possibilities
for assessing dietary intake in individuals and groups,
although they are not free of certain limitations.

— High cost of programme design in the initial pha-
ses.

— High costs related to the acquisition of laptops,
tablets...(online programmes and smart-phone
applications are the most economic options).

— Methods are difficult to apply to certain popula-
tion groups that aren’t familiar with new techno-
logies and are of a given age.

— Requires access to internet.

— The method still depends on the subject’s recall
capacity.

Conclusion
Dietary intake is difficult to measure and a single

instrument that is optimal for all settings does not exist
as each method has its pros and cons or practical diffi-

culties that should be taken into account when selec-
ting the instrument to be administered. Despite the in-
teresting progress and the incorporation of innovative
technology into dietary assessment methods, we still
remain with some of the same flaws. As such, research
groups continue recommending the combination of di-
verse methods, with the 24hDR being the most thorou-
gh, comprehensive and complete instrument that exists
to date’1°,
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Abstract

Food Frequency Questionnaires are dietary assess-
ment tools widely used in epidemiological studies inves-
tigating the relationship between dietary intake and di-
sease or risk factors since the early ‘90s. The three main
components of these questionnaires are the list of foods,
frequency of consumption and the portion size consu-
med. The food list should reflect the food habits of the
study population at the time the data is collected. The
frequency of consumption may be asked by open ended
questions or by presenting frequency categories. Quali-
tative Food Frequency Questionnaires do not ask about
the consumed portions; semi-quantitative include stan-
dard portions and quantitative questionnaires ask res-
pondents to estimate the portion size consumed either
in household measures or grams. The latter implies a
greater participant burden. Some versions include only
close-ended questions in a standardized format, while
others add an open section with questions about some
specific food habits and practices and admit additions
to the food list for foods and beverages consumed which
are not included. The method can be self-administered,
on paper or web-based, or interview administered either
face-to-face or by telephone. Due to the standard format,
especially closed-ended versions, and method of adminis-
tration, FFQs are highly cost-effective thus encouraging
its widespread use in large scale epidemiological cohort
studies and also in other study designs. Coding and pro-
cessing data collected is also less costly and requires less
nutrition expertise compared to other dietary intake as-
sessment methods. However, the main limitations are sys-
tematic errors and biases in estimates. Important efforts
are being developed to improve the quality of the infor-
mation. It has been recommended the use of FFQs with
other methods thus enabling the adjustments required.
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METODOS DE FRECUENCIA
DE CONSUMO ALIMENTARIO

Resumen

Los cuestionarios de frecuencia de consumo son herra-
mientas ampliamente utilizadas en los estudios epidemio-
légicos que investigan la relacion entre ingesta dietética
y enfermedad o factores de riesgo desde comienzos de la
década de los 90. Los tres componentes principales de es-
tos cuestionarios son la lista de alimentos, la frecuencia
de consumo y el tamaiio de la racion consumida. La lista
de alimentos debe reflejar los habitos de consumo de la
poblacion de estudio en el momento en que se recogen
los datos. La frecuencia de consumo puede preguntarse
de forma abierta u ofreciendo categorias de frecuencia
de consumo. Los cuestionarios cualitativos no preguntan
por la racion consumida; los semi-cuantitativos presen-
tan raciones estandar y los cuestionarios cuantitativos
solicitan al encuestado que estime el tamaifio de la racion
consumida en medidas caseras o en gramos. Esta tltima
opcion supone un esfuerzo importante para el partici-
pante. Existen versiones exclusivamente cerradas en un
formato estandarizado y otras que incorporan preguntas
abiertas sobre algunos habitos y practicas alimentarias
especificas y permiten afiadir alimentos y bebidas con-
sumidos que no estan incluidos en la lista. Pueden ser
auto-administrados, en papel o en soporte web, o bien
mediante entrevista personal o telefonica. Por su for-
mato estandarizado, especialmente los cerrados, y por
la forma de administracion, son un método con un alto
rendimiento en términos de coste-efectividad que ha fa-
vorecido su extendido uso en grandes estudios epidemio-
l6gicos de cohortes y también con otros disefios. También
el coste de codificacion y proceso de la informacion reco-
gida resulta menos costoso y requiere menos experiencia
en temas nutricionales que otros métodos de evaluacion
de la ingesta. Sin embargo, presenta el inconveniente de
incorporar errores sistematicos y sesgos importantes, por
lo que en la actualidad se buscan procedimientos para
mejorar la calidad de la informacion y se recomienda uti-
lizarlos junto a otros métodos que permitan realizar los
ajustes necesarios.

(Nutr Hosp 2015;31(Supl. 3):49-56)
DOI1:10.3305/nh.2015.31.sup3.8751

Palabras clave: Hdbitos alimentarios. Evaluacion ingesta
dietética. Error validez. Estudios poblacionales.
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Abbreviations

FFQ: Food Frequency Querstionnaire.

HDL.: High Density Lipoprotein.

EPIC: European Prospective Investigation into Can-
cer and Nutrition.

NCI: National Cancer Institute.

DHQ: Diet History Questionnaire.

Introduction

Food Frequency Questionnaires (FFQ) are an ad-
vanced form of the diet history method aimed to assess
habitual diet by asking how often and how much of
selected food items or specific food groups included in
a list are consumed over a reference period'~.

This method was originally designed to provide des-
criptive qualitative information about food-consump-
tion patterns and later developed to provide nutrient
information by specifying an average portion size. Ac-
cording to the interests of the researchers, FFQs may
focus on the intake of specific nutrients, dietary expo-
sures related to a certain disease, or comprehensively
assess various nutrients'.

Instruments including about 100 to150 food items
take 20-30 minutes to complete and can be comple-
ted during an interview or can be self-administered.
Thus, this method enables the assessment of long term
dietary intake in a relative simple, cost-effective and
time-efficient manner>*.

FFQs have been widely used in epidemiological stu-
dies investigating links between diet and disease. For
this purpose it is more important to rank the intake of
individuals in comparison to others in the population
as high, medium, or low intake or as quantiles of the
distribution of intake, than to determine the absolute
intake*>¢. In large epidemiological studies, data on
diet from FFQs are compared with specific disease
outcomes like cancer diagnosis, or risk factors for di-
sease such as total or HDL-cholesterol levels. FFQs
may also be used to identify food patterns associated
with inadequate intakes of specific nutrients®.

Components of FFQs

The main components of FFQs are the food list, the
frequency of consumption in time units and the portion
size consumed of each item.

The food list

The food list should be clear, concise, structured
and organized in a systematic way>?. It can be newly
designed specifically for the study or can be modified
from an existing instrument, but in that case it must be
adapted and validated for the study population. FFQs

may consist of an extensive or a relatively short list
of food items. The foods included should be major
sources of a group of nutrients of particular interest
for the purpose of the study in which the instrument is
to be used or foods which contribute to the variability
in intake between individuals in the population. Addi-
tionally, should be foods commonly consumed in the
study population**™® and reflect the food habits and
common practices in that particular group. The length
of the food list can range from about 20 to 200 items.

FFQs should be developed specifically for each
study group and research purposes because diet may
be influenced by ethnicity, culture, an individual’s pre-
ference, economic status, etc. and the appropriateness
of the food list is essential in this method of diet as-
sessment*’10,

FFQs can ask the respondent to report either a com-
bined frequency for a particular food eaten both alone
and in mixtures or separate frequencies for each food
use**!°. However, people who is not used to cook or
prepare meals may find it difficult to identify the in-
gredients involved in mixed dishes and it is likely to
ignore how often consume certain food items.

Each quantitative FFQ must be associated with a
food composition database to allow for the estimation
of nutrient intakes for the either assumed or reported
portion size of each food item included*!'2. Such a
database is created using quantitative dietary intake
information from the target population to estimate the
typical nutrient density of a particular food group ca-
tegory. A mean or median nutrient composition is es-
timated based on the individual food codes reported
in a population survey. In this case, dietary analyses
software, specific to each FFQ, is used to compute nu-
trient intakes for individual respondents'"'2.

Comprehensive FFQ instruments designed to as-
sess total diet generally list more than 100 food items,
many with additional portion size questions, requiring
30 to 60 minutes to complete. This raises concern
about length and its effect on response rates. Balan-
ce between length and specificity of the food list is
required®” %13, Optically scanned instruments require
the use of closed-ended response categories forcing a
loss in specificity.

Frequency of consumption

Frequency of consumption is assessed by a multiple
response grid or independent questions asking respon-
dents to estimate how often a particular food or bevera-
ge is consumed??. Frequency categories range from ne-
ver or less than once per month up to 6 or more times per
day and respondents have to choose one of these options.
Most FFQs collect data using nine possible responses.
Various answer choices have been used to improve data
quality and reduce the burden on the subjects'?.

The reference period for which the frequency of
consumption is asked can be variable, but usually fo-
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cuses over the past six months or the past year, but it
is possible to ask about the past week or month de-
pending on specific research situations. Even when
respondents are asked about intake over the past
year, some studies indicate that the season in which
the questionnaire is administered influences reporting
over the entire year>'*.

The format of independent questions can be variable.
Sometimes multiple choice questions are used, with an
optimal number of 5 to 10 closed, exhaustive and mu-
tually exclusive answer options (Fig. 1). In other cases,
partly open answer formats are used, requesting for the
frequency of consumption daily, weekly, monthly or
yearly (Fig. 2). This allows for more flexibility and can
contribute to reduce misclassification error'*!,

For foods eaten seasonally, subjects are typically
asked how frequently and over what duration they ate
these seasonal foods. In some cases, the frequency of
consumption is averaged for the whole length of the
reference period. For frequently consumed foods such
as coffee, answers are collected directly as an open-en-
ded question in some FFQs.

Portion sizes commonly eaten

Qualitative FFQs do not ask respondents about por-
tions commonly used. Conversely, quantitative FFQs
try to estimate the portion size commonly used for
each food item listed and then household measures,
food models or other aids may be required for that pur-
pose. Semi-quantitative FFQs include reference por-
tion sizes and respondents are asked how often they
consume the specified portion of a particular food or
beverage or to assess their usual portion size based on
a specified measure.

It is controversial whether FFQs should use portion
size questions, since reporting portion sizes poses ad-
ditional respondent burden®. Frequency has been re-
ported to be a greater contributor than typical serving
size to the variance in intake of most foods, but other
authors cite small improvements in the performance of
FFQs that ask the respondents to report a usual serving
size for each food'*'>. Some research has been conduc-
ted to determine the best ways to ask about portion size
on FFQs. Nevertheless the marginal benefit of such in-
formation in a particular study may depend on the ob-
jectives of the study and population characteristics'>"".

Some FFQs may include supplementary questions
on cooking methods and specific types of fat, bread,
milk and condiments or additions to foods such as salt.
Brand name information may also be requested®!>".
Other FFQs may have an open-ended section where
respondents may record consumption of other foods
not included on the food list. This ensures that the total
diet of the individual is captured and may also help to
identify those whose diet is very unusual, for whom
the FFQ may not be appropriate.

Processing of data from food frequency question-
naires require some analytical decisions, such as how
to handle missing data, either to assign null values or
to assign the median value from those who did provide
valid answers. Both approaches have been found equi-
valent in terms of introducing bias into relative risk
estimates®!s:17.

Uses
FFQs can be self-administered using paper or

web-based formats, or interviewer administered, ei-
ther face-to-face or telephone interview. Many food

DPEREED
Algunas preguntas sobre lo gue su hijo/a suele

comer habitualmente
(Marque solo T respuests pars cada pregunia)

F1 ;Caon qué frecusncia susls comer
i F .
8 hijora frula F5 ¢ Con qué fracuencia suske comer
[ Munca su hije'a pataias fritas?
Mencs de 1 vez a la semana
1 dia a la semana | Munza
2. 4 dias e | Manas da 1 ver a la semana
[J2- adias 2 |a samana 1 dia a la samana
[[]5- Edias ala semana =i e, .
2- 4 dias & la semana
[ Todos los dias, 1 vez al dia ™1E- & dias & la semana
L T g dlas, 2 veces Bl dia - - elleen
[ Todos los dias, mas de 2 vecos al dia

Todos oS dias, 1 wez el dla
| Todos los dias, & veoas al dia

F2 Con qué fnecusncia suek comar Todus los dias, mas da 2 vaces al dia

su hijo's ansaladas, werduras
erudas o ralladas {zansnong,
remolacha eicy?

F& LCom qué frecuendla sueke comer
su hijoa legumbmes, como lenajas,
garbanzas, alibias?

veZ & la semana
1 samans Munza

- 4 diaz 4 la s2mana | Manos de 1 vez & la semana
& Edias 2 la semana _1dia & a samana
[ Todos los dias, 1 vez al dia 2- 4 dias a la semama
al

al dia |56 dias a la semana

| Tedos los dias, 1 vez al dia

| Todos los dias, 2 weces aldia

| Tedos los dizs, mas de 2 veces al dia

i a2 vecas al dia

F3 g Con que frecusncia susk comer
su hijea verduras cocidas?

Fig. 1.—Sample of a Qualitative Food Frequency Questionnaire
with close-ended frequency range answer options used in PER-
SEO Project to assess diet of school children. Parents or guar-
dians were invited to fill in the form.

CB CUESTIONARID FRECUEMNCIA DE COMNSUMO
P Lrom mAr-eTv.lrfra R rx:uf T_',:;“::" ':::""'I'
A Y | 2 mfa|+|-
4] CARMES TOTAL RN E 1
i I2 0 1] 2 1|2
BN E 1
1] 2 1]z
1| : 1
ro. cabett La]e 1 z i E
e P aE
10, jakal, baizs 1 |z z L]z
igadey cales..) | i3 X 8 I |
IFRE : Lz]z]
FTITST TEe il: H 1l
|ERE 2 E
112 2 1]2
| a]e iz
I E 1
nettatsls | 1
I | 1
1 F 1]z
rodarine Cimics 1 2 [

Fig. 2.—Example of a semiquantitave Food Frequency and
propensity Questionnaire with open-ended options to answer
[frequency used in ENPE study. Data collected in a face-to-face
interview. P: pequeria (small); M: Media (medium); G: grande
(large).
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frequency instruments are designed to be self-admi-
nistered and are either optically scanned paper version
or web based. Require 30 to 60 minutes to complete
depending on the instrument and the respondent and
use a standard format, which reduces the time required
for processing data.

For these reasons FFQs are one of the most com-
monly used retrospective methods in nutritional epide-
miology, in a wide range of dietary study designs, as
a research tool in examining the relationship between
dietary intake and disease risk. Large-scale cohort stu-
dies®®?? such as the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC) have used the
method?. In the EPIC study, the FFQ instrument was
specifically adapted to each country®**. However, lar-
ge cohort studies can last for several decades and it
is likely that food habits and practices change or new
products enter within that period, and the food list may
need to be revised and updated to be useful. These
changes can make comparisons between observations
at different time points in the study more difficult.

Despite FFQs can be designed to assess specific
nutrients such as calcium or vitamin D, it is often re-
quired to assess the whole diet to obtain estimates of
energy intake needed for adjustment and to estimate
mis-reporting®18:19,

FFQs can also be used to identify food patterns as-
sociated with inadequate intakes of specific nutrients
by using adequate statistical analysis.

Validity

FFQs should be evaluated for their accuracy before
being used. Correlation coefficients ranging from 0.5
to 0.7 are considered moderate. Table I shows correla-
tion coefficients ranges observed in a number of vali-
dation studies of FFQs since de ‘80s and the reference
method used. Since FFQs are often designed to assess
the ranking of intakes within a population, they cannot
be relied on to produce reliable estimates of absolute
intake. Over-estimation is common, particularly for

Table I
Selected validation studies of FFQs: population, items, procedure and reference method
Authors Population Ntft.mber FFQ Reference Number of days Correlations
of items method repetition range
Bohlscheid-Thomas, 49 men, 55 women 104 Self 24-HR 12xin 1y
1997
Boucher, 2006 166 women 126 Self 24-HR 2%
Flagg, 2000 216 men, 223 114 Self 24-HR 4xinly
women
Jain, 2003 151 men, 159 166 Self 24-HR 3xinly
women
Johansson, 2002 96 men, 99 women 84 Interview 24-HR 10xinly
Katsouyanni, 1997 42 men, 38 women 190 Self 24-HR 12xin 1y
Kroke, 1999 75 men, 59 women 146 Self DLW;24-HR 14d;12xinly
0,42 energy -
Ocke, 1997 63 men, 58 women 178 Self 24-HR 12xin 1y 0,69 alcohol
Pisani, 1997 47 men, 150 women 47 Self 24-HR 8-14xinly
Subar, 2001 247 men, 267 106 Self 24-HR 4xin 1y
(Block FFQ) women
Subar, 2001 (DHQ) 501 men, 560 124 Self 24-HR 4xinly
women
Subar, 2001 (Willett 254 men, 293 126 Self 24-HR 4xinly
FFQ) women
Subar, 2003 261 men, 223 124 Self DLW; 24-HR 14d;2xin3 m
women
van Liere, 1997 123 women 238 Self 24-HR 12xinly
Feunekes, 1993 95 men, 96 women 104 Interview DH* 1x1m 0,77 energy
Jain et al, 1982 50 women 69 Self DH* DH 0,50 cholesterol -
0,64 energy
Andersen, 2003 17 women 180 Self DLW#* 10d
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Selected validation studies of FFQs: population, items, procedure and reference method

Table I (cont.)

Authors Poputation LN rrg S M iionvange
Andersen, 1999 125 men 180 Self FR* 14din5w
Barasi et al 1983 103 women 27 Self FR 4d
Bingham, 1997 156 women 130 Self FR 4x4dinly
Block, 1990 102 women 60 Self FR 2x7d
Block, 1992 85 men and women 98 Interview FR 4x3dinly
Brunner, 2001 457 men, 403 127 Self FR 7d
women
Callmer, 1993 57 men, 50 women 250 Self FR 6x3dinly
Engle, 1990 16 men, 34 women 120 Self FR 7d
Fidanza, 1995 11 men, 35 women 93 Self FR 7d
Goldbohm, 1994 59 men, 50 women 150 Self FR 3x3dinly
Hartwell, 2001 16 men, 9 women 162 Self FR 2x4d
Larkin, 1989 228 men and women 116 Interview FR 16dinly
Longnecker, 1993 64 men, 74 women 116 Self FR 3x2dor2x2d
Mannisto, 1996 152 women 110 Self FR 2x7din3m 0’5%’131511{1;%3]01 _
Martin-Moreno, 1993 147 women 118 Self FR 4x4dinly 0,64 energy
McKeown, 2001 58 men, 88 women 130 Self FR 2x7d
Munger, 1992 44 women 126 Self FR 3d
Patterson, 1999 113 women 122 Self FR 4x4d
Pietinen et al 1988 190 men 276 Self FR 12x2din6m
Pietinen et al 1988 190 men 44 Self FR 12x2din6m
Riboli, 1997 57 men, 50 women 350 Self FR 6x3dinly
Rimm, 1992 127 men and women 131 Self FR 2x7din6m
Schroder, 2001 44 men and women 157 Self FR 3d
Stuff et al, 1983 40 pregnant women 105 FR 7d
Tjonneland, 1991 59 men, 85 women 92 Self FR 2x7d
Willett, 1985 173 women 61 Self FR 4x7dinly
Willett, 1988 150 women 116 Self FR 4 x7d,3-4y before
Yarnell, 1983 119 men 54 Self FR 7d

24HR: 24 Hour recall; FR: food record; DLW; Doubly labelled water; d: day; y: year. Modified from: Molag ML et al. 2007".

foods eaten less often or for foods perceived as ‘heal-
thy’ such as fruit and vegetables. There is some evi-
dence that over-estimation increase with the length of
the food list*2%,

Validation studies of various FFQs using biomar-
kers have found large underestimates of self-repor-
ted energy intake and some underestimation of pro-
tein intake. Correlations of FFQs and the biomarkers
ranged from 0.1 to 0.5 for energy and from 0.2 to 0.7
for protein®*?8, These results suggest that the measu-
rement error associated with FFQs is larger than was
previously estimated.

Various statistical methods employing measure-
ment error models and energy adjustment are used to
assess the validity of FFQs but also to adjust estima-
tes of relative risks for disease outcomes®". Analy-
ses comparing relative risk estimation from FFQs to
dietary records in prospective cohort studies indicate
that observed relationships using an FFQ are severely
attenuated, thereby obscuring associations that might
exist®. Controversy about error in FFQs has raised a
debate considering alternative methods of collecting
dietary data in large-scale prospective studies. In parti-
cular, the association between dietary fat consumption
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and breast cancer is controversial and limitations of
FFQs have been questioned**32,

For any study, the advantages and disadvantages
of using FFQs compared to other dietary assessment
methods should be carefully considered. It has been
suggested that using a combination of methods, such
as FFQ with dietary records or 24 hour recalls, or FFQ
with biomarker levels provide more accurate estimates
of dietary intakes than individual methods**.

Several researchers have explored the use of cog-
nitive interviewing techniques to increase the validity
of self-reported data. Respondents are encouraged to
verbalize their thought processes as they retrieve infor-
mation from long-term memory to answer questions
on the FFQ and then identify difficulties in formula-
ting answers to specific questions, such as intake of
seasonal foods or estimating portion sizes*.

Qualitative study methods inform that several fac-
tors can influence individuals’ perception of portion
size, including; the type of food being considered, the
role of a given food item in the meal (i.e. as a main or
a side dish) and personal preference for the food. Cog-
nitive research has also indicated that the level of grou-
ping of foods can affect the recall of food intake and
that respondents find it easier to respond to items when
disaggregated, but this needs to be balanced with the
disadvantages of longer food lists and the likelihood
of over-estimation of intake and additional respondent

burden®*%.

Advantages and limitations of the method

Table II summarizes main pros and cons of Food
Frequency Questionnaires. FFQs can be self-adminis-
tered using paper or web-based formats thus reducing
data collection costs. Paper forms are often designed
to be optically scanned so that data can be entered and
analyzed in a comparatively short period of time, often
in an automated process, allowing dietary data on a
large number of people to be collected relatively inex-
pensively. There is also less need for nutritional exper-
tise in data entry.

Additional advantages of FFQs include low respon-
dent burden compared to other methods. Frequency
questionnaires assess habitual consumption over an ex-
tended period of time. More complete data may be co-
llected if the FFQ is interviewer administered, but res-
pondent bias may be less if self-administered. FFQs can
be designed to focus on a particular group of foods or to
assess the whole diet, including portion size estimates
that can be used to obtain absolute nutrient intakes.

When an open section is included respondents can
record consumption of foods which are not included
on the food list. Sometimes include separate sections
asking about consumption of seasonal foods, cooking
procedures or additions to foods such as sauces and
condiments.

The major limitation of the food frequency method
is that it contains a substantial amount of measurement

Table II
Advantages and limitations of Food Frequency Methodology

Advantages

Limitations

Can be self-administered

Marked frequency of consumption and portion size
may not represent usual intake of respondent
Requires certain literacy and cognitive skills

Often incomplete data is collected

Can be optically scanned

Effort and time consuming instrument design

Modest respondent burden

Depends on the respondents ability to describe diet

Relatively low cost for large scale studies

Relatively low cost for large scale studies

May be a better representation of usual dietary patterns than only
a few days of observation

Particularly complex for children and elderly people

Instrument design can be based on population data

Memory of diet in the past may be biased by present diet

Does not influence dietary behaviour

Sometimes limited precision in estimates and
quantifying food portion sizes

Classity individuals in food consumption categories

Does not require deeply trained interviewers

Easy to code and viable for automated processing if closed-ended

Web-based administered improve the quality of collected data.
Can add help aids, additional models and information.

Requires computer and internet access
Requires web navigation skills

Persist systematic errors inherent to the method
Response bias

Security risk for study data
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error. Many details of dietary intake are not measu-
red, and the quantification of intake is not as accura-
te as with recalls or records. Inaccuracies result from
an incomplete listing of all possible foods and from
errors in frequency and usual serving size estima-
tions. A comprehensive list of all foods eaten cannot
be included and reported intake is limited to the foods
contained in the food list. Accurate reporting relies on
respondent memory. Bias may be introduced with res-
pondents reporting eating according to social desirabi-
lity, thus resulting in over-estimation of certain foods
and under-estimation of other items. A relatively high
degree of literacy and numeracy skills are required
if self-administered. Interviewers can help overcome
this problem’#,

The serving size of foods consumed is difficult for
respondents to evaluate in all assessment instruments,
but attempting to estimate usual serving size in FFQs
may be even more complex because a respondent is
asked to estimate an average for foods that may have
highly variable portion sizes depending on eating oc-
casions. The use of small, medium and large to des-
cribe portion size may not have a commonly accepted
meaning**,

FFQs developed in one country or for a specific
subpopulation are unlikely to be appropriate for use
in another, since dietary habits differ. The same pro-
blem arises due to ethnical and cultural differences in
a population.

Pre-prepared meals such as ready meals or take-
away foods may not be easy for respondents to classify
if the food list is based on more basic food catego-
ries, but grouping of foods into individual items may
make answering some questions problematic. Validity
can vary widely between foods and nutrients from the
same FFQ

Recommendations and suggested improvements

Innovative FFQs are web-based. However, measu-
rement errors in such instruments are most likely si-
milar to those in conventional paper-based Food Fre-
quency Questionnaires, suggesting that the underlying
methodology is unchanged by the technology. New
instruments such as the web-based version of the Na-
tional Cancer Institute’s (NCI) 124-item diet history
questionnaire (Web-DHQ) include digital photographs
to estimate portion sizes. Moderate-to-a-very good co-
rrelation has been assessed indicating reproducibility
was observed between the NCI’s Web-DHQ and its
original paper version (Paper-DHQ)®.

The strengths of these innovative alternatives inclu-
de data consistency and completeness through tech-
nical requisites, particularly in larger, geographically
dispersed or multi-centric study populations. . Innova-
tive technological alternatives of the FFQs may have
greater potential to overcome some of the completion
difficulties that have been reported in the cognitive

research about conventional paper-based FFQs. Im-
plementing digital pictures, for example, may improve
the food identification. Also, certain technical func-
tionalities can facilitate the skipping to more tailored
questions at individual level or provide explanations
on how to answer questions appropriately®*'>,

It has been suggested that in addition to focusing
attention on trying to measure nutrients, also formu-
late hypotheses in terms of dietary behaviors inclu-
ding questions about usual dietary practices. Such
questions may be more easily and accurately recalled
than the frequencies and portion sizes of a long list of
foods***,

When FFQs are interviewer administered, inter-
viewers should be properly trained to conduct the
interview and to provide adequate information to
participants either if the interviews are conducted fa-
ce-to-face or by telephone. Appropriate ways of asking
the questions and recording the answers need to be
considered, particularly for telephone interviews that
require full attention through the whole duration of
the questionnaire. When the respondents are children,
elder or handicapped people, parents, guardians or ca-
rers have to be present.

Standardised operating procedures are required for
data checking, cleaning and analysis.

Some large epidemiological studies have imple-
mented short-term dietary assessment methods, either
as reference calibration method in a sub-sample or as
main dietary assessment method for the entire popula-
tion, given the debate about the accuracy of FFQs in
ranking the individuals according to their usual dietary
intake because methodological limitations. There is
cumulated evidence that repeated open-ended quan-
titative 24-hour dietary recalls or food records may
outperform the FFQ in assessing accurately individual
usual intake. The complementation of the repeated
short-term quantitative measures with the non-quan-
titative information on usual consumption (e.g. from
non-quantitative FFQs, defined as Food Propensity
Questionnaires or FPQs) and/or biomarkers and inte-
grated with statistical modelling, may yield more ac-
curate individual usual dietary intake estimates'>. This
may particularly provide less biased estimates for the
intake of infrequently consumed foods that are often
missed in the short-term dietary measures.
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Abstract

The diet history is a traditional method of analysis of
food intake. In its traditional structure consists of three
components that provide an overall information of
the usual food consumption pattern of the individual
and also detailed information on certain foods. The
information is collected in an interview and requires
highly experienced qualified interviewers. The quality
of information depends largely on the skills of the
interviewer. It is mostly used in clinical practice. It has
also been used in studies of diet and health relationship
to investigate the usual diet in the past. The high cost and
long duration of the interview limit their usefulness in
large epidemiological studies

(Nutr Hosp 2015;31(Supl. 3):57-61)
DOI:10.3305/nh.2015.31.sup3.8752
Key Words: Food. Food Habits. Diet Records. History.

Several methods have been described with the aim
to assess food intake of an individual or a group, whe-
re information is collected during a face-to-face inter-
view, by self-reports in traditional paper and pencil
forms or supported by the new technologies in elec-
tronic forms, web-based or other electronic devices,
collected by direct observations, etc. The first food
consumption studies conducted using rigorous metho-
dology were published in the decade of the 1930s'.

The Diet History methodology is a detailed retros-
pective method of diet assessment used more frequent-
ly in the clinical practice than in research studies. Diet
History is used to describe food and/or usual nutrient
intake during a relatively long period, for example, 1
month, 6 months or 1 year.

The Diet History method was developed by Burke
during the years 1938 to 1947 in a clinical environ-
ment’. Hence the name “Diet History” in analogy to
the classic “Clinical History”.
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HISTORIA DIETETICA:
METODOLOGIA Y APLICACIONES

Resumen

La historia dietética es método tradicional de analisis
de la ingesta alimentaria. En su estructura tradicional
consta de tres componentes que proporcionan una
informacion global del patron de ingesta habitual del
individuo y también informacion detallada sobre algunos
alimentos. La informacién se recoge en una entrevista y
requiere encuestadores cualificados con gran experiencia.
La calidad de la informacion depende en gran medida
de la habilidad del encuestador. Se utiliza sobre todo en
la practica clinica. También se ha utilizado en estudios
sobre la relacion dieta y salud para investigar la dieta
habitual en el pasado. El alto coste y la larga duracion
de la entrevista limitan su utilidad en grandes estudios
epidemiolégicos.

(Nutr Hosp 2015;31(Supl. 3):57-61)
DOI1:10.3305/nh.2015.31.sup3.8752

Palabras clave: Alimentos. Hdbitos alimentarios. Registro
dietético. Dietética. Historia.

The original technique was structured in 3 parts:

— Interview about the usual food intake pattern of
the surveyed individual, estimating the amount
consumed by means of household measures.

— A questionnaire consisting of a detailed food list
to assess the overall pattern of food intake and to
cross-check the information collected in the first
part.

— A 3-day food record with estimated portion sizes
of the foods and beverages consumed?.

As described by Burke, the central element of the
Diet History is the detailed interview on the usual in-
take of the subject. The food diary for 3 days and the
food frequency questionnaire are used as a cross-chec-
king technique for verifying information.

This method has been used in multiple well known
studies, since its use in the initial phases of the Framin-
gham study in USA*, up to the fieldwork conducted
in Spain within the European Pilot Study on Diet and
Cancer (EPIC)°. Nevertheless, the method has several
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limitations that should be considered and have preven-
ted a generalized use in epidemiological studies. Some
authors, checking such pilot studies as the previously
mentioned Framingham, suggest that generally, the
diet history method tends to overestimate intake®.

The Diet History method

Basically the diet history is an interview with the
studied person carried out by an interviewer who
needs to be highly qualified in nutrition and dietetics
and properly trained to conduct the interview. Parti-
cipants are asked to try to remember their own food
intake for a certain period of time’.

In its original format the interview asked about the
usual meal pattern, food preparation methods as well
as frequency of food consumption. This original mo-
del has been modified over the years and nowadays
there is not a homogeneous standard for the utilization
of this tool.

The diet history method assesses quantitatively the
global food intake of an individual, habits in relation to
food consumption, distribution and usual composition
of meals throughout the day, etc ...5

The complete method usually consists of the fo-
llowing parts’:

— An interview to estimate the habitual consump-
tion of a wide variety of foods in the different ea-
ting occasions in a day that often begins by a 24
hours recall, bearing in mind possible seasonal or
week variations.

— A food frequency questionnaire to verify infor-
mation.

— A 3 day dietary record.

Most of the research studies that have used this me-
thod to collect diet information have limited the tool to
the first part. The photographs or food models are very
helpful to estimate the size of the portions eaten.

Nevertheless, currently there is no standard protocol
to apply this method which is accepted unanimously,
and very different approaches to this method are repor-
ted in published research'®.

Adequate training of the interviewers is a very im-
portant aspect to guarantee the quality of the informa-
tion and to reduce differences between interviewers in
the quality of the data collected''. It is recommended
that experienced nutritionists familiar with the method
are responsible for conducting the interviews, so that
they do not interfere in the information and are able to
direct and guide the interview up to its conclusion'.

The complexity of the interview requires experience
with the method and training in dietetics and nutrition
to be able to carry it out properly. The interviewer can
give prompts to help recall, but must not make sug-
gestions that interfere or induce answers. At an early
stage, before the start of fieldwork, all the interviewers

involved in data collection should follow a strict trai-
ning protocol to control and reduce systematic error.
The quality of the obtained information and therefore
the validity of the method depends basically on the abi-
lity and skills of the trained interviewers. The person
responsible for conducting the interviews need to be
familiar with the protocol, the questionnaire to use and
require good communications skills, so they are able
to create a nice atmosphere for the interview. They
must keep the pace of the interview and ask control
questions to make sure of the answers that on the other
hand, must be as concrete and specific as possible.

The person carrying out the interview will try to ga-
ther information not only on the regular consumption
of food and drinks, but also on all the related informa-
tion that is considered to be important in connection
with the food habits of the person interviewed (food
allergies, dietetic preferences, seasonal variations,
etc.).

Information is compiled in an interview that can
take from 1 to 2 hours. For that reason it is important
to provide standard forms to collect the information,
including day-to- day variations and irregular patterns
or exceptional food consumptions.

However, such a long procedure can turn out to be
tedious for the person being interviewed. Some au-
thors have contributed with innovations to the method
that try to reduce the duration of the interview and to
systematize the format to gather information, in a way
that the presence of the interviewer is not specifically
required'*.

The Diet History method requires an effort to re-
cognize the usual pattern of food consumption of the
individual, which requires a high capacity for abstrac-
tion. So it is not a method applicable to children under
14 yr . or the elderly aged over 80 yr., since the me-
thod rather than being based on their ability to recall
punctual aspects, it tries to help them recognize their
general habits of food intake.

Methodology

As previously outlined, the Diet History can be divi-
ded into three parts:

— The record of food consumed during 2 or 3 days
or a recall of the food consumed over the previous
24 hours to learn the food intake pattern.

— Frequency of food consumption.

— Specific questions relevant for the survey carried
out.

The 24 hours recall is a retrospective method in
which the interviewed person is requested to remem-
ber all the food and drinks consumed in the previous
24 hours period, or during the previous day. The in-
terviewer uses photographs or household measures in
order to help the interviewed to quantify the amounts
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used of all food items and/or ingredients of the plates
and drinks consumed.

Usually a chronological order is followed throu-
ghout the day. Therefore it is advisable to structure the
interview into different time slots during the day, such
as breakfast, mid-morning snack, lunch, afternoon
snack, dinner and other occasions 3.

If the procedure of choice is the food diary or die-
tary record, unlike the previous one, it consists of as-
king the interviewed person to note down every day
(during a variable period of 3 to 7 days), all food and
drinks consumed during each of the surveyed days.
This method requires to provide detailed instructions
to the interviewed person previously. The double wei-
ghing method (weighing before and after the meal) is a
variation of the food diary or dietary record.

The food frequency questionnaire consists of a list
of foods, or groups of food, for which frequency of
consumption is requested (daily, weekly or monthly),
on each one of the items.

The information obtained is basically qualitative,
though if the proportion or average portion consumed
is added next to each foodstuff, a semi-quantitative as-
sessment can be obtained. This questionnaire can be
self-administered'®.

The food frequency questionnaire it is not intended
to assess the food consumed in a certain day, but to
assess broadly the usual pattern. For this purpose the

procedure asks about the food usually consumed, the
way it is prepared, how frequently it is consumed as
part of the diet (daily, weekly or monthly) and in what
quantity. It must be clearly stated that the questionnai-
re refers to the habits of food consumption of the in-
terviewed person specifically. Sometimes the respon-
dents are the persons in charge of the family meals and
it is possible that they refer to the family habits in their
answers and not to their own. Figure 1 shows an exam-
ple of a questionnaire about breakfast habits.

It is useful to estimate the quantities in household
measures, units, portions or servings as well as to des-
cribe the recipes.

Photographs of foods and dishes, different types of
food models or replicas showing different serving and
portion sizes are useful aids to estimate the amount of
food consumed or the size of the reported portion. So-
metimes a suggested list of food is used for each of
the main meals and eating occasions throughout the
day, different ways of preparation etc. to facilitate the
recall process of the interviewed person. This list also
serves as a checking mechanism and quality control of
the data collected.

The interviewed person is asked whether or not
usually consumes each one of the foods included in
the list and a usual consumption is considered for
foods consumed at least once a month'’, prepared in
any way. If the answer is “YES” for an item in the food
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Table II
Uses, advantages and limitations of the Diet History method

Uses Advantages

Limitations

Main use in clinical practice

Provides information about the usual food
consumption pattern

Estimate prevalence of diet inadequacy

Can be used with low
literacy people

Includes foods consumed
less frequently or irregularly

Quality of the data collected depends to a
great extent on the skills of the interviewer

Details about the different foods An expert interviewer is required
consumed in each meal
or eating occasion

and demands a high collaboration
from the interview

The method is difficult for people with highly
variable food habits, such as people working
in shifts

Useful in epidemiological studies about the ~ Asks about the usual food intake It can be difficult to assess portion sizes even

relationship between diet and health, both
retrospective and prospective studies

Usual mean intake of nutrients over a
period of time

of an individual

Collects information about
the whole diet

when food photographs or food models are
used as aids

Due to the need for specific training of inter-
viewers, coding, etc. it can be a costly method

Allows to get a more representative Comparability of the data is not epidemiologi-
pattern than other methods of diet cally guaranteed as no standard protocol

assessment in the past

to complete a diet history

Can be design to assess the whole Imprecise from a quantitative view
dieto or just certain nutrients

There are some versions
with limited added cost

Does not influence food

Use not recommended with children
under 14 yr or adults aged 80+ yr

Difficult to precise the period to recall

behaviour of the interviewee

The long interview, may be tiring for the
respondent

Tendency to overreporting of intake

The recall of diet in the past may be influen-
ced by current dietary habits

Modified from: Aranceta Bartrina J, Serra Majem LI. Historia dietética. En: Serra Majem LI, Aranceta Bartrina J (eds). Nutricién y salud publi-
ca. Métodos, bases cientificas y aplicaciones (2° edicién). Barcelona: Elsevier, 2006: 184-1918

list, we try to assess how often it is usually consumed,
avoiding ambiguous or doubtful answers. It must be
the interviewed person who defines the frequency of
consumption and in no way the interviewer should as-
sume or decide it.

Some authors have suggested the possibility of
using pre-coded questionnaires and a close-ended
list of foods as an alternative to the open interview.
When these standardized protocols are the procedure
of choice it is not required highly skilled qualified in-
terviewers to collect the information.

Table II presents a summary of advantages and limi-
tations of the Diet History method.

Applications
This method is adequate when detailed information

on usual food intake or food intake during a specific
period of life at individual level is required'®.

Nowadays the main application of the diet history
method is in clinical practice. Given the historical re-
levance of the method, many attempts have been made
to shorten and simplify the procedures in this method
and therefore it could be useful and applicable in epi-
demiological studies'®®. Many case control studies
have used a modified version of the diet history me-
thodology?'.

The diet history is a costly method and often it is not
applicable in large scale population studies. The quali-
ty of the information depends mostly on the skills and
experience of the person conducting the interview. Ge-
nerally, the method collects qualitative data on habits
of food consumption, rather than quantitative absolute
values of intake, except for the case some adjustments
are introduced in the protocol so that it is possible to
collect quantitative reliable information®.

The method focuses on the evaluation of the usual
regular pattern, so exceptional or situations are unde-
restimated. Diet history is problematic for application
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in groups with very irregular habits of food consump-
tion. It can be of limited use when collecting data on
people that snacking during the whole day and do not
have proper meals in an organized way.

The ability to recall food intake often refers to the
recent past and may not be exactly the same as the re-
ference period of interest for the study. By means of the
diet history it is possible to assess the habits of use of
particular foods of interest; nevertheless, it is not pos-
sible to estimate day-to-day variation in consumption.

Obtaining information about diet in the distant past
by means of retrospective diet history is a useful me-
thod in studies on the relationship between diet and
cancer or diet and chronic diseases in spite of the sys-
tematic bias involved and can provide useful informa-
tion about the current food consumption habits®.
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Abstract

Water is the main constituent of the human body. It
is involved in practically all its functions. It is particu-
larly important for thermoregulation and in the physical
and cognitive performance. Water balance reflects water
intake and loss. Intake of water is done mainly throu-
gh consumption of drinking water and beverages (70 to
80%) plus water containing foods (20 to 30%). Water loss
is mainly due to excretion of water in urine, faeces and
sweat.

The interest in the type and quantity of beverage
consumption is not new, and numerous approaches
have been used to assess beverage intake, but the vali-
dity of these approaches has not been well established.
There is no standardized questionnaire developed as
a research tool for the evaluation of water intake in
the general population. Sometimes, the information
comes from different sources or from different metho-
dological characteristics which raises problems of the
comparability. In the European Union, current epide-
miological studies that focus exclusively on beverage
intake are scarce.

Biomarkers of intake are able to objectively assess
dietary intake/status without the bias of self-reported
dietary intake errors and also overcome the problem
of intra-individual diet variability. Furthermore, some
methods of measuring dietary intake used biomarkers
to validate the data it collects. Biological markers may
offer advantages and be able to improve the estimates
of dietary intake assessment, which impact into the sta-
tistical power of the study. There is a surprising paucity
of studies that systematically examine the correlation of
beverages intake and hydration biomarker in different
populations.

A pilot investigation was developed to evaluate the
comparative validity and reliability of newly developed
interactive multimedia (IMM) versions compared to va-
lidated paper-administered (PP) versions of the Hedrick
et al. beverage questionnaire. The study showed that the
IMM appears to be a valid and reliable measure to assess
habitual beverage intake. Similar study was developed in
China, but in this case, the use of Smartphone technology
was employed for beverage assessment.

Conclusion: The methodology for measuring beverage
intake in population studies remains controversial. The-
re are few validated and reproducible studies, so there is
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VALORACION DE LA INGESTA DE BEBIDAS
Y EL ESTADO DE HIDRATACION

Resumen

El agua es el principal constituyente del cuerpo huma-
no. Esta implicado en practicamente la totalidad de sus
funciones. Es especialmente importante en la termorre-
gulacion y en el rendimiento fisico y cognitivo. El balance
de agua refleja la ingesta y la pérdida de agua. La in-
gesta se realiza principalmente a través del consumo de
agua potable y de bebidas (70 a 80%) mas el agua que
contienen los alimentos (20 a 30%). La pérdida de agua
se realiza gracias a su excrecion a través de la orina, las
heces y el sudor.

El interés por el tipo y la cantidad de bebidas consumi-
das no es nuevo, y numerosos enfoques se han utilizado
para evaluarla, pero la validez de estos enfoques no se
han establecido correctamente. Auin no existe, en pobla-
cion general, un cuestionario estandarizado desarrollado
como herramienta de investigacion para la evaluacion de
la ingesta de agua. El uso de informacion de diferentes
fuentes y diferentes caracteristicas metodoldgicas plan-
tea problemas de comparabilidad entre estudios. En Eu-
ropa los estudios epidemioldgicos actuales que se centran
exclusivamente en el consumo de bebidas son escasos.

Los biomarcadores de ingesta permiten evaluar obje-
tivamente la ingesta dietética sin el sesgo producido por
los errores del auto-reporte. Ademas permiten superar el
problema de la variabilidad intra-individual. Algunos mé-
todos para medir ingesta alimentaria utilizan biomarca-
dores para validar los datos que recoge. Los marcadores
bioldgicos ofrecen ventajas y son capaces de mejorar las
estimaciones de la evaluacion de ingesta dietética. Sin em-
bargo, existen muy pocos estudios que examinen sistema-
ticamente la correlacion entre la ingesta de bebidas y los
biomarcadores de hidratacion en diferentes poblaciones.

Utilizando el cuestionario de bebidas de Hedrick y
col. se realizé un estudio piloto para evaluar la validez y
fiabilidad de un modelo multimedia interactivo (IMM) y
para compararlo con una version en papel-auto adminis-
trado (PP). El estudio mostré que el IMM parece ser un
modelo valido y fiable para evaluar la ingesta de bebidas
habitual. Un estudio similar se realizé en China, pero en
este caso, se empleé para evaluar ingesta de bebidas la
tecnologia Smartphone.

Conclusion: La metodologia para valorar el consu-
mo de bebidas en estudios poblacionales sigue siendo un
tema controvertido. Existen pocos estudios validados y
reproducibles, por lo que todavia no se dispone de un mé-
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still lacking an ideal method (ie, short, easy to administer,
inexpensive and accurate) in this regard. Clearly, this is
an area of scientific interest that is still in development and
seems to be very promising for improving health research.

(Nutr Hosp 2015;31(Supl. 3):62-69)
DOI:10.3305/nh.2015.31.sup3.8753

Key words: Water. Beverages intake. Hydration biomar-
kers. Beverage assessment.

Introduction

Water is the main constituent of the human body.
About 63% of body weight in adult males and 50 to
55% in females, because they have a higher proportion
of body fat than males, and up to 75% in a newborn
infant'. Two-thirds of total body fluid is intracellular,
and the remaining third is extracellular fluid, which is
divided into plasma and interstitial fluid. There is also
a third space, known as “transcellular fluid”, which
is contained in body cavities, such as cerebral spinal
fluid and synovial, peritoneal and pleural fluids. Al-
though these fluid compartments are classified as se-
parate areas, water and electrolytes continuously cir-
culate between them.

Water is involved in practically all functions of the
human body. It is particularly important for thermore-
gulation and in the physical and cognitive performance.
Drinking at least five glasses of water or more per day
was associated with lower rates of death from coro-
nary heart disease in middle-aged and elderly subjects.
Good hydration can reduce the risk of developing kid-
ney stones because the urine diluted helps preventing
stone formation. Furthermore, water is considered as
an essential part of the dietary management of diabetes
because limit the development of diabetic ketoacidosis
during insulin deficiency in type 1 diabetes, helping
to maintain healthy blood sugar levels. Adequate fluid
intake has been associated with gastrointestinal bene-
fits: lower rate of constipation and lower use of laxati-
ves fees. Some authors have reported a reduced risk of
bladder cancer in men, urinary tract infections, dental
disease, and benefits in bronchopulmonary disorders.

Fluid balance is a term used to describe the balance
of the input and output of fluids in the body to allow
metabolic processes to function correctly’. Water ba-
lance reflects water intake and loss. Water intake is
done mainly through consumption of drinking wa-
ter and beverages (70 to 80%) plus water containing
foods (20 to 30%). Food water content is usually be-
low 40% in bakery products, between 40% and 70%
in hot meals, 48% in fruit and vegetables and about
90% in both human and cows’ milk'. Diets rich in ve-
getables and fruit provide significant amounts of the
total water intake, whereas, for example, fast food
products as a rule have low liquid content®. Water loss
is mainly due to excretion of water in urine, faeces
and sweat. The contribution of sweat in water loss is

todo ideal (corto, facil de administrar, econémico y pre-
ciso). Esta es un drea de interés cientifico que atin esta en
desarrollo y que parece ser muy prometedora para mejo-
rar las investigaciones en el drea de la salud.

(Nutr Hosp 2015;31(Supl. 3):62-69)
DOI:10.3305/nh.2015.31.sup3.8753

Palabras clave: Agua. Consumo de bebidas. Biomarcado-
res de hidratacion. Evaluacion.

higher in physically active person and in hot climates.
Therefore, this component is highly variable depen-
ding on the lifestyle of the individual and on the envi-
ronmental conditions*.

Assessment beverages intake

At the present time, beverages seem to influence
the diet and nutrient intakes more than in previous ge-
nerations, likely due to increased accessibility, chan-
ging food trends, and marketing by food venders. The
importance of beverages as foods and their effects on
nutrient intake have recently been the focus of intense
scrutiny. However, the interest in the type and quanti-
ty of beverage consumption is not new, and numerous
approaches have been used to assess beverage intake,
but the validity of these approaches has not been well
established®.

Until now, in the dietary surveys, beverage con-
sumption was recorded as part of the food frequen-
cy questionnaires (FFQ) or 24 h recalls. However,
these tools were designed especially for recording
food intake, no beverages. Moreover, often, in many
studies, assessment of water consumption is dismis-
sed or rarely mentioned, since it does not contribu-
te calories or nutrient. Furthermore, beverage intake
has focused on sugary drinks (in most of the children
and adolescents surveys) and alcoholic beverages (in
most of adults’ surveys). Sometimes the information
comes from different sources or from different me-
thodological characteristics, which raises problems
of the comparability. In general, the studies focused
the moment of consumption, i.e. meals and snacks,
but many people consume water between meals wi-
thout necessarily consuming other calories, and this
amount does not generally show up on records. This
result in a low estimate of the amount of water consu-
med. The timing of the studies is needed and also the
seasonally because the weather variations along the
year could affect the volume of beverage and water
consumption.

There is no standardized questionnaire developed
as a research tool for the evaluation of water intake
in general population. Sometimes, the use of informa-
tion from different sources and different methodologi-
cal characteristics raises issues of comparability that
are difficult to address. Furthermore, dietary intake of

Assessment of Beverage intake and Hydration status
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water is a highly variable event, which experiences
significant differences by the day of the week, by the
body size, by the physical activity and by the climatic
exposure® on a basic underlying pattern of consump-
tion.

In the European Union, current epidemiological stu-
dies that focus exclusively on beverage intake are scar-
ce. This hinders research on this topic, which is needed
to underpin nutrition policies for these populations.
On 2013 we developed a study’ who described which
was the most frequent method applied to assess water
(or liquid) intake in European populations. This study
reported a current comprehensive overview of Euro-
pean hydration data using gray literature as source of
information. Twelve epidemiological studies conduc-
ted between years 2003 and 2011 were included. We
assigned three major groups of liquid intake in order
to organize the beverage intake information extracted.
The groups were: 1) total water, 2) non-alcoholic beve-
rages and 3) alcoholic beverages. In some cases, infor-
mation of total water was collected as mineral water or
tap water. Non-alcoholic beverages data were divided
into four subgroups (fruit and vegetable juices, coffee,
tea and other hot drinks, milk and milk drinks, and
carbonated, soft, isotonic drinks and others). With the
average intake of water, soft drinks and alcohol intake,
we calculated total fluid intake, reported in g/d. Howe-
ver, none of the studies collected information from all
categories of beverages evaluated. The beverage infor-
mation was collected by different types of assessment:
7-d dietary record, 3-d dietary record, 24-h recall, 4-d
semi-weighted food record and a Beverage Dietary
History applied only in Germany. The Beverage Die-
tary History was developed to assess beverage intake
exclusively. We consider that this reliable beverage in-
take questionnaire may be desirable for practitioners
as well as for researchers assessing habitual beverage
intake, although some refining may be needed. The re-
sults of this review show that the studies on beverage
intake in European countries are diverse with regard to
design: they differ in dietary assessment; composition
databases, sampling procedures and age range, and
this may confound comparisons between countries.
Those differences are derived from the methodology
used. The choice of an appropriate method is essen-
tial in order to have a precise and reliable recollection
of information. It is really necessary to focus on de-
veloping a method that provides more accuracy and
reliability to record all liquids drank at different times,
before, during and after meals, specifying each case
the amount consumed the type of beverages and the
seasonal variability.

What is the real implication of not having enough
records that obtain accurate water or beverage con-
sumption? If we note that the recommendations of
water consumption or ‘“‘adequate intake” are based on
these kind of surveys, it is easy to understand that they
are not always adapted well enough to populations and
even less to different physiological states’.

The European Food Safety Authority (EFSA) in ad-
dition to affirming that there is lack of data, proposed a
clear need to develop a better methodology to produce
intake recommendations evidence-based fluids.

Hydration biomarkers

Recently, several questionnaires have been deve-
loped to evaluate water intake or the contribution of
solid and fluid foods to water intake. These are usually
based on reporting the recalled frequency of intake of
fluid and solid foods and of drinking water. A com-
mon limitation of research in this area is a reliance on
self-reported measures of habitual intake. Thus, the
need for novel methods to assess intake objectively
beverage intake and hydration status, such as beve-
rage’s biomarkers, has been recognized®. Those bio-
markers are able to objectively dietary intake/ status
without the bias of self-reported dietary intake errors®,
and also overcome the problem of intra-individual diet
variability. Furthermore, some methods of measuring
dietary intake use biomarkers to validate the collected
data. Biological markers may offer advantages and be
able to improve the estimates of dietary intake assess-
ment, due to the independence of their random errors
in relation to the errors inherent to the intake ques-
tionnaires (memory of the interviewee, underestimate
beverage intake reported), which impact into the sta-
tistical power of the study. When a method of dietary
intake uses one or more biomarkers to validate the data
it collects, the validation study is also called relative
validation/calibration study. In this case, one dietary
method is compared to another beverage intake assess
method. The correlation coefficients obtained from the
validation studies can reflect the capability of the me-
thod to rank individuals according to beverage intake.

However, biomarkers do not replace the traditional
methods of food intake. They should be used as ad-
ditional measures. Moreover, most of the biomarker
analyses are expensive, with some degree of invasive-
ness and quite often it is not possible to perform them
as part of a large epidemiological study?®.

Various markers have been proposed to assess the
state of hydration (plasma osmolality, urine specific
gravity (Usg), urine osmolality, total volume of urine
for 24 hours, etc) (Table I), which can be used in diffe-
rent laboratory conditions, clinical practice or sports.
However, to current date, there is a lack of an univer-
sally accepted biomarker that reflects'® the increase of
hydration status in response to an increase in bevera-
ge intake. Therefore, there are no markers defined as
“gold standard”"'.

Furthermore, there is a surprising paucity of studies
that systematically examine the correlation of bevera-
ges intake and hydration biomarkers in different po-
pulations. Only two recently questionnaires have been
designed to capture the usual beverage intake and were
validated against Usg as a biomarker:
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1. Beverage Intake Questionnaire (BEVQ) from

Hedrick et al.'> developed in the United States. The
BEVQ was created to estimate mean daily intake of
water, sugar sweet beverages and total beverages
across 19 beverage categories plus one open-ended
section for “other” beverages not listed. This tool
is a quantitative food frequency questionnaire; it
allows assessing the frequency of food items and
amounts consumed. It was developed to be useful
for researchers and clinicians interested in asses-
sing habitual beverage consumption patterns, par-
ticularly in large-scale investigations where leng-
thier, resource-intensive dietary intake assessment
techniques are not feasible. Among dietetic practi-
tioners, this tool could be utilized as rapid method
to assess beverage consumption as part of nutrition
assessment in the primary care process, surveillan-
ce and evaluation. In the BEVQ, beverage cate-
gories were grouped by energy and macronutrient
content using published food composition tables'?
and nutritional analysis software. Common United
States beverage portion sizes (e.g., 12 fl oz can
of soft drinks, 20 fl oz bottles of juice/water/soft
drinks), and common United States cup sizes (e.g.,
juice glasses [4—6 fl oz] and cups [8 fl oz]) were
utilized to correctly assess the amounts consumed.
Due to the desire to develop a brief, single-page

Table I
Characteristics of Hydration Biomarkers

Hydration Assessment Body Fluids Involved

Technique
Stable isotope dilution all (ECF and ICF)
Neutron activation analysis all
Bioelectrical impedance uncertain
spectroscopy (BIS)
Body mass change (a) all
Plasma osmolality (b) ECF
% plasma volume change blood

Urine osmolality excreted urine

Urine specific gravity excreted urine

Urine conductivity excreted urine

Urine colour excreted urine

24-hour urine volume excreted urine

Salivary flow rate, osmolali-

. whole, mixed saliva
ty, total protein

Rating of thirst hypothalamus

Abbreviations:

ECF: extracellular fluid; ICF: intracellular fluid.
(a) using a floor scale.

(b) freezing point depression method.

From Armstrong LE. Assessing hydration status: the elusive gold

standard. J Am Coll Nutr 2007; 26 (5 Supl): 575S-584S.

BEVQ, the most commonly consumed beverage
units were included. To score the BEVQ, frequency
(“How often”) was converted to the unit of times
per day, then multiplied by the amount consumed
(“How much each time”) to provide average daily
beverage consumption in fl oz. Energy and grams
(per fl oz) for each beverage category were deter-
mined using food composition tables'®. Total ener-
gy and grams of each beverage were determined
by multiplying the number of fl oz per day by the
energy and grams per fl oz of each category.

. Water balance questionnaire (WBQ) from Mali-

sova et al.* in Greece. The WBQ included a series
of questions regarding a) the profile of the indivi-
dual; b) consumption of solid and fluid food (FFQ
which included 58 food items); c) drinking water
or beverage intake; d) physical activity; e) swea-
ting; f) urine and faecal excretions and g) trends
on fluid and water intake, and it was filled in a
3-day diary. A series of questions regarding age,
gender, years of education, profession and health
status, emphasizing medication and disease that
may affect hydration such as kidney disease, uri-
nary tract infection or diabetes, were included to
assess the profile of the interviewee. The assess-
ment included information about the lifestyle of
the individual, eating and drinking habits, activity
levels, as well as weather conditions, may affect
water balance. The reference portion of the FFQ
was settled next to the food or the liquid, and the
frequency of consumption was recorded as ‘never’,
‘once a month’, ‘1-3 times per month’, ‘1-2 times
per week’, ‘3—6 times per week’, ‘once per day’ to
‘more than twice a day’. Habits on drinking wa-
ter or beverages were recorded in detail seeking
quantitative information on glasses, bottles or cups
consumed per day. The level of physical activity
was estimated through the International Physical
Activity Questionnaire'* while duration of physi-
cal activity was recorded for three activity levels
(intense, moderate and mild) or for sedentary con-
ditions. This questionnaire allows an evaluation of
water balance from the estimation of water intake
and loss through properly designed questions. Wa-
ter intake refers to water from solid and fluid foods
and drinking water'; thus, it depends on the eating
and drinking habits of the individual. Water loss re-
fers mainly to water excreted in urine, faeces and
sweat. For the evaluation of water loss, self-esti-
mation with the aid of a point scale scoring was
used. This innovative approach was based on the
recent concept that point scales are important tools
in evaluating an individual’s health characteristics
when those are difficult to or cannot be measured
directly's. They are also considered as reliable tools
and therefore during the past years, they have be-
come a routine part of evaluating interventions and
health care planning. The application of a point
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scale in the estimation of water loss in urine, fae-
ces and sweat involved the difficulty of quantif-
ying self-reporting increments, i.e. to correspond
the scoring of the point scale to water volume. This
was achieved by accepting that the range of sco-
res provided in the point scale corresponded to the
range of physiological water losses in urine, faeces
or sweat. Sweating was recorded using a 10-point
scale twice, for activity or sedentary conditions.
Urination and defecation were recorded on the ba-
sis of frequency.

At the final section of the WBQ), attitudes and trends
about consumption of fluids as well as knowledge
of the participant on recommended water intake for
males and females were recorded*. The WBQ was
shown to be a practical research tool for estimating
water balance because it allowed screening a rela-
tively large sample and gather detailed information
on water balance. Nevertheless, interpretations on
screening for water loss must be treated with parti-
cular caution because the WBQ has been validated
for water balance and for water intake but not for
water loss*. It must be noted that, with this research
tool, it was not possible to draw conclusions on the
hydration status of the population. This limitation
arises because the threshold limits on water balan-
ce from the WBQ for euhydration, hyperhydration
and dehydration have not been established. Con-
sequently, if such threshold limits are recognised,
then the WBQ would be a sufficiently powerful
questionnaire that could provide useful informa-
tion in relation to the hydration of the population's.

In Hedrick’s study'?, the correlation measured by
BEVQ against Usg as a biomarker was negatively
correlated in two measures: the first one (r=-0.202,
p<0.05 was found, when people drank 2,017 + 94 ml
and r=-0.238, p< 0.05 in the second measure when
people drank 1,965 + 96 ml).

Malisova’s study* reported no statistically significant
correlations between beverage intake estimated from
the WBQ against Usg ranging of -0.107, p = 0.403.
However, they found moderated correlations with the
others biomarkers measured (Urine volume, Urine Co-
lor, Urine Osmolality). Moreover, results reveled high
validity of the WBQ among females (n = 25; correlation
with urine osmolality r = 0.43, p = 0.004; with urine vo-
lume r = 0.3, p = 0.04 and with urine colour » = -0.35,
p = 0.033) but not among males (n = 15; all ps > 0.05).

The FFQ used in the BEVQ of the Hedrick’s study'?
appears to be a better measuring method for assessing
beverage intake than the 3-day dietary questionnaire
used in Malisova’s study* when compared to biomar-
kers. However, this conclusion is based just in the glo-
bal correlations found from FFQ and Usg of two pa-
pers. There not gold method or gold biomarker. Thus, at
present time the WBQ of the Malisova’s study* seems
to a more complete method to evaluate the hydration
balance.

Situation in Spain

Over recent months, we have adapted the question-
naire proposed by Hedrick et al.’?, to Spanish popu-
lation and it is being tested in a group of 120 people
participating in the study PREDIMED PLUS (www.
predimedplus.com), men and women aged 56 or more,
from the cities of Reus and Las Palmas (Annex I). The
objective of this questionnaire is to evaluate the con-
sumption of water and drinks in the Spanish popula-
tion and to validate it against biomarkers of hydration,
to obtain reliable data on beverage consumption, in
order to determine the consumption patterns of diffe-
rent populations. To achieve this, we will analyze uri-
ne osmolality, Usg and total volume of urine for 24
hours. The data obtained through the questionnaire
will be correlated with biochemical data analysis using
Pearson or Spearman correlations, and then patterns of
consumption will be established.

New tools development

Due in part to the increased use and accessibility of
computers in multiple settings'” (i.e. homes, libraries,
churches, recreational community centers, grocery sto-
res, and schools), the use of Web and computer-based
assessment in large research trials has increased over
the past 10 years'”?. The National Institute of Health
has recognized the need for novel/innovative assess-
ment methods using technological advances in physical
activity and dietary assessment. Recently, computeri-
zed diet and physical activity assessments have emer-
ged. But, until now, there is no consensus to whether a
paper-based assessment is superior to a computerized
one?!; however, computer-based tools can provide an
alternative means to collect and analyze data and may
be appealing to practitioners and researchers because of
their proposed benefits. Computer-administered assess-
ments may overcome difficulties sometimes associated
with paper-based surveys as they allow for interacti-
vity-two-way communication between computer and
participant through photographs, videos, and displayed
text with or without audio'®. Other advantages of com-
puterized questionnaire administration include-com-
plete responses (ie, prompting individuals to answer all
questions), written and narrated text, visual cues of por-
tion sizes, immediate and rapid data entry and scoring,
decreased scoring errors, increased attentiveness from
participants, instantaneous feedback, and a greater abi-
lity to access understudied populations®. Additionally,
multi-part questions of computerized assessments can
be programmed to reduce administration time by provi-
ding only relevant data and information for the partici-
pant'®, In low health literacy populations, computerized
questionnaires may be advantageous since text can be
narrated and visual aids can be used, which may reduce
response errors and the necessity of advanced reading
skills'®. Another potential advantage of computer-ba-
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Annex I

ESTUDIO PREDIMED PLUS
CUESTIONARIO

DE INGESTA DE BEBIDAS Nodo

Paciente

Visita

Fecha Actual

Instrucciones:

Por favor indique su respuesta haciendo referencia al mes pasado.
Por cada tipo de bebida consumida, marque con un nimero la cantidad de veces al dfa o a la semana, y con una “X” el momento

en que la bebid.

Por ejemplo, si usted bebid 2 vasos de vino por semana, marque en “veces”, en la columna”a la semana” el nimero 2. Si se trata
de una bebida que consume todos los dfas, por ejemplo agua, indique cuantas veces “al dia”, por ejemplo: 6 veces al dfa.
2. No cuente los liquidos utilizados en la cocina o en otras preparaciones, como por ejemplo al preparar una salsa o un postre casero.
3. Si consume el café con leche, mdrquelo en la categoria de bebidas “café con leche” y no en las categorias de leche.
4. Si realiza actividad fisica, recuerde incluir los liquidos ingeridos durante la préctica.

FRECUENCIA DE CONSUMO
VECES MOMENTO
S ABEIPEHBEE
5| < 2152|1812 =|B|8
TIPO DE BEBIDA “lZz| |2 Z|8|IE|Z|&|=<]|=
ZIZ|E|8lg|%|8lg|2| =3
sSlgla3lalalg| =258l a
SIMEEHEIREEEEE
S| = q|z|2|8|2|S|2|=
° ARENEREE
<< m m
Agua de grifo 1 botellin o 1 vaso: 200 cc
Agua embotellada (con gas/ sin gas) 1 botellin o 1 vaso: 200 cc
Zumos naturales de frutas 1 vaso: 200 cc
Zumos envasados de frutas 1 vaso: 200 cc
Zumos vegetales naturales (gazpacho, de tomate,...) 1 vaso: 200 cc
Zumos vegetales envasados (gazpacho, de tomate,...) 1 vaso: 200 cc
Leche entera 1 vaso o taza: 200 cc
Leche semidesnatada 1 vaso o taza: 200cc
Leche desnatada 1 vaso o taza: 200 cc
. . 1 botellin: 100 cc
Licteos bebibles 1 botellin o 1 vaso: 200 cc
Batidos ldcteos 1 vaso: 200 cc
Bebidas vegetales (bebida de soja, almendras, almendrina...) 1 vaso: 200 cc
Sopas y caldos 1 taza o plato: 200 cc
Sorbetes, gelatinas 1 unidad: 120 cc
Refrescos 1 botellin o 1 vaso: 200 cc
1 lata: 330 cc
. 1 lata: 330 cc
Refrescos Light /Zero 1 botellin o 1 vaso: 200 cc
Café sélo o cortado con azicar 1 taza: 30-50 cc
Café sélo o cortado sin aziicar, con/sin edulcorante artificial 1 taza: 30-50 cc
Café con leche o americano y azicar 1 taza: 125 cc
Café con leche o americano sin aziicar, con/sin edulcorante artificial 1 taza: 125 cc
Té con azticar 1 taza: 200 cc
Té sin azicar, con/sin edulcorante artificial 1 taza: 200 cc
Otras infusiones con azticar 1 taza: 200 cc
Otras infusiones sin azicar 1 taza: 200 cc
. 1 botellin o 1 vaso: 200 cc
Cerveza, Sidra | lata: 330 cc
. . 1 lata: 330 cc
Cerveza sin alcohol o Light T botellin o 1 vaso: 200 cc
Vino (tinto, rosado o blanco), cava 1 vaso: 120 cc
Bebidas alcohdlicas de alta graduacion (whisky, ron, vodka, ginebra) 1 copa 50 cc
Bebidas alcohdlicas combinadas (cubata, gintonic, pifia colada, daikiri, otras) 1 vaso: 200 cc
Bebidas energéticas (Red Bull, Burn,...) 1 vaso: 200 cc
. P 1 vaso: 200 cc
Bebidas para deportistas/isotGnicas | lata: 330 cc
Batidos sustitutivos de comidas/ hiper proteicos 1 vaso: 200 cc
Otros (especifique):
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sed assessments is that response-bias and intimidation
may be reduced with computer-administered surveys,
although additional research addressing this possibility
is needed'®?>?3, However, when using identical com-
puterized versions of paper assessments comparability
cannot be assumed because interface characteristics
like font size, line length, scrolling ability, and amount
of information visible on the screen can all influence
user performance®.

Prior research has demonstrated the reliability and
validity of the self-administered paper-based question-
naire that assesses habitual beverage intake (BEVQ-
15)%. To the best of our knowledge, no computer-ba-
sed beverage intake questionnaire exists. The recently
developed Automated Self-Administered 24-hour Re-
call* is computer-based and contains questions about
beverage intake; however, results on its validity and
usability has yet to be published?. Lately a pilot in-
vestigation was developed to evaluate the comparative
validity and reliability of newly developed interactive
multimedia IMM) versions compared to validated pa-
per-administered (PP) versions of the BEVQ-15%. The
conclusion of the study shows that the IMM BEVQ-
15 appears to be a valid and reliable measure to assess
habitual beverage intake, although software familia-
rization may increase response accuracy. Future lar-
ger-scale investigations are warranted to confirm these
possibilities.

Similar study was developed by Smith et al.?® in Chi-
na, but in this case, the use of Smartphone technology
was employed for beverage assessment. Smartphone
offered a promising new way to record beverage con-
sumption, as participants can easily capture images
of beverages prior drinking®. In particular, video re-
cords provide an enhanced ability to see all food items
in a shot, and also can encompass voice annotation,
allowing the participants to describe the foods or be-
verages consumed. These videos and vocal records can
then be used during 24-hour recalls to prompt memory
and aid portion size estimation, improving the accuracy
of the 24-hour recall®. In addition, the study employed
the Ecologic Momentary Assessment (EMA), a perio-
dically assessment that prompts participants to record
beverages they have recently consumed®', further redu-
cing the likelihood of omission.

The objectives of this study were: 1) to compare be-
verage consumption data collected using a 3-day Smar-
tphone-assisted 24-hour recall (SA-24R) vs. beverage
data collected using the written record-assisted 24-hour
recall (WA-24R) and 2) to validate, in a small subset,
the extent to which each recall method adequately es-
timates total beverage intake based on correlation with
total urine volume measured in 24-hour urine samples.

For this study, also the BEVQ of Hedrick study® was
used. The beverage categories were adapted from a va-
lidated beverage questionnaire screener in consultation
with a panel of experts about beverages that are com-
monly consumed in China. In this study, the SA-24R
and WA-24R showed moderate correlation between re-

ported fluid intake and total urine output. Correlations
between the two methods showed moderate agreement
across beverage categories, with an average Spearman
rank correlation of 0.42. Despite these moderate corre-
lations, mean beverage intake was significantly lower
by 222 g/day in the SA-24R compared to the WA-24R.
In this case, the use of a SA-24R does not appear to im-
prove the quantification of beverage intake compared
to a WA-24R recall in Chinese population.

Further recearch is required to understand the opti-
mal method for collecting information on beverage in-
take in the dynamic food environment.

Conclusion

The methodology for measuring beverage intake in
population studies remains controversial for most of
the researchers. There are few validated and reprodu-
cible studies, so there is still lacking an ideal method
(i.e., that is short, easy to administer, inexpensive and
accurate) in this regard. Sidossi®? argues that the ideal
methodology does not exist so far and that existing
validated methods (24 hours recall and food frequen-
cy questionnaires) accompanied by a computer pro-
gram on food composition are acceptable and reliable
for the beverage intake assessment®>. Clearly, this is
an area of scientific interest that is still in develop-
ment and seems to be very promising for improving
health research.
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Abstract:

The interest in the type and quantity of non alcoholic
beverage, sodium, food supplements and oil consumption
is not new, and numerous approaches have been used to
assess beverage intake, but the validity of these approa-
ches has not been well established.

The need to intake liquids varies depending on the
diet, the physical activity carried out, the environmental
temperature, the humidity, etc. The variety of beverages
in the diet can contribute to increasing the micro nutrient
intake: vitamins, antioxidants, minerals.

Risks associated to high sodium consumption are: an
increase in high blood pressure, vascular endothelial de-
terioration, bone demineralisation, kidney disease, sto-
mach cancer. Progress in health, investigation, education,
etc. are leading to an increase in food supplement con-
sumption. Olive oil represents one of the basic pillars of
the Mediterranean diet and its normal presence in nutri-
tion guarantees an adequate content of some important
nutrients; not only oleic acid and linoleic acid but also
tocopherols, phytoesterols and phenolic compounds.

Biomarkers of intake are able to objectively assess
dietary intake/status without the bias of self-reported
dietary intake errors and also overcome the problem of
intra-individual diet variability. Furthermore, some me-
thods of of measuring dietary intake used biomarkers
to validate the data it collects. Biological markers may
offer advantages and be able to improve the estimates
of dietary intake assessment, which impact into the sta-
tistical power of the study. There is a surprising paucity
of studies that systematically examine the correlation of
beverages intake and hydration biomarker in different
populations.

Conclusion: There is no standardized questionnaire
developed as a research tool for the evaluation of non
alcoholic beverages, sodium, food supplements and oil
intake in the general population. Sometimes, the infor-
mation comes from different sources or from different
methodological characteristics which raises problems of
the comparability. In the European Union, current epide-
miological studies are scarce.
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ESTIMACIﬁN DEL CONSUMO DE BEBIDAS
NO ALCOHOLICAS, SODIO, SUPLEMENTOS Y
ACEITE

Resumen:

El interés por el tipo y la cantidad de bebidas no al-
coholicas, sodio, suplementos y aceite consumidos no es
nuevo, y numerosos enfoques se han utilizado para eva-
luarla, pero la validez de estos enfoques no se ha estable-
cido correctamente.

Las necesidades de liquidos varian dependiendo de la
dieta, de la actividad fisica realizada, de la temperatura
ambiental, de la humedad, etc. La variedad de bebidas
en la dieta puede contribuir a incrementar la ingesta de
micronutrientes: vitaminas, antioxidantes, minerales.

Los riesgos asociados al elevado consumo de sodio son:
aumento de hipertension arterial, deterior endotelial vas-
cular, desmineralizacion ésea, enfermedad renal, cincer
de estomago. Los avances en salud, investigacion, educa-
cion, etc. llevan a un creciente consumo de suplementos
alimenticios. El aceite de oliva representa uno de los pi-
lares basicos de la Dieta Mediterranea y su presencia ha-
bitual en la alimentacion garantiza un adecuado aporte
de algunos nutrientes importantes, no sélo acido oleico y
linoleico, si no también tocoferoles, fitoesteroles y com-
puestos fendlicos.

Los biomarcadores de ingesta permiten evaluar obje-
tivamente la ingesta dietética sin el sesgo producido por
los errores del auto-reporte. Ademas permiten superar el
problema de la variabilidad intra-individual. Algunos mé-
todos para medir ingesta alimentaria utilizan biomarca-
dores para validar los datos que recoge. Los marcadores
biologicos ofrecen ventajas y son capaces de mejorar las
estimaciones de la evaluacion de ingesta dietética. Sin em-
bargo, existen muy pocos estudios que examinen sistema-
ticamente la correlacion entre la ingesta de bebidas y los
biomarcadores de hidratacion en diferentes poblaciones.

Conclusion: Adn no existe, en poblacion general, un
cuestionario estandarizado desarrollado como herra-
mienta de investigacion para la evaluacion de la ingesta
de bebidas no alcohdlicas, sodio, suplementos y aceite.
El uso de informacion de diferentes fuentes y diferentes
caracteristicas metodoldgicas plantea problemas de com-
parabilidad entre estudios. En Europa los estudios epide-
miolégicos actuales son escasos.

(Nutr Hosp 2015;31(Supl. 3):70-75)
DOI:10.3305/nh.2015.31.sup3.8754

Palabras clave: Sodio. Suplementos. Aceite. Biomarcado-
res. Consumo de bebidas.
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Introduction

In order to know about individual or group food
consumption there are several tools available, that es-
timate consumption along a determine period of time.
There is no ideal method to value food take in a precise
way. The assessment methods that are used estimate
intake with different levels of accuracy.

Individual methods to value food consumption permit
you to relate the diet with other variables of the person,
as for example their age, sex, economic situation, style
of life, biochemical nutritional status, health state, etc.

It’s important to know the features of the most used
questionnaires, their implementation possibilities and

Table I summarizes the key features, applications
and limitations of different food consumption assess-
ment methods.

Choosing a food consumption assessment me-
thod will depend principally on the desired objec-
tives.

In the year 19932 experts on food and nutrition
studies, gathered by the General Direction of Public
Health of the Health and Consumption Ministry,
reached a consensus about recommending, for as-
sessment studies on individual consumption in Spa-
nish population, the use of the 24hrs method for 2
or 3 non consecutive days. And this method may be
complemented with a food consumption question-

their limits'.

naire.

Table I

Features, applications and limitations of commonly used food consumption assessment methods

Features and applications

Limitations

Food record

It estimates real intake quantitatively.

When the number of days are increased, the
estimation approximates to normal intake.
Useful in epidemiological studies and
nutritional counseling.

The precision of the questionnaires increases.
from the estimation register to the food weight
register and lastly the double weight register
with complementary chemical analysis.

e [t requires proper cooperation from the participant.
He/she must know how to read and write.

The participant’s cooperation, the cost of the
method and modifying the consumption pattern
that is produced increase from the estimation
register to the food weight register and lastly

the double weight register with complementary
chemical analysis.

24 hr recall

It estimates real intake quantitatively.
When the number of days are increased, the
estimation approximates to normal intake.
Useful in epidemiological studies and
nutritional counseling.

It does not modify consumption patterns.

It may be used with illiterate subjects.

Memory failure. Difficult to use with children
and elderly.

Difficulty when trying to quantify the size of the
serving consumed.

Diet history

It estimates real intake quantitatively.
Useful in epidemiological studies and
nutritional counseling.

It does not modify consumption patterns.
It may be used with illiterate subjects.

Long and expensive.
Polling experts are required.

Food
Frequency
Questionnaires

It estimates qualitatively normal intake
according to food groups. It can quantify
normal consumption servings.

Useful in epidemiological studies to be able
to classify subjects by consumption categories
and useful in nutritional counseling.

Quick and easy.

It does not modify consumption patterns.

It does not require polling experts.

Low applying costs.

Less precise than quantitative methods.

Difficult use on children, elderly and subjects with
low intelligence levels.

It requires memory.

It is qualitative or semi-quantitative.
Questionnaire requires validating before use.

High cost.

Fast methods

They identify consumption habits.
Useful to detect risky consumption, diet
support.

Very easy to apply.

Low cost.

Less precise than previous methods.

Biochemical methods
to value food intake.

It provides direct, objective information about
nutrient availability.

It does not provide information about the global
diet.

Not all nutrients have a proper biochemical
indicator.

Consumption estimation of non alcoholic beverages, sodium, food supplements and oil
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Non-alcoholic beverages consumption estimate

The need to intake liquids varies depending on the
diet, the physical activity carried out, the environ-
mental temperature, the humidity, etc.

It is essential to replace water and salt loss in or-
der to maintain an adequate hydration level and a good
health state. Food provides between® 20%-25% of the
total water intake, whereas beverages represent the
other 75%-80%.

The variety of beverages in the diet can contribute to
increasing the micro nutrient intake: vitamins, antioxi-
dants, minerals, etc.

When it comes to assessing beverage consumption one
has to take into consideration the type of beverage: We
have non-bottled water (with different types of treatments
to obtain the quality necessary for human consumption
and this will depend on different geographical regions);
bottled water (that is classified in mineral water, stream
water and prepared waters); juices (natural or not, ve-
getables); milk (whole-milk, semi-skimmed, skimmed,
fortified); dairy milk shakes; soft drinks (light / zero);

coffee (with or without milk, with or without sugar, with
sweetener); tea (with or without sugar, with sweetener,
with milk; other teas (with or without sugar); beer (with
or without alcohol); cider, soups, energy drinks (Table IT).

To estimate intake one may use the following type
of registers:

Once the quantity of consumption register is done
(24hrs method for 2 or 3 consecutive days, completed
with the food consumption register) we must consult
the specific labeling of each of them to know the micro
nutrient content and therefore be able to calculate the
intake of these.

If we seek to assess the individual’s hydration level
we may do this through*:

Dilution techniques.

— Bio-electrical impedance.
Plasma indicators.

Urine indicators.

Body weight changes.
Water loss.

— Clinic.

Table IT
Sample food frequency questionnaire to assess consumption of beverages
Never Al At week At day
BEVERAGES or _month
rarely — ].3 1 2-4 5-6 2-3 4-6

Tap water

Bottled water (w. or w/o gas)
Mineral water

Stream water [ glass=200cc

Natural juice ( orange or others)

Canned or bottled juice

Natural vegetable juice

Canned or bottled vegetable juice 1 can = 330cc

Whole milk

Semi-skimmed milk
Skimmed milk

Soya drink 7 glass = 200cc

Soft drinks
Soft drinks light/zero 1 can =330cc

Black coffee w or w/o a little milk with sugar
Black coffee w or w/o a little milk w/o sugar
1 cup = 30cc

Coffee with milk and sugar

Coffee with milk w/o sugar 1 cup=200cc

Tea with sugar
Tea w/o sugar
Other teas 1 cup=200cc

Soups 1 bowl=250cc

Must 1 glass=200cc

Alcohol free beer 1 bottle=200cc
Beer 1 can=330cc

Cider 1 glass=200cc
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1. Dilution techniques. They use bio-markers. They
permit you to measure directly the hydration state.
They are very exact. Problems: The indicator must
be distributed evenly, it’s necessary to know the
discharge or metabolic breakdown of the indicating
substance, the bio-marker must be easy to measure,
non-toxic and must not alter the body’s water distri-
bution. The technical requirements and high costs
make them be rarely-used techniques.

2. Bio-electrical impedance. There are different
bio-electrical impedance analysis (AIB): AIB mo-
no-frequency, AIB multi-frequency and bio-elec-
trical impedance spectroscopy (EIB). The factors
that can affect the impedance reliability are: con-
figuration and position of the electrodes; electrical
frequency; body position; internal and external tem-
perature, perspiration; previous exercise; hormone
changes; hematocrit; body fat distribution and me-
tal objects (prostheses, pacemaker, etc).

3. Plasma indicators: Plasma Osmolarity: 280 moms/
liter; Plasma volume; Sodium; Others: Hematocrit,
Potassium, Adrenaline, Noradrenaline, Cortisol,
Aldosterone, Blood urea nitrogen (BUN), Relation
between BUN/Creatinine, Testosterone.

4. Urine indicators. Urine Osmolality (particles/kg
of water), Osmolarity (particles / liter of solution),
Urine volume: dehydration when one eliminates
< 30 ml/h and volume over 300-600 ml/h indicates
that there is an excessive intake of liquids.

5. Body weight changes. It’s a reliable, valid, precise,
fast and cheap marker. Well used in sport. If the loss
is 5% body weight the clinical signs depend on inters-
titial liquid loss (sunken eyes, dry mucous membra-
nes, sunken fontanelle); if the loss is between 5-10 %
body weight, the clinical signs depend on interstitial
deficit added to intravascular liquid deficit (lethargy,
tachycardia, low blood pressure, urine output decrea-
se), and last of all if the loss is between 10-15% body
weight, the clinical signs will be caused by hydra de-
pletion of the interstitial and intravascular space (low
blood pressure, oliguria, rapid pulse, etc).

6. Water loss. To assess an individual’s hydration one
has to take into consideration the daily minimum
water loss and its production (Table III).

Table I1I
Estimation of daily minimum water loss and its production’

Source Loss (cc) Production (cc)
Respiratory loss -250/-350

Urine loss -500 /-1000

Faeces loss -100 / -200

Unconscious loss -450 /-1900

Metabolic production +250/+ 350
Total -1300/-3450 +250/+ 350
Net loss -1050/-3100

7. Clinic. Symptoms: Dry mouth, dizziness, vertigo,
no tear drop production, sunken eyes, sunken fonta-
nelle (babies), lethargy.

Signs: Low blood pressure, orthostatic hipopresion,
tachycardia, thready pulse, signs of skin folds, de-
layed capillary refill, shock.

Sodium consumption estimation

The physiological needs of sodium consumption
vary depending on the age, sex, weight, physiological
state (growth, pregnancy, breastfeeding), physical ac-
tivity level, etc. These physiological needs are also in-
fluenced by environmental conditions (hot climates),
certain types of jobs (bakers, stokers) and pathological
situations (diarrhea, vomiting).

Risks associated to high sodium consumption are:
an increase in high blood pressure, vascular endothe-
lial deterioration, bone demineralisation, kidney disea-
se, stomach cancer.

The WHO® recommends healthy population an ave-
rage consumption of 5 gr of salt per day. Salt = sodium
(grams) x 2.5 - multiply 2,5 by the content of grams of
sodium that the food label indicates. Nevertheless, ma-
king out the sodium intake is not easy, as it is difficult
to know how much salt one uses when cooking and
there are any foods that are not well labeled.

To be able to estimate how much sodium has been
consumed one must ask if the subject never uses salt,
or if he always uses salt, and if salt is used, which type
(iodized or not).

Sodium excretion measurement through urine (24hr
urine) is the objective biochemical parameter to be
able to know how much sodium has been consumed,
as all sodium consumption is eliminated through uri-
ne. For adults, the normal sodium levels in urine are
20mEq/l/day’.

Food supplement consumption estimation

Progress in health, investigation, education, etc. are
leading to an increase in food supplement consumption.

Vitamins are organic substances of diverse chemical
structure that the body is not able to synthesize, reason
why it needs exogenous intake in small quantities, ge-
nerally from the diet, with the exception of vitamin D
which is endogenously synthesized under the influen-
ce of ultraviolet light. Vitamins are essential when it
comes to maintaining many metabolic functions. To
not have enough in the diet provokes deficiencies or
hypovitaminosis. Though different in their structure
and function, they are classified, according to their so-
lubility, in water-soluble and lipid-soluble.

Minerals have numerous functions in the human or-
ganism, represent 4% of body weight. The amount of
a mineral in the body element is no functional impor-
tance index, the copper zinc or iodine present in very
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Table IV
Example of a food frequency questionnaire to assess the consumption of supplements

Never
or
rarely

SUPPLEMENTS

At
month At week At day
1-3 1 2-4 5-6 1 2-3 4-6

Brand of the vitamin or mineral supplement
or the diet product.

small amounts perform vital functions. Most mineral
are found in any balanced diet.

Its deficiency states are often linked to the indus-
trialization of food, its preparation, unbalanced diets,
increased needs, drug interactions and/or intestinal
malabsorption.

To be able to estimate their consumption question-
naires of the type showed on table IV may be used.

Once the quantity of consumption register is done
(24hrs method for 2 or 3 consecutive days, completed
with the food consumption register) we must consult
the specific labeling of each of them to know the micro
nutrient content and therefore be able to calculate the
intake of these.

For consumption estimation®, biochemical parame-
ters are more precise, specific and sensitive indicators
than consumption assessment methods (questionnai-
res). The most frequently used samples are blood and
urine, though on some occasions other samples are
used: tear drops, hair, saliva, nails, skin tissue, etc.
Samples of hair and nails have especially been used
to assess the nutritional situation in minerals and trace
elements.

In general, vitamin intake assessment could be done
analyzing the serum levels. Though the ideal situation
is to be able to use a functional parameter, as for exam-
ple assessing the enzyme activity of some metabolic
process in which the vitamin intervenes.

Vitamin A: Its deficiency could be determined throu-
gh clinical signs (Xerophthalmia and night blindness).
As a biochemical parameter, the levels of retinol in
plasma or of its transportation protein (RBT) can be
determined.

Vitamin D: To be able to know its nutritional situa-
tion the levels of 25-hydroxycholecalciferol in plasma
are measured.

Vitamin E: We have the following biochemical para-
meters to know its levels:

— Plasma level of tocopherol: it is recommended to
express the levels as mg of tocopherol per gr of
total lipid serum.

— Level of tocopherol in erythrocytes or platelets.

— Red blood cell hemolysis level: Cell hemolysis
over 20 % indicates vitamin deficiency.

Vitamin K: The classic criteria of nutritional state
assessment is done determining the prothrombin time
(PT).

Vitamin C: Its levels of serum can be determined ea-
sily. Levels below 0.1mg/dl are considered deficient.
It has no relation with the appearance of clinical signs
of scurvy. Assigning vitamin C levels in leukocytes is
somewhat more difficult but has a more direct correla-
tion with its levels in skin tissue. Values below 20mg/
dl indicate deficiency. After 120 days of deficient fee-
ding, the storage elements might start to run out.

Vitamin B complex: There are different specific pa-
rameters for each of them, that we will use depending
on what is being investigated. There are also hemato-
logic alterations as for example neutrophil hyper-seg-
mentation, and in the last stage of the deficiency me-
galobastic anemia is produced.

To value minerals there are direct methods of as-
sessment measuring their levels in plasma or blood
cells. The nutritional situation can also be assessed in-
directly taking into consideration the enzyme activity
of which it takes part.

Iron: There is no unique parameter to diagnose sen-
sitively and specifically iron deficiency, they are used
combined. Ferritin serum (early indicator of iron de-
pletion, it measures its deposits, its levels are deficient
when they are below 12ng/ml in adults) must be asses-
sed: also transferrin (serum levels, iron fixing proper-
ties, saturation percentage) and erythrocyte protopor-
phyrin (hemoglobin precursor). Sideremy is subjected
to numerous fluctuations, it even varies very much in
the same individual along the day.

Zinc: Its plasma levels, the levels of zinc in red
blood cells and the erythrocyte metallothioneins can
be determined.

Copper: To be able to evaluate the deficiency of this
mineral the following elements are established: level
of copper in plasma, erythrocyte and / or leukocytes,
protein levels that unite to copper (serum ceruloplas-
min or erythrocyte metallothionein) and the activity of
the copper dependent enzymes (cytochrome oxidase,
super-oxide dismutase).

Selenium: The serum levels reflect recent mineral
intake. These levels have been used on hair and nai-
Is as indicators of long term intake. With serum le-
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Table V
Example of a food frequency questionnaire to assess oil consumption

Never
OIL or
rarely

month

At week At day

1 2-4 5-6 1 2-3 4-6

Corn oil 1 spoon full =15cc 0 12g

Sunflower oil

Soya oil

Virgin olive oil

Extra-virgin olive oil

Compressed first olive oil

vels in hair one must be very cautious because many
shampoos contain this element. The peroxidase glu-
tathione activity is affected when there are selenium
deficiencies.

Vitamin and mineral urine excretion increases as
does its intake and decreases if it is deficient. On many
occasions it is the principal method to assess the nutri-
tional state. In general the urine levels are expressed
by mg of excreted creatinine. Lipid-soluble vitamins
can not be determined in urine as they are not soluble
in water except vitamin K whose metabolite, the gam-
ma-carboxyglutamic acid, is eliminated through urine.

Excess tests also permit us assess the vitamin and
mineral nutritional situation. The quantity eliminated
is proportional to the excess of the nutrient in the or-
ganism. To detect vitamin B6 deficiency an excess of
tryptophan test is carried out; for folate deficiency the
histidine excess test and for vitamin B12 deficiency
the valine and histidine excess test.

QOil consumption estimation

Oils can be subdivided into saturated (coconut,
palm), monounsaturated (olive) and polyunsaturated
(corn, soya, sunflower). This is a simplified classifica-
tion as in each subgroup there are important differen-
ces that effect their properties.

Olive oil represents one of the basic pillars of the
Mediterranean diet and its normal presence in nutri-
tion guarantees an adequate content of some important
nutrients; not only oleic acid and linoleic acid but also
tocopherols, phytoesterols and phenolic compounds.
The content of fatty acids, olive oil tocopherols, di-
ffers significantly depending on the variety of olive.
Phytoesterol content can vary depending on the ripe-
ning of the olive when collecting. On the other hand,
the content of poly-phenols will depend on the olive
oil’s refining, being extra olive oil especially rich in
these. The European Food Safety Authority (EFSA)°
recommends a minimum consumption of 20 gr per day
to benefit from the effects of poly-phenols that extra
virgin olive oil contains.

Not only must one have in mind the variety of oils,
but also the type of preservation (temperature, light,
oxygen presence, type of packaging) and the use given
(raw, fried).

The recommended quantity of daily olive oil con-
sumption has problems in practice as there is no una-
nimity in the guides (spoon fulls, cubic centimeters,
milliliters, grams).

Oil consumption can be assessed with a question-
naire similar to that showed on table V.

Once the quantity of consumption register is done
(24hrs method for 2 or 3 consecutive days, completed
with the food consumption register) we must consult
the specific labeling of each of them to know the micro
nutrient content and therefore be able to calculate the
intake of these.

Determining essential fatty acids in plasma (oleic
acid, linoleic acid and arachidonic acid) and vitamin E
can indicate the amount of oil consumed.
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Abstract

The assessment of dietary intake in children and ado-
lescents is of great interest for different purposes. The
characteristics of each developmental stage and associa-
ted cognitive abilities are two factors that influence the
ability of children to provide valid and reliable informa-
tion on food consumption. The ability to remember, limi-
tations of vocabulary or the ability to identify different
foods are some of the relevant aspects. In addition, often
parents or caregivers provide surrogate information and
their degree of knowledge depends on the time they spend
with the child and on whether they share meals. As chil-
dren grow they become more independent and increasin-
gly spend more time away from their parents. Children
also have limitations to recognize food models and pho-
tographs and associate them with different amounts of
food consumed. On the other hand, often children and
adolescents perceive long interviews or self-administered
questionnaires they as long and boring. The use of new
technologies is contributing to the development of new
tools adapting dietary assessment the methods to the cog-
nitive abilities of children, introducing gaming environ-
ments and narrative structures that attract their interest
and improve the quality of information they report..
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EVALUACION DE LA INGESTA EN NINOS Y
ADOLESCENTES: PROBLEMAS
Y RECOMENDACIONES

Resumen

El analisis de la ingesta alimentaria en nifos y adoles-
centes es de gran interés con diferentes fines. Las carac-
teristicas propias de cada etapa del desarrollo evolutivo y
las capacidades cognitivas en cada edad son dos factores
que influyen sobre la capacidad de los nifios para pro-
porcionar informacion valida y fiable sobre el consumo
de alimentos. La capacidad de recordar, limitaciones de
vocabulario o la capacidad para identificar distintos ali-
mentos son algunos de los aspectos relevantes. Ademas
a menudo son los padres o cuidadores quienes facilitan
la informacién y su grado de conocimiento depende del
tiempo que pasen con el nifio y si comparten las comidas.
A medida que crecen los nifios son mas independientes
y cada vez pasan mads tiempo sin sus padres. Los nifios
también tienen limitaciones a la hora de reconocer mo-
delos de alimentos y asociarlos con diferentes cantidades.
Por otro lado, las entrevistas largas o los cuestionarios
auto-administrados les resultan largos y aburridos. El
uso de las nuevas tecnologias estan favoreciendo el desa-
rrollo de nuevas herramientas que permiten adaptar los
métodos de analisis de la ingesta a la capacidad cognitiva
de los nifios, introduciendo componentes lidicos y narra-
tivos que atraigan su interés y mejoren la calidad de la
informacion..

(Nutr Hosp 2015;31(Supl. 3):76-83)
DOI1:10.3305/nh.2015.31.sup3.8755

Palabras clave: Nifios adolescentes. Hdbitos alimentarios.
Andlisis de la ingesta. Nuevas tecnologias.
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Abbreviations

BMI :Body Mass Index.

EGFCD: Expert Group on Food Consumption Data.

EU: European Union.

EFSA: European Food Safety Authority.

EPIC: European Prospective Investigation into Can-
cer and Nutrition.

EU Menu: What’s on the Menu in Europe.

FFQs: Food Frequency Questionnaires.

IDEFICS: Identification and Prevention of Dietary-
and Lifestyle-induced Health Effects in Children and
Infants.

PANCAKE: Pilot study for the Assessment of Nu-
trient intake and food Consumption Among Kids in
Europe.

RFPM: Remote Food Photography Method.

Introduction

Accurate assessment of food and beverage con-
sumption in children and adolescents is central to mo-

nitor trends. Often it is also required for epidemiologi-
cal and clinical research on the associations between
diet and health. It is essential as well to identify pre-
dictors and outcomes of children’s diets, identify tar-
gets for intervention, understanding behaviour change
processes, plan policies and to develop and evaluate
interventions.

Dietary assessment is always a challenge and pre-
vious research suggests that collecting reliable and ac-
curate dietary data from children and adolescents can
be difficult. The 24-hour recall, dietary records, die-
tary histories, Food Frequency Questionnaires (FFQs),
brief instruments, observations of children’s diets and
mixed instruments such as a dietary record-assisted
24-hour recall have all been used to assess children’s
intakes.

Developmental, cognitive, social and behavioural
characteristics of respondents have an influence, but
also the observer needs special requirements and at-
tributes. Hence, in addition to the systematic error and
bias inherent to each method of dietary assessment,
peculiarities in the population group make their repor-
ting of food intake prone to additional error. However,

Table I

Issues to consider in the assessment of dietary intakes of children and adolescents

Cognitive Ability

Surrogate reporting

Social desirability

Dietary Habits

Other considerations

Lower literacy skills
Limited attention span
Limited concept of time

Limited memory — subconscious memory lapses across all or selected
dietary items such as snacks

Limited knowledge of food, food preparation, measurement

Lack of familiarity with components of mixed dishes and added ingre-
dients

Portion size estimation

Frequency of consumption estimation

Parents

Caregivers

Combination

Under reporting — Over reporting

Weight status of the child

Weight status of the parents

Variable food habits - more structured in childhood than in adolescence
More in-home eating (childhood)

More out-of-home eating (adolescence)

Parental influence important in childhood

Peer influence important in adolescence

Body image concerns and dieting behaviours

Lack of co-operation and motivation (adolescence)

A conscious/subconscious need for social approval
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research on the magnitude and direction of bias is li-
mited. Validation studies using biomarkers of energy
intake such as doubly labelled water have provided an
insight!. Research on cognitive processes involved in
dietary recall and estimation of portion size has infor-
med interesting developments and projects based on
the new technologies that can reduce bias and improve
the accuracy of reports on children’s diets®.

Children dietary assessment often rely on respon-
dents self-reported intakes, either by children them
self, by parents, by caregivers or a combination. The
accuracy of these self-reports may be compromised
because of cognitive factors, such as children’s me-
mory of food intake and retrieval of information, their
ability to estimate the size of portions consumed, abi-
lity to identify foods, knowledge of food names, etc.
!.Social desirability such as reporting in line with per-
ceived norms also influences self-reports’, as well as
study factors, such as taking part in an intervention
study focusing on healthy dietary habits. Reporting
about diet itself may also modify eating habits. Table I
displays a number of issues that should be considered
when deciding the suitable dietary assessment method
to use in children.

Cognitive abilities and reporting dietary intake

Dietary assessment techniques often require the res-
pondent to remember many details about their food
intake at different points in the past, including the na-
mes of the foods and beverages consumed, type, pre-
paration, time of consumption, place, eating occasion,
weekday, but also they have to remember and estima-
te the amount of food consumed, and when doing so,
they are asked to relate their memory to pictures, mo-
dels or household measures. These are complex tasks
that require attention for the whole duration of the in-
terview and certain literacy and writing skills. Resear-
chers have identified these abilities as an adequately
developed concept of time, a good memory and atten-
tion span, and knowledge of the names of foods*, but
the level of development of such abilities depends on
the developmental stage and varies between children.

Research on this regard suggests that children be-
tween 0-7 years probably need a proxy reporter or ob-
server. Between ages 8-10 years some children may
need assistance. It is not clear how well can report
11-13 year-olds, and many of those aged 14 years +
can probably provide self-reports. Thus parents or
caregivers are often used as proxy reporters of their
children’s dietary intake, particularly needed for de-
tails about the types and quantities of food consumed,
because of children’s more limited food vocabula-
ries'®. The age at which a child becomes an accurate
self-reporter of his own dietary intake has been estima-
ted to be approximately 12 years, although this varies
by dietary assessment method, with a transition period
between ages 8 -12 years, but there is no recommen-

dations on who is the most appropriate reporter of die-
tary intake for children in this age range®. From the
age of about 7-8 years there is a fairly rapid increase
in the ability of children to participate in unassisted
recall, but only for food eaten in the immediate past
and for no longer than the previous 24 hours. Even in
that case it is likely that older children can remember
better weekday food intake than more irregular eating
patterns, weekend days or events'”.

Self-reporting on dietary intake involve understan-
ding what information is being asked for, and sear-
ching for and evaluating the retrieved information
before providing a response. Errors can emerge be-
cause the respondent is unable to complete the task
but also because the observer provided inappropriate
cues. Errors associated with children’s recall of food
intake includes both, under-reporting (missing foods),
over-reporting (phantom foods/intrusions) and limi-
ted memory —subconscious memory lapses across all
or selected dietary items such as snacks and incorrect
identification of foods because of a limited knowledge
about foods®. Baxter et al. found that reporting accura-
cy in children was related to their age/sex Body Mass
Index (BMI) percentile, with greater underreporting
among the obese. Moore et al reported that episodic
memory, classroom behaviour, attitudes, socioecono-
mic status, and total items consumed were associated
with bias in questionnaire self reports’. In addition,
distractions may interfere as well. Certain foods such
as main course items may be recalled more easily
than less common foods or side dishes and additions
to foods®. Children often have limited knowledge of
food, food preparation and are not familiar with com-
ponents of mixed dishes and added ingredients.

A validation study investigating the effects of reten-
tion interval - the elapsed time between to-be-reported
meals and the interview- on children’s accuracy for
reporting school-meal intake during 24-hour dietary
recalls in fourth grade students, analyzed food-item-le-
vel for omission rates (percentage of observed but un-
reported items), intrusion rates (percentage of reported
but unobserved items), and total inaccuracy (combined
reporting errors for items and amounts). Researchers
found that children’s accuracy for reporting school-
meal intake was better for prior- 24-hour recalls than
previous-day recalls, best for prior- 24-hour recalls
obtained in the afternoon and evening, and worst for
previous-day recalls obtained in the afternoon and eve-
ning'’.

Children are able to answer many questions that are
directly relevant to them, but to date little is known
about the cognitive constraints on children’s ability
to retrieve dietary information. Baranowski et al. sug-
gested a model that categorizes the processes involved
into attention, perception, organization, retention, re-
trieval and response formulation. Further development
of the model includes the following retrieval strategies
during children dietary self-report'': visual imagery
(appearance of the food); usual practice (familiarity
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with eating the food); behaviour chaining (association
with preferred food or favourite activity during a meal
or day); and preference (favourite food).

It is not clear whether children under 10 years could
accurately answer a FFQ covering a period longer than
1 day, since this requires abilities such as conceptuali-
ze frequency. This involves averaging and abstraction
skills children of that age are not able to cope with'-'%.
In addition, FFQs require capacity to concentrate and
attention throughout the whole questionnaire. It has
been suggested that to complete an FFQ, children need
to be >12 years old. However, it is uncertain when a
child is between eight and 12 years old as to who, pa-
rent or child, should be asked to report child intake,
considering factors such as increasing child indepen-
dence, cognitive abilities and increased consumption
of food and drinks outside the home outside of parental
control. Overall, the consensus seems to be that the
characteristics of different age groups call for the use
of different assessment approaches'.

Adapting FFQs for children need to consider a
number of issues. Regarding the food list, children
are more likely to interpret questions literally, impai-
ring their ability to report accurately about composite
foods. Time intervals are another issue. Concept of
the past can make estimating frequency of food use
during a specific time period more problematic. Time
periods may need to be fixed by meaningful start and
end points and may need to be shorter, as children
typically have more changeable food patterns. Chil-
dren tend to respond affirmatively to authoritatively
phrased questions, or if unsure of the question, do not
have an opinion or are disinterested, thereby reducing
accuracy of information provided. Words that are con-
sistent with a child’s understanding of a given situation
need to be used. Probes may need to be more specific.
The structure of the questionnaire requires some ca-
reful attention. Easier questions on topics of interest
must be asked first, followed by more difficult or more
threatening questions': 6,

Surrogate reporting of children’s dietary intake

Although parents of preschool children may provi-
de accurate reports of their children’s food consump-
tion, reports appear to be no more valid than children’s
self-reports once children reach school age. However,
young children may spend part of the day with child
minders or away from home in care centres.

School age children become more independent.
They often have lunch and snacks at school, to some
extent decide on their own choices on what they eat
or even shop limited items by themselves. In addition,
they often do not share meals with their parents, who
may not be responsible either for preparing the food,
but delegate the task on someone else who may be re-
quired to provide additional information on what chil-
dren eat"”.

Results from studies comparing the results of direct
observations of children’s food intake with 24hour
recall by parents, suggest that parents can be reliable
reporters of their children’s food intake in the home se-
tting, but less reliable reporters of their children’s food
intake out of home'”.

Some children aged 10 years and older would per-
ceive assistance from parents or teachers as an intru-
sion, and would like to complete the dietary assess-
ment by themselves'.

Questions have also been raised about the bias that
parents may provide to their child’s report of intake''s.
A Finnish study showed that parents were more likely
to report health behaviours in line with recommended
and desired behaviours than children do'. However, a
recall where the mother and/or father assists and coo-
perate with the child may yield better estimates than
the child or parent alone®. The parents can assist by
prompting children, adding food details and assist with
practical issues connected to reporting.

Burrows et al compared and validated 8-11 years
children versus parents reporting of children’s ener-
gy intake using food frequency questionnaires versus
food records. They concluded that children were the
most accurate reporters when compared to their pa-
rents, with fathers more accurate than mothers. They
also found that estimates of energy intake based on
4-day weighted food records were approximately
equal to the child report FFQ'.

For preschool-aged children, information is obtained
from surrogates, usually the primary caretaker. A “con-
sensus” recall method, in which the child and parents
report as a group on a 24-hour recall, has been shown
to give more accurate information than a recall from
either parent or child alone®'. Tips for interviewers to
maximize data accuracy have been suggested.

In the Identification and Prevention of Dietary- and
Lifestyle-induced Health Effects in Children and In-
fants study (IDEFICs), two proxy-reported 24-hour
recalls from 4-10 year old children were found to be a
valid instrument to assess energy intake on group level
but not on the individual level®>.

Portion size

Early studies suggested that young children cannot
estimate portion size accurately, even when prompted
with visual aids'. However, older children and adoles-
cents also experience difficulty in reporting portion
size. Overall, in the majority of studies that have used
quantification tools such as household measures and
graduated food models, little attention has been paid to
how well such aids work with children'. Estimating the
amount of food consumed is a complex cognitive task
difficult for many children'"%. It requires that children
can recognize and describe food quantities in terms of
proportions or whole units. It also assumes that chil-
dren can think abstractly about food and understand
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the meaning of generic food models of different vo-
lumes and dimensions, or food photographs. Children
younger than 10-11 years old are very unlikely to be
able to efficiently perform these abstraction tasks. The
accuracy of children’s estimates of portion size using
age-appropriate photographs, sensitive to the cogniti-
ve abilities of children, has shown not to be different
from that of adults in a study by Foster et al.*.

Foster et al. demonstrated that children are able to
use portion size assessment tools to estimate portion
size as young as 4-6 years old, although precision
and accuracy of estimates improved with age using
different tools?*. Conservation is the ability to recog-
nise that a size or quantity remains the same when the
appearance of the object changes. The ability to con-
serve develops at about 7 years of age. Additionally,
children need to be able to report foods actually consu-
med, rather than that served, which requires reporting
leftovers, thus portion sizes suitable for estimation of
leftovers may be required as well. Foster et al tested
different measurement aids with children and found
photographs and an interactive tool to perform better
than food models. Baranowski et al found that multiple
smaller food images in progressively larger amounts
on the same screen enabled children to more quickly
report food portion size than larger single-portion pic-
tures presented one at a time. The presence or absence
of visual cues such as a tablecloth and cutlery in ima-
ges did not influence accuracy of portion size®.

Dietary habits of children and adolescents

Food habits of children are more structured than in
adolescence. Children more often eat at home while
adolescents often do it out-of-home. Parental influence
is important in childhood, while peer influence in im-
portant in adolescence.

In adolescence eating habits are rapidly changing
and unstructured eating is common (snacks, meal ski-
pping), with high levels of restrained eating.

Additional considerations regarding adolescence in-
clude body image concerns and dieting behaviours?.

Social desirability

Children may under-report or over-report some die-
tary habits because they may perceive their own prac-
tices, or what they report as own practice, are either
socially undesirable or desirable, respectively. Socia-
lly desirable responses are more frequent in younger
than in older children®. Interviewer administrated 24
hour recall, where children and/or parents are sitting in
front of an interviewer, have shown to provide social
desirability biases**. This may not occur to the same
extend when reporting in private.

The association between dieting and weight cons-
ciousness with misreporting is the most frequent and

consistent. Parental obesity status and/or the extent to
which parents perceive that information about their
child’s diet is a reflection of their child’s weight may
also compromise reporting accuracy'. It has been sug-
gested that a small part of the inaccuracy of children’s
self-reports is deliberate and might be due to social
desirability*.

Co-operation of respondent

Engaging children and adolescents in reporting their
food intake is particularly challenging, but motivation
is essential to gain collaboration which will help over-
come some of the difficulties discussed. Assessment
tools should facilitate cooperation of children and pa-
rents. Some useful characteristics for that purpose are
being intuitive, easy and fast to complete, flexible in
choices, nonintrusive, engaging, age appropriate and
fun. Providing feed-back, and some kind of recogni-
tion such as gift or incentive may also be important.
Co-operation and motivation is more difficult in ado-
lescence. Although they are more able to report, ado-
lescents may be less interested in giving accurate re-
ports's,

Other factors

Being part of an intervention study focused on body
weight and healthy eating habits, having clinical mea-
surements or blood samples taken as indicators of diet,
health or lifestyle diseases may unconsciously chan-
ge influence dietary behaviour. Reporting food intake
may in itself cause reactivity and a change in habits.
This is especially a risk with Food diaries and food
records. Reporting foods as they are eaten can affect
both the types of foods and the amounts consumed,
thus leading to under eating in the reporting period!*.
Furthermore, completing food records is time consu-
ming, and can be perceived as boring. Using self-admi-
nistered tools as well as long monotonous face-to-fa-
ce interviews can result boring and cause fatigue in
children that affect dietary information retrieval'?. This
may lead to misreporting or alternative eating habits
substituting foods which are easier to report’.

Advantages and limitations of different dietary
assessment methods in children

Single or repeated 24-hour recalls and food records of
varying duration have been widely used in children and
adolescents. For school-age children and adolescents,
there is no consensus of which dietary assessment me-
thod is most accurate. The choice of which instrument
to use may depend on the study objectives and study
design factors, all of which will influence the appropria-
teness and feasibility of different approaches'.
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Developmental cognitive issues, problems with me-
mory and information retrieval in children as well as
those related to estimation of portion sizes have been
discussed above. These issues are particularly relevant
for 24 hour recalls and FFQs. In children, previous
studies with double-labeled water used as a standard
have shown that the food frequency questionnaire
overestimates total calorie intake by ;50%,83 whereas
repeated 24-hour recalls84 and weighed diet records
85 provide reasonably accurate group mean values for
intake, although the values are not accurate on an in-
dividual basis®*. Generally, correlations between food
frequency type instruments and more precise reference
instruments have been lower in child and adolescent
populations than in adult populations. A web-based
food behavioural questionnaire underestimated the
intake of middle-school children compared to a mul-
tiple-pass 24-hour recall®'.

It has been suggested that food records using digital
pictures may be a valid and feasible method for asses-
sing food intake of preschool children®2. Results of a
pilot test showed an average 0,96 correlation between
estimated weights and actual weights and the digital
diet estimates were 5% lower than the actual weights.
The Remote Food Photography Method (RFPM),
which relies on smartphones to estimate food intake
in near real-time in free-living conditions. When using
the RFPM, participants capture images of food selec-
tion and leftovers using a smartphone and these ima-
ges are wirelessly transmitted in near real-time to a
server for analysis®.

Systems based on digital photography to be used in
school cafeterias have been developed and tested as
well. This observation method consists of standardized
photography of the food selected before the meal and
the plate waste following the meal. Using reference
portions of measured quantities of the foods, expert
judgment is used to estimate the amount of each food
consumed* ¥,

Another approach that has been used with school-
age children is a combination instrument, the record
assisted 24-hour recall. In this case children record
only the names of foods and beverages consumed
throughout a 24-hour period. This information serves
as a cue for the later 24-hour recall interview.

The European Food Consumption Validation Pro-
ject provisionally recommended a similar approach
-a food recording booklet for foods eaten away from
home- for schoolchildren 7-14 years old. Neverthe-
less, studies examining the validity of this approach
have had mixed results

An European Union (EU)-wide standardized food
consumption data collection system (EU Menu) was
initiated in 2010. The system uses a methodology that
enables comparability of data and provides informa-
tion that is detailed enough for risk assessments that
are representative of all countries and regions in the
EU. In addition, the data will useful nutrition purpo-
ses and public health policy makers. The collection of

food consumption data is planned to be carried out as a
rolling programme from 2012 to 2017°.

The Expert Group on Food Consumption Data
(EGFCD) recommended in 2009 the dietary record
including two non-consecutive days the method to be
used in to infants, toddlers and other children (from
36 months to 10 years of age). The EGFCD conside-
red that this method facilitates a combination of pa-
rents and (various) caretakers in recording the foods
and beverages consumed, depending on the location
of the child. The group considered that non-respon-
dent bias is probably less of a problem in this po-
pulation group since response rates in studies among
children are generally higher compared to other po-
pulation groups?.

The Pilot study for the Assessment of Nutrient in-
take and food Consumption Among Kids in Europe
(PANCAKE) project provided tools and protocols for
a future harmonised pan-European food consumption
survey in infants, toddlers and children, with speci-
fic recommendations for further improvement and
on the preferred dietary assessment method. The au-
thors recommended to use the two non-consecutive
one-day food diaries followed by an EPIC-Soft com-
pletion interview with the parent/caretaker as main
dietary assessment method. They also advise the use
of validated PANCAKE picture books for quantifi-
cation of portion sizes of consumed foods and re-
commend to collect additional information with a
questionnaire on background characteristics, a food
propensity questionnaire, and measurement of height
and weight®.

New approaches and technologies to improve
accuracy in diet reporting

Formative research on the use of innovative techno-
logies, such as computers, the Internet, personal digital
assistants and mobile phones, to obtain information on
food consumption is important for the development of
these technologies®*. The many possibilities techno-
logies offer have been used in diverse ways to enhance
accuracy, minimize self-report errors and otherwise
make it easier to report diet*>. A number of innovati-
ve technology based methods to address the needs for
dietary assessment in children have been developed.
New technology-based methods, such as disposable
cameras, mobile phones with cameras, and smart pho-
nes, are being developed for collecting records.

Using web-based technology for dietary assessment
offers standardization of the sequence of the questions,
can include audiovisual stimuli, provide immediate re-
sults, increased flexibility, and easy and fast updating
facilities®!34, The use of technology to collect dietary
intake data is especially engaging to children, adoles-
cents and younger adults who are familiar with the
technology in their daily lives. Perceptions of “enjoya-
ble” and “easy to use” are rated highly in many com-

Dietary assessment in children and adolescents: issues and recommendations 81



puterized diet programmes. Many adolescents prefer
these methods to traditional methods'.

To be successful, however, any self- completed diet
assessment instrument requires some minimum atten-
tion, memory, and categorization skills. A useful skill
for successfully self-completing a 24-hour diet recall
is the ability to identify foods consumed by “brow-
sing” among hierarchically organized food groups or
by “searching” (typing in food names). Observers re-
ported that many children relied on pictures of foods
(category collages) rather than text to make their selec-
tions in the cover-flow method®.

A web-based dietary assessment software system
that assess the dietary intake among 8-10 year old
children should include motivation factors, and try to
motivate the children by the soft-wares functionality,
content, aesthetics and setting®.

Boredom and fatigue affect dietary information re-
trieval especially when using self-administered instru-
ments with children'?. Theories from media psychology
and communication research provide innovative pers-
pectives to address children’s motivation and accuracy
in dietary assessment. A challenge for entertainment
media is to provide an environment that motivates
children to accurately complete the dietary assessment
task* Innovative strategies for enhancing children’s
motivation for dietary assessment and for enhancing
accuracy of reporting have been suggested. One of the
strategies suggested to motivate children to complete a
dietary assessment is the use of animated, customisa-
ble agents which could guide and interact with chil-
dren during the process. Embed the assessment pro-
cess into a video game is another motivating strategy.
Control and interactivity are two distinct features of
videogames. The challenge is to design such interac-
tivity to minimise adverse reaction to the reporting of
dietary intake, for instance by providing non-evalua-
tive feedback periodically during dietary report*. A
third useful strategy is to add narratives to encourage
self-reporting behaviour. Stories could provide intri-
guing incentives for children who feel encouraged to
finish the story. Virtual recreation of intake environ-
ment, training sessions interspersed to improve portion
estimation and implicit attitudinal measures incorpora-
ted in the process as a control or to increase validity
have been suggested among the strategies to improve
accuracy. Many motivation and accuracy strategies
could be combined. For example, a video game with
an involving storyline could include multiple accuracy
training sessions via a virtual environment. However,
more research is needed to operationalise and validate
these theoretically useful strategies.
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Abstract

The elderly population is increasing and it is well
documented that may present some health problems
related to nutritional intake. Both mental and physical
impairments in the elderly may need specific adapta-
tions to dietary assessment methods. But all self-report
approaches include systematic and random errors, and
under-reporting of dietary energy intake is common.
Biomarkers of protein intake, as 24 hours urinary Nitro-
gen, may not be useful in elderly patients because of in-
continence problems. Some micronutrients, like vitamin
B12, have special importance in the elderly population.
Also, measurement of fluid intake is also critical becau-
se elderly population is prone to dehydration. A detailed
malnutrition status assessment should be included in the
geriatric dietary history, and assessment. Body mass in-
dex (BMI) is not useful in the elderly, and it is important
to evaluate functional status. Gait speed, handgrip stren-
gth using hand dynamometry can be used. Body Shape
Index (ABSI) appears to be an accurate measure of adi-
posity, and is associated with total mortality. Further re-
search is needed to clarify the best and simple methods
to accurately estimate food and beverage fluid intake in
the elderly population, and to evaluate nutritional and
hidration status.
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Resumen

La poblacion de edad avanzada esta aumentando y
puede presentar problemas de salud relacionados con la
ingesta alimentaria. Los ancianos presentan alteraciones
mentales, fisicas y funcionales que precisan de adapta-
ciones especificas en los métodos de evaluacion dietética.
Todas las aproximaciones auto-referidas presentan erro-
res sistematicos, y es frecuente que se refiera una menor
ingesta energética. Los biomarcadores de ingesta protei-
ca, como el Nitrégeno urinario de 24 horas, pueden no
ser utiles debido a la incontinencia. Algunos micronu-
trientes, como la vitamina B12, tienen una importancia
especial en la poblacion de edad avanzada. Igualmente,
la medicion de la ingesta de liquidos es importante, ya
que pueden sufrir deshidratacion. En la evaluacion ge-
ridtrica deberia incluirse una evaluacion de la malnutri-
cion. El indice de masa corporal (IMC) no es muy titil
en el anciano, y es mejor evaluar la situacion funcional.
Pueden medirse la velocidad de la marcha, y la fuerza de
prension, medida con dinamémetro. El Indice de Forma
Corporal parece ser una medicion fiable de la adiposidad
y se asocia con la mortalidad. Son necesarios mas estu-
dios para aclarar cual es el mejor método para estimar
de forma fiable la ingesta de comida y bebida en la pobla-
cion anciana y para evaluar el estado nutricional.
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DH: Dietary history.

EDR: Estimated dietary record.

BM: Biomarkers.

WBQ: Water balance questionnaire.

SGA: Subjective Global Assessment.

MUST: Malnutrition Universal Screening Tool.

NRS: Nutritional Risk Screening.
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MNA-SF: Mini Nutritional Assessment Short Form.

GNRI: Geriatric Nutritional Risk Index.

NHANES: National Health and Nutrition Examina-
tion Survey.
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Introduction

It is predicted that elderly population will reach
more than 25% by year 2050', and this will may make
us to face present different health problems due to in-
creasing trend of nutritional related diseasesrelated to
nutritional intake. A direct relationship between die-
tary habits and health outcomes® and mortality® have
been reported. Even more, changes that occur during
aging may, directly or indirectly, influence food and
beverage intake. For example, smell and taste dimini-
sh, and digestive disorders can easily appear. Poor in-
takes are associated with increased risk of poor health,
including functional decline. So, it is really important
to accurately assess the nutritional situation of the el-
derly population.

Dietary intake

Several methods are available to assess dietary in-
take. Food frequency questionnaires (FFQs) have been
used extensively used in nutritional epidemiology for
assessing past and usual intake.They can be self-ad-
ministered and are relatively inexpensive.The FFQ
usually administered to elderly people have a range
ofincluded food items included, reaching to more than
200. Other approaches are the 24 hour dietary reca-
11 (24HDR) and the 3 to 74 day food record (4DFR).
The concern with short-term recalls and diet records is
that they are expensive and unrepresentative of usual
intake if only a few days are assessed. And all self-re-
port approaches include systematic and random errors
that can distort the described associations between diet
and disease. It is well known that a general finding in
dietary studies is under-reporting of energy intake, and
it has been found in both adult and in elderly popu-
lations. Under-reporting in women is associated with
fear of negative evaluation, weight loss history, per-
centage of energy from fat, or variability in number of
meals per day*. Under-reporters usually tend to be less
physically active, and they are more likely to dieting.
For example, in the OPEN Study?, a larger underre-
porting of dietary energy intake by overweight women

was shown. In the Women’s Health Iniciative (WHI),
under-reporting by postmenopausic women was as-
sociated with fear of negative evaluation, weight loss
history, less active, more likely to be on diet and ea-
ting less fat, restrained eating or the conscious effort
to restrict calorie intake, high disinhibition or the loss
of self-control in eating behaviour or anxiety and dis-
tress. In the WHI-NBS, a modest additional underre-
porting of energy intake was found among racial and
ethnic minorities compared with white participants. In
a study with 70-79 years old persons, by Sharhar et al.®
among high-functioning community-dwelling elderly,
it was shown that underreporters had significantly hi-
gher body weight than the rest of the participants.
Another important problem is that elderly popula-
tion is an heterogeneous group, ranging from healthy,
physically active and independently living people, to
centenarians, fully dependent on care. Both mental and
physical impairments may need specific adaptations to
dietary assessment methods. We must keep in mind
that memory may already start declining after the age
of 55 years, and dietary recall ability decreases with
age. So the 24HDR and, in a lower extent, the 4DFR
methods may be inappropriate, due to age-associated
cognitive decline and short-term memory impairment.
Even more, the validity of self-reported dietary infor-
mation also diminishes with increasing age of the res-
ponder, due to memory loss or visual impairment. The
oldest elderly can become easily fatigued and frustra-
ted with long dietary interviews and may take longer
time to complete the questionnaire. In these circum-
stances, with incompetent patients, the information
can be needed to get obtainedthe information from ca-
regivers and surrogate or proxy sources. Therefore, it
is very important that the choice of dietary assessment
method should take into account cognitive skills and
other characteristics of the elderly population. Surpri-
singly, few studies have assessed the use and validity
of dietary assessment methods in elderly people, parti-
cularly those classified in the oldest age group’?.

Measurement of energy intake

As previously stated, obese individuals underreport
their food intakes by 20-50% and it has been estima-
ted that, as the degree of obesity increases, the same
occurs with the degree of underestimation of energy
intake (EI)°. Such systematic reporting errors and re-
porting biases consequently alter the ability of resear-
chers to determine intake in overweight and obese in-
dividuals, and it becomes clear that methods to collect
self-reported EI data are not good in overweight and
obese populations. So it is important to examine the
extent and nature of underreporting of food intake in
obese populations.

The measurement of energy expenditure (EE) with
use of the doubly labeled water (DLW) method has
been used to investigate the validity of self-reported
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dietary intake. This method of validation is based on
the assumption that EI is equal to EE when weight is
stable. As previously outlined, the largest discrepan-
cy between self-reported EI and EE relative to DLW
occurs in obese. Hise et al have performed a study
to validate EI estimated from a pre-coded food diary
against energy expenditure (EE) measured with the
DLW method in a group of elderly men, with overwei-
ght/ obesity'®. They evaluated the validity of the com-
bined use of observer-recorded weighed-food records
and 24-hour snack recalls in estimating energy intakes
in overweight and obese individuals. EI was measured
over 2 week in a university cafeteria and a 24-h snack
recalls were conducted. And they concluded that the
combination of observer-recorded food records and
24-h snack recalls is a valid method for measuring EI.

But the use of DLW method is limited because of its
high cost, and the need for specialised equipment and
trained staff. To avoid these problems, a devide has
been developed, the Sense Wear Pro3 Armband (SWA;
BodyMedia Inc., Pittsburg, PA, USA) that can be used
to register energy expenditure in healthy adults. A re-
asonable level of concordance was demonstrated be-
tween SWA and DLW methods (ICC = 0.63) for mea-
suring daily EE in free-living adults during 10 days of
monitoring''. So, SWA can be considered a relatively
inexpensive and practical method to accurate monitor
EE.

Stea el al'? validated the EI, estimated from a
pre-coded food diary (PFD) against EE measured with
the SWA, in a group of Norwegian elderly men aged
60-80 years. Participants recorded their food intake
for four consecutive days using food diaries and wore
the SWA during the same period. The group avera-
ge EI was 17% lower at baseline and 18% lower at
post-test compared to measured EE. Mean difference
from Bland-Altman plot for EI and EE was 21.5 MJ/
day (61.96 SD: 27.0, 4.0 MJ/day) at baseline and 21.6
MJ/day (26.6, 3.4 MJ/day) at post-test. The intraclass
correlation coefficient (ICC) was 0.30 (95% CI: 0.02,
0.54, p = 0.018) at baseline and 0.34 (0.06, 0.57, p =
0.009) at post-test. Higher values of underreporting
was shown among overweight/obese compared to nor-
mal weight participants at both baseline and post-test
(p< 0.001), respectively. So, the authors conclude that
the PFD could be a useful tool for estimating energy
intake in normal weight elderly men, but it seems to be
less suitable for estimating energy intake in overwei-
ght/obese elderly men.

Measurement of protein intake

When measuring protein intake, biomarkers of meat
intake, as 24 hours urinary Nitrogen, can be used.
Using this biomarker of protein intake, a potentially
positive association of protein intake with risk of dia-
betes in postmenopausal women after calibration and
body mass index (BMI) adjustment was found in the

WHI study. This result suggested that protein con-
sumption could contribute to diabetes risk through me-
chanisms other than body fat deposition. And this new
described association is important to consider when
counseling persons at risk of developing diabetes. But
again, this method can not be useful in elderly patients
because of incontinence problems.

Measurement of micronutrients intake

This is an area of concern because there are some
micronutrients with special importance in the elder-
ly population. For example, B12 vitamin is related
to cognitive decline, that can even arise without the
typical haematological abnormalities. But the esti-
mation of micronutrient intake is a difficult task and
can present extra challenges in elderly people. Groo-
tenhuis et al.'® used a semiquantitative food frequency
questionnaire for epidemiologic research among the
elderly and validated it comparing with dietary history
(DH). They found that good agreement of mean nu-
trient intake and high correlation coefficients between
the estimates of the self-administered semi-quantitati-
ve questionnaire and the DH method, the absence of
non-constant bias for most nutrients and the ability
of the questionnaire to classify individuals adequate-
ly into broad categories, demonstrated an acceptable
relative validity. Using 4-dayFDR as the reference me-
thod, Dumartheray et al.'"* demonstrated a good level
of nutrient intake estimation by FFQ for the majority
of the micronutrients assessed. This demonstrates that
the variability of the nutrient consumption is related to
energy intake. Messerer et al. !> assessed the validity
of a self-administered FFQ and showed that overall,
adding information about dietary supplement use in-
creased the validity of micronutrient estimates by 13%
based on a self-administered FFQ. Klipstein-Grobusch
et al.!® evaluated the relative validity of micronutrient
intake estimated by a FFQ adapted for dietary assess-
ment in the elderly as compared to 15-day estimated
dietary record (EDR). The correlation coefficients ob-
served in the present study ranged from 0-5 to 0-9 for
crude and from 0-4 to 0-8 for adjusted data, indicating
relatively good validity and being similar to results of
validation studies in which either a FFQ or DH were
administered to an elderly population. van de Rest et
al. developed a FFQ to assess folate intake over the
past 3 months in Dutch elderly people and showed a
weak positive correlation between folate intakes esti-
mated with the FFQ and serum folate concentrations
(r 0-14), but not erythrocyte folate (r 0-05)"7. This
could be explained by the fact that the serum folate
reflects recent intake and the erythrocyte folate reflects
long-term intake and in this study, FFQ assessed food
intake in the previous 3 months.

Dietary intakes of b-carotene estimated by diffe-
rent FFQ can be validated against plasma concen-
trations of this micronutrient. Vioque et al. demons-
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trated that plasma concentrations of carotenoids and
vitamin C are better correlated with dietary intake
in normal weight than overweight and obese elderly
subjects and that the correlations between usual in-
take of this micronutrient assessed by FFQ and their
plasma concentration changed when the participants
were grouped by BMI category!®.

A systematic literature review identified studies
validating the methodology used in elderly people for
measuring usual dietary micronutrient intake'®. The
quality of each validation study selected was asses-
sed using a EURRECA-developed scoring system.
The validation studies were categorized according to
whether the reference method applied reflected short-
term intake (<7 d), long-term intake (>7 d) or used
biomarkers (BM). A total of 33 publications were in-
cluded, 25 used different FFQ, 6 diet histories (DH),
one 24-h recall (24HR) and one videotaped dietary
assessment method. A total of 5 publications analy-
sed BM, which were used to validate four FFQ, and
one 24HR, presenting very good correlations only for
vitamin E. The analysis of weighted correlation coe-
fficients classified by FFQ or DH showed that most
of the micronutrients had higher correlations when
the DH was used as the dietary method. Comparing
only FFQ results showed very good correlations
for measuring short-term intakes of riboflavin and
thiamin and long-term intakes of P and Mg. When
frequency methods are used, the inclusion of die-
tary supplements improves their reliability for most
micronutrients. Comparing FFQ methods used for
assessing micronutrient intake with short-term refe-
rence methods, very good correlations were obser-
ved for thiamin and riboflavin. Nevertheless, a poor
correlation was observed for b-carotene. When FFQ
using longterm intakes as reference methods are
compared, we have observed that a greater number
of micronutrients present good correlations. They
are also very good for measuring long-term intake
of P and Mg. Micronutrients with poor correlations
were not observed when the reference method used
reflected long-term intake. Micronutrient intake co-
rrelates better with long-term rather than short-term
daily intake. Additionally, BM used as reference me-
thods present very good correlations for vitamin E
and poor correlations for folate. According to this
systematic review, when comparing different vali-
dation methods, the DH presents better correlations
when EDR are used as the reference method. When
we analyse the mean of correlation coefficients wei-
ghted by study quality and their distribution by FFQ
or DH as validated dietary methods, we observed that
most of the micronutrients improved the correlation
when the DH was used as the study instrument. Ove-
rall, when frequency methods are used for assessing
micronutrient intake, the inclusion of dietary supple-
ments improves their reliability for most nutrients,
with notable differences observed for folate, retinol,
vitamins A, D, E and Zn. So, future research to clari-

fy the number of food items and frequency categories
that are to be included in the questionnaires needs to
be developed for this population group.

Fluid intake

Measurement of fluid intake is critical in the elderly
because elderly population isn prone to dehydration.
Several factors can favor dehydration: Hypodipsia,
use of diuretics, incontinency, gastrointestinal diseases
and hot environments. Several approaches have been
used to assess beverage intake for the general popula-
tion, but the validity of these approaches has not been
well established in the aged population. Most of the
studies about fluid intake have focused on assessment
of beverage-associated nutrients, or alcohol®, or have
been performed with or for other segments of the po-
pulation, as the children and adolescents?'. In most of
the studies, FFQ, multiple-day food records and 24-
hour dietary recalls have been used to estimate beve-
rage intake. Biomarkers of beverage intake are able
to assess dietary intake / hydration status without the
bias of self-reported dietary intake errors and also the
intra-individual variability. Various biomarkers have
been proposed to assess hydration, however, to date;
there is a lack of universally accepted biomarker that
reflects changes of hydration status in response to
changes in beverage intake. A recent review has vali-
dated different beverage intake methods vs. hydration
biomarker?>. The authors conducted a review to find
out the questionnaires of beverage intake available
in the scientific literature to assess water beverage
intake and hydration status, previouslyand validated-
them against hydration biomarkers. Only two articles
were selected, in which, two different beverage intake
questionnaires designed to capture the usual bevera-
ge intake were validated against Urine Specific Gra-
vidity biomarker. The “Water balance questionnaire”
(WBQ)? reported no correlations in the first study and
the Beverage Intake Questionnaire*, a quantitative
Food frequency questionnaire in the second study, also
found a negative correlation. FFQ appears to measure
better beverage intake than WBQ when compared with
biomarkers. However, the WBQ seems to be a more
complete method to evaluate the hydration balance of
a given population. The authors conclude that further
research is needed to understand the meaning of the
different correlations between intake estimates and
biomarkers of hydration in distinct population groups
and environments.

Assesment of malnutrition in the elderly

Malnutrition is highly prevalent among hospita-
lized elderly patients, ranging from 30% to 50% de-
pending on the patient population and the criteria used
for diagnosis. The prevalence of malnutrition in com-
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munity-dwelling elderly is lower, about 2%, and the
risk of malnutrition is 24%. Home care elderly use to
haves a prevalence of undernutrition around 109%,
and risk of malnutrition up to 45%. Malnutrition is
associated with functional and cognitive impairment.
Thus, identifying at early stages those who are mal-
nourished and at risk of malnutrition is important to
treat them early at an early stage and to improve pa-
tients overall prognosis, reducingand reduce the health
costs. Many nutrition screening and assessment tools
are available, to identify the risk of malnutrition and
to diagnose this condition. Ideally, nutritional assess-
ment should be practical, easy to perform, non-inva-
sive, well tolerated, inexpensive, requiring no use of
devices or supplementary examinations, applicable at
the bedside, showing appropriate sensitivity and spe-
cificity and yield immediate results. Subjective Glo-
bal Assessment (SGA) is one of the most commonly
used nutrition assessment tools and reliably detects
patients with established malnutrition®. The Malnutri-
tion Universal Screening Tool (MUST) was developed
to detect both under-nutrition and obesity in adults®.
The Nutritional Risk Screening (NRS) is the preferred
screening tool for hospitalized patients?’. TheBut Mini
Nutritional Assessment (MNA) and its Short Form
(MNA-SF) were specifically developed to assess nu-
tritional risk in elders®. Both are sensitive, specific,
and accurate in identifying nutrition risk. The MNA is
a screening and assessment tool with a reliable scale
and clearly defined thresholds, usable by health care
professionals. A low MNA score is associated with an
increase in mortality, and length of hospital stay. The
MNA detects risk of malnutrition before severe change
in weight or serum proteins occurs. The MNA can also
be used as a follow up assessment tool. So, it should
be included in the geriatric assessment and is proposed
in the minimum data set for nutritional interventions.
The Geriatric Nutritional Risk Index (GNRI) is
a tool initially proposed to predict nutrition-related
complications in sub-acute care setting®. It has been
validated in hospitalized elderly patients by testing its
ability to predict patients outcome through the compa-
rison with Mini Nutritional Assessment (MNA), in a
prospective cohort with 131 patients (mean age 69.32
+ 8.17 years) admitted consecutively to the acute geria-
trics medical ward. Patients were followed for 6 mon-
ths for the occurrence of major health complications as
prolonged length of stay, infectious complications and
mortality. GNRI showed a higher prognostic value for
describing and classification of nutritional status and
nutritional-related complications in hospitalized elder-
ly patients, in addition to its simplicity*. An study was
performed to compare the correlation between MNA
and GNRI with anthropometric, biochemical, functio-
nal status measure (Barthel Index) and nutritional rela-
tion complications (such as infection and bedsores) in
a sample of older subjects admitted to hospital®!. The
concordance of MNA and GNRI was 39%. The most
significant differences were detected in weight, BMI,

arm and calf circumference and weight loss parame-
ters. Barthel index was significantly different in both
tests. The MNA and GRNI had significant correlations
with albumin, total protein, transferring, arm and calf
circumference, weight loss and BMI parameters. So,
it would be reasonable to use GRNI in cases where
MNA is not applicable, or even use GRNI as a comple-
ment to MNA in hospitalized elderly patients, because
patients could benefit from more effective nutritional
intervention.

Measuring obesity in the elderly: sarcopenic
obesity

Obesity is recognized as a major risk factor in the
development of cardiovascular diseases and diabetes,
but in several chronic diseases, a higher BMI may be
associated with a lower mortality and a better outco-
me compared with their normal-weight counterparts.
This protective effect of obesity has been described as
the “obesity paradox” or “reverse epidemiology”. The
obesity paradox was mostly reported in elderly. Lains-
cak et al evaluated nine large-scale studies about obe-
sity paradox in chronic diseases®”. Eight of the studies
included subjects at mean age >62 years. The obesity
paradox may be partly explained by the lack of the
discriminatory power of BMI to differentiate between
lean body mass and fat mass, because BMI does not
take into account body fat distribution. In the elderly,
the prevalence of abdominal obesity defined by waist
circumference is higher than the prevalence of obesity
defined by BMI*. Higher mortality in the low BMI
categories may be due to the sarcopenic obesity that is
characterized by low muscle mass and strength while
fat mass may be preserved or even increased. Changes
in muscle composition (fat infiltration into muscle or
marbling) are also important. Sarcopenia exacerbates
insulin resistance and dysglycemia in both nonobese
and obese individuals, and increase the risk of adverse
outcomes, such as physical disability, poor quality of
life and death. So, in the elderly the body mass index is
not useful and it is better to evaluate functional status,
through the amount of muscle mass and its function,
mainly strength and physical performance. The cha-
llenge is to determine how best to measure them accu-
rately. Gait speed measurement has been demonstrated
to be the most reliable way to screen sarcopenia in cli-
nical practice. A cut-off point of >0.8 m/s identifies
risk for sarcopenia*. A relationship between handgrip
strength and mortality in the oldest old population has
been described in the Leiden 85-plus study® and nor-
mal reference values for handgrip strength in healthy
adult subjects using hand dynamometry have been es-
tablished?®.

Body Shape Index (ABSI) is a promising index
recently developed to quantify the risk associated
with abdominal obesity, independently of body mass
index?” ABSI appears to outperform other popular
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anthropometry-based measures of adiposity, such as
Waist-Hip-Ratio. Several studies have found asso-
ciations between ABSI and other adverse outcomes,
as diabetes®, metabolic syndrome®, and high blood
pressure* . Above average ABSI was associated with
substantially higher risk of death in the National
Health and Nutrition Examination Survey (NHA-
NES) 1999-2004 sample*. Even more, ABSI was
found to be a robust predictor of mortality hazard in
the Health and Lifestyle Survey (HALS)*%, a large
national sample of United Kingdom.

In summary, from this review we underline the diffi-
cultiesy in performing nutritional studies in the elderly
population. Although important advances in knowle-
dge have been achieved during the last two decades,
further research is still needed to clarify the better and
simpler methods to accurately estimate food and fluid
intake in the elderly population, and to evaluate nutri-
tional status.
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Abstract

In the last two decades easy-to-use simple instruments
have been developed and validated to assess specific as-
pects of the diet or a general profile that can be compa-
red with a reference dietary pattern as the Mediterra-
nean Diet or with the recommendations of the Dietary
Guidelines. Brief instruments are rapid, simple and easy
to use tools that can be implemented by unskilled person-
nel without specific training. These tools are useful both
in clinical settings and in Primary Health Care or in the
community as a tool for triage, as a screening tool to iden-
tify individuals or groups of people at risk who require
further care or even they have been used in studies to in-
vestigate associations between specific aspects of the diet
and health outcomes. They are also used in interventions
focused on changing eating behaviors as a diagnostic
tool, for self-evaluation purposes, or to provide tailored
advice in web based interventions or mobile apps. There
are some specific instruments for use in children, adults,
elderly or specific population groups.
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METODOS DE CRIBADO Y METODOS DE
EVALUACION RAPIDA

Resumen

En las dos ultimas décadas se han desarrollado y va-
lidado instrumentos sencillos que permiten valorar as-
pectos concretos de la ingesta dietética o bien un perfil
general que puede compararse con patrones dietéticos
de referencia como la Dieta Mediterranea o bien con
las recomendaciones de las Guias Alimentarias. Son
instrumentos rapidos, sencillos y faciles de utilizar por
personal no especializado sin necesidad de un entrena-
miento especifico. Estas herramientas son de utilidad
tanto en el ambito clinico como en Atencién Primaria
o en la comunidad como instrumento de triage, como
herramienta de cribado con el fin de identificar indi-
viduos o grupos de poblacion con riesgo que requieran
mayor atencién o incluso se han utilizado en estudios
para investigar entre aspectos concretos de la dieta y
resultados de salud. También se utilizan en interven-
ciones sobre cambio de conductas alimentarias como
herramienta diagndéstica o de autoevaluacion, o para
facilitar consejo personalizado en intervenciones a tra-
vés de paginas web o de aplicaciones mdviles. Existen
algunos instrumentos especificos para su utilizacion en
nifos, en adultos, en ancianos o en grupos especificos
de poblacion.

(Nutr Hosp 2015;31(Supl. 3):91-98)
DOI1:10.3305/nh.2015.31.sup3.8757

Palabras clave: Andlisis de la ingesta. Cribado. Evalua-
cion rdpida. Instrumentos breves.

DSQ: Dietary Screener Questionnaire.

FEAHQ: Family Eating And Activity Habits Ques-
tionnaire.

HBSC: Health Behaviour In School-Aged Children.

FFQ: Food Frequency Questionnaires.

PRA: Participatory Rural Appraisal.

PREDIMED: Prevencién con Dieta Mediterrdnea.

RRA: Rapid Rural Appraisal.

RFMMB: Risk Factor Monitoring And Methods
Branch.

SNAPTM: Synchronised Nutrition And Activity
Programme.
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Rapid Assessment Methods were designed by
Chambers and colleagues in the 70s for use in rural
communities in developing countries and were mo-
dified later in the 80s. These methods, Rapid Rural
Appraisal (RRA) and Participatory Rural Appraisal
(PRA), based on qualitative evaluation methods, were
developed to be used by fieldworkers in contexts with
limited resources, lack of skilled trained personnel to
conduct large surveys in order to identify problems
and follow up, but where information is required for
immediate action and decision adoption'.

Data collected by these methods help to draw a
situational analysis map, identify and prioritize pro-
blems as well as to identify at risk groups. However,
short methods are not useful to detect individuals at
risk who may need immediate intervention due to their
physiological status, condition or any other circum-
stances. The rapid assessment questionnaires develo-
ped over the last decades have attempted to answer
those needs?.

Rapid assessment tools are described as question-
naires intended to identify key risk factors for malnu-
trition or inadequate consumption patterns for specific
food groups. Based on these risk factors, appropriate
algorithms are developed to compute scoring scales
associated to each screening tool. Scores are usually
categorized according to range levels in the scale and
the subsequent corresponding appropriate actions or
decisions to be adopted. Many of these instruments
are designed in a user friendly format, so they can
be used by nurses or social workers in their routine
practice in Primary Health Care, in community set-
tings for health promotion purposes and community
interventions™*.

The time and resources available in clinical practi-
ce, especially in Primary Health Care, make it diffi-
cult to implement comprehensive nutritional assess-
ments. In addition, healthcare professionals often are
not particularly well trained and skilled in nutritional
assessment methodology. Therefore, easy-to-use rapid
assessment tools ready to be used by staff without a
specific training or specialized qualification are highly
valuable®.

Nutrition screening tools had a major development
in three main areas. On the one hand, in clinical prac-
tice to identify patients in situations that compromise
their nutritional status and require an effective inter-
vention either with a preventive or treatment aim, such
as cardiovascular risk, cancer patients, candidates for
certain surgery treatment patients or any other specific
condition.

On the other hand, several tools have been deve-
loped for implementation in the elderly. Due to the
specific physiological, clinical and socioeconomic
characteristics associated with ageing processes, the
elderly is an important at risk group and it is necessary
to identify individuals who may be in situations vulne-
rable for malnutrition to provide them with adequate
social and health care support.

Assessment of food habits is particularly interesting
in childhood and adolescence to inform monitoring of
adequate growth and development and for health pro-
motion and nutrition education purposes. More recent-
ly new rapid assessment and self-evaluation tools have
been developed in the context of health promotion in-
terventions focused on modifying eating behaviours.
Table I summarizes the different types of screeners
developed in recent years with some examples, scope,
targeted population group and main characteristics.

Short dietary assessment instruments

For some research and/or public health purposes a
full-length questionnaire is not practical. Therefore,
brief assessments and screening tools have been de-
veloped, usually to assess just one or two nutrients or
food groups. They generally ask about frequency of
consumption but do not include portion size. This kind
of tools are useful to identify individuals with a very
low or high intake. Brief instruments can be simplified,
targeted food frequency questionnaires (FFQ) or ques-
tionnaires that focus on specific eating behaviors other
than the frequency of consuming specific foods**.

Most of the focus in brief instrument development
has been on fruits and vegetables and fats, but others
have been developed for protein, calcium, sugar swee-
tened drinks and other food intake. Often, only 15 to
30 foods might be required to account for most of the
intake of a particular nutrient. Food frequency type
instruments to measure fruit and vegetable consump-
tion range from a single overall question to 45 or more
individual questions®’.

Uses

These instruments can be useful in situations that do
not require either assessment of the total diet or quan-
titative accuracy in dietary estimates. For example, a
brief diet assessment of some specific components mi-
ght be used to screen large numbers of individuals and
rapidly identify and focus attention on those subjects
or groups at greatest need for intervention®.

Brief instruments focusing on specific aspects of a
dietary intervention have also been used to track chan-
ges in diet. However, it has been argued that responses
to questions of intake that is directly related to inter-
vention messages may be biased and that these instru-
ments lack sensitivity to detect change. Use of a scree-
ner as the sole measure of change is not recommended
when evaluating the intervention, because exposure to
the intervention itself can create differential response
bias in reporting in the intervention group relative to
the control group>*.

Brief instruments of specific dietary components
such as fruits and vegetables, food habits of particular
interest such as breakfast consumption or specific food
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Table I
Type of Rapid nutrition and diet assessment instruments, target population and uses

Type of questionnaire Examples Target group Uses
NSI Levell I (DETERMINE) Elderly Primary Health Care
Social Services
. Children Primary Health Care
Healthy Fating Index Adults School Health
Primary Health Care
Ilggcﬁlii Children and young people School Health
Community screener Health Promotion
Primary Health Care
Cél]\?gT Children School Health
Health Promotion
MEDAS Adults Primary Health Care
Primary Health Care
DINE Adults Health Promotion
Dietary Screener in the Adults Public Health
NHANES 2009-10 Children Health Promotion
Diet screener in HBSC Adolescents Public Health
Health Promotion
Surveillance . . Adolescents Public Health
Diet screener in NHS Adults Health Promotion
Dietary Screener in the 2010 Public Health
NHIS Cancer Control Health Promotion
Supplement (CCS)
. . Primary Health Care
Subjective Global Assessment Hospital patients Hospital
Elderly
Homes for elderly
Homes for elderly
. MNA Elderly Day Care centers
Malnutrition screener MNA-SF Patients Primary Health Care
Hospital
MUST Hospital patients Hospital
NSL Level IT and Level TII Elderly Primary Health Care
Hospital
Health promotion and tailored Pro Children Children School Health
advice © Adults Health Promotion

behaviours are often used for population surveillance.
In the USA, the Risk Factor Monitoring and Methods
Branch (RFMMB) has developed several short ins-
truments that assess intake of fruits and vegetables,
percentage energy from fat, fibre, added sugars, whole
grains, calcium, dairy products, and red and proces-
sed meats which are used in the Centres for Disease
Control and Prevention’s (CDC) Behavioural Risk
Factor Surveillance System?*%7, The Dietary Screener
Questionnaire (DSQ) is one of the instruments deve-
loped by the RFMMB focused on the intakes of fruits
and vegetables, dairy/calcium, added sugars, whole
grains/fiber, red meat, and processed meat. The tool
consists of 26-items which ask about the frequency of
consumption in the past month of selected foods and
drinks*.

Large studies such as National Health Surveys in
many countries, the Health Behaviour in School-aged
Children (HBSC) and other surveillance surveys in-
clude such instruments as well*?. Brief instruments
can also be used to examine relationships between
some specific aspects of diet and other exposures*. Fi-
nally, some groups use short screeners to evaluate the
effectiveness of policy initiatives’.

Brief instruments often combine food frequency
questions and behavioural questions to assess multiple
dietary patterns, even questions to reflect emotional ea-
ting and impulsive snacking behaviours. Some scree-
ners have simplified answer options to reduce respon-
dent burden by asking questions that require only Yes
or No answers. The same approach has been used as
a modification of the 24-hour recall. The instruments

Screeners and brief assessment methods
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present a pre-coded close-ended food list and ask whe-
ther the respondent ate that food item the previous day,
sometimes including portion size questions*”.

Adequate brief instruments can be used in estima-
ting dietary intakes of components of food patterns,
such as the Mediterranean dietary pattern or USDA
food patterns. They can also be used in assessing ad-
herence to Dietary Guidelines recommendations, esti-
mating cost of healthy foods and diets>*.

Diet related risks were identified as the top risk
factor accounting for most attributable burden of di-
sease in terms of percent disability-adjusted life years
(DALYs) in Spain and in many other countries in
2012. A high body mass index was next and physical
inactivity was the sixth risk factor. Evidence supports
that a low consumption of fruit and vegetables, a trend
to a positive energy balance due to a high energy in-
take and low physical activity levels alongside a se-
dentary lifestyle, low fiber intake and a high fat intake
are among the main diet related risk factors associated
to chronic disease and DALYs®.

A number of brief instruments have been develo-
ped and tested for screening purposes and behaviour
change interventions. These have been particularly
useful in interventions including self-evaluation, goal
setting and tailored advice actions, either in a tradi-
tional format, website based or even in more recent
interventions using new technologies, such as those
implementing apps and serious games for mobile or
tablet devices” 1.

A recent review of studies investigating the rela-
tionship between the food environment and several
dietary outcomes reported that in two thirds of the stu-
dies included in the review the dietary outcomes were
assessed using a brief instrument, such as a screener or
one or two items. The most commonly studied dietary
components in such studies were fruit and/or vegeta-
bles; sugar sweetened beverages and fast food. The
authors reported their concern about the potential bias
in the estimates’.

Resulting estimates based on those questionnaires
may be quantitative or qualitative, depending on the
instrument.

Validity

Screeners are shorter and less detailed than a total
dietary assessment, therefore less accurate. However,
calibrating a screener against the more precise 24-hour
recall can help ensure that a screener is providing the
best and most accurate estimates possible. Many short
questionnaires using a food frequency approach have
been developed and compared with multiple days of
food records, dietary recalls, complete FFQs, or bio-
markers. Single-exposure abbreviated FFQs have been
developed and tested for protein, calcium, iron, isofla-
vones, phytoestrogens, soy foods, folate, sugar snacks,
heterocyclic aromatic amines, and alcohol'.

Some tools have been evaluated in cross-sectional
general population studies. That is the case for the
KIDMED questionnaire developed in Spain to assess
adherence to the Mediterranean Diet, which was eva-
luated in the enKid population study. Other instru-
ments have been validated in self-selected samples in
intervention research'?.

Estimates of intake from short dietary assessment
instruments are not as accurate as those from more de-
tailed methods. This kind of assessment instruments
may be most useful for characterizing median intakes
in a population; discriminating among individuals or
populations with regard to higher vs. lower intakes;
examining interrelationships between diet and other
variables; and comparing findings from a smaller study
to a larger population study>*. However, short dietary
assessment instruments generally are not useful for
characterizing a population’s usual intake distribution.
Such information is needed to estimate prevalence of
intakes above or below a given level. They cannot be
used either to accurately assess an individual’s intake
and may not be appropriate to measure change in in-
tervention studies>*.

Validation studies of the CDC and 5-A-Day brief
instruments to assess fruit and vegetable intake have
suggested that they often underestimate actual intake,
unless portion size adjustments are considered>®7-13,
Following cognitive research findings, the revised ver-
sion which included portion size questions was used in
some studies suggesting better performance. However,
results in community interventions were mixed. Fruit
and vegetable consumption was significantly overes-
timated relative to multiple 24-hour recalls in some
comparisons. Furthermore, the screener indicated
change in consumption in both men and women while
the 24-hour recalls did not show any?.

A 17 item fat screener was used as an initial screen
for high fat intake in the Women’s Health Trial and
in the CDC’s Behavioral Risk Factor and Surveillance
System for nutritional surveillance. However, results
in a sample of medical students showed that the scree-
ner substantially underestimated percentage energy
from fat and was only modestly correlated (r = 0.36)
with multiple 24-hour recalls. In samples of men par-
ticipating in intervention trials, the screener was not as
precise or as sensitive as complete FFQs*!!!4,

MEDFICTS (meats, eggs, dairy, fried foods, fat in
baked goods, convenience foods, fats added at the ta-
ble, and snacks) is a questionnaire developed to assess
adherence to low-fat (< 30% energy from fat) diets
which asks about frequency of intake and portion size
of 20 individual foods, major food sources of fat and
saturated fat in the U.S. diet. The initial evaluation of
MEDFICTS showed high correlations with food re-
cords. In additional cross-sectional studies, the MED-
FICTS underestimated percentage energy from fat; it
was effective in identifying individuals with very high
fat intakes, but it was not effective in identifying in-
dividuals with moderately high fat diets or correctly
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identifying those individuals consuming low-fat diets.
In a longitudinal setting, positive changes in the MED-
FICTS score have been correlated with improvements
in serum lipids and waist circumference among car-
diac rehabilitation patients™'>.

A 20-item screener developed and tested in the Ger-
man site of the EPIC study correlated with a complete
FFQ. The validation of a 16-item percentage energy
from fat screener in an older U.S. population showed
correlations of 0.6 with 24-hour recalls, but variable
performance in intervention studies®.

Interventions are often designed to target specific
food preparation or consumption behaviors, such as
trimming the fat from red meats, removing the skin
from chicken, or choosing low-fat dairy products.
Many questionnaires have been developed in various
populations to measure these types of dietary beha-
viors, and many have been found to correlate with fat
intake estimated from other more detailed dietary ins-
truments or with blood lipids'®.

The Eating Behaviors Questionnaire measures five
dimensions of fat related behavior: avoid fat as a spread
or flavoring, substitute low-fat foods, modify meats,
replace high-fat foods with fruits and vegetables, and
replace high-fat foods with lower-fat alternatives. An
updated modified version was tested in African-Ame-
rican adolescent girls and correlated with multiple
24-hour dietary recalls. A subset of 30 items from the
Sister Talk Food Habits Questionnaire developed for
African- American women correlated with change in
BMI as strongly as did the original 91 items'”.

Several multifactor short instruments have been
developed and evaluated, many combining fruits and
vegetables with fiber or fat components. Other short
questionnaires assess additional components of the
diet. Prime-Screen consists of 18 FFQ items asking
about the consumption of fruits and vegetables, whole
and low-fat dairy products, whole grains, fish and red
meat, and sources of saturated and trans fatty acids. It
also includes seven supplement questions. The avera-
ge correlation with nutrient estimates from a full FFQ
was 0.6. The 5-Factor Screener used in the 2005 Natio-
nal Health Interview Survey Cancer Control Supple-
ment assessed fruits and vegetables, fiber, added sugar,
calcium, and dairy servings'®.

Brief assessment instruments for use in children

Childhood and adolescence deserve special consi-
deration. It is a key stage for the promotion and conso-
lidation of food habits. Social changes, different ways
of organizing family life as well as other factors are
driving changes in eating habits and lifestyles in Spain
as in many other countries.

Brief instruments are useful tools to identify indi-
viduals and groups who require further attention and
intervention for involvement in behavior change stra-
tegies and interventions. The adapted version of the

Healthy Eating Index for use among children and ado-
lescents and the KIDMED questionnaire are examples
of such tools targeted to this population group.

The USDA developed the Healthy Eating Index
(HEI) with the aim of monitoring adherence to the
Dietary guidelines for Americans. This index has been
used in adults and children. Feskanich et al. valida-
ted and adapted version of the HEI to be used among
children and adolescents (YHEI). The revised version
consists of 13 components and a score ranging 0-100.
Components 1 to 7 score 0-10; components 8 to 13
score a highest of 5%.

YHEI components include: 1) Consumption of
whole grains (2 or more servings a day score highest
10, and O servings / day score 0), 2) Vegetables and
salads (3 or more servings score 10 points , 0 servings
score 0), 3) Fruits (three or more servings score 10
points), 4) Dairy (3 or more servings score 10 points),
5) Ratio of protein foods (servings of chicken, fish,
eggs, nuts, seeds and legumes, divided by the servings
of beef, pork, lamb and offal, score the highest 10 for
a ratio equal to or greater than 2), 6) Consumption of
salty snacks, pastries and confectionery (0 per day sco-
re highest 10, and more or equal to 3 score the lowest
0), 7) Sugary drinks (same scoring that snacks), 8) Use
of multivitamin supplements (Daily scores 5, never 0),
9) Margarine and butter (Never scores 5, 2 or more
per day scores 0), 10) Fried foods away from home
(Never scores 5, daily scores 0), 11) Visible animal fat
(trim all fat scores 5, eat all fat scores 0), 12) Breakfast
consumption (5 or more times a week scores 5, never
scores 0) and 13) Family dinner (Daily scores 5 and
never scores 0).

The KIDMED screener was designed to assess ad-
herence to Mediterranean Diet in children and ado-
lescents. The instrument was based on Kreceplus, a
screener developed jointly by the Spanish Society of
Community Nutrition and the Spanish Association of
Pediatrics for use in Primary Health Care and Health
Promotion settings as a tool to identify and monitor se-
lected energy balance behaviours. The traditional pat-
tern of DM includes a high consumption of fruits and
vegetables, olive oil, fish, legumes, grains and nuts,
and dairy, and promotes household food consumption.
Conversely, snacks, and pastries, sweets or fast food
are not characteristic elements of the DM. Therefo-
re, KIDMED index was built from these premises. A
KIDMED score below 4 is labelled low adherence to a
Mediterranean Dietary Pattern. The scale highest score
is 10"

Some of these instruments have been specially de-
veloped and tested to be implemented in behaviour
change interventions targeted to children and adoles-
cents?, such as Pro Children aimed to increase con-
sumption of fruit and vegetables in European 10-12
year-old children and other intervention projects?'.

In the UK and in other countries as well, a num-
ber of screeners have been developed for different
purposes. Child and Diet Evaluation Tool (CADET)

Screeners and brief assessment methods
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is a tick-list record for all foods consumed over one
24-hour period, with a retrospective breakfast section.
The instrument consist of two questionnaires, one to
be completed at home by the parent or carer, and one
for completion at school by a lunchtime supervisor or
classroom assistant. The questionnaire was initially
developed to evaluate the National School Fruit and
Vegetable Scheme and was targeted to 3—7 year olds*.

The questionnaires assess dietary intake of 115
food items over a 24-hour period with a focus on fruit
and vegetables. It includes additional questions about
dietary behaviours, attitudes and socio-economic cha-
racteristics. Portion sizes are based on mean portion
sizes in the National Diet and Nutrition Survey and are
age and gender specific. According to the validation
study, it is considered appropriate for assessing beha-
vioural change in dietary patterns at a population level
or to rank populations according to dietary intake. It
is appropriate for use with children from diverse so-
cial and ethnic backgrounds across a range of settings.
However, it is not considered suitable for monitoring
diet-related targets in a population.

Day in the Life Questionnaire (DILQ) (7-9 years)
was developed as a supervised classroom activity to
measure fruit and vegetable consumption in the pre-
vious 24 hours. It is self-completion questionnaire
consisting of 17 items, including pictures and words
to aid recall and improve completion. The DILQ (9-11
years) is a modified version that contains 23 items®.

Synchronised Nutrition and Activity Programme
(SNAPTM) is a web-based programme that uses a
typical 24-hour recall method to assess dietary intake
and physical activity in 7-15 year old children through
a typical school day. It measures intake of 40 different
food and nine different drink items in the previous 24
hours. It allows for the inclusion of any other food/
drink not included in the list. Visual memory prompts
are provided. The SNAPTM also records physical ac-
tivity in the previous 24 hours. The questionnaire is
likely to be suitable for the evaluation of school-based
interventions®,

Child Nutrition Questionnaire (CNQ) is a 14-item
questionnaire to be completed by children with su-
pport from a helper. It was developed to examine
dietary patterns that are known to increase the risk of
weight gain in 10-12 year olds. It measures the con-
sumption of sweetened beverages and non-core foods
such as chocolate, lollies and hot dogs as well as fruit,
vegetables and water. It also includes questions on the
frequency of specific ‘healthy’ behaviours; attitudes
towards the consumption of fruit and vegetables; and
the day-to-day availability of fruit and vegetable. The
CNQ was developed in Australia so it may need to be
validated for use in the UK. The estimated completion
time is 20 minutes®

Family Eating and Activity Habits Questionnaire
(FEAHQ) is a 21-item self-administered questionnaire
designed for co-completion by parents or carers and of
6-11 year-old obese children. It was developed to exa-

mine environmental factors and family behaviours as-
sociated with weight gain and weight loss in children®.

The FEAHQ has four separate scales based on those
factors most likely to be associated with weight chan-
ge including: activity level, stimulus exposure, eating
related to hunger and eating style. The instrument was
considered appropriate for monitoring behavioural
change over time as weight loss in a child was associa-
ted with an improvement in scores. The FEAHQ was
developed in Israel.

Brief assessment instruments for use in adults

Valid dietary assessment tools are needed to facili-
tate dietary counseling in high risk populations. Nu-
trition counseling for adults and underserved groups
often occurs in clinical settings with time and resource
limitations, dietary assessment tools for this setting
should be brief”’. The Dietary Risk Assessment is one
such tool, developed for non—dietetics-trained health
professionals (eg. nurses and physicians) who provi-
de dietary counseling to underserved patients. To help
guide counseling, Dietary Risk Assessment response
options are arranged in three columns. The left column
indicates the most healthful dietary practices, whereas
responses in the right or middle columns indicate less
healthful practices?.

A literature review conducted in 2005 identified
some 71 methods’. Most of them included some an-
thropometry and sociocultural aspects related to food
behavior. Sometimes they include biomarkers or more
complex anthropometrical measurements.

A more standardized protocol about application pro-
cedures and advice to provide users according to the
scoring. Many have not assessed the validity and relia-
bility of the method and often not investigated the sen-
sitivity, specificity and acceptability of these tools In
the Prevencion con Dieta Mediterranea (PREDIMED)
trial 14-point Mediterranean Diet Adherence Screener
(MEDAS) was validated and used to identify subjects’
adherence to the intervention diet, a Mediterranean
dietary pattern®.

Dietary Intervention in Primary Care (DINE) is a
19-item questionnaire developed for use in interview-
administered. It measures an individual’s intake of to-
tal fat and dietary fibre, categorized as low, medium
or high. Specific foods are included which account for
70% of the fat and fibre in a typical UK diet. The tool
has been validated with good correlation with a valida-
ted four-day semi-weighed food diary. An experienced
interviewer can complete it in 5-10 minutes?.

Web-based tailored interventions aimed to modify
food behavior, physical activity and other lifestyles in
adults have also used screeners of brief instruments®.

Several screening tools focused on malnutrition tar-
geted to be used in old adults have been validated, such
as DETERMINE your health or MNA. These instru-
ments will are discussed in another paper in this issue.
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Abstract

Energy Balance (EB) is an important topic to unders-
tand how an imbalance in its main determinants (ener-
gy intake and consumption) may lead to inappropriate
weight gain, considered to be ‘‘dynamic”and not “sta-
tic”. There are no studies to evaluate EB in Spain and
new technologies reveal as key tools to solve the common
problems to precisely quantify energy consumption and
expenditure at population level. Within this context, the
increasing complexity of the diet, but also the common
problems of under and over reporting in nutrition sur-
veys have to be taken into account.

The overall purpose of the ANIBES (‘“‘Anthropometry,
Intake and Energy Balance in Spain”) Study was to carry
out an accurate updating of foods and beverages intake,
dietary habits/ behaviour and anthropometric data of the
Spanish population as well as the energy expenditure and
physical activity patterns, by the use of new tested ins-
truments (i.e. tablet device to assess energy intake and
accelerometer to evaluate physical activity). This new
ANIBES Study will contribute to a better knowledge of
the different key factors contributing to EB in Spain.
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BALANCE ENERGETICO, UN NUEVO
PARADIGMA Y ASPECTOS METODOLOGICOS:
ESTUDIO ANIBES EN ESPANA

Resumen

El balance energético (BE) o equilibrio energético se
refiere ‘“simplemente” a que debemos ingerir la misma
cantidad de energia que gastamos. Conocer el concepto
de BE y aplicarlo a nuestras vidas es quiza el factor mas
importante para mantener una buena salud y tratar de
prevenir la obesidad. Sin embargo, la teoria no es sen-
cilla llevarla a la practica ya que, por un lado, en este
ya avanzado siglo XXI desconocemos todavia en gran
medida lo que comemos, en definitiva, nuestra alimen-
tacion. Y ésta es cada vez mas compleja, lo que dificulta
sin duda controlar adecuadamente este lado de la “ba-
lanza”, la ingesta. Pero ademas, en el otro lado, el corres-
pondiente al gasto energético, atin es peor conocido y hay
muy escasa informacion en la cuantificacion adecuada
del mismo. Debe recordarse, ademas, que no debemos
estudiar aisladamente los componentes del BE, sino de
manera integrada, y como interaccionan. Problemas
como la infravaloracion de la ingesta de energia, y la so-
brevaloracion del gasto, son frecuentes en la mayoria de
las encuestas nutricionales, impactando mas en aquellos
grupos de poblacion en los que el control del BE resulta
ain mas necesario. El empleo de las nuevas tecnologias
abre numerosas posibilidades para las encuestas de ba-
lance energético. Precisamente, la innovadora metodolo-
gia (empleo de “tablet” para cuantificacion de la ingesta,
y de acelerémetros para el nivel de actividad fisica) en
el reciente Estudio ANIBES (“Antropometria, Ingesta, y
Balance Energético en Espaiia’), representativo de la po-
blacion espaiiola, y que hemos desarrollado, proporciona
una herramienta itil y actualizada para un mejor cono-
cimiento del balance energético de la poblacion espaiiola,
como se pone de manifiesto en el presente articulo.

(Nutr Hosp 2015;31(Supl. 3):101-112)
DOI1:10.3305/nh.2015.31.sup3.8758

Palabras clave: Balance energético. Encuestas nutricona-
les. Ingesta. Actividad fisica. Nuevas tecnologias.
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Introduction and goals

Energy Balance (EB) is defined as the state achie-
ved when energy intake equals energy expenditure and
is considered to be “dynamic” and not “static”!. The
concept of energy balance for regulating body weight
is simple in principle. When energy expenditure ex-
ceeds energy intake, weight is lost. When energy in-
take exceeds energy expenditure, weight is gained?.
Human physiology complies with the first law of ther-
modynamics, which states that energy can be transfor-
med from one form to another but cannot be created
or destroyed. A fundamental principle of nutrition and
metabolism is that body weight change is associated
with an imbalance between the energy content of food
eaten and energy expended by the body to maintain
life and to perform the variety of physical work. Such
an EB framework is a potentially powerful tool for in-
vestigating the regulation of body weight®.

Energy intake (EI) includes three major macronu-
trient groups —carbohydrates, proteins, and fats—and
alcohol. Once ingested, the net absorption of the major
macronutrient groups is variable and incomplete,wi-
th fecal losses accounting for 2—-10% of gross intake
34 The net absorption of dietary energy components
varies among individuals and is dependent on the spe-
cific foods eaten, how they are prepared, and intestinal
factors. The metabolizable energy of a diet represents
the difference between the absolute energy of ingested
substrates and the energy losses found in feces and uri-
ne. Commonly used energy densities for carbohydrate
(4 kcal/g, 17 kJ/g), protein (4 kcal/g, 17 kl/g), and fat
(9 kcal/g, 38 kJ/g) represent population averages for
metabolizable energy available to cells for conducting
the different biological processes®.

Digestibility depends on the composition of the food
item and on its content of fiber and other indigestible
components. Such components can mechanically limit
the access of digestive enzymes to food that would po-
tentially be digestible. These effects can have a large
impact on the absorption of ingested macronutrients.
The variability in absorptive efficiency depends on
any additional factors (eg, gut flora, food preparation,
diet composition), which may explain the individual
differences in metabolizable energy. Other factors to
influence EI are: the increasing complexity of the food
market nowdays (i.e. over 30,000 available products
for shopping); total intake; energy density; timing and
composition of diet relative to physical activity; food
liking and disliking; social and economical context;
or current body weight and composition *#. Absorbed
carbohydrates, proteins, and fats are transformed in
vivo to substrates that can ultimately either be oxidi-
zed to produce metabolically useful energy that drives
biological processes or they may be stored °.

Humans expend energy through resting metabolic
rate (RMR), which is the amount of energy neces-
sary to fuel the body at rest; the thermic effect of food
(TEF), which is the energy cost of absorbing and me-

tabolizing food consumed; and the energy expended
through physical activity . RMR is proportional to
body mass, particularly the amount of fat-free mass.
There is also, however, a large variability in RMR (250
kcal/d ;1000 kJ/d) that is not explained by differen-
ces in body composition’.The TEF is proportional to
the total food consumed and, in a typical mixed diet,
makes up 8% to 10% of total energy ingested. Diet
composition has a strong effect on TEF, and a hierar-
chy of macronutrient effects on the magnitude of TEF,
the highest for protein and lowest for fat. Normally,
TEF is assumed to be a fixed percentage of EI, but
variation between and within individuals also occurs
78, The energy for physical activity, the most varia-
ble component of energy expenditure, consists of the
amount of physical activity performed multiplied by
the energy cost of that activity and can be further parti-
tioned into exercise energy expenditure and non exer-
cise activity thermogenesis *!°.

In summary, the key factors that may regulate the
energy expenditure side of the balance are: resting me-
tabolic rate; activities of daily living/level of sedentary
behavior; metabolic cost of digestion, absorption and
metabolism; amount (min/d); type, timing and inten-
sity of physical activity; thermogenesis; and current
body weight and composition.

The different components of the energy balance
equation continuously change over time''. Beginning
at conception, and remains positive, on average, throu-
ghout growth and development!'2. This positive energy
imbalance is reflected by increasing body weight. If
adult weight is then maintained over the long term,
average EB approaches zero, and an approximate ave-
rage state of energy balance should be present. Howe-
ver, most adults gain fat throughout their lives and
in later life lose skeletal muscle; although the energy
content of body fat change is much higher than that of
lean tissue change. Thus, even with weight stability,
“perfect” energy balance over the long term does not
occur in most older adults 1314,

In terms of a short term period, over a 24-h period,
a typical person eats several meals during the day, and
EB is strongly positive during and after each meal.
Energy output is continuous but with increases due to
episodic physical activity and reduction during sleep.
In consequence, EB is thus highly variable even over
justa 1-d period. In addition, most adults also vary their
daily eating and activity patterns; thus, EB should be
seen as a dynamic rather that a static state since it also
varies from day to day, and EB may be achieved only
when averaged over longer time periods. The energy
content of a given meal is highly variable between in-
dividuals and highly variable between meals in an in-
dividual. However, the variation in total caloric intake
summed across all meals over a day is far less variable.
This suggests that there is meal-to-meal compensation
of intake®. In addition to variation in intake between
meals on a given day, we also vary the amount of food
eaten each day. On the contrary, energy expenditure
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rarely shows the same degree of variation across days.
Hence, and importantly, we are almost perpetually in
energy imbalance on the time scale of hours or days,
and even through the whole life cycle.

Furthermore, we know that the components of ener-
gy balance can be influenced by changes in each other
as a consequence of positive or negative EB, which
act to defend body energy stores, to maintain energy
balance, and to prevent shifts in body mass?. We know
that if energy balance were not controlled by such a
system and were subject only to behavioral mechanis-
ms controlling food intake and energy expenditure,
most people would routinely experience wide swings
in body weight over short periods of time. Therefore,
the relative stability of body weight from day to day is
consistent with the view that EB is subject to physio-
logical control.

The energy balance literature and information about
how our modern lifestyle differs from decades ago,
hypothesize that human physiology developed under
circumstances that conferred an advantage for achie-
ving energy balance at a relatively high level of energy
expenditure or high energy flux, which was first shown
by Mayer in the 1950” by their observation that energy
intake was better matched to energy expenditure when
people were physically active®. It is well known that
over the past century and continue, the physical acti-
vity level of most of the population has declined subs-
tantially. Although it is theoretically possible to avoid
weight gain in this situation, the fact that few people
have accomplished this suggests that it is difficult to
maintain EB at a low energy throughput '%!7.

Food restriction is a common strategy for reducing
excess body weight and/or treating obesity'®. Howe-
ver, food restriction produces weight loss, but it also
produces compensatory decreases in other compo-
nents of energy balance, such as decreases in energy
expenditure and body energy stores, and even an in-
crease in hunger*. Because energy requirements fall
with weight loss, a dangerous and unhealthy strategy
for weight loss maintenance is trying to match a lower
level of energy expenditure with a lower energy intake.
It has to been remained that lowering energy intake is
opposed by biology and the environment. An additio-
nal problem could be that at a reduced energy intake
level, nutrients (mainly vitamins and minerals) dietary
reference intakes may not be achieved, which may re-
present a key problem in some vulnerable groups (e.g.
children and elderly). Finally, at high energy expendi-
ture, it would be easier to comply with the principle
that an adequate nutrition it is health but also pleasure.
In consequence, it matters how EB is achieved, at high
or low level'.

It is therefore important to recognize that the EB
system is interactive and complex: a change in one
component can affect one or more other components.
Recently, a Panel of Experts identified the following
important gaps in our knowledge, and asked for future
investigation'?:

1. Although we know much from short-term studies
about the major components of energy balance, our
knowledge is still deficient regarding their interaction
over the long term. Therefore, long-term, longitudinal
studies to learn the details of the relations between
components of energy balance and changes in body
composition and weight among children and adults are
needed.

2. It has been shown that biological and psycholo-
gical factors affect the components of energy balance.
But generally, these have been studied independently
of one another and an integrative approach is required.
We need to know the relative importance of preinges-
tive factors on energy intake, energy balance, and the
physiologic response to a meal.

3. Although our knowledge of the broader implica-
tions of physical activity and exercise have been inves-
tigated, we need to understand the effects of different
doses (volume, intensity, pattern, timing) and types
(endurance, resistance) of exercise on: a) total daily
energy expenditure and its components, b) EI and food
preferences, and c¢) body composition and body weight
in children and adults.

4. The individual variation in weight-loss response
to energy balance interventions is striking, and there-
fore we need to know the mechanism or mechanisms
responsible for the underlying active compensatory di-
fferences in energy intake, food preferences, and body
weight in children and adults. In particular, we have
almost no information from energy balance studies
subsequent to weight loss during the difficult period of
weight maintenance.

5. And very important, measurements of ener-
gy input and output are neither precise nor accurate
enough to allow the calculation of energy balance over
the appropriate timeframe needed to understand the
mechanisms responsible for excess weight gain. Ac-
cordingly, we need to develop new methods that can
reliably measure energy balance over extended time
periods in free-living people.

The EB is not well defined for the Spanish popu-
lation and it is essential to approach it with the aim
of being able to properly establish the energy require-
ments for our population and the subsequent Referen-
ce Intakes. It seems essential to improve the tools for
studying the energy intakes and losses of “free living”
independent subjects. In this regard, the tools such
as databases of the composition of quality foods, es-
pecially regarding energy and serving sizes, should be
improved, as clearly stated at the recent (2013) Con-
sensus Document and Conclusions on “Obesity and
Sedentarism in the 21% Century: What can be done and
what must be done?”".

Different valuable dietary surveys have been con-
ducted in Spain, although to the best of our knowled-
ge, no one has attempted to specifically approach EB.
Briefly, the first Food Consumption Survey was per-
formed in 1956 under the National Health Survey. Fur-
ther, several Spanish Food Consumption and Nutrition
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Surveys have been carried out (ENNAs; 1964-1965,
1980-1981 y 1990-1991) mainly in collaboration with
the National Statistics Office (INE, Spain)*%. From
1987 onwards, the current Ministry of Agriculture,
Food and Environment (MAGRAMA) in Spain laun-
ches the National Food Consumption Survey (Panel),
in for which the Spanish Nutrition Foundation (FEN)
is responsible for analyzing the dietary patterns and
energy/nutrients intake of the Spanish population
since the year 2000 onwards®. At national level, the
current AECOSAN (Spanish Agency for Consumer
Affairs, Food Safety and Nutrition) recently carried
out the ENIDE Survey (Encuesta Nacional de Inges-
ta Dietética) (AECOSAN, 2012)*. At present, the
so-called ENALIA (Encuesta Nacional de Alimenta-
cidn en la poblacién Infantil y Adolescente) Survey in
children and adolescents from Spain is being carried
out also under the auspices of AECOSAN. The latter
updates the reference survey in Spain in children and
young people (2-24 years old) called EnKid*, and the
AVENA study, a multicenter nutrition survey in Spa-
nish adolescents?”’. However, when approaching the
other main EB determinant (“energy expenditure”)
studies are much less frequent even scarcer and lack
of accuracy. The most recent National Health Survey
in Spain (2013)* revealed that four out of ten persons
(41.3%) of the adult Spanish population is conside-
red as sedentary, higher for women (46.6%) than for
men (35.9%) (they do not perform any kind of phy-
sical activity during their leisure time). Considering
both their main and their leisure time activity, 40.9%
of the adults (49.4% males, 32.4% females, aged 15-
69 years) perform strenuous to moderate weekly phy-
sical activity. There is consensus at present that not
only physical activity level but also inactivity and/or
sedentary behavior should be taken into account and
quantified 3¢

The ANIBES (“Anthropometry, Intake, and Energy
Balance in Spain”) Study, aims at adding new scien-
tific-based evidence to describe the interplay among
energy intake, energy expenditure, and body energy
stores and how an understanding of energy EB must
be considered as an useful tool either at individual or
population level.

Anibes study design and sampling procedure

The design of the ANIBES Study aimed a sample
size which should be representative of all individuals
living in Spain (excluding the autonomous cities of
Melilla and Ceuta) aged 9-75 years, living in munici-
palities >2,000 inhabitants. The universe considered
about 37 millions of inhabitants. The initial potential
sample was 2,634 individuals, and the final sample
was 2,009 individuals (2.23% error and 95.5% con-
fidence interval). In addition, for the youngest groups
(9-12, 13-17 and 18-24 years old), a boost was consi-
dered in order to have at least a n=200 per age group

(error +/-6.9%) to increase the statistical power. The-
refore, the random sample plus booster was 2,285 par-
ticipants (Table 1).

Table I
Distribution of the sample for the ANIBES study.

SAMPLE
(n)
[nitial Final Final +
targeted
sample Boost
sample
Base 2634 2009 2285
SEX Men 1309 1013 1160
‘Women 1325 996 1125
AGE (yr) Infants 240 100 213
9-12
Adolescents 246 124 211
13-17
Adults
18 — 64 1911 1588 1655
Elderly
6575 237 197 206

In the ANIBES sample, 50.4% of adults (aged 9-75
years) were men and 49.6% were women. The sample
reflects the distribution of males and females in the
general population within Spain. A more detailed des-
cription of the sample for the ANIBES study is shown
in Table 1.

The sample quotas according to the following va-
riables were:

e Age groups (in years): 9-12, 13-17, 18-64 and
65-75.

e Gender: men and women.

e Region: 7 Nielsen areas (Northeast, Levant,
South, West, North Central, Barcelona, Ma-
drid) and Canary Islands.

e Habitats size: 2,000 to 30,000 inhabitants (ru-
ral population); from 30,000 to 200,000 in-
habitants (semi-urban population) and over
200,000 inhabitants (city/town population).

* Additionally other factors for sample adjust-
ment were considered: rate of unemployment;
% of foreigners (immigrant population), level
of physical activity, or, education and econo-
mical level.

Study was conducted through a stratified multistage
sampling and for more coverage and representative-
ness, 128 sampling points were used, with 90 inter-
viewers allocated in 11 areas and 12 coordinators, all
previously trained by the Spanish Nutrition Founda-
tion (FEN) (Figure 1). No previous pre-recruitment
was considered, which minimized the risk of bias in
responses.

The final protocol was approved by the Ethical
Committee for Clinical Research of the Region of Ma-
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Each cycle:

+ Anthropometric data

* 2ah-Dietary Recall

» 10% of total sample used an accelerometer
« Individuals used the tablet for 3 days

* Photographs and descriptions

Stratified multistage sampling — 2,634 individuals
September 19t — November 16, 2013

Divided in 15 cycles
* Interview face-to-face fulfilling recruitment quotas
FIRST = Participant training (how to use tablet and software)

VISIT = 3-day dietary record (autofilled on tablet by participants)

» Thursday, Friday and Saturday/Sunday, Monday and Tuesday

79 % used tablet

12 % used photo
camera

9 % used telephone

Interview

# Interview face-to-face on physical activity habits

* Interview on perceptions of health and eating hahits

» Collect the tablet and, in case of, the acelerometer
Fig. 1.—General sche-
me of the ANIBES Study
in Spain.

drid (Spain). The final fieldwork was carried out from Final Fieldwork

mid-September to November (three months), 2013.

Two pilot studies were previously carried out, as
follows:

Once the methodology was developed, a first pilot
study was carried out in June 2013. For this purpose,
2,060 individuals were contacted: 162 (7.8%) agreed
to have the first visit/interview, 142 participated at the
second visit/interview, but only 97 were able to make
the three-days dietary record by using the tablet. Fi-
nally, only 57 participants were considered as fully
eligible. Therefore, a high rate of non-responders was
observed mainly in the older age groups and parents of
children and adolescents. The first pilot study allowed
reviewing several issues, both software and question-
naires.

Once the results from the pilot study were comple-
ted, several working/discussion groups were created in
order to improve the study design, protocols, softwa-
re and manuals. Therefore, four groups (one of inter-
viewers; two mixed groups of young adult people from
25-35 years old; one group of parents with children
aged 9-17 years) worked in order to improve the defi-
ciencies observed during the fieldwork.

A second pilot study was carried out in order to eva-
luate the improvements after the first pilot study and
comments and recommendations from the working
groups. A total of 60 individuals (52 used tablet devi-
ce; 5 photo camera; 3 by phone interview) participa-
ted. The second pilot study demonstrated the efficacy
of the amendments made and validated the tools and
questionnaires to be used later during the main field-
work of the ANIBES Study.

According to the number of interviews to be potentia-
Ily targeted at the sampling point, one or more random
initial routes for the sampling process were considered.
The later criteria were not used for municipalities over
100,000 inhabitants where a postcode proportional cri-
terion was considered. In the initial route, the apartment
building or family housing was randomly selected, as
well as the first household to be approached. Non-eligi-
ble addresses include vacant or derelict properties and
institutions. If the uptake was positive, limits to be con-
sidered for a potential participant were:

Apartment building:

* 1-10 units, only one potential participant.

e 11-20 units, two potential participants as maxi-
mum.

e 21-50 units, three potential participants maxi-
mum.

e >50 units, four participants.

For family housing, one possible participant per 10
units was the rule used.

The survey was designed in order that no more than
one adult and one child were selected from a household.
This meant that adults living in households with one or
more adults, and children in households with one or
more children were less likely to be selected than were
adults or children in single adult/child households.

All interviewers, call centre and dieticians-nutritio-
nists working on the ANIBES study were briefed and
trained before undertaking an assignment and were
monitored during their assignment. All interviewers at-
tended a two-day training course designed by the FEN
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where they were fully briefed on the protocols and admi-
nistration of the survey. Fieldworkers were also issued
with comprehensive written instructions covering sur-
vey procedures and measurement protocols. The brie-
fing sessions covered background and content, doorstep
approach, questionnaire administration (including prac-
tice sessions), placement and collection of self-com-
pletions and ActiGraphs and the placement, checking
and collection of the three-day food tablet diaries and
24h-dietary recall and training in anthropometric data
collection. After the briefing, “early work™ checks were
carried out at the two pilot studies that were carried out.

In order to cover a broad range of dates and to optimi-
ze the devices to be used during the study, several stages
were designed (Figure 1), and comprised of:

Stage 1: the interviewer visits

A letter and leaflet describing the purpose of the sur-
vey were previously posted in potential targeted apart-
ment building/family housing at the sampling points.
A few days later, interviewers visited the addresses to
determine whether the address was private, residential
and occupied. They then carried out the selection pro-
cess as already explained.

Interviewers carried out two main visits to house-
holds who agreed to participate:

The first visit (“face-to-face”) with an approximate
duration of 60 minutes comprised the following items:

a) Identification of the trained interviewer, as a
collaborator of the FEN. The interviewer explai-
ned the main goals of the study, the design and
stages, the novelty of the tools to be used for co-
llecting food intake and recording physical acti-
vity, as well as offered to have a feedback report
at the end of the study that included main results,
dietary and physical activity advice, etc. The po-
tential participant also received a letter from the
principal investigator of ANIBES Study, and was
informed for participation in the study. At this
point, the potential participant was asked to sign
the letter of consent for participation in the study.

b) Inclusion/exclusion questionnaire: the inter-
viewer verified through a filter questionnaire that
the participant was eligible for the ANIBES Study
after reviewing the inclusion/exclusion criteria.

Several exclusion criteria were applied:

Those individuals living in an institution (e.g.
colleges; nursing homes, hospitals, etc.)
Individuals following a therapeutic diet due to a
recent surgery or any medical prescription.

If they were suffering a transitory pathology
(i.e. flu, gastroenteritis, chicken pox, etc.) at the
time of the fieldwork.

Individuals employed in areas related to consu-
mer science, marketing or the media.

However, individuals under the following condi-
tions were considered eligible to be included:

Those following dietary advice such as for pre-
vention of hypertension, diabetes, hypercholes-
terolemia or hyperuricemia.

Pregnant and lactating women.

With diagnosed allergy and/or food intolerance.
Suffering a metabolic disease such as hyper-
thyroidism or hypothyroidism.

¢) Anthropometric measurements: the trained

interviewer collected the different measures fo-
llowing the procedures tested before at the two
pilot studies:
Height: by triplicate using a Stadiometer model
Seca 206 (Medizinische Messsysteme und Waa-
gen seit 1840, Hamburg, Germany).
Weight: one determination in a weighing sca-
le model Seca 804 (Medizinische Messsysteme
und Waagen seit 1840, Hamburg, Germany).
This scale provide information about BMI,
percentage of body fat and percentage of body
water.
Waist circumference: by triplicate using a tape
measure model Seca 201.

d) 24-h Dietary Recall: an adhoc questionnaire

was designed and previously checked and modi-
fied at the pilot studies. During the interview the
participant recalled the food intake for the past
24 hours (working days). Food quantities were
assessed by using of household measures, food
models, pictures, or the brands. No prior notifi-
cation was given to the subjects about whether
or when they would be interviewed about their
food intake. Information on food consumption
was recalled per day, per meal and in between
meals. The 24-h dietary recall was designed to
further verification of the information collected
at the Tablet, but also to make the participant
more familiar with the type of information to be
recorded in the diet record during the three-days
period.

e) Tablet device for collection of dietary data:

the three-day food diary:

All the participants were provided with a ta-
blet device (Samsung Galaxy Tab27.0.) and ins-
tructed on how to record by taking pictures of
all foods and drinks consumed during these three
days, both at home and outside. Pictures had to
be taken before and after finishing. Additionally,
a brief description of the meals, recipes, brands,
etc. had to be also recorded with the device. A
specific software (“IPSOS Mobile for ANI-
BES”) was designed which allowed to save the
uncompleted information before sending it for
codification. The tablet was designed only to be
used to collect information related to ANIBES
Study and no other uses were allowed.

A toll-free telephone number attended by call
center operators of ipsos, trained by dieticians-nu-
tritionists, was also available for the participants
in order to answer any questions about the softwa-
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re, device working, food and beverage record, etc.
Interviewers carried out a food diary check visit
with participants on the second visit or third day
of recording, either in person or over the telepho-
ne, with the aim of collecting missing details for
foods recorded after initial codification process
was completed and lack of information was detec-
ted. A manual of procedures to facilitate food co-
llection was also given to the participants. Partici-
pants were also informed that an insurance would
cover any accident or incidence with the devices,
although they were asked for correct and watchful
functioning and maintenance.

The different days of the week would (as far
as possible) be equally represented as each cy-
cle always included two working days (Monday
and Tuesday or Thursday and Friday) and one
weekend day (Saturday for Thursday and Friday
cycle or Sunday for Monday and Tuesday cycle).

f) As an alternative to the tablet device, if the parti-
cipant declared or demonstrated that he/she was
unable to use it, other possibilities were offered:
photo camera and paper or telephone inter-
view. In both cases, the information to be collec-
ted was the same as with the tablet.

2) At the end of the first visit, the date for the se-
cond interviewer visit was agreed, as well as the
telephone calls to be made for check up at the
end of the collection of the data, if necessary.

h) Accelerometer device to quantify physical ac-
tivity level: The objective physical activity mea-
surements were obtained with an accelerometer
ActiGraph (model GT3x y GT3x+; ActiGraph,
Pensacola, FL, USA). This provides a measure of
the frequency, intensity, and duration of physical
activity and allows classification of activity levels
as sedentary, light, moderate and vigorous. Indivi-
duals were asked to wear the ActiGraph on a belt
above the right hip, during three consecutive full
days including its cycle of the three days food &
beverages dairy record by the tablet. Objective me-
asurements of physical activity were taken using
the ActiGraph, which recorded vertical movement,
where the number of movements (‘counts’) increa-
sed with the intensity of activity. For any individual,
the accelerometer recorded different periods during
the day spent at different levels of activity, i.e. diffe-
ring levels of ‘counts per minute’ (cpm), while they
were being sedentary or engaging in light, mode-
rate, or vigorous activity. This provided a measure
of the frequency, intensity, and duration of physi-
cal activity and allowed classification of activity
levels as sedentary, light, moderate and vigorous.
Individuals were asked to wear the accelerometer
on a belt above the right hip, during waking hours
for three consecutive full days in parallel with the
three days of food & beverages dairy record by the
tablet. For the present study, the minimum wear
time criterion for inclusion in analysis was set at

three days. The average daily cpm for each parti-
cipant was calculated as a weighted average based
on the probability of wear/non-wear (for a mini-
mum wearing time of at least eight hours per day).
The participants were also provided with a sheet
to be filled in with the periods (hours/minutes)
of non-wear (shower, swimming, etc.). For those
participants that agreed to wear the accelerometer
(n=206) to quantify the physical activity, the devi-
ce was activated coincident with the Tablet based
three-day food diary. The subsample was selected
following the same criteria for representativeness
as for the total sample included in the study. After
collecting the accelerometer devices at the second
interviewer visit, they were sent to IPSOS in order
to download the recorded information from the par-
ticipant (physical activity, but also additional data
such as sex, date of birth, height, and weight) and
to recharge the battery for the next participant. The
recorded information by the accelerometer in the
subsample (167 adults and 39 children) was further
used to validate the physical activity questionnaire
administered to the whole sample, and to build a
mathematical model to quantify energy expenditu-
re in combination with different standard formulas.
The second visit (“face-to-face”) with an approxi-
mate duration of 60 minutes comprised the following
items: detailed interview about physical activity (IPAQ
questionnaire for children and adolescents modified
according to the HELENA study®), and a detailed in-
terview by using validated questionnaires previously
tested at the pilot studies, designed to gain insights
from the participants on important food safety, nutri-
tion and health-related topics, was also scheduled. In
addition, the tablet device and the accelerometer were
collected. Participants who were considered “fully
productive” according to the completion of the stages,
were asked whether they would like to receive feed-
back on the analysis of their diary and how was this
compared to nutrient intake recommendations. The
feedback also included general information related to
healthy eating advice.
e A summary of the ANIBES fieldwork follows:
e Fieldwork dates: September 19" through No-
vember 16", 2013, structured in 15 different
cycles/stages.
* 90 interviewers and 12 coordinators.
* Equipments:
— 426 tablets devices
— 90 devices for anthropometric measurements
(weighing scale, stadiometers, tape measure).
— 87 accelerometers.
e Devices employed
— 79% of the sample used Tablet
— 12% used photo camera
— 9% used telephone interview
A more detailed distribution of the devices used by
sex and age group is shown in Table 2.
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Data processing

Figure 2 shows an scheme for a better understan-
ding of the data processing, quality control,cleaning of
the data, and codification and verification stages.

The innovative technology used in this study allowed
that all the collected information could be verified and
codified in nearly real time. For that purpose, partici-
pants were asked to record everything eaten or drunk
over three consecutive days. As already explained,
when placing the tablet device, interviewers followed
a protocol to explain the method, taking participants
through the different sections including the instruction
page, how to describe details of food and drink and por-
tion sizes and several examples. In addition to the detai-
led information about what and how much was eaten,
participants recorded for each eating occasion: where
they were, who they were eating with and what they
were doing (for instance, of they were watching TV or
not). After each day, participants recorded if their intake
was typical for that day (and if not, the reason why) and
details of any dietary supplements taken. The software
also contained a serie of questions about usual eating
habits (for example, type of milk or fat spread usually
consumed) to facilitate coding.

Food and beverage records were returned from the
field in real time to be coded by trained coders and
editors. For this purpose, an ad hoc Central Server sof-
tware/database was developed by IPSOS (Java/IE10
compatible) in order to be able to work in parallel with
the verification process followed by the codification.
Within this context, the software was prepared to re-
ceive the information from the field tablets every two

seconds, and updated every 30 minutes. The Central
Server contained different modules to verify the in-
formation at individual level but also according to the
specific cycle; food weight and intakes; food codifi-
cation and the assigning weight in grams. If for any
reason, the terminal was unable to be connected to the
network, the recorded information by the participant
was saved, and resubmitted once the problem was sol-
ved. The innovative Central Server system allowed
checking the different cycles, the participants records,
which meant that possible incidents were able to be
fixed in a very short period of time. Finally, 189,600
inputs (ingredients) were managed from the 2,009
participants, about 73 items per participant, and 24.3
food/beverages items per person/day as mean.

Coders attempted to match each food or drink item
recorded in the tablet device with a food/portion code.
For composite items which could be split into their com-
ponent parts, each individual component was assigned.
If an item had been recorded and there was no suitable
code or there was insufficient detail to code the food,
the entry was flagged as a query. Each food code is
linked to appropriate portion size descriptors, such as a
tablespoon for rice or pasta, which are then linked to the
correct weight for that descriptor. So if a participant re-
corded/described their food using household measures,
coders under dieticians-nutritionists checking would be
able to select the appropriate portion size. If the portion
size was described as a weight, the weight would be en-
tered directly into the system. Where the coder could
not resolve the food or portion consumed, the entry was
flagged as a query for action by a researcher who had
greater nutrition knowledge and experience. The die-
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ticians-nutritionists assigned appropriate codes for all
flagged food and portion codes and checked any other
queries raised by the coders. In general, where details
for the coding of foods were missing, formally agreed
default codes were used. Where portion sizes were mis-
sing, an estimate was made using the same weight if the
food was consumed on another dietary day, or a portion
size consistent with the participant’s usual consumption
(e.g. small, medium or large), or an age-appropriate
average portion.

For new products still not included in the ANIBES
program, supermarkets or retail markets were visited
or the manufacturer contacted to obtain information on
nutrient content in order to decide whether a new food
code was needed. This decision was based on nutritio-
nal composition compared to that of existing codes, as
well as the frequency of consumption. If a new food
code was required, the nutrient content was entered
into the database. In the case of school meals, school
caterers information about the nutrient content and
portion size of dishes was considered. For homemade
dishes where a recipe had been recorded, the ingre-
dients were entered individually using the appropriate
cooked food codes, and all the codes for the dish were
allocated to a recipe food group according to the type
of dish. The weight of each cooked ingredient was cal-
culated using the raw weights recorded by the partici-
pant, a weight loss factor for the whole dish if possible,
and the weight of the portion consumed.

Quality control

The quality control of the collected information was
supervised by trained dieticians-nutritionists, accor-
ding to the following protocol:

a) The same dietician-nutritionist was responsible
for checking the food records included by the parti-
cipant during the three-day dietary food record study.

b) The initial quality control was based on the pho-
tographs and descriptions sent by the participants, but
also the brief description that was asked before/after
each meal and/or intake. Special care was given to va-
lidate some variables such as ingredients, brands of the
processed and ready-to-eat foods, portion size or culi-
nary technique in order to obtain accurate information
for further codification.

c¢) The final approval of the received information
was given by a dietician-nutritionist and supervisor.

It is also of importance that the used software had
an alarm-system where no records from the different
three main meals were available.

At the start of the coding process, dieticians-nutri-
tionists worked together with the coders checking the
information from the coders and giving them indivi-
dual feedback on their work (food and portion code en-
tries). Portion code errors (selecting the wrong portion
size descriptor or entering an incorrect weight) were
more common than selecting the wrong food code.

Where errors were found they were corrected. These
checks ensured that error rates were monitored for all
the coders working on the project and helped identi-
fying any coding issues. All of the entries flagged as
a query by the coders were categorized into different
query types, such as food code or portion code not
available in the VD-FEN Software, recipes, missing
or insufficient detail to code food or portion. Initial
checks were carried out to highlight any missing data
fields, such as incomplete eating context or nutrient
variables, followed by a feasibility check of the maxi-
mum and minimum portion sizes entered within each
subsidiary food group. Final quality checking was per-
formed using each participant’s mean energy and nu-
trient intake (all reported nutrients) over the food and
beverages diary record period (three days). Extreme
intakes were considered from the mean and all entries
in this region were checked against the diary. All errors
found were corrected to their appropriate entry as re-
flected by the diary entry. Intakes were also calculated.
Intakes of energy and nutrients were calculated
from the food consumption records using a special
adapted VD-FEN 2.1 (Programa de Valoracion Dieté-
tica de la FEN, Dietary Evaluation Program from the
Spanish Nutrition Foundation) software for ANIBES
Study. Data obtained from food manufacturers were
also used, as was nutritional information provided on
food labels, and food photographic atlas to assign wei-
ghing grams for portion sizes. All data were carefully
evaluated before being incorporated into the VD-FEN
ANIBES Database, that is briefly stratified as:
e Level 1 — 16 food and beverage groups
e Level 2 — 29 food and beverage subgroups
e Level 3 —-761 food and beverages entries
e Company and brand
e Culinary treatment
* Household measure (tablespoons, glasses,
cups, plates); typical/most used portion sizes
and recipes from Spain; or conventional units/
measures (e.g. 1 yogurt, 1 apple piece, half to-
mato, 1 slice of bread, 1 soda can, 1 biscuit,
butter portion, etc.)

Data cleaning

Once the data from the Tablet devices were coded
and transferred into the ANIBES Database, a data cle-
aning process was necessary as follows:

First data cleaning stage: Participants were conside-
red as fully eligible if after a cautiously review of the
information, it was verified that the three days were
recorded. Where registers were above or below the
three-days established period, the following criteria
was adopted:

— If a participant only had records from two or less
days, he/she was considered as not valid and eli-
minated from the final sample.

110 DIETARY SURVEYS AND ENERGY BALANCE: METHODOLOGY, BIAS, ADJUSTMENT AND OTHER ISSUES



— If a participant registered four or more days, valid
data were for those three collected days corres-
ponding to the specific cycle of the participant,
but always under the same scheme: 2 working
days + 1 weekend day.

Second data cleaning stage: According to the recor-
ded information, participants were removed from the
final sample if:

— Unexplained behavior in energy intake and large
intraindividual variations between days mostly
when compared to the 24-h dietary recall. Mo-
reover, when the known meal pattern of the par-
ticipant was 3-5 intakes per day, but missing data
was clearly observed in the register (i.e. only
breakfast and/or one meal per day), he/she was
removed from the final sample.

— Extremely low energy intakes recorded:

* Less than 500 kcal/day in two or three days of
the period.

e Less than 500 kcal/day in one day, and <800
kcal/d in the remaining days.

Third data cleaning stage: Participants were consi-
dered valid if they fulfilled the following criteria:

Having fulfilled previous data cleaning stages.
Having completed successfully both visits du-
ring the fieldwork.

If the participants had valid data on: weight,
height, waist circumference.

Once all data (three-days food dietary record and
24-h dietary recall) had been verified, cleaned up, and
approved by the dieticians-nutritionists, the ANIBES
Database was developed. Calculation of energy and
nutrient intakes was performed by the VD-FEN 2.1
Dietary Evaluation Programme from the Spanish Nu-
trition Foundation, mainly based on the Food Com-
position Tables (Moreiras et al, 15 ed, 2011)%*, with
several expansions and updates.

Conclusions

Energy balance is a framework that can be used to
understand the interplay between energy intake, ener-
gy expenditure and energy storage that determines
body weight.

A better understanding of energy balance can help
develop more effective strategies for reducing obesity
rates in individuals and populations.

Energy balance is a dynamic rather than a static pro-
cess, with manipulations of one component of energy
balance potentially influencing other components of
energy balance.

The strengths of the design, protocol and methodo-
logy used in the ANIBES Study to approach for the
first time the EB in Spain are the representative na-
tional sample targeted, the broad age range included
(9-75 years), the geographical distribution (inland plus
islands), the successful logistics for the 128 sampling
points or the innovative and first time used tools to me-
asure dietary intake (tablet device for real time dietary
record combined with a 24-h dietary recall) or physical
activity level (validated questionnaire and accelerome-
ter device). The main drawbacks were the difficulties
for some participants to use the technologies emplo-
yed, or the lack of seasonality for food collection or
measuring physical activity level. However, conside-
ring the carefully designed protocol based on best evi-
dence available and previous experience, the ANIBES
study will contribute to provide valuable useful data to
inform food policy planning, food based dietary gui-
delines development and other health oriented policies
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Abstract

In nutritional epidemiology, it is essential to use Food
Consumption Assessment Methods that have been vali-
dated and accepted by the international community for
estimating food consumption of individuals and popu-
lations. This assessment must be made with the highest
quality possible so as to avoid, as far as possible, sources
of error and confusion in the processes.

The qualities that are required in a measurement me-
thod are validity and accuracy; validity being the main
factor. Lack of validity produces biases, or systematic
errors. These can reside in the process of subject selec-
tion, or processes of information gathering where the
lack of accuracy produces random errors.

For many nutrients, the intra-individual variances are
due to many factors such as day-of-the-week or season,
and could create problems in the data analyses. Adjust-
ments are needed to minimize these effects.

Confounding factors may over- or under-state the real
magnitude of the observed association, or even alter the
direction of the real association. Total energy intake can
be a confounding variable when studying a relationship
between nutrient intake and disease risk. To control for
this effect several approximations are proposed such as
nutrient densities, standard multivariate models and the
nutrient residual model.
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SESGOS Y AJUSTES EN LA VALORACION
NUTRICIONAL DE LAS ENCUESTAS
ALIMENTARIAS

Resumen

En la epidemiologia nutricional es esencial la utiliza-
cion de los Métodos Valoracion del Consumo Alimentario
validados y aceptados por la comunidad internacional
para estimar el consumo alimentario de los individuos
y grupos de poblacion. Esta estimacién debe hacerse con
la mayor calidad posible, evitando, en la medida de lo
posible, las fuentes de error y confusion en la medida del
consumo alimentario.

Las cualidades que otorgan calidad a un método de
medida son la validez y la precision, siendo la validez
la principal caracteristica. La falta de validez produce
sesgos o errores sistematicos, los cuales pueden ser en el
proceso de seleccion de los sujetos o en el proceso de ob-
tencion de la informacion; y la falta de precision produce
errores aleatorios.

Para muchos nutrientes, las variaciones intra-indivi-
duales debidas a muchos factores como el dia de la se-
mana o la estacion del afio, podrian crear problemas en
los analisis de datos. Para minimizar este efecto se deben
realizarse algunos ajustes en los analisis.

Los factores de confusion pueden exagerar o subes-
timar la verdadera magnitud de la asociacién o incluso
alterar la direccion de la asociacion. El consumo total de
energia puede ser una variable de confusion en el estudio
de la relacién entre la ingesta de nutrientes y el riesgo de
enfermedad. Para controlar este efecto se proponen va-
rias aproximaciones: la densidad de nutrientes, modelo
multivariado estandar y el modelo residual de nutrientes.

(Nutr Hosp 2015;31(Supl. 3):113-118)
DOI:10.3305/nh.2015.31.sup3.8759
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Limitations in the correct assessment of the food
consumption

In nutritional epidemiology, it is essential to correctly
assess food consumption, to describe as well as to esti-
mate its effect on health. Its measurement is complex
and is not exempt from significant limitations. Therefo-
re, to obtain data of quality special attention needs to be
applied in minimizing errors of measurement. It is im-
portant to control the sources of error (systematic or ran-
dom) and confounding factors that can occur at different
stages of data acquisition in the research process, from
the design of the study protocol to the publication of
results. It is important to define clearly the goals of the
study including: the design of the epidemiologic study;
the selection, size and type of participants; the choice of
methods for measuring the variables-of-interest under
study.

Monitoring the correct implementation of the proto-
col during the fieldwork is fundamental if deviations
from the previously-planned objectives are to be avoi-
ded and, if deviations do occur, to detect them early
enough to introduce corrections. A further point in the
research process is the analysis and interpretation of
the results since it is vital to pay special attention to
preventing and/or correcting for any errors, especially
with respect to confounding factors.

Quality of methods of assessing food consumption:
validity and accuracy

From among all the above factors, the method selec-
ted to assess food consumption is key to obtaining data
of quality. However, there is no ideal method for as-
sessing the habitual and/or spontaneous dietary intake
of the subject. Indeed, there are various methods for
assessing food consumption (MAFC) that have been
internationally accepted as being appropriate in asses-
sing individual food item consumption. These include:
food records; 24h recalls; diet diaries; and food-fre-
quency questionnaires. Each has its own strengths,
weaknesses, and specific characteristics'23.

MAFC quality is reflected in two variables: validity
and accuracy. Validity is the quality of measurement of
what one really wishes to measure; accuracy reflects
the concordance between several repeated measure-
ments of the same variable with the same methodo-
logy. Lack of validity produces systematic errors and
lack of accuracy produces random errors. Both errors
can occur in intra- or inter-individually*.

Bias, or systematic error, is distortion in the estima-
tion that affects the measurement of the variable. The-
se biases can be of selection, or of information. Selec-
tion bias is related to the type of epidemiologic study
used in the investigation. The most common errors re-
sult from: the difficulties in obtaining a representative
sample; the selection of the control group; controlling
for loss-to-follow-up; selection of participants that ex-

cludes the ones with greater severity; an event occu-
rring in one of the groups under greater surveillance;
the detection bias; and the bias occurring because of
volunteer involvement which is related to greater par-
ticipation of cases'*.

Information biases occur in the data collection pro-
cess. An important part of these biases are related to
the skills and experience of the interviewer, or impre-
cision in quantifying the food portion size; or skills
and motivation of the respondent. They can also result
from the food composition tables used. Other errors
can result from research data management throughout
the process.

The validity of a method is assessed by comparing
the results obtained by the method-of-study with those
of a reference method, or gold standard. If the studied
variable is quantitative, various statistical methods for
the comparison of means can be used. If the variable
is dichotomous, the sensitivity and specificity values of
each method are compared. The method used as gold
standard should estimate the intake in a different manner
from the study-method in order to prevent the inclusion
of the same type of error in both methods and, as such,
erroneously assume that the method-of-study is valid*.

In relation to accuracy, a random error is the diffe-
rence due, simply, to chance between the value ob-
tained from a subject’s food consumption vs. the real
value. Alternatively, it can be between the observed
value in a sample compared to that corresponding to
the overall population; which would increase the intra-
and/or inter-individual variability. Random errors are
caused by unknown factors affecting the measurement
of the variable. This could include the mood of the in-
terviewed subject on any of the assessment days arti-
ficially modifying the response. Whatever the cause,
this random variability from unknown factors decrea-
ses the accuracy of the measurement and affects the
mean and widens the confidence interval'>* (Fig. 1).

To estimate the variability of a method, the same
measurement is repeated in the same individual and
the correlation between the two measures is analyzed.
The KAPPA Index is used if the variable is qualitative
and, if the variable is quantitative, the intra-class co-
rrelation coefficient, or the graphical method of Bland
and Altman, is used*. Some factors need to be conside-
red in conducting this analysis of repeatability such as
the real possibility that the events are repeatable. This
can be difficult when assessing the diet at two different
times since, although the method is very accurate, the
accuracy could be affected due to the diet itself having
been altered. It is advisable that the periods compa-
red are not too close in time such that the interviewee
remembers the previous measurement. Neither should
the time interval be too distant that the dietary habits
had changed. Willett et al. recommended spacing the
measurements between 4 and 10 weeks’. Repeatabi-
lity is also influenced by the degree of difficulty, or
measurement variability. For example, a food frequen-
cy questionnaire (FFQ) that does not evaluate portion
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Fig. 1.—Representation of systematic and
random errors.

size is more repeatable than one that does. Whether
the design of the FFQ is clearer or more confusing for
the understanding of the participant, the repeatability
would change.

The most important error in the estimation of food
consumption is the intra-individual random error. The
variability caused by this error is greater the longer the
time between measurements, since they include the in-
tra-individual error and true dietary changes. This error
can be decreased by increasing the number of days as-
sessed. A comprehensive study addressing this issue in-
dicated that the number of days depended on different
situations. For example, in the assessment of different
nutrients more days are needed in estimating the usual
intake of some micronutrients than to estimate energy
and macronutrients. In cross-sectional study designs ai-
med at obtaining mean intakes for groups of subjects, it
is accepted that 1 or 2 days are needed. However, when
evaluating the individual relationship between habitual
intake and health concerns, more measurements are re-
quired. This can be between 3 and 7 days provided they
are not consecutive and, as well, variability between
days of the week and between seasons is taken into
account. The decision on the number of days of me-
asurement is limited in population studies since, if the
number is high, the information recorded or reported
by the subject may be modified due to the participant’s
tedium in response and, as well, the eating habits of the
participants may change in order to simplify the con-
sumption and ease the recording of intake!?>,

It is important to highlight that, to confirm the method
as being correct, the main feature to be considered is the
validity i.e. good accuracy, by itself, is not enough.

Misclassification of the subjects; effect on results
Bias in the collection of information can lead to mis-

classification of the causal factor, the effect studied,
or both. This misclassification between cases and con-

trols or between exposed and non-exposed individuals
may occur in analytical epidemiological studies; the
outcomes may be modified. When misclassification
occurs in a similar manner in all subjects or study
groups, a non-differential misclassification may occur
which could reduce the real difference, or association,
between cause and effect. This bias is not related to
either exposure or to the disease-under-study, but is in-
herent in the method of data collection itself. As such,
the odds ratio, or the relative risk, tends to disappear
and the studied effect can be lost. However, a differen-
tial misclassification will occur if the bias happens in
only one of the study groups'?3.

This bias is related to exposure and/or to the disease
and may underestimate, or overestimate, the effect stu-
died (Fig. 1). The result could be the observation of an
apparent relationship when, in reality, it did not exist,
or observing an apparent lack of relationship when, in
reality, there is one. For example, if the relationship
between consumption of cheese and the presence of
migraine is to be assessed in an epidemiological ca-
se-control study and individuals with migraine res-
pond with more interest regarding cheese consump-
tion than controls, the effect would be overestimated.
Similarly, when the dietary intake is assessed in obese
and non-obese individuals, the effect may be underes-
timated since those with obesity tend to report lower
consumption than the reality, as has been reported wi-
dely. The differential bias is not uniform'>?.

Avoiding biases

To avoid these biases and, hence, to increase the va-
lidity and reliability of the results, control measures
need to be included in the design of the study protocol,
the conduct of fieldwork, as well as in the analysis and
interpretation of results. In preparing the study proto-
col, it is essential to choose the most objective, and
validated techniques of measurements. This decrea-

Biases and adjustments in nutritional assessments from dietary questionnaires
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ses the variability caused by the method, taking into
account the design and purpose of the study and the
study population. Also, it is essential to include a stan-
dardization of how and when data are collected and, as
well, standardization of the methodology among the
interviewers since this would decrease the variability
caused by the instrument of measurement and by the
observer. Increasing the number of days on which the
measurements are conducted would decrease intra-in-
dividual variability and increase the reliability of the
data. Last but not least, we recommend the double en-
try of data into the database, data verification, database
pruning, testing the quality of the collected data and,
finally, using statistical procedures to adjust for mea-
surement errors.

Recommendations for intra-individual variation
control in dietary intake

The underlying assumption in assessing the nutritio-
nal status of a population is that, usually, individuals
maintain their dietary habits and the population mean
intake can be defined based on the usual intake of the
individuals involved. Unfortunately, neither a single
24h dietary recall nor semi-quantitative frequency
questionnaires accurately reflect an individual’s true
intake of a nutrient or dietary factor’. As a result, es-
timates of the population’s mean intake or rate of nu-
trient deficiency (or excess) based on these data could
be biased®.

An individual intake varies from day to day and
factors such as day of week or season contribute to
this daily variation. A basic assumption is that the wi-
thin-person variation is random, while the degree of
random variation differs according to nutrient. One
24h dietary recall cannot characterize an individual’s
usual intake. For many nutrients, the intra-individual
variances (within-person variance) are much larger
than inter-individual variances (between-person va-
riance) and could create problems in the analyses of
data’.

Analitical approach

In an approach to estimating the prevalence rate of
nutrient deficiency of usual intakes, data from two or
more daily consumption schedules for each person is
needed, where the daily nutrient intake is the depen-
dent variable®?.

The matrix format of the data should be organized
following the format presented in Table I with repeated
measurements for subjects considered as separate data.

The analysis can be summarized as follows:

e Firstly, analysis of data to ensure normality of
distribution of intake. Logarithmic transforma-
tion is required if the data do not follow normal
distribution.

 Estimate intra- and inter-individual variance.

e Compute the adjusted (for intra-individual va-
riance) intake for each nutrient as:

Estimate R as:

(\/ Var between/Var between + Var intra) / (\/ Var
between/0.5(Var between + Var intra)
Secondly, create a new variable for each indivi-
dual deviation from the mean value of the total,
or a stratum

e Adjusted intake as:

Adjusted intake = (observed intake-mean in-
take) * R value

Means of adjusted and unadjusted values must be
the same (Fig. 2).

Confounding factors and adjustment for total
energy intake in nutritional epidemiologic studies

In nutritional epidemiologic studies, misleading
conclusions can be arrived-at if data are not properly
analyzed and interpreted. In particular, the relations-
hips between the diet (exposure) and disease risk can
be distorted, or biased, by extraneous ‘“confounding”
factors. Failing to account for a confounding factor can
lead to a spurious relationship being observed between
exposure and disease risk i.e. a false correlation. The

Table I
Matrix format for analyses

Nutrient (N) Subject Age group (factor) Season
Vi 1 1 w
V2 1 1 S
\%! 2 2 w
V2 2 2 S
Vi 3 1 w
V2 3 1 S

W: Winter; S: Summer
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confounding factor can also cause an overestimate or
underestimate of the real magnitude of the association,
or even alter the direction of the real association.

A classic example of confounding factor effect was
presented by Hulley and Cummings in 1993°, in which
the spurious association between drinking coffee and
myocardial infarction was detected due to the confu-
sion with the smoking habit effect. Specifically, this
association was found because the number of smokers
in the group of subjects who drank coffee was higher
(380 vs. 120) than in the group that did not drink co-
ffee (20 vs. 480). Further, the smokers had a higher
incidence of myocardial infarction (10%) than non-
smokers (1.7%). Hence, this different distribution of
subjects according to the confounding factor (smoker
status) in each group of coffee drinkers caused a spu-
rious association between coffee-drinking and myo-
cardial infarction.

Another example of confounding factor in which
the real magnitude of the association is overstated was
presented by Irala et al in 2001, when discussing the re-
lationship between the neural tube defects of newbor-
ns and the mother’s folic acid deficiency'. The effect
of folic acid fortification was overestimated because
mothers with normal values of folic acid also have se-
veral healthy behavior patterns such as a healthy diet,
better genetic endowment, or lower prevalence of risk
factors (tobacco or alcohol abuse) relative to mothers
with folic acid deficiency.

In nutritional studies, the total energy intake can be
a confounding variable when studying relationships
between nutrient intake and disease risk. According to
Willet et al in a studies in free-living human popula-
tions, the total energy intake is, largely, a consequence
of variations in physical activity, body size and me-
tabolic efficiency'"'?. The confusion occurs when the
total energy intake is associated with disease risk and
nutrient intake. Total energy intake association with
disease risk happens due to physical activity, body size
or the metabolic efficiency being associated with di-

ted and adjusted values.

sease probability. Total energy intake and nutrient in-
take are associated because either the nutrients directly
contribute to the total energy or because the indivi-
duals who have a higher energy intake also have a hi-
gher intake of specific nutrients. The Willet et al study
(1997) provided an example of total energy intake as
a confounding factor in the relationship between nu-
trients and coronary artery disease'.

Several approximations are proposed to adjust for
the effect of the total energy intake. These include nu-
trient densities, standard multivariate models, and nu-
trient residual model.

Nutrient densities are computed by dividing the nu-
trient values by the total energy intake. As such, corre-
lations between disease risk and nutrient densities, ins-
tead of the nutrient, are analyzed. The main problem
in using these densities arises when the disease is also
associated with the total energy intake. Under such
circumstances, nutrient intake will be confounded (in
opposite direction) by total energy intake because of it
being divide by total energy.

If standard multivariate models are used, the total
energy intake is included in a multivariable model
along with the nutrient of interest. In such a model the
association of nutrient intake and disease, measured
by its regression coefficient, is controlled (or adjus-
ted-for) by the total energy intake.

The nutrient residual model is calculated by using,
as the independent variable, the residuals from the
regression model of total energy intake, while abso-
lute nutrient intake is the dependent variable. Since
residuals have a mean value of zero, a constant to the
residual is added. Willet et al'! proposed the use of
the mean of the nutrient as the constant value. Hen-
ce, the disease risk can be modelled as a function of
the nutrient residual and the total. An advantage of
this model is that both variables (nutrient residual and
total energy) are uncorrelated, which is a desirable
property for multivariable analysis in order to avoid
problems of co-linearity.
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Abstract

The reliability of the information collected in dietary
assessment can be affected by different factors. One of
the main sources of error in dietary assessment is misre-
porting which encompass under- and overreporting. Un-
derreporting of food intake is one of the major problems
in the assessment of habitual dietary intake. Physical and
psychosocial characteristics that are related to energy
underreporting include sex, age, weight, BMI, fear of
negative evaluation and dieting among others. At pre-
sent, diverse reference methods are employed to verify
the results of dietary assessment and double labelled wa-
ter is used as the gold standard method. Underreporting
affects the estimation of nutrient intake and also alters
associations between diet and disease assessed in epide-
miological studies. Therefore, underreporting has to be
considered and addressed by researchers through deve-
lopment and improvement of dietary intake adjustment
methods, and taking advantage of the new technologies
for assessing dietary intake in order to minimize unde-
rreporting bias.
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INFRADECLARACION EN LAS ENCUESTAS
ALIMENTARIAS: IMPLICACIONES
METODOLOGICAS

Resumen

La fiabilidad de la informacion recogida en la evalua-
cion dietética puede verse afectada por diferentes fac-
tores. Una de las principales fuentes de error en la eva-
luacion de la dieta es la declaracion errénea de consumo
de alimentos, que abarca la infradeclaracion y sobrede-
claracion de la dieta. La infradeclaracion de la ingesta
de alimentos es uno de los principales problemas en la
evaluacion de la ingesta dietética habitual. Las caracte-
risticas fisicas y psicosociales que estdn relacionadas con
la infradeclaracion de energia incluyen el sexo, edad,
peso, indice de masa corporal, el miedo a la evaluacion
negativa y estar bajo un régimen de dieta, entre otros. En
la actualidad, se emplean diversos métodos de referencia
para verificar los resultados de la evaluacion dietética,
no obstante, el método estandar es el agua doblemente
marcada. La infradeclaracion afecta a la estimacion de
la ingesta de nutrientes y también altera las asociaciones
entre dieta y enfermedades en estudios epidemiolégicos.
Por lo tanto, la infradeclaracion tiene que ser conside-
rada y abordada por los investigadores a través del de-
sarrollo y la mejora de los métodos de ajuste de la dieta
y el aprovechamiento de las nuevas tecnologias para la
evaluacion de la ingesta dietética con el fin de minimizar
el sesgo ocasionado por la infradeclaracion.

(Nutr Hosp 2015;31(Supl. 3):119-127)
DOI:10.3305/nh.2015.31.sup3.8760
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Abbreviations

ANR: Average nutrient requirement.

BMI: Body mass index.

BMR: Basal Metabolic Rate.

DLW: Doubly Labelled Water.

ENCA: Encuesta Nutricional de Canarias (1997-8).

ENCAT: Encuesta Nutricional de Catalufia (2002-3).

ENKID: Encuesta Nutricional de la poblacién in-
fantil y juvenil espafiola (1998-2000).

EPIC: European Prospective Investigation Into
Cancer and Nutrition.

FFQ: Food Frequency Questionnaire.

IDEFICS: Identification and prevention of Dietary-
and lifestyle-induced health Effects In Children and
infants.

ICT: Information and communication technologies.

IDAMES: Innovative Dietary Assessment Methods
in Epidemiological Studies and Public Health.

PDA: Personal digital assistants.

pTEE: Predicted total energy expenditure equations.

Background

In nutritional assessment, diverse methods are used
to evaluate food and nutrient intake. It can be done
via questionnaires (i.e. Food records, Dietary recalls,
Food frequency questionnaires, Short questionnaires)
or through biochemical methods. The selection of the
appropriate method should consider the level of evalua-
tion according to the target population, either individuals
or groups. When nutrient intake is estimated, it can be
compared to the nutrient requirement of the individual
or population and therefore the probability of adequacy
can be estimated. Nutritional adequacy enables to iden-
tify if there is sufficient intake of essential nutrients,
needed to fulfill nutritional requirements for optimal
health. Therefore, to assess dietary intake correctly is
crucial to enhance the effectiveness of interventions and
policies both at the individual and population level'.

However, dietary intake assessment is a difficult
task and different factors can affect the accuracy of the
information collected. The reliability of dietary assess-
ment can be affected by intra-individual variability,
seasonal variability or misreporting. One of the main
sources of error in dietary assessment is misreporting,
comprising both under and overreporting?. Underre-
porting of food intake is one of the major obstacles
preventing the collection of accurate habitual dietary
intake data® (Figure 1). Although less frequent, overre-
porting is also a problem, and is related to certain indi-
vidual characteristics, for instance in eating behaviors
it is common to alter the consumption report of fruits
and vegetables.

A recent study conducted in European countries,
assessed the prevalence of low micronutrient intakes
and the presence of underreporting by using nationa-
Ily representative dietary survey data from Belgium,

ALL GROU
WITHOUT UNDERREPORTING Adjusted distribution
{usual intake)

Unadjusted distribution
[2-day intake)

Mean
Mutrient intake (unitsid)

Fig. 1.—Underreporting effect on nutrient distribution.

Denmark, France, Germany, The Netherlands, Poland,
Spain and the United Kingdom. The proportion of pos-
sible underreporters in children aged 1-3 years ranged
from 0.6% in Belgium to 1.7% in The Netherlands. For
those aged 4—10 years, it varied from 0.5% in Denmark
to about 5% of the German girls. For participants aged
from 11 to 17 years, the underreporting values ranged
from 0.6% of the Dutch boys to 34% of the Danish
boys. For women aged 14-50 years, it ranged from
1.1% in The Netherlands to 14% in Germany. For tho-
se aged 18-60 years, it ranged from about zero in the
Dutch men to 26% in women from France. For elderly
subjects over 60 years of age, it ranged from 0.4% of
women in the Netherlands to 28% of women in Spain®.

Misreporting affects not only the estimation of
energy intake, but also in other nutrients. Therefore,
misreporting of food intake is a major challenge for
nutrition research when evaluating the relationship be-
tween diet and health outcomes.

Characteristics of low energy reporters

In 2003, Livingston & Black reviewed the characte-
ristics of low energy reporters in 25 adult studies’. Age
and sex have been associated with energy underrepor-
ting. Some studies have found that women and elderly
subjects are more likely to underreport energy intake.
However, these associations are inconsistent and fur-
ther investigation is needed in representative popula-
tion samples that have identified underreporters at all
levels of energy requirement. Another characteristic
identified is weight status. Low-energy reporting has
been associated with a high body mass index (BMI),
and the probability that an individual will underreport
rise as BMI increases®. Education and socioeconomic
status are less predictable characteristics in low energy
reporters; however, in some studies underreporting has
been associated with low education or socioeconomic
status. Subjects with lower levels of education and
consequently reduced literacy skills might be expected
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to result in underreporting. Nevertheless, subjects with
more knowledge of health topics or diet conscious-
ness® or those of higher socioeconomic status might
have the same response®. Another aspects associated
with misreporting include dieting, efforts to maintain
weight stability, attempt to lose weight, self-percep-
tion of high weight and weight changer over 5 years’.

Children and adolescents also tend to underreport
energy intake. Higher weight, BMI and adiposity have
been consistently associated with underreported ener-
gy intake’. In Spain, a study conducted in children and
adolescents, the ENKID study (1998-2000) compared
the psychosocial characteristics between underrepor-
ters and plausible reporters in children and youth aged
2-24 years. A higher probability to underreport was
found for female group and for adolescents and young
adults (14-24 years). According to geographical re-
gion, individuals from Canary Islands had higher odds
to underreport, while children living in the Northern
region had lower odds to underreport. Misreporting
was also associated with skipping breakfast and having
a high BMI or weight (over percentile 85)%. Another
study conducted in adolescents has shown that obese
participants were 5.0 times more likely to underreport
energy intake than subjects with normal weight’.

Some psychosocial characteristics have also been
associated to low energy reporting such as eating res-
traint, social desirability, depression, anxiety and fear
of negative evaluation'’. For instance, higher social
desirability, known as the tendency to respond to ques-
tions in a socially appropriate and accepted manner,
has been related with a higher incidence of energy un-
derreporting, especially in women'.

Energy misreporting, specifically underreporting,
also results from incomplete recordkeeping on the part
of the subject due to one or many established factors,
for example: recording fatigue, memory disturban-
ces, misrepresentation of portion size consumed and
“unconscious” omission of certain eating occasion or
item'. In order to improve the estimation of portion
size, some tools are used, for instance, the use of hou-
sehold measures, drawings and photographs or food
models.

Since the characteristics of low energy reporters and
associated physical and psychosocial factors play an
important role in the observed reporting bias, further
investigation is needed in order to properly account for
such factors in future studies.

Reference Methods to identify energy
misreporting

Nowadays there are a number of reference methods to
verify the results of dietary assessment. Reference me-
thods include urine nitrogen, total energy expenditure,
resting metabolic rate and physical activity, and total wa-
ter loss. The gold standard reference method for assessing
total energy expenditure is doubly labelled water (DLW).

This accurate and noninvasive method is used for valida-
tion of reported energy intake by subjects in free living
situations'’.

In the DLW, subjects receive a loading dose of water
labeled with the stable isotopes H and 'O, and these
isotopes mix with the hydrogen and oxygen in body wa-
ter within a few hours. As energy is expended, CO, and
water are excreted. Urine samples are collected at baseli-
ne before administration of the dose and subsequently ei-
ther daily or at the beginning and end of the measurement
period. The urine samples are analyzed to determine the
rate of disappearance of each isotope from the body.
Usually, the measurement period in adults is 14 days.
The energy expenditure calculated is then compared with
the reported energy intake and the deviation is expressed
as magnitude of misreporting (as a percentage of energy
expenditure or as an absolute deviation in kJ or kcal).
However, DLW cannot be widely used as validating me-
thod for energy intake, due to the high costs since it needs
a sophisticated laboratory and analytical back-up®.

Urinary nitrogen loss is used to validate reported pro-
tein intake. Healthy adults are in nitrogen balance, and
nitrogen loss in urine was found to be 81+ 5% of total
nitrogen loss per 24 hours''. However, within-subject va-
riation in daily nitrogen excretion of individuals may be
large, and repeat collections of consecutive 24 hour urine
samples are necessary if the method is going to be used to
validate the protein intakes of individuals.

To assess the dietary intake of other nutrients (i.e. Na
or K), the urinary excretion of such nutrients for which
urine is the major excretory route has also been used as
a biomarker. To measure dietary Na intake, Na excretion
can be used, however, the day-to-day fluctuations in Na
excretion are larger than those for nitrogen. Therefore
more collections are needed to correctly characterize Na
excretion in an individual®.

The Goldberg cut-off method reports energy intake as
a multiple of basal metabolic rate (BMR), and using this
index (Energy intake/BMR) in comparison to expected
energy expenditure as a validity check for negative bias
in energy intake. The Goldberg equation calculates the
confidence limits (cut-offs) that evaluate if mean repor-
ted energy intake is plausible as a valid measure of food
intake even if chance has produced a dataset with a high
proportion of genuinely low (or high) intake. Sensitivi-
ty of the Goldberg cut-off was improved when subjects
were assigned to low, medium and high activity levels
and different physical activity levels and cut-off values
were applied to each level>. BMR for the calculation of
the Goldberg cut-off can be either measured or estimated
from predictive equations specific for age and sex, such
as the Schofield equations'?. In the method of indirect ca-
lorimetry that measures BMR, the subject must be in a
fasting state and with minimal physical disturbance.

Finally, another method to validate reported dietary
intake is to compare it with the actual intake of sub-
jects. Actual intake is obtained by direct observation of
people eating during the study period. This method at-
tempts to measure absolute validity, but it is very time
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consuming and presents some practical difficulties and
limitations. Each individual with a sufficient diet that
meets adequately the energy requirements presents a
stable body weight during the trial>. However the use
of this method can lead to bias in vulnerable groups,
for example, in older persons with declining weight
which is related to low energy intake, and under eating
may be falsely perceived as underreporting'?.

Underreporting according to dietary assessment
methods

Underreporting is prevalent and persists in diverse
dietary assessment methods although in different propor-
tions>!'“. In 2009, an investigation evaluated the effects of
different dietary assessment methods on assessing risk
of nutrient adequacy with data of two regional repre-
sentative surveys conducted in Spain'> The first survey,
The Catalan Nutrition Survey Study on nutritional status
and food habits of the Catalan population (ENCAT), was
a cross sectional study, carried out in population aged
12-80 years. The second survey was The Canary Islands
Nutrition Survey (ENCA), that evaluated nutritional sta-
tus and food habits of the population from the Canary
Islands, conducted on a random sample of the population
aged 6-75 years. In total, 2542 subjects were included
in the analyses®. In that investigation, Ribas-Barba et
al. found that the percentage of underreporters changed
depending on the instrument used, with values over 40%
when using daily methods (one or two 24 hour recalls)
and 28% when using the FFQ. When diet was assessed
with dietary recalls, higher proportions of underreporters
were found in women, on the contrary, when the FFQ
was used, a higher proportion of underreporters was
found for men (30.5%) than women (25.7%)".

In a systematic review conducted in 2009, the propor-
tion of misreporters was compared for three methods:
24 hour recall, estimated and weighed food record?. The
Authors did not found significant differences between
the medians of percentage of misreporters for all three
methods (around 30%). Regarding underreporters, not
significant difference was found, however, a higher pro-
portion was observed for weighed food record (18%)
than the other two methods (13.4% in 24 hour recall
and 12.2% in estimated food record). The result that the
magnitude of misreporting was not lower for weighed
record studies could be caused by a smaller number of
weighed food record studies providing data on the per-
centage of underreporters, but it is possible that subjects
in weighed food record studies did not underreport, but
underrate as a result of a change in dietary habits to faci-
litate the reporting during the study?.

Underreporting bias in estimating nutrient intake

Underreporting represents a problem for the estima-
tion of nutrient intake in epidemiological studies since

underreporting of energy intake usually is related with
underreporting of some nutrients.

A study of Mexican-American women showed that
estimated energy, protein, cholesterol, dietary fiber,
and vitamin E intakes were significantly higher among
the plausible reporters compared with the implausible
energy intake reporters group. Most implausible repor-
ters underreported energy intake (86%). There was a
significant difference between the proportions of plau-
sible versus implausible reporters meeting recommen-
dations for several nutrients, with a larger proportion
of plausible reporters meeting recommendations'®.

In children and adolescents, the ENKID study has
also evaluated the differences in nutrient intake be-
tween plausible reporters and low energy reporters
(Table I). Higher intakes were observed among plau-
sible reporters for energy, carbohydrates, total fat in-
take, cholesterol, sodium, phosphorus and calcium
when compared to estimated intakes including unde-
rreporters in the sample®. Similar results were obser-
ved in 96 adolescents from Brazil, where energy intake
misreporting (under or overreporting) was identified
in 65.6% of adolescents. Underreporters also showed
higher rates of insufficient intake of carbohydrate, li-
pids and cholesterol intake than plausible reporters’.
Another survey conducted in Australian children aged
2-16 years, revealed, that those classified as underre-
porters had significantly higher intakes of protein and
starch but lower intakes of sugar and fat, as percen-
tage from energy, than plausible reporters, whereas
overreporters had higher fat and lower carbohydrate
intakes'”.

In the analyses of the ENCAT and ENCA previously
cited, the nutritional adequacy of Vitamin A, Vitamin
C, Vitamin E, Thiamin, Riboflavin, Niacin, Vitamin
B6, Folate, Vitamin B12, Fe, Mg, P and Zn intake was
estimated for the entire sample and excluding underre-
porters (defined by the Goldberg cut-off method) (Ta-
ble II). The exclusion of underreporters substantially
reduced inadequacy of intake for all vitamins assessed
by daily methods (one 24 hour recall and a mean of
two non-consecutive 24 hour recalls) and FFQ'S. Data
from daily methods adjusted for intra-individual va-
riability were the least modified by underreporters.
The highest reduction of inadequacy (above 10%) was
found for thiamin, Mg, Zn and vitamin E (except in 24
hour recall adjusted by intra-individual variability)".

Implications of underreporting

The implications of underreporting are that they
may alter diet and disease associations. Underrepor-
ting is a problem that has to be considered in nutritio-
nal studies, especially in some cases such as the eva-
luation of the relationship of dietary intake and obesity
or studies examining the nutritional adequacy of the
diet’. Furthermore, it is important for the creation and
evaluation of dietary guidelines and nutrition policies.
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A recent investigation within the frame of the Euro-
pean Prospective Investigation Into Cancer and Nutri-
tion-Spain (EPIC) has evaluated the effect of accoun-
ting for misreporters in the associations between some
dietary factors and BMI'®. Misreporters were identified
by comparing reported energy intakes with estimated
energy requirements obtained by three methods: 1) the
original Goldberg method 2) using basal metabolic
rate equations that are more valid at higher BMIs and
3) doubly labeled water-predicted total energy expen-
diture equations (pTEE). The results indicate that after
excluding implausible reporters using each approach,
coefficients for several diet-BMI associations changed
in magnitude or direction. The consideration for mis-
reporters yielded associations between diet and BMI
that were more consistent with previous findings. For
example, among women, initially negative associa-
tions between BMI and energy intake became positi-
ve (Figure 2), a neutral association with fruit became
negative and a positive association with vegetables
became negative. Although all methods had consistent
effects on estimates, the magnitude of these diet-BMI
associations was generally stronger when we used the
pTEE and revised Goldberg methods than when the
standard Goldberg method was used. In contrast, ex-
cluding subjects with extreme energy intakes by using
recommended cutoffs had no meaningful effect'®.

Similar results were observed in 5357 European
children aged 2-9 years". The IDEFICS study (Identi-
fication and prevention of Dietary- and lifestyle-indu-
ced health Effects In Children and infantS) investiga-
ted the effect of handling implausible reporters in the
association between dietary intakes (total energy, soft
drinks, fruits/vegetables) and overweight/obesity. In
the basic model, no significant association was found
for energy intake and soft drink intake with overwei-
ght/obesity and a significant positive association be-
tween overweight/obesity and fruit/vegetable intake
was found. However, when underreporters and overre-
porters were excluded, a positive association between

energy intake and overweight/obesity was observed®.
This finding was also observed when models were ad-
justed for misreporting, energy intake and overweight/
obesity were associated and even more pronounced
compared with the model excluding misreporters.
Moreover, after adjustment for the propensity score,
which combined various indicators for misreporting
into one summary measure, Authors found a positive
association between soft drinks and overweight/obe-
sity and a negative association was found for fruit/
vegetable intakes'. The adjustment for propensity
score is an alternative that could be useful to minimi-
ze misreporting error. Nevertheless, Bornhorst et al.
recommend that future studies have to be careful when
applying the propensity score approach, which requi-
res the identification of the relevant determinants of
misreporting according to the study population. There-
fore, the effectiveness of the propensity score adjust-
ment in adolescent and adult populations is a task for
future research'.

SOLUTION: New technologies for assessing
intake?

Given all the previously recognised limitations, re-
search has focused on refining assessment methods
to more accurately evaluate food intake. What could
be the solution? The possibilities of developing new
applications of information and communication tech-
nologies (ICT) to improve dietary as well as physical
activity assessment have been explored.

Adaptations of technology have led to extensive
changes in how dietary assessment is performed. The
most common objective has been to reduce the costs
of both the collection and processing of dietary intake
information due to the amounts and complexity of
data usually involved. The early Framingham and Te-
cumseh community studies were the first to establish
cohorts for the express purpose of examining diet and
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Fig. 2.—Associations between energy intakes and body mass
index among women, determined using alternative adjust-
ments for estimated under- and overreporting in the Spanish
cohort of the European Investigation Into Cancer and Nu-
trition’®. Coefficients from multivariable linear regression
models were adjusted for age, center, height, activity, educa-
tional level, smoking status, season, alcohol intakes, parity,
diabetes, and use of special diets.

Abbreviations: SE, standard error; GB 1.5, Goldberg method
with 1.5-standard-deviation cutoffs; GB 2.0, Goldberg me-
thod with 2.0-standard-deviation cutoffs; GB-R 2.0, revised
Goldberg methods with 2.0-standard-deviation cutoffs; pTEE
2.0, pTEE method with 2.0-standard-deviation cutoffs.
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disease relationships, but their tools were interviewer
administered, and the data processed manually®.

The application of ICT in dietary and physical acti-
vity assessment offers several potential advantages. In-
novative methodological approaches can improve data
quality, consistency and completeness. Furthermore,
new technologies hold considerable promise for redu-
cing costs as the presence of trained interviewers is not
required for a complete interview. Moreover, compu-
terised assessment can save considerable time in data
coding as data are immediately stored. Because of less
respondent burden, it may be possible to collect long-
term data on both food intake and physical activity'.

New technologies may also help to simplify the
self-monitoring process, which increases compliance
and validity of self-reported food and energy intake?'.
ICT may enhance dietary intake assessment by simpli-
fying the process and making it less time consuming to
monitor food intake, as well as increasing the subject’s
motivation to complete the task. As such, willingness
to record intake may increase and therefore more relia-
ble data are obtained.

Old methods done in new ways:

ICT was applied in FFQ, 24HR and diet histories.
Self-administered computerised assessment makes it
possible for participants to register and assess their
dietary intake at their own pace and convenience. Fur-
thermore, computerised assessment tools can direct-
ly calculate nutrient intake and energy expenditure,
which makes it possible for immediate feedback! 22

However, some subjects may need more instruc-
tions before or during completion of the questionnai-
re. Applying alerts to warn subjects of improbable
answers could also decrease the problem of overrepor-
ting as well as reduce the amount of data cleaning by
researchers. These types of questionnaires may be use-
ful for web-based data collection and could be applied
as an alternative to in-person or self-administered
questionnaires in studies where participants attend
a central study visit site, as well as for questions on
sensitive topics. When using computerised self-assess-
ment, questions about risky or sensitive behaviours
may be answered more truthfully?.

A disadvantage of self-administered computerised as-
sessment is that it requires the user to have a minimum
level of knowledge about computer use. Certain popu-
lation groups may have difficulty using a computerised
assessment tool, for example, older and less educated
individuals®. This is less problematic in interviewer-ad-
ministered computerised assessment tools.

Personal digital assistants PDA

A PDA is a handheld computer that can be used for
various purposes. This technology has been applied for

data collection in medical settings for over 15 years®.
PDA with specifically designed dietary software pro-
gram can be used to register and self-monitor dietary
intake. Subjects are required to record their food intake
immediately after consumption by scrolling through a
list of foods or by selecting a food group and then a
specific food item. After food item selection, portion
sizes are entered.

PDA-based food records have several advantages
as individuals can be provided with immediate feed-
back and data stored on the PDA can be reviewed at
any point in time. Although the advantages of PDA
show their potential to improve data quality, there are
several limitations. The use of PDA-based food re-
cords increases the respondent burden compared with
paper diaries. Studies report subjects having difficulty
using the search function and experienced inability to
find certain foods®-?. Furthermore, like paper diaries,
PDA-based food records require participants to be lite-
rate. As such, older or less educated individuals might
have difficulty using a PDA for recording food intake!'.

Digital photography

The main advantage of digital photography is the
possibility to collect dietary intake data from large
groups relatively quickly, with minimal disruption
and impact on the eating behaviour of participants.
Because data are immediately stored on the compu-
ter, the researchers have more time to analyse and
process the obtained data. Furthermore, the partici-
pants’ identities can be kept anonymous, which can
be seen as an advantage. Studies show that digital
photography is a reliable and valid tool to measu-
re food intake in dining facilities both in adult- and
school-age populations.

New measurement methods:
Barcode scanner/ Smart card

An advantage of using the smart card system to me-
asure food choice is that it can collect long-term data
from large groups on individual food behaviour. Fur-
thermore, the costs are relatively low as smart cards
are inexpensive and fewer researchers are needed sin-
ce data are stored when the diner uses the smart card to
pay for the meal. More research is needed to determine
whether this tool can be applied to measure food intake
in a variety of population groups.

Summarizing, several dietary-assessment tools
applying ICT have been developed and some have
shown to be valid and reliable for diverse purposes
and target groups. Recently, results from the Euro-
pean Commission project, Innovative Dietary As-
sessment Methods in Epidemiological Studies and
Public Health (IDAMES)?, concluded that web ba-
sed approach in adult study populations it might take
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more time to have participation rates similar to paper
versions. In terms of feasibility, more than two con-
tacts (24-hour recalls) will result in a drop of parti-
cipation, favouring a non-linear calibration approach
and that it is still unclear whether web based or other
new technologies can provide ranking instruments
better than FFQs in respect to ranking and feasibility.
In general, which tool is the most suitable to collect
dietary data depends on the objectives of the study
and the target group. Before selecting a given tool, it
is important to review the advantages and disadvan-
tages of each method?’.
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Abstract

The role of diet quality and physical activity in re-
ducing the progression of chronic disease is becoming
increasingly important. Dietary Quality Indices or In-
dicators (DQIs) are algorithms aiming to evaluate the
overall diet and categorize individuals according to the
extent to which their eating behaviour is “healthy”. Pre-
defined indexes assess dietary patterns based on current
nutrition knowledge and they have been developed pri-
marily for nutritional epidemiology to assess dietary
risk factors for non-communicable diseases. There are
many different types of DQIs. There are three major
categories of DQIs: a) nutrient-based indicators; b)
food/food group based indicators; and c¢) combination
indexes, the vast majority of DQIs, which often include
a measure of diet variety within and across food groups,
a measure of adequacy i.e. nutrients (compared to re-
quirements) or food groups (quantities or servings), a
measure of nutrients/foods to consume in moderation,
and an overall balance of macronutrients. The Healthy
Eating Index (HEI), the Diet Quality Index (DQI), the
Healthy Diet Indicator (HDI) and the Mediterranean
Diet Score (MDS) are the four ‘original’ diet quality sco-
res that have been referred to and validated most exten-
sively. Several indexes have been adapted and modified
from those originals. In particular, many variations on
the MDS have been proposed, included different alter-
nate MDS and Mediterranean Diet Adherence Screener
(MEDAS). Primary data source of DQI’s are individual
dietary data collection tools, namely 24 h quantitative
intake recalls, dietary records and food frequency ques-
tionnaires. Nutrients found in many scores are total fat,
saturated fatty acids or the ratio of monounsaturated
fatty acids to saturated fatty acids or the latter SFA to
polyunsaturated fatty acids. Cholesterol, protein con-
tent and quality, complex carbohydrates, mono- and
disaccharides, dietary fibre and sodium are also found
in various scores. All DQIs, except those that only con-
tain nutrients, include the components fruits and vege-
tables; additional attributes are legumes or pulses, nuts
and seeds. Meat and meat products, namely red and
processed meat, poultry, and milk and dairy products
are also included in many scores. Other foods contained
in some DQIs e.g. MDS are olive oil and fish. Nowadays,
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INDICADORES DE EVALUACION DE LA
CALIDAD DE LA DIETA

Resumen

El papel de la calidad de la dieta y de la actividad fisica
en la reduccion de la progresion de las enfermedades cro-
nicas es cada vez mas importante. Los indicadores o indi-
ces de calidad de la dieta (DQIs) son algoritmos destina-
dos a evaluar la calidad global de la dieta y categorizar a
los individuos en funcion de si su patrén de alimentacién
es mas o menos saludable. Los indices predefinidos eva-
lian diferentes patrones dietéticos basados en los conoci-
mientos actuales de la Nutricion y se han desarrollado ba-
sicamente para la epidemiologia nutricional con objeto de
determinar factores de riesgo de enfermedades cronicas
no transmisibles (ECNTs).Existen muchos tipos de DQIs.
Se distinguen tres categorias principales: a) basados en
nutrientes; b) basados en alimentos o grupos de alimen-
tos; y ¢) indices combinados. A estos iltimos pertenecen
la mayoria de los DQISs, los cuales incluyen ademas una
medida de adecuacién de la dieta a las recomendaciones
dietéticas, una medida del consumo moderado y un ba-
lance general de ingesta de macronutrientes. El indicador
de alimentacién saludable (HEI), el indice de calidad de
la dieta (DQI), el indicador de dieta saludable (HDI) y la
puntuacion de dieta mediterranea (MDS), son los cuatro
indicadores originales que se han referenciado y validado
mas extensamente. Otros muchos indices se han adaptado
a partir de ellos. En particular se han propuesto nume-
rosas variaciones del MDS que incluyen varios indices
alternativos y el recientemente denominado MEDAS que
valora el grado de adherencia a la dieta y habitos de vida
mediterraneos. La fuente primaria de los DQIs son las
herramientas para recoger datos individuales de ingesta
tales como el recordatorio de ingesta cuantitativa de 24 h,
los registros dietéticos y los cuestionarios de frecuencias
de consumo de alimentos. Los nutrientes que se incluyen
en numerosos DQIs son grasa total, dcidos grasos satu-
rados o la proporcion acidos grasos monoinsaturados a
acidos grasos saturados o de estos tltimos a acidos grasos
poliinsaturados, colesterol, contenido y calidad de las pro-
teinas Los hidratos de carbono complejos, mono- y disa-
caridos, fibra dietética y sodio se incluyen también en al-
gunos indicadores. Todos los DQISs, excepto aquellos en los
que sélo se incluyen nutrientes, tienen como componentes
el consumo de frutas y verduras; atributos adicionales
son las legumbres, frutos secos y semillas. El consumo de
carne y de productos cdrnicos, especialmente carnes rojas
y procesadas, carnes de ave y leche y productos lacteos se
incluye también en varios indices Otros alimentos inclui-
dos en algunos indicadores, p.e. en el MDS son el aceite
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there is interest in defining more than DQIs, healthy life
indices (HLIs), which give information on behaviours
associated with specific patterns and beyond dietary
habits they include physical activity, rest and selec-
ted socio-cultural habits. The Mediterranean Lifestyle
(MEDLIFE) index has been recently created based on
the current Spanish Mediterranean food guide pyramid
and it includes both the assessment of food consumption
directly related to the Mediterranean diet, physical ac-
tivity and rest and other relevant cultural information.
However, a global HLI should consider, based on the
Iberoamerican Nutrition Foundation (FINUT) Pyramid
of Healthy Lifestyles, in addition to food groups and nu-
trients, selected items on food safety e.g. consumption
rate of proceed foods, food handling, preparation and
storage and access to drinking water, selected food ha-
bits, including alcoholic beverage and salt consumption
patterns, purchase of seasonal and local foods, home
cooking and conviviality, as well as patterns of physi-
cal activity, sedentary and rest habits and some selected
sociocultural habits, particularly those related to food
selection, religious beliefs and socializing with friends.

(Nutr Hosp 2015;31(Supl. 3):128-144)
DOI:10.3305/nh.2015.31.sup3.8761
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CVD: cardiovascular disease.
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de oliva y el pescado. Actualmente hay interés mas que
en definir nuevos DQIs en establecer indices de calidad
de vida (HLIs), que suministren informacion, ademas de
sobre nutrientes y alimentos consumidos, sobre patrones
de comportamiento especificos asociados con los habitos
de alimentacion, con la actividad fisica y el descanso y con
ciertos hdbitos de vida socio-culturales. El indice de ca-
lidad de vida mediterranea (MEDLIFE), recientemente
creado, esta basado en la piramide de alimentos de la die-
ta mediterranea e incluye tnato la evaluacion del consu-
mo de alimentos relacionados con la dieta mediterranea
como informacion en relacion a la actividad fisica y el des-
canso y otra informacién cultural relevante. Sin embargo,
un indice global de estilos de vida saludable, basada en
la piramide de la Fundacién Iberomericana de Nutricion
(FINUT), ademas de grupos de alimentos y de nutrientes,
deberia incluir aspectos relacionados con la seguridad ali-
mentaria p.e. consumo de alimentos procesados, manejo
preparacion y almacenamiento de los alimentos, y acceso
al agua potable, habitos alimentarios, incluyendo patro-
nes de consumo de bebidas alcohélicas y de sal, compra
de alimentos estacionales y locales, cocinado en el hogar
y convivialidad, asi como patrones de actividad fisica, se-
dentarismo y descanso y algunos habitos socioculturales,
particularmente aquellos relacionados con la seleccion de
alimentos, creencias religiosas y socializacion con amigos.

(Nutr Hosp 2015;31(Supl. 3):128-144)
DOI1:10.3305/nh.2015.31.sup3.8761

Palabras clave: Alimentos. Dieta. Estilos de vida. Hdbitos
alimenticios. Salud. Nutrientes.

HEI: healthy eating index.

HFI: healthy food index.

HI: healthy lifestyle index.

HLIs: healthy lifestyle indicators.

IEC: ionic exchange chromatography.

IPAQ: international activity questionnaire.

LA: linoleic acid.

LCPUFA: long chain polyunsaturated fatty acids.

LDL-C: low-density lipoproteins cholesterol.

LNA: alfa-linolenic acid.

MDS: Mediterranean diet score.

MDS-a: adapted Mediterranean diet score.

MEDAS: Mediterranean diet adherence screener.

Med-DQI: Mediterranean dietary quality index.

MEDLIFE: Mediterranean lifestyle index.

MET: metabolic equivalents.

MUFA: monounsaturated fatty acids.

NCCDs: non-communicable chronic diseases.

NPR: net protein retention.

NPU: net protein utilization.

NRF: nutrient rich food.

P: S: polyunsaturated: saturated fatty acid ratio.

PDCAAS: protein digestibility corrected amino
acid score.

PER: protein efficiency ratio.

PREDIMED: Prevencién con Dieta Mediterrdnea.

PUFA: polyunsaturated fatty acids.
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SFA: saturated fatty acids.
TFA: trans fatty acids.
USDA: United States Department of Agriculture.

Introduction

Despite the multiple nutritional recommendations and
food guidelines, the pandemic of non-communicable
chronic diseases (NCCDs) continues in both developed
and developing countries'. The role of diet quality and
physical activity in reducing the progression of chronic
disease is becoming increasingly important. The evi-
dence supporting the importance of a healthy lifestyle
(healthy diet, physical activity, avoiding alcohol, not
smoking, and effectively managing stress) as a part of
wellness programs and of interventions for primary and
secondary prevention of NCCDs is strong, compelling,
and continuously growing®. Good health and optimal
functionality across the lifespan are achievable goals but
require a lifestyle approach including a total diet that is
energy balanced and nutrient dense?®, as well as regular
physical activity and exercise, which contribute to coun-
terbalance the energy intake and to the regulation of
body weight and a number of physiological functions®.

Certain dietary patterns consumed around the world
are associated with beneficial health outcomes. Patterns
of eating that have been shown to be healthful include
the Mediterranean-style dietary patterns® and the Dietary
Approaches to Stop Hypertension (DASH)-style dietary
patterns®. However, the daunting public health challenge
is to accomplish population-wide adoption of healthful
dietary patterns within the context of powerful influen-
ces that currently promote unhealthy consumer choices,
behaviours, and lifestyles’. Indeed, there is a need to be
able to simply and cheaply monitor diet quality in po-
pulations world-wide. Dietary Quality Indices or Indi-
cators (DQIs) aim to evaluate the overall diet and cate-
gorize individuals according to the extent to which their
eating behaviour is “healthy”. Predefined indexes assess
dietary patterns based on current nutrition knowledge

and they have been developed primarily for nutritional
epidemiology to assess dietary risk factors for NCCDs,
but their use is expanding. Beyond the evaluation of the
diet quality there is a need to evaluate global healthy
lifestyles. Hence, the main goal of the present article is
to summarize the relevance of the most important DQIs
and Healthy Lifestyle Indicators (HLIs) used worldwide
(Fig. 1), with particular emphasis on Mediterranean pat-
terns and to discuss some methodological aspects for the
evaluation of the quality of the main nutrients.

Diet quality indicators

In the past decade several researchers have attemp-
ted to develop a measure of diet quality, indeed, there
is a myriad of DQIs. The use of DQIs becomes more
widespread and tailored to the specific purpose and
populations. However, different approaches are main-
ly due to arbitrary choices because of lacking knowle-
dge on healthy diets and unsolved methodological is-
sues. The ways of dealing with differences in energy
intake, scoring each component, and combining the
different components into one measure are aspects that
still need further research’.

Kant (1996) was the first to review the indexes rela-
ted to the overall diet quality and he expectedly found
that the definition of diet quality depended on attribu-
tes selected by the investigators®. This review was fo-
llowed eight years later by a review of dietary patterns,
both empirically derived and theoretically defined, and
health outcome®. Later, Waijers et al. (2007) reviewed
20 distinct indexes of overall diet quality and they con-
cluded that existing indexes do not predict disease or
mortality significantly better than individual dietary
factors, but they can be useful to measure the extent to
which individuals adhere to dietary guidelines'. Thus,
those DQIs need to be used and interpreted with care.
Arvaniti and Panagiotakos (2008) also reviewed 23
commonly used dietary indices, which mostly overla-
pped Waijers review''. Fransen et al. (2008) provided

Nutrient and food indexes

DQY

+DQlr

*HDI *MEDLIFE
*HE|

*AHEI *Hl

MDS

*Med-Dal

MDSm

“MEDAS

Healthy lifestyle indexas

Fig. 1.—Dietary Quality Indices.

DQI: dietary quality index; DQIr: dietary
quality index revised; HDI: healthy diet in-
dicator; HEI: healthy eating index; AHEI:
alternative healthy eating index; MDS: Me-
diterranean diet score; Med-DQI: Medite-
rranean dietary quality index; MDS: Me-
diterranean diet score modified; MEDAS:
Mediterranean diet adherence screener;
MEDLIFE: Mediterranean Lifestyle Index
and HI: Healthy Lifestyle Index.
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an overview of the different dietary quality indices that
had been developed for the general adult population
and were based on the American dietary guidelines
and the Mediterranean diet and, additionally, they in-
cluded other DQIs indices for special populations with
special attention to the makeup of the score and me-
thodological issues’. More recently, Alkerwi (2014)
has reviewed the concept of diet quality and discussed
several debated key points to understand the reasons
behind the confusion generated by multiple DQIs and
addressed the complexity of how to define and quanti-
fy this concept. This author concluded that an integra-
ted approach that combines all the different characte-
ristics of diet quality is needed to successfully measure
the concept of overall diet quality and that apart from
nutritional characteristics there is a need to score other
facets of diet quality, including food safety, organolep-
tic and sociocultural aspects, (which have currently no
quantifiable thresholds or criteria)'?.

The Healthy Eating Index (HEI)", the Diet Quality
Index (DQI)*, the Healthy Diet Indicator (HDI)** and
the Mediterranean Diet Score (MDS)'¢ are the four ‘ori-
ginal’ diet quality scores that have been referred to and/
or validated most extensively. Several indexes have been
adapted and modified. In particular, many variations on
the MDS have been proposed; four distinct adaptations
are all referred to as adapted MDS (MDS-a)".

There are many different types of DQIs. One major
category is formed by nutrient-based indicators, which
require the conversion from food weights to nutrient
content using food-nutrient conversion tables (FCTs),
comparison to requirements, adequacy ratios, etc., e.g.
revised DQI. Food/food group based indicators form
another category; they use dietary guidelines for re-
commended portions and frequencies or simple food
groups count. The Food-Based Quality Index (FBQI),
the Healthy Food Index (HFI) and the Food Pyramid
Index (FPI) consist solely of food groups or foods and
the MDS mainly contain food groups, supplemented
with a ratio reflecting the fatty acid composition of the
diet and alcohol, whereas two adapted MDS contain
foods only (revised by Waijers et al.)™°.

The vast majority of DQIs e.g. original DQI, HEI
and HDI, are included in a category of combination
indexes, which often include a measure of diet variety
within and across food groups, a measure of adequa-
cy i.e. nutrients (compared to requirements) or food
groups (quantities or servings), a measure of nutrients/
foods to consume in moderation, and an overall balan-
ce of macronutrients. Public health nutritionists have
historically recommended variety or diversity in die-
tary patterns as one means of fostering an optimal diet.
The underlying concept was that no one food contained
all of the necessary nutrients and that variety in dietary
sources was needed to ensure a “balanced” diet'”. Un-
fortunately, there is no a standardized approach to con-
tent and to scoring and scores are based on frequency,
number of portions, assigned weights, etc. Indeed,
different DQ scores are not comparable and are often

country-specific. Table I summarizes the most useful
QDIs for the evaluation of the quality diet.

Primary data source of DQI’s are individual dietary
data collection tools, namely 24 h quantitative intake
recalls, dietary records and food frequency question-
naires (FFQs). FFQs concentrate on foods/nutrients of
special interest while 24h recalls collect information
on complete intake — all food eaten and their quantities.
The main purpose for collecting detailed quantitative
food intake data was and is still to investigate associa-
tions between nutrients, foods or other elements of the
diet and health outcomes. DQIs have been repeatedly
validated against outcomes. Dietary intake surveys are
also undertaken to provide estimates of national nu-
tritional status. More recent uses of individual dietary
intake surveys include identification of vehicles for
food fortification and evaluation of the risks related to
possible hazards in food.

Kennedy et al. (1995) developed a single summary
index of diet quality the HEI'". The HEI is an index
ranging from zero to 100, which is based on ten indi-
vidual components, the individual component scores
can vary from zero to ten. The first five components of
the HEI are based on the five major food groups of the
US Food Guide Pyramid, whereas components six to
ten are based on aspects of the US Dietary Guidelines.
Variety is one of the 10 components of the HEI. The
HEI has been shown to correlate positively and signi-
ficantly with most nutrients in the diet, with the body
mass index (BMI, kg/m?) of study subjects and with
the individuals “self perception” of their diets.

In an attempt to improve the original HEI, McCullou-
gh et al, (2002) created a 9-component Alternate Heal-
thy Eating Index (AHEI)". This index was designed to
target food choices and macronutrient sources associa-
ted with reduced chronic disease risk and was also de-
veloped based on dietary guidelines and the food guide
pyramid proposed by the US Department of Agricultu-
re'* (USDA) and emphasizes the consumption of plant
foods and unsaturated oils. Higher AHEI scores were
associated with lower concentrations of biomarkers of
inflammation and endothelial dysfunction and therefore
may be useful as an useful tool for reducing the risk of
diseases involving such biological pathways'.

The DQI'* later revised in 1999 and 2003, is based on
similar guidelines than those of HEI and AHEI from the
National Research Council of the USA, but also inclu-
des iron and calcium®. It has two variety components
overall food group and within food group diversity; ei-
ght adequacy components (to increase in diet) i.e. 1) ve-
getables, 2) fruits, 3) grains, 4) fibre, 5) protein, 6) iron,
7) calcium, and 8) Vitamin C; five moderation compo-
nents (to decrease in diet) i.e. 1) total fat, 2) saturated fat,
3) cholesterol, 4) sodium, and 5) empty calories (foods
with low nutrient density); and two overall balance com-
ponents i.e. macronutrient ratio and fatty acid ratio. The
original DQI was revised to reflect current dietary gui-
dance, to incorporate improved methods of estimating
food servings and to develop and incorporate measures

Indicators for the evaluation of diet quality

131



Diet Quality Indicator components and scoring criteria

Index

Components

Criteria/Scoring

Reference

Mixed Nutrient and Food Indexes

Diet Quality Index (DQI)

Total fat

< 30 energy %
30-40 energy %
> 40 energy %

14

Saturated fatty acids

< 10 energy %
10-13 energy %
>13 energy %

Cholesterol

<300 mg
300—400 mg
> 400 mg

Fruit and vegetables

5 + servings
3—-4 servings
0-2 servings

Complex carbohydrates

6 + servings
4-5 servings
0-3 servings

Protein

< 100% RDA
100-150% RDA
> 150% RDA

Sodium

<2400 mg
2400-3400 mg
> 3400 mg

Calcium

= RDA
2/3 RDA
<2/3RDA

N — O = O = O = O = O = O = O = O

Diet Quality Index revised (DQIr)

Total fat < 30%

<30 energy %
> 30 energy %
> 40 energy %

20

Saturated fatty acids
< 10% energy intake

<10 energy %
10, < 13 energy %
> 13 energy %

10

Cholesterol

<300 mg
> 300, =400 mg
> 400 mg

10

2-4 servings fruits per day

> 100%
99%- 50%
<50%

0-10%*

3-5 servings vegetables per day

> 100%
99%- 50%
<50%

0-10%*

6-11 servings grains per day

> 100%
99%- 50%
< 50%

0-10%*

Calcium intake (based on 1989 RDA p/age)

> 100%
99%- 50%
< 50%

0-10*
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Table I (cont.)
Diet Quality Indicator components and scoring criteria

Index Components Criteria/Scoring Reference
> 100%
Iron intake (based on 1989 RDA p/age) 99%- 50% 0-10%*
<50%
=6
Dietary diversity score >23,<6 0-10
<3
=7
Dietary moderation score >4,<7 0-10
<4
*Depending on energy intake
Healthy Diet Indicator (HDI) 15
Saturated fatty acids 0-10 energy % 1
Polyunsaturated fatty acids 3-7 energy % 1
Protein 10-15 energy % 1
Complex carbohydrates 50-70 energy % 1
Dietary fibre (g) 27-40 energy % 1
Fruits and vegetables (g) > 400 g/d 1
Pulses, nuts, seeds (g) >30 g/d 1
Mono- and disaccharides 0-10 energy % 1
Cholesterol (mg) 0-300 mg/d 1
If % or quantities are not in the ranges, score = 0
Healthy Eating Index (HEI) 13
Grains 6-11 servings 0-10
Vegetables 3-5 servings 0-10
Fruits 2-4 servings 0-10
Milk 2-3 servings 0-10
Meat 2-3 servings 0-10
Total Fat < 30 energy % 0-10
Saturated fatty acids < 10 energy % 0-10
Cholesterol <300 mg 0-10
Sodium <2400 mg 0-10
Variety todifferent food .19
The criteria for scoring depend on the energy intake. O servings score=0.
Alternative Healthy Eating Index (AHEI) 18
o
Fruis seonings 10
Nuts and soy protein 0 serv%ngs 0
1 servings 10
Ratio of white to red meat 0 0
4 10
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Table I (cont.)

Diet Quality Indicator components and scoring criteria

Index Components Criteria/Scoring Reference
0 0
Cereal fibre g/d
ereal fibre g 15 10
>4
Trans Fat energy % 0
<0.5 energy % 10
. . <0.1 0
Polyunsaturated: saturated fatty acids ratio 1 10
<5 0
Duration of multivitamins use years
> 5 years 10
Men: 0 or >3.5 0
Women: 0 or >2.5
Alcohol
Men: 1.5-2.5 10
Women: 0.5-1.5
Intermediate intakes are scored proportionately between 0-10
Mediterranean Diet Score (MDS) 16
Monounsaturated: Saturated fatty acid ratio < med%an 0
> median 1
Leeumes < median 0
g > median 1
Cereals < med%an 0
> median 1
Fruits and nuts < medTan 0
> median 1
< median 0
1
Vegetables > median 1
> median 0
Meat and meat products .
< median 1
> median 0
Milk i
ilk and dairy products < median |
Alcohol > median 0
< median 1
Mediterranean- Diet Quality Index (Med-DQI) 21

Saturated fatty acids

< 10 energy %
10-13 energy %
> 13 energy %

Cholesterol

<300 mg
300-400 mg
> 400 mg

Meats

<25¢g
25-125¢g
>125¢

Olive oil

>15ml
15-5 ml
<5ml

Fish

>600g
60-30 g
<30¢g

Cereals

>300 g
300-100 g
<100 g

Vegetables + fruits

>700 g
700-400 g
<400 g

N = O = O — O —= O —= O — O — O
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Table I (cont.)
Diet Quality Indicator components and scoring criteria

Index Components Criteria/Scoring Reference
Mediterranean Diet Score modified (MDS mod) 22
< median 0
Vegetables .
> median 1
< median 0
Legumes .
> median 1
. < median 0
Fruits and nuts .
> median 1
. < median 0
Dairy products .
> median 1
< median 0
Cereals )
> median 1
> median 0
Meat .
< median 1
. < median 0
Fish .
> median 1
. . < median 0
Ratio monounsaturated: saturated lipids .
> median 1
Men (10-50 g/d 1
Alcohol ( g
Women (5-25 g/d) 1

Mediterranean Diet Adherence Screener (MEDAS) 23

4 or more tablespoons of olive oil/d

2 or more servings of vegetables/d

3 or more pieces of fruit/d

<1 serving of red meat or sausages/d

<1 serving of animal fat/d

< 100 mL of sugar-sweetened beverages/d

7 or more servings of red wine/wk

3 or more servings of pulses/wk

3 or more servings of fish/wk

fewer than 2 commercial pastries/wk

e e N N I S IS S S TS S

3 or more servings of nuts/wk

2 or more servings/wk of a dish with a
traditional sauce of tomatoes, garlic, onion, 1
or leeks sautéed in olive oil

Use of olive oil as principal
source of fat

Kind of meat preferable consumed 0-1

Healthy Lifestyle Indexes
Mediterranean Lifestyle Index (MEDLIFE) 25

Block 1: Mediterranean food consumption

Sweets <2 servings/week 1
Red meat < 2 servings/week 1
Processed meat < 1 serving/week 1
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Table I (cont.)

Diet Quality Indicator components and scoring criteria

Index Components Criteria/Scoring Reference
Eggs 24 servings/week 1
Legumes > 2 servings/week 1
White meat 2 servings/week 1
Fish/seafood > 2 servings/week 1
Potatoes < 3 servings/week 1
Low-fat dairy products 2 servings/d 1
Nuts and olives 1-2 servings/d 1
Herbs, spices and garnish > | serving/d 1
Fruit 3-6 servings/d 1
Vegetables > 2 servings/d 1
Olive oil > 3 servings/d 1
Cereals 3-6 servings/d 1
Block 2: Mediterranean dietary habits
Water or infusions 6_83255325 /Sv/vi:li =3 1
Wine 1-2 servings/d 1
Limit salt in meals Yes 1
Preference for whole grain products Yes/fibre >25 g/d 1
Snacks <2 servings/week 1
Limit nibbling between meals Yes 1
Limit sugar in beverages (including
sugar-sweetened beverages) Yes !
Block 3: Physical activity, rest, social habits and conviviality
Physica} activity (>150 min/week Yes 1
or 30 min/d)
Siesta/nap Yes 1
Hours of sleep 6-8 h/d 1
Watching television <1lh/d 1
Socializing with friends > 2 h/weekend 1
Collective Sports > 2 h/week 1
Healthy Lifestyle Index (HLI) 2
Fruit/vegetables > 4.5 cups/ day 0-5
Fish > 3.5 oz/week 0-5
Fibre-rich food thel;rf:eiv‘flges‘}g;‘;a' 0-5
Nominal sodium <1,500 mg/day 0-5
Sugar sweetened beverages < 36 oz/week 0-5

Physical activity was divided in light,

moderate, or vigorous and transformed in
metabolic equivalents (MET) following the
Guidelines for Analysis of the International
Activity Questionnaire (IPAQ)

Subjective stress, including fatigue and bo-
dily complaints, was estimated by a battery
of tests

Metrics for these three lifestyle domains (diet, exercise, stress) are normalized to 1/3 and then combined into a single, composite index of healthy
lifestyle, which ranged from O to 100 (higher scores indicate healthier conditions).
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of dietary variety and moderation. The scoring of the
original scale was reversed in direction and expanded
to a 100-point scale to improve interpretability®.

A specific Mediterranean-DQI (Med-DQI) has been
devised®'. Olive oil was added with a score increasing
with a lower intake. Protein was replaced by meat, be-
cause fish was added with an opposite gradient. Each
nutrient or food group was assigned three scores (0, 1
and 2) on the basis of recommended guidelines where
these exist (cholesterol, SFA), or by dividing the popu-
lation’s consumption into tertiles where there was no
specific recommendation for the food.

The HDI was calculated for the dietary pattern,
using the World Health Organisation’s guidelines for
the prevention of chronic diseases. A dichotomous va-
riable was generated for each food group or nutrient
that was included in these guidelines. If a person’s in-
take was within the recommended range this variable
was coded as 1; otherwise it was coded as 0.The HDI
was the sum of all these dichotomous variables, inclu-
ding saturated fatty acids, polyunsaturated fatty acids,
cholesterol, protein, complex carbohydrates, mono-
saccharides and disaccharides, dietary fibre, fruits and
vegetables, pulses, nuts and seeds'.

The traditional Mediterranean diet has been defined
and reasonably scored in terms of eight component
characteristics (MDS): high monounsaturated to sa-
turated fat ratio, moderate ethanol consumption, high
consumption of legumes, high consumption of cereals
(including bread and potatoes), high consumption of
fruits, high consumption of vegetables, low consump-
tion of meat and meat products, and low consumption
of milk and dairy products!®. Later, a revised scale in-
dicating the degree of adherence to the traditional Me-
diterranean diet included fish intake*. A value of 0 or 1
was assigned to each of nine components with the use
of the sex-specific median as the cut-off. For benefi-
cial components (vegetables, legumes, fruits and nuts,
cereal, and fish), persons whose consumption was be-
low the median were assigned a value of 0, and per-
sons whose consumption was at or above the median
were assigned a value of 1. For components presumed
to be detrimental (meat, poultry, and dairy products,
which are rarely non-fat or low-fat in Greece), persons
whose consumption was below the median were assig-
ned a value of 1, and persons whose consumption was
at or above the median were assigned a value of 0. For
ethanol, a value of 1 was assigned to men who consu-
med between 10 and 50 g per day and to women who
consumed between 5 and 25 g per day. Finally, for fat
intake, they used the ratio of monounsaturated lipids to
saturated lipids, rather than the ratio of polyunsatura-
ted to saturated lipids, because in Greece, monounsa-
turated lipids are used in much higher quantities than
polyunsaturated lipids. Thus, the total Mediterranean-
diet score ranged from O (minimal adherence to the tra-
ditional Mediterranean diet) to 9 (maximal adherence).

The Alternate Mediterranean Diet Index (aMED)
was adapted by Fung et al. (2005) from the original

MDS to use with a food-frequency questionnaire
(FFQ) developed in the United States, by introdu-
cing some modifications such as eliminating the dairy
group, separating nuts and fruits into two groups, and
assigning a score to a moderate alcohol intake. As for
the AHEI, aMED scores were associated with lower
concentrations of biomarkers of inflammation and en-
dothelial dysfunction®.

More recently, a 14-point Mediterranean Diet Ad-
herence Screener (MEDAS)* questionnaire was used
in the “Prevencion con Dieta Mediterranea” (PREDI-
MED) study, a primary prevention nutrition-interven-
tion trial**. The MEDAS consists of 12 questions on
food consumption frequency and 2 questions on food
intake habits considered characteristic of the Spanish
Mediterranean diet. Each question was scored O or 1.
One point was given for using olive oil as the principal
source of fat for cooking, preferring white meat over
red meat, or for consuming: 1) 4 or more tablespoons
(1 tablespoon = 13.5 g) of olive oil/d (including that
used in frying, salads, meals eaten away from home,
etc.); 2) 2 or more servings of vegetables/d; 3) 3 or
more pieces of fruit/d; 4) <1 serving of red meat or
sausages/d; 5) <1 serving of animal fat/d; 6) <1 cup (1
cup = 100 mL) of sugar-sweetened beverages/d; 7) 7
or more servings of red wine/wk; 8) 3 or more servings
of pulses/wk; 9) 3 or more servings of fish/wk; 10)
fewer than 2 commercial pastries/wk; 11) 3 or more
servings of nuts/wk; or 12) 2 or more servings/wk of a
dish with a traditional sauce of tomatoes, garlic, onion,
or leeks sautéed in olive oil. If the condition was not
met, 0 points were recorded for the category. The final
PREDIMED score ranged from 0 to 14%.

Healthy lifestyles Indicators

The Mediterranean Lifestyle (MEDLIFE) index has
been created based on the current Spanish Mediterra-
nean food guide pyramid. MEDLIFE is a twenty-eigh-
teen derived index consisting of questions about food
consumption (fifteen items), traditional Mediterranean
dietary habits (seven items) and physical activity, rest
and social interaction habits (six items); each item sco-
red O or 1, and the final MEDLIFE index ranged from
0 (worst) to 28 (Table I). Indeed, MEDLIFE includes
both the assessment of food consumption directly rela-
ted to the Mediterranean diet and information on beha-
viours associated with the Mediterranean lifestyle be-
yond dietary habits, to include physical activity, rest,
social habits and conviviality. This, it is expected to be
a more holistic tool to measure adherence to the Medi-
terranean lifestyle in epidemiological studies®.

Recently, Lucini et al. (2014) have tested whether a
simple web-based healthy lifestyle index, using self-re-
ports, could be related to indices of cardiovascular
health and metabolic syndrome and could be employed
in large wellness programs intended to promote healthy
lifestyle?. Healthy diet score was graded from O to 5
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(best value), focusing rather on alimentary style than
of specific food elements; one point was added whene-
ver each of the following elements was present: fruit/
vegetables 4.5 cups/day, fish 3.5 oz/week, fibre-rich
food three 1 oz equivalent servings/day, nominal so-
dium \1,500 mg/day (operationally, it was considered
as threshold the habit of adding salt without prior tas-
ting food or eating processed meats, or snacks and po-
tato chips daily), and sugar sweetened beverages 36 oz/
week; the following thresholds were used for poor, in-
termediate, and ideal healthy diet: <2 and >3). Exercise
was estimated from self-reported weekly minutes of
activity. Physical activity was divided in light, mode-
rate, or vigorous and transformed in metabolic equiva-
lents (MET) following the Guidelines for Analysis of
the International Activity Questionnaire (IPAQ)>. Sub-
jective stress, including fatigue and bodily complaints,
was estimated by a battery of tests. Metrics for these
three lifestyle domains (diet, exercise, stress) were nor-
malized to 1/3 and then combined into a single, com-
posite index of healthy lifestyle, which ranged from O
to 100 (higher scores indicating healthier conditions).
The authors consider that the simplicity of obtaining
and using this index and the statistically significant link
with traditional clinical indicators of risk, particularly
with cardiovascular risk factors, might support its use
as a tool to help manage behaviour in health promotion
and prevention strategies to apply to large populations?.

Food and food groups and diet quality

Fruits and vegetables as well as whole grains are
known to have a role in the prevention on NCCDs'.
Therefore, all DQIs, except those that only contain nu-
trients, include the components fruits and vegetables,
either grouped together (DQI, MDQI, MDS-a I, HDI)
or separately (all other indexes). The MDS contain an
additional attribute ‘legumes’. The HDI contains an
item ‘pulses, nuts and seeds’. If not considered indivi-
dually, nuts are added to the fruit group (MDS, some
MDS-a) or to the legumes (revised by Waijers et al.)'.
However, the DQI, HEI, MDS and HDI do not distin-
guish between whole and refined cereals.

Meat and meat products, namely red and processed
meat, poultry, and milk and dairy products are also in-
cluded in many scores. The inclusion of meat in mode-
rate amounts is considered healthy; however, high con-
sumption of red meat and processed meats is associated
to increased prevalence of some NCCDs (USDA Re-
port, 2010). Likewise, the inclusion of dairy products
in DQIs is complex as skimmed and half-skimmed
dairy products and fermented milk products have been
associated with the protection of some NCCDs, but
other dairy products, namely creams, butter and some
cheeses are very rich in SFA. Other foods contained in
some DQIs e.g. MDS are olive oil, fish and nuts!®->,

The association of alcohol consumption with health
can be described as U-shaped. An average daily intake

of one to two alcoholic beverages is associated with
the lowest all-cause mortality and a low risk of dia-
betes and coronary heart disease among middle-aged
and older adults. However, there is strong evidence
that heavy consumption of four or more drinks a day
for women and five or more drinks a day for men has
harmful health effects®. Indeed, alcohol has been in-
cluded in the Mediterranean indexes as moderate wine
consumption.

As commented earlier, some DQIs have included a
variable representing dietary variety in their indices, in
addition to foods or nutrients!*!4%,

Nutrient density and diet quality

The concept of nutrient density was used as the
cornerstone of the USDA dietary guidelines 2005
(MyPyramid). Diet quality indices assess the overall
nutritional quality of the total diet; in contrast, food
quality indices, like nutrient density, measure the qua-
lity of individual foods based on their content in nu-
trients according to the nutrient profile. These nutrient
profiling techniques can also be applied to meal, me-
nus and total diet®.

Fulgoni et al. (2010) have developed and validated
a Nutrient Rich Food (NRF) index, the NRF9.3, using
the algorithms with the best predictive relationship
with the HEI?”. The NRF9.3 index is based in nine po-
sitive or encouraged nutrients (protein, fibre, vitamins
A, C and E, calcium, iron, potassium and magnesium)
and three nutrients to limit (saturated fat, added or total
sugars and sodium). The sum of percentages of daily
values for the nine positive nutrients minus the sum
of the percentages of maximum recommended values
for three nutrients to limit with all the daily values cal-
culated for 100 kcal or reference amount customarily
consumed and capped at 100%.

The NRF index has been analyzed with the NHA-
NES data and an association between the consumption
of nutrient dense foods, lower energy intakes, higher
diet quality overall and improved health outcomes was
found. Diet awarded higher NRF scores were associa-
ted with higher HEI values®

Nutrients and diet quality

Nutrients found in many scores are total fat, SFA or
the ratio of monounsaturated fatty acids (MUFA) to SFA,
cholesterol. Protein content and protein quality, complex
carbohydrates, mono- and disaccharides, dietary fibre
and sodium are also found in various scores”!%,

Fat and fatty acids

The acceptable macronutrient distribution range for
total fat intake ranges between 20% and 35% of ener-
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gy (E). Total fat intake should be greater than 15%E to
ensure an adequate intake of essential fatty acids and
energy and to facilitate the absorption of lipid soluble
vitamins. While for most individuals engaged in mo-
derate physical activity 30%E is recommended, for
those associated with a high physical activity level it
can amount to 35%E. The upper value of acceptable
macronutrient distribution range should consider ener-
gy balance and diet quality. However, high fat intakes
are habitually accompanied by increased saturated fat,
cholesterol and energy density?.

The fatty acid composition of the diet is considered
to be an important health determinant. Intakes of die-
tary fatty acids and cholesterol are major determinants
of cardiovascular disease (CVD) and type 2 diabetes,
two major causes of morbidity and mortality in both
developed and developing countries'

Intake of SFA is generally recognized to be delete-
rious, and is included as a single item in the DQI, HEI,
Med-DQI, HDI and DGI (Waijers et al, 2007). Higher
consumption of MUFA and PUFA has been reported to
be associated with reduced CVD risk®. There is con-
vincing evidence that replacing SFA (C12:0-C16:0)
with MUFA reduces low-density lipoprotein cholesterol
(LDL-C) concentration and total/high-density lipipro-
tein cholesterol (HDL-C)*. Hence, the MDS contain
‘the ratio MUFA:PUFA’ as an index item, whereas the
Alternative Healthy Eating Index (AHEI) contains ‘the
ratio of PUFA:SFA’, P:S criterium for minimum score of
0, P:S <0.1; criterium for maximum score of 10, P:S >1.

There is convincing evidence that trans fatty acids
(TFA) from commercial partially hydrogenated vege-
table oils increase coronary heart disease (CHD) risk
factors and CHD events — more so than had been thou-
ght in the past'?®. There also is probable evidence of an
increased risk of fatal CHD and sudden cardiac death
in addition to an increased risk of metabolic syndro-
me components and diabetes. The TFA intake from all
sources should be no more than 1%E. Indeed, the TFA
content has been considered in a number of DQIs e.g.
AHEI and aMED.

There is also convincing evidence that linoleic acid
(LA) and alfa-linolenic acid (LNA) are indispensable
since they cannot be synthesized by humans and ac-
ceptable intakes have been defined for both fatty acids.
The minimum intake levels for essential fatty acids to
prevent deficiency symptoms are estimated at a con-
vincing level to be 2.5%E LA plus 0.5%E ALA.

Replacing SFA with PUFA decreases the risk of
CHD. Based on epidemiological studies and rando-
mized controlled trials of CHD events, the minimum
recommended level of total PUFA consumption for
lowering LDL-C and total cholesterol concentrations,
increasing HDL-C concentrations and decreasing the
risk of CHD events is 6%E. Based on experimental
studies, risk of lipid peroxidation may increase with
high (>11%E) PUFA consumption?,.

The available evidence indicates that 0.5-0.6%E
ALA per day corresponds with prevention of deficien-

cy symptoms. The total n-3 fatty acid intake (ALA,
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA)) can range between 0.5-2%E, whereas the
minimum dietary requirement for ALA (>0.5%E) pre-
vents deficiency symptoms in adults. The higher value
of 2%E includes the recommendation for ALA and n-3
long chain (LC)-PUFA (Acceptable Macronutrient Dis-
tribution Range (AMDR) for EPA and DHA 0.250 g-2.0
g) can be part of a healthy diet. While ALA may have
specific properties, there is evidence that the n-3 LCPU-
FA can contribute to the prevention of CHD and possi-
bly other degenerative diseases associated with aging.
For adult males and non-pregnant/non-lactating adult
females 0.250 g/day of EPA plus DHA is recommended.

While the total intake of PUFA has been included
in some DQIs, the specific intakes of LA, LNA and
n-3 LC-PUFA are not specifically considered but some
new DQIs have included fish as an important food
group as it is a source of n-3 fatty acids

Two processes contribute to the development of
ischaemic heart disease: atherosclerosis and thrombo-
sis. The type of dietary fat consumed may contribute
to both of these processes, some fatty acids having a
greater role in atherogenesis while others have a grea-
ter role in thrombogenesis. Of the SFA, only those
with a chain length of 12, 14 or 16 C atoms have a
cholesterol-raising effect and are thus atherogenic.
SFA with a chain length of 14, 16 or 18 C atoms have
been suggested to be thrombogenic. Both MUFA and
n-6 PUFA have been shown to reduce plasma total
cholesterol and LDL-C concentrations and n-3 LC
PUFA have minimal effect on plasma cholesterol le-
vel but reduce plasma triacylglycerols thromboxane
B, and platelet activity and prolong bleeding time and
clotting time'*’#. In an attempt to take into account
the different effects of the various fatty acids, Ulbricht
& Southgate (1991) proposed two indices which might
better characterize the atherogenic and thrombogenic
potential of the diet than simple approaches such as
total SFA or P: S ratio®.

Atherogenicity index= (12:0+(4 x 14:0)+ 16:0) /
(n-6 PUFA +n-3 PUFA + MUFA)

Thrombogenic index= (14:0+ 16:0+18:0) / [(0.5
MUFA) + (0.5 n-6 PUFA) + (3 n-3 PUFA) + (n-3
PUFA/n-6 PUFA)]

Finally, dietary cholesterol intake has been included
in the composition of predefined indices of diet quality
e.g. DQI, HEI, HDIL

Protein

The world’s population increases rapidly in spite of
the constraints of limiting land, water and food resour-
ces. Indeed, it is more important than ever to be able
to define accurately the amount and quality of protein
required to meet human nutritional needs and describe
appropriately the protein supplied by food ingredients,
whole foods, sole-source foods and mixed diets. The
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match between dietary supply and human protein
needs is vital to support the health and well-being of
human populations.

Proteins play an essential role as structural and func-
tional components of the body. Proteins in food provi-
de amino acids (AA) which are the precursors of nu-
cleic acids, hormones, coenzymes and other essential
molecules (DRI, IOM, USA). The human body is not
capable of accumulate proteins, and for that reason it
is important to have a continual supply to maintain its
physiological functions. If this supply is not provided
according to the individuals’ requirements, the body’s
development and functions can be compromised?'.

The dietary reference intake for total protein is about
0.8 g/ kg body weight for adults aged more than 19 yr,
about 12% of energy intake®. Animal sources of pro-
tein, including meat, poultry, seafood, milk, and eggs,
are the highest quality proteins. Plant proteins can be
combined to form complete proteins if combinations
of legumes and grains are consumed. Plant-based diets
are able to meet protein requirements for essential AA
through planning and offer other potential benefits,
such as sources of fibre and nutrients important in a
health-promoting diet.

The protein quality evaluation aims to determine the
capacity of food protein sources and diets to satisfy
the metabolic demand for AA and nitrogen. Thus any
measure of the overall quality of dietary protein, if co-
rrectly determined, should predict the overall efficien-
cy of protein utilization. Safe or recommended intakes
can then be adjusted according to the quality measure,
so that demands can be met*. The protein quality of a
mixed diet should have a biological value > 0.7. It is
calculated as animal protein + vegetal protein divided
by total protein.

There are different methods to determine the protein
quality that can be used individually or combined. Al-
though the most important aspect of a protein from a
nutritional point of view is its AA composition, the di-
gestibility can influence the bioavailability of AA, and
that is why this aspect needs to be taken into account
to determine the protein quality.

In order to evaluate the quality of the protein in the
diet, it is essential that the AA compositions be accura-
tely determined. In recent years, there have been seve-
ral advances in this respect and nowadays the methods
are very good and standardized**.

The methods for AA determination consist in two
main steps

— Hydrolysis of AA

There are different kinds of hydrolysis according to
the AA. a) Hydrolysis for the non-oxidized protein to
determine all AA, except for tryptophan, methionine
and cysteine; b) Acidic hydrolysis for the non-oxidized
protein to determine methionine and cysteine; and c)
Basic hydrolysis for the non-oxidized protein to deter-
mine tryptophan.

— Separation detection and quantification of AA

After the hydrolysis, separations of the AA need to
be done. For this step, an ionic exchange chromatogra-
phy (IEC) is performed using either a cation exchange
resin with a post-column derivatisation [with an AA
analyser or a high-performance liquid chromatography
(HPLC)] or a pre-column derivatisation followed by a
reversed phase-LC.

To be able to detect small differences in protein qua-
lity, a strict standardization of the experimental proce-
dures is needed®. The biological assays, is a group of
standardized methods that are designed in growing ani-
mals. Among the most common are the protein efficien-
cy ratio (PER), the net protein retention (NPR), the net
protein utilization (NPU) and the biological value (BV).

PER: Osborne et al. developed it in 1919 as a mea-
sure of the nutritive value of dietary protein in rats®.
This method consists on the gain in body weight per
gram of the animal according to the protein consumed.
This assay requires that the protein in the diet repre-
sent the 10% of the macronutrients. The advantages
are that PER does not need to do a nitrogen balance
experiment and it is easy to carry on*. The disadvan-
tages are that the weight gain is in function of the food
consumption, it may not be necessary influenced by
the dietary protein®, and it does not make allowance
for protein used for maintenance®.

PER= weight gain of animal (g)/protein consumed
by animal (g).

NPR: It was developed by Bender and Doell in 1957
to improve the PER, taking into account the require-
ment for the maintenance of the animal; as the PER, the
protein represents the 10% of the macronutrients in the
diet. This method includes a group with a protein-free
diet?>*,

weight gain of test animal (g) + weight loss

NPR = of non-protein group (g)

Protein consumed by test animal (g)

NPU: Bender and Miller developed this method in
1953 to estimate the nitrogen retention in animals™®. It
represents the percentage of ingested nitrogen that is
retained in the body and is determined by measuring
digestive, metabolic (urinary) and miscellaneous nitro-
gen losses. NPU values are true or apparent depending
on whether the loss of endogenous nitrogen is taken
into account or not and this is critical to precisely de-
termine the efficiency of dietary protein utilization and
the quality of the different dietary protein sources’.

Ingested N-(Faecal N-Metabolic faecal N)
— (Urine N- Metabolic urine N) x 100
Ingested N
BV: K. Thomas Mitchell defined it in 1909 as the

fraction of absorbed N retained in the body for main-
tenance and growth of the animal®. It was modified

NPU=
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by HH. Mitchell in 1924%7 and even though it does
not take into account the digestibility, it has been wi-
dely used. This method as the NPU and NPR includes
a protein-free diet group®-*. This method might un-
derestimate the metabolic faeces N and urine N, as a
free-protein diet is not a normal diet for the animal,
and the body has mechanisms to save N.

Ingested N-(Faecal N-Metabolic faecal N)
ve = (Urine N- Metabolic urine N) x 100
B Ingested N-(Faecal N-Metabolic faecal N)

In 1989 the joint FAO/WHO Expert Consultation on
Protein Quality Evaluation recommended the use of
the Protein Digestibility Corrected Amino Acid Score
(PDCAAS) method for evaluating protein quality that
included digestibility®. In calculating PDCAAS, the
limiting AA score (i.e. the ratio of the first-limiting AA
in a gram of target food protein to that in a reference
protein or requirement value) is multiplied by protein
digestibility with the intention of assessing how well
dietary protein can match the demand for AA, and
allowing the prediction of dietary protein utilisation.
The PDCAAS method has now been in use for some
20 years and has proved to be of considerable value
in practice. Nevertheless, limitations of PDCAAS
have been recognised and debated, and new research
findings have accumulated, whereby it has become
timely to review the adequacy of PDCAAS and its
application vis-a-vis other methods of estimating die-
tary protein quality.

It was in this context that an FAO Expert Consulta-
tion on Protein Quality Evaluation in Human Nutrition
was held in Auckland, New Zealand, from March 31 to
April 2,2011%. As in previous reports, the primary task
of this Consultation was to provide FAO with tools for
addressing practical questions on matters such as the
adequacy of food supplies, targets for food and nutri-
tion policy and the norms to be applied in labelling and
regulation of protein quality for normal populations; as
well as providing a perspective on the potential role for
protein with respect to health, well-being and clinical
conditions at various stages of th e life course.

The key findings and most relevant conclusions of
the report are:

 In dietary protein quality evaluation, dietary
AA should be treated as individual nutrients
and wherever possible data for digestible or
bioavailable AA should be given in food tables
on an individual AA basis.

* A new protein quality measure (digestible in-
dispensable AA score; DIAAS) is recommen-
ded to replace PDCAAS. DIAAS is defined as:

* DIAAS % = 100 x [(mg of digestible dietary
indispensable AA in 1 g of the dietary protein) /
(mg of the same dietary indispensable AAin 1g
of the reference protein)].

* Both ileal and faecal AA digestibility approa-
ches can be subject to important limitations,

but it is concluded that on balance ileal protein
or AA digestibility, i.e. determined at the ter-
minal ileum at the end of the small intestine,
is considered to better reflect the amounts of
AA absorbed and should be used in calculating
DIAAS. Digestibility should be based on the
true ileal digestibility of each AA preferably
determined in humans, but if this is not possi-
ble, in growing pigs or in growing rats in that
order.

* It is recommended that for foods susceptible to
damage from processing, ‘reactive’ rather than
‘total” lysine contents and the true ileal diges-
tibility of reactive lysine (lysine availability)
rather than of total lysine, be determined and
used in the calculation of DIAAS.

e Recommended AA scoring patterns (i.e. AA pa-
ttern of the reference protein) to be used for cal-
culating DIAAS are as follows: a) Infants (birth
to 6 months), pattern of breast milk; b) Young
children (6 months to 3 y), pattern for the 0.5 y
old infant; ¢) Older children, adolescents and
adults, pattern for the 3 to 10 y old child, can
be found in different Tables of the FAO n°® 92
Report®. For regulatory purposes two scoring
patterns are recommended: the AA composition
of human milk for infant formulas, and for all
other foods and population groups the pattern
for young children (6 months to 3 y)

e In calculating DIAAS the ratio should be calcu-
lated for each dietary indispensable AA and the
lowest value designated as the DIAAS. DIAAS
can have values below or in some circumstan-
ces above 100%. Values above 100% should not
be truncated except where calculating DIAAS
for protein or AA intakes for mixed diets or sole
source foods.

o After assessment of the ileal AA digestibility
dataset it was concluded that currently, availa-
ble data are insufficient to support the applica-
tion in practice (though its use in principle is
supported) of true ileal AA digestibility in the
calculation of DIAAS. More data on the true
ileal AA digestibility of human foods are ur-
gently needed, determined in humans and ani-
mal models. More inter-species (human, pig,
rat) true ileal AA digestibility comparisons are
needed. The report makes recommendations for
further research in the area.

Carbohydrates and diet quality

WHO/FAO Expert Consultation'#' recommended
that total carbohydrate in diet should provide 55-75 %
of total energy. In a later update in 2006*>, WHO/FAO
Experts recommended the revision of the lower limit
suggesting 50 % total energy. In Europe, the European
Food Safety Authority* proposes a dietary reference
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values for total carbohydrates of 45-60 % total energy
and in Spain the Spanish Society of Community Nutri-
tion (SENC) recommend 50-60 % total energy**.

The dietary carbohydrates are a diverse group of
substances with a range of chemical, physical and
physiological properties. These properties have impli-
cations for our overall health; contributing particularly
to the control of body weight, diabetes, cardiovascular
disease, large bowel cancer, constipation and resis-
tance to gut infection, caries and low micronutrients
density. However, the classification of carbohydrates
is very complex and need to be discussed. A chemi-
cal approach divides carbohydrates into three main
groups, sugars (monosaccharides, disaccharides and
sugar alcohol), oligosaccharides (malto-oligosacchari-
des, etc.) and polysaccharides (starch and non-starch).
According to a functional approach, carbohydrates
can be classified based in physiological or nutritional
properties like resistant starch, prebiotics, sugars or
dietary fibre. Regarding dietary fibre, now there is a
consensus in its definition that must be limited to poly-
saccharides that are intrinsic to the plant cell wall and
not the indigestibility in the small intestine.

To judge the quality of the diet in relation to the con-
tent of carbohydrates, it is of vital importance to dis-
tinguish between the different types, mainly according
to the content of sugars (natural or added) and fibre;
glycaemic index and load (GI, GL); refined vs. whole
grains; fruits and vegetables; and liquids vs. solids car-
bohydrates. Assessment of carbohydrate quality would
have been helpful in drawing meaningful conclusions
about the relationship between dietary carbohydrates
and health and disease.®.

Evidence of associations between carbohydrates and
diseases comes from epidemiological and clinical stu-
dies. Carbohydrates are among the macronutrients that
provide energy and can thus contribute to weight gain,
overweight and obesity when consumed in excess of
energy requirements. On the other hand, a diet with a
high content of dietary fibre is associated with relati-
vely low energy density, promotion of satiety and, in
observational studies with lesser degree of weight gain
than those with lower intakes. There are also eviden-
ces about the relationship between dietary carbohy-
drate and CVD, metabolic syndrome and cancer “47.
Whole-grain cereals, vegetables, legumes and fruits
are the most appropriate sources of dietary carbohy-
drate because they have a high content in dietary fibre
and less content in calories.

Recent scientific publications have defined a quality
index based on carbohydrates for diet>***. The authors
define de Carbohydrate Quality Index (CQI) using the
following criteria: Intake of dietary fibre in g/d, gly-
caemic index, whole grains to total grains ratio and
solids carbohydrates to total carbohydrates ratio. Each
of the criteria was scored between 1 and 5 according
to the quintile categorization. The CQI result from the
sum of the four values (ranging between 4 and 20) and
categorized in quintiles.

Using this CQI in the SUN cohort*® the incidence of
overweight and obesity showed an inverse association
with CQI. These results highlight the importance of
the quality and not only de quantity or the percentage
of total energy of dietary carbohydrates in the main-
tenance of body weight. In another study in the same
cohort, Zazpe et al. (2014)* observed that there is a
strong relationship between the CQI and the intake of
nineteen micronutrients with relevance in public heal-
th. The better micronutrient intake adequacy was ob-
served in the individuals with higher CQI*.

Other nutrients

At present, many developed and affluent countries
consume excessive amounts of sodium and insufficient
amounts of potassium. The health consequences of ex-
cessive sodium and insufficient potassium are substan-
tial and include increased levels of blood pressure and
its consequences (heart disease and stroke). In 2005,
the DGAC of the USDA (2010) recommended a daily
sodium intake of less than 2300 milligrams for the ge-
neral adult population and stated that hypertensive indi-
viduals®. Several specific populations e.g. middle-aged
and older adults would benefit from reducing their so-
dium intake even further to 1500 milligrams per day.
Hence, some DQIs have include sodium in their compo-
site score e.g. HEI and DQI

Other minerals like calcium and iron have been con-
sidered in some DQIs. Although trace elements and vi-
tamins play essential roles in health, any of the current
DQIs have included these substances in their compo-
sition. However, it is assumed that consumption of a
variety of food groups would results into acceptable
intake of these essential compounds

Conclusions and future trends

DQIs are important tools to evaluate the quality of
the diet for specific populations not only in terms of
intake of nutrients but also in terms of food diversity
and moderation. The FINUT pyramid of healthy lifes-
tyles has been recently designed as a new strategy for
promoting adequate nutrition and active healthy lifes-
tyles in a sustainable way. Indeed, based on the FINUT
pyramid, a global HLI should consider, beyond food
groups and nutrients, selected items on food safety
e.g. consumption rate of proceed foods, food handling,
preparation and storage and access to drinking water,
selected food habits, including alcoholic beverage and
salt consumption patterns, purchase of seasonal and
local foods, home cooking, and conviviality, physical
activity, sedentary and rest habits and some selected
sociocultural habits, particularly those related to food
selection, religious beliefs and socializing with friends,
should be included. Figure 2 depicts the items included
in this global HLI.
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Fig. 2.—Global quality of life index.
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Resumen

La Inmunonutricion es una materia emergente e inter-
disciplinar, ya que abarca distintos aspectos relacionados
con la Nutricion, la Inmunidad, la Infeccion, la Inflamacion
y la Injuria o daifio tisular, lo que se ha denominado como
la Nutricion y las 4 “Ies”. En estas interacciones se encuen-
tran implicados los sistemas endocrino, nervioso e inmune,
formando parte la microbiota de este tltimo. Actualmente
la microbiota intestinal tiene un papel fundamental no solo
anivel del tracto gastrointestinal sino que presenta ademas
un eje de conexion bilateral con el sistema nervioso

Para el estudio de la Inmunonutricién existen diferen-
tes biomarcadores del sistema inmune que proporcionan
informacion acerca del estado nutricional del individuo.
Sin embargo, se debe tener en cuenta que no existe un
solo pariametro para evaluar la relacion causa-efecto de
la nutricion sobre el sistema inmunitario, sino que es un
conjunto de biomarcadores a tener en cuenta dependien-
do de los distintas situaciones nutricionales.

Si bien esta claro que se trata de una materia multidis-
ciplinar, no solo se deben focalizar los estudios sobre las
interacciones entre la nutricion y el sistema inmune de
manera aislada, sino sobre otros sistemas del organismo
teniendo en cuenta un gran abanico de factores de confu-
sion y determinantes derivados de las condiciones idiosin-
crasicas de cada individuo, su genética y su estilo de vida.

Por todo ello, la Inmunonutricién permite llevar a
cabo una serie de estudios basados fundamentalmente en
cuatro lineas de investigacion: 1) Evaluacion de poblacio-
nes supuestamente sanas pero con riesgo de malnutricion
(nifios, adolescentes, adultos, gestantes, lactantes, perso-
nas mayores y deportistas), 2) Estudio de la evolucion de
pacientes con enfermedades relacionadas con la nutri-
cion y el sistema inmunitario, 3) Estudio de los efectos de
nutrientes, compuestos bioactivos y alimentos convencio-
nales y funcionales sobre el sistema inmunitario; 4) Estu-
dio del impacto del estilo de vida sobre el comportamien-
to del sistema inmunitario, teniendo como determinantes
principales la dieta, el comportamiento alimentario, la
actividad fisica, el sedentarismo, la calidad y cantidad de
sueiio, y como factor clave, el estrés.
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INMUNONUTRICION: METODOLOGIA Y
APLICACIONES

Abstract

Immunonutrition is an emergent and interdisciplinary
subject, since it comprises several aspects related to Nu-
trition, Immunity, Infection, Inflammation, and Injury
or tissue damage, what is known as Nutrition and 4 “Is”.
Within these interactions the endocrine, nervous and im-
mune systems are involved, microbiota being a part of
the last one. Nowadays, gut microbiota has been shown
to play an essential role, not only in the gastrointestinal
tract but also into the nervous system, because of its bi-
lateral connection.

There are several methods to study Immunonutrition,
which allow measuring different immunological biomar-
kers to provide information about the nutritional status.
However, it should be taken into account that there is not
a single gold standard parameter to evaluate the cau-
se-effect relationship between nutrition and the immune
system. On the contrary, a combination of biomarkers
have to be assessed depending on the different nutritional
situations.

Since Immunonutrition is a multidisciplinary matter
as mentioned above, the study on the interactions be-
tween nutrition and the immune system has not been
exclusively focused as such, but bearing in mind other
systems of the organisms as well as a wide range of con-
founding factors and determinants coming from idiosyn-
cratic features, genes and lifestyle of each individual.

Therefore, Immunonutrition allows to study the fo-
llowing research fields: 1) Evaluation of nutritional
status in presumably healthy people with risk of malnu-
trition (children, adolescents, adults, pregnant women,
elderly, and sportspeople); 2) Assessment of the evolution
and progress of patients with nutrition and immune-re-
lated diseases, such as food allergies, eating and meta-
bolic disorders; 3) Evaluation of the effects of nutrients,
bioactive compounds and both conventional and functio-
nal foods on the immune system; 4) Evaluation of impact
of lifestyle determinants on the immune system, such
as diet, food behaviour, physical activity, sedentariness,
sleep quality and quantity, and as a key factor, stress.

(Nutr Hosp 2015;31(Supl. 3):145-154)
DOI1:10.3305/nh.2015.31.sup3.8762
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Abbreviations

ICTAN: Institute of Food Science, Technology and
Nutrition.

CSIC: Spanish National Research Council.

NK cells: natural killer cells.

Th: T helper.

PEM: protein-energy malnutrition.

DHST: delayed hypersensitivity skin test.

Ig: immunoglobulins.

LPS: lipopolysaccharide.

CRP: C-reactive protein.

hs-CRP: highly sensitive C-reactive protein.

PBMCs: peripheral blood mononuclear cells.

MALT: mucosa-associated lymphoid tissue.

GALT: gut-associated lymphoid tissue.

BALT: bronchial-associated lymphoid tissue.

NALT: nasopharynx-associated lymphoid tissue.

VALT: vulvovaginal-associated lymphoid tissue.

LDALT: lacrimal drainage-associated lymphoid tis-
sue.
EVASYON: Development, implementation and
evaluation of the efficacy of a therapeutic programme
for overweight/obese adolescents.

BMI: Body Mass Index.

TL: telomeres.

CVDs: cardiovascular diseases.

State of the art: nutrition and immunity
The Immune System

The immune system is a complex defence network
that protects body against potentially harmful agents
and has the capacity to respond to millions of antigens.
Through orchestrated reactions, that is, the immune
response, the immune system can recognize and remo-
ve pathogens'. It serves to distinguish “non-self”” from
“self” and acts to ensure tolerance of “self”, food and
other environment components and commensal bac-
teria inherent in the body. However, any mistake or
alteration in tolerance pathways may lead to an im-
munological disordered process. Although there are
plenty of factors involved in the aetiology of disea-

se, most conditions are related to the immune system,
they frequently being infectious, inflammatory, or au-
toimmune processes'. In the last few years, research
keeps confirming how an inappropriate inflammatory
response actually plays a crucial role in the onset, pro-
gression and severity of many chronic conditions such
as Alzheimer’s disease, heart attacks, obesity, cancers
or autoimmune pathologies (different types of aller-
gies, psoriasis, systemic lupus erythematosus, Crohn’s
disease, celiac disease, multiple sclerosis, or rheuma-
toid arthritis)!2.

Briefly, the immune system comprises three levels
of defence: anatomical and physiological barriers,
the innate or unspecific immunity and the adaptive or
specific immunity (also termed acquired)!*#. Physico-
chemical barriers include intact skin, ciliary clearance
in respiratory tract, mucosal membranes, lysozyme
in tears and saliva, stomach acid, and commensal
microbiota in skin, mouth, gastrointestinal tract and
genitourinary tract®. After infectious agents and other
noxious insults have crossed this first line of defence,
the immune system establishes active defence mecha-
nisms which could be divided into two categories: the
innate and the adaptive immune responses. Both im-
mune responses include several blood-borne factors
or soluble components and cells (Table I). The innate
immune response represents the first defensive sys-
tem in the organism, and it is particularly important
for preventing the entry of infectious agents into the
body and, if they enter, eliminating them rapidly**.
The innate immune system includes cells (granulo-
cytes -neutrophils, basophils, and eosinophils-, mo-
nocytes/macrophages, and natural killer -NK- cells),
and soluble factors'*# (Table I). Innate immunity has
no memory and is therefore not influenced by prior
exposure to an organism*. This response is activated
by any strange substance penetrating the organism,
which will be eliminated by mechanisms of phago-
cytosis and cytotoxicity'. Although this first barrier
represents a good defensive system, it is sometimes
not sufficient to protect the organism, and thus the
adaptive immune response is required. This response
is more complex and sophisticated and its key feature
is to be specifically effective for those antigens that
triggered the response®. The adaptive response beco-

Table I
Components of the innate and adaptive immune system

Innate immunity

Adaptive immunity

Cellular components
Monocytes/macrophages
Mast cells
Natural killer cells

Granulocytes: neutrophils, basophils and eosinophils B lymphocytes (B cells)

T lymphocytes (T cells):
T cytotoxic, T helper (T, 1, T,2) cells

Soluble components ~ Complement factors
Acute phase proteins

Macrophage-derived cytokines

Antibodies
Lymphocyte-derived cytokines
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mes effective over several days after the initial activa-
tion, but it also persists for some time after the remo-
val of the initiating antigen*. This persistence gives
rise to immunological memory, which is the basis for
a stronger, more effective immune response on reex-
posure to an antigen*. The adaptive response is main-
ly mediated by lymphocytes and classified into two
types: humoral and cellular (Fig. 1). In general terms,
the humoral response involves mainly B lymphocytes
while T cells are in charge of the cell-mediated immu-
ne response**. Humoral immunity deals with extra-
cellular pathogens, whereas cell-mediated immunity
is directed towards intracellular pathogens -viruses
and some bacteria-, which escape humoral immuni-
ty*. Both responses are linked and together result in
a highly effective antigen-driven specific immune
response. T helper (Th lymphocytes are characterized
by their capacity to produce cytokines and participate
in the initiation and development of the immune res-
ponse. Thl cells promote the cell-mediated immune
response while Th2 stimulate the humoral response!.
The innate and adaptive systems are communicated
by direct cell-to-cell contact involving cell surface
proteins (e.g., adhesion molecules) and by the produc-
tion of chemical messengers such as cytokines®. On
the other hand, gut microbiota do not only have a role
as a physical barrier, but also interacts dynamically
with both the intestinal innate and adaptive immune
system, affecting various aspects of its development
and function and therefore microbiota is a part of the
immune system that should be taken into account to
evaluate the nutritional status®. (Table I and Fig. 1).

Interest of immunonutrition
Relationships between nutrition and immunity

It is well-known that adequate nutrition is an impor-
tant factor allowing the normal development of the im-
mune system as well as its correct function throughout
life, although the study of the relationship between
nutrition and immune function is relatively recent. Im-
munonutrition is the science that studies interactions
between nutrition and Immune system, Infection, In-
flammation and Injury or tissue damage. Thus, Immu-
nonutrition is also known as Nutrition and 4 “Is”. Mal-
nutrition is a condition that occurs when a person’s diet
does not contain the right amount of nutrients and can
refer to both undernutrition and overnutrition. Tradi-
tionally, the study of the interaction between nutrition
and infection (as “the first 1”) has included the role
of infection in defining nutritional status and the role
of nutrition in determining host defence mechanis-
ms®. The 1968 World Health Organization monograph
about “Interactions between Nutrition and Infection”
presented the mechanisms linking infection and poor
nutritional status. Following the development of im-
munology as a science, increasing evidence was obtai-
ned as well to show how undernutrition may impaire
resistance to infections and the immune response’.

In fact, nutrients play an important role in the deve-
lopment and functionality of the immune system and
any deficiency, either single or multiple, is often the
cause of a compromised immunity. The understanding
that protein-energy malnutrition (PEM) is not only
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protein and energy but also involves insufficiencies in
the cellular supply of multiple micronutrients, serves
to highlight the importance of specific micronutrients
(vitamin A, Fe, Zn, and Cu) and their respective carrier
proteins on specific and non-specific components of
the immune response®. This knowledge led to the need
to include immunity as the link within the relations-
hip between nutrition and infection (“the second I1”)°.
Afterwards, the discovery that several nutrients, such
as tocopherol, retinol, zinc and essential fatty acids,
could modulate the intensity of the responses that de-
fine inflammatory process opened a field on the poten-
tial influence of nutrition on inflammatory processes®.
The potential health gains from modulating the balan-
ce between n-3 and n-6 fatty acid intake paved the way
for the inclusion of inflammation as “the third I in the
relationship between nutrition and infection®. Finally,
the consideration that nutrients also modulate injury as
an end point of hypoxic or toxin mediated cell damage
led to include injury as “the fourth I”°°.

Controversies and limitations

As was mentioned before, study of immunologi-
cal parameters allow helping to know the nutritional
status of apparently healthy people. These parame-
ters are not usually used in epidemiological studies,
and their use is commonly limited by the necessity
of experts on immunology who can correctly inter-
pret the results, also of specialized laboratories and
techniques, and the high costs of immunological
tests®. In addition, it is important to highlight that
no single biomarker is capable to predict malnu-
trition status and therefore it should be necessary
to assess several biomarkers and their relationship
with the nutritional status®. In this context, techni-
ques should be standardized and based on updated
laboratory protocols. It is also necessary to kick-off
all the instruments.

There are several In vivo studies that are not possi-
ble to being performed in alive subjects because they
use aggressive challenges. However, the evaluation of
in vivo immune function can be determined through
animal models or even by using analysis such as vac-
cines or delayed hypersensitivity skin tests (DHST)’.

The immune system is affected by a variety of sub-
ject-specific and technical factors, which should be
strictly controlled in order to reduce the variation in
the outcome of immunological measurements (Ta-
ble II). Furthermore, genetic polymorphisms, early
life events, hormone status, and gut microbiota may
be additional factors contributing to such variation. In
addition, ethical constraints may restrict the use of spe-
cific markers in certain populations® (Table II).

With the aim to evaluate nutritional status throu-
gh immunological parameters in human studies it
is important to consider several aspects. First of all,
the number of subjects should be sufficient in order
to have strong statistical power and to extrapolate the
outcomes to the general population®. In human nutri-
tional studies there are several confounding factor that
should be considered and they are: stress, physical ac-
tivity/exercise, sleep time (quality/quantity), and food
behaviour’. Besides, human studies are often limited
by the ability to take samples, usually blood and exter-
nal secretions such as saliva, tears or urine. In addition,
normal ranges and reference values for immune cell
number and function in specific populations (children,
pregnant women, elderly, sports people, etc.) are not
still well defined® (Fig. 2).

Moreover, studies should allow identifying changes
in the prevalence of side effects. In addition, the de-
sign of the study should be randomized, double-blind,
cross-over or parallel with adequate inclusion and
exclusion criteria®. The final objective of the study
should consider other aspects apart from adequate nu-
trition, in order to have an impact on overall health,
reduction of both comorbidities and risk of mortality,
and socio-economic determinants of life quality.

Table IT
Confounding subject-specific and technical factors modulating immune function in human studies'’

Subject-specific factors

Technical factors

Age

Sex (hormones, menstrual cycle)

BMI

Background diet and nutrient supplementation before
and during intervention

Physical activity and exercise
Smoking

Hydration status

Genetics (low/high responder)
Presence of infections or other diseases
Psychological stress

Sleep deprivation

Alcohol, drug and medications
Vaccination and infection history

Selection of the population and appropriate controls to be
evaluated and compared with

Time of sample collection (circadian rhythm)
Seasonality

Time since last meal (fasting period)

Use of washout periods

Length of intervention period

Appropriate selection of immunological biomarkers
Correct interpretation of the outcome by experts on
Immunonutrition
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Current status and perspectives

The assessment of immunological parameters can
point towards a subclinical malnutrition status and
therefore acquires great interest as a useful tool to eva-
luate the nutritional status. When analysing immune
parameters, it is necessary to bear in mind the complex
interactions and reciprocal control among the immune
system, the endocrine system and the central nervous
system, as already cited above'®.

Tissues and organs

Malnutrition may lead to decreased cellular prolifera-
tion, decreased of protein synthesis, and deficiency of nu-
trients involved in metabolic pathways. These alterations
can modify the immune response by affecting lymphoid
tissues and immune cell number and function''. Specifi-
cally, protein-energy malnutrition (PEM) produces gene-
ralized atrophy of lymphoid tissues. In these situations,
thymus, spleen, tonsils, Peyer’s patches, and lymphatic
nodes are seriously affected, with histological evidence
of significant specific atrophy in T lymphocyte areas
affecting mainly the adaptive immune system'?.

Circulating factors

Molecules

Immunoglobulins (1g)

Immunoglobulins are proteins found in different
fluids in the organism including blood and secretions

such as saliva, tears, and breast milk. They are produ-
ced by plasma cells and their main function is to re-
cognize the antigens or strange substances in order to
neutralize them. Immunoglobulins (Ig) are also known
as antibodies and there are five primary types of them
(IgG, IgA, IgM, IgD and IgE) and each type has di-
fferent isotypes (IgG1, IgG4...). Their determination
could be possible through different immunoassays
(ELISA, ELISPOT, standard analysis by nephelome-
try). Concentration of these antibodies in blood allows
analysing basal status of any subject. However, the
study of Ig concentrations after stimulation (in ex vivo
cultures induced by a mitogene such as lipopolysac-
charide (LPS) or in vivo with a specific antigen) allows
getting more information about the response capacity
of B cells.

Acute-phase proteins: C-reactive protein, comple-
ment factors C3 and C4 and ceruloplasmin

C-reactive protein (CRP) is a very sensitive marker of
inflammation, and its concentration increases rapidly in
response to a wide range of stimuli. Belonging to the in-
nate immune response, high CRP levels have no specifi-
city in differentiating disease entities from one another,
but despite its lack of specificity, CRP has now emerged
as one of the most powerful predictors of cardiovascular
risk. Indeed, CRP is usually increased in overweight/
obese people, as obesity involves a low-grade chronic
inflammation state not only in adults, but also in chil-
dren®.

Regarding complement factors C3 and C4 and ce-
ruloplasmin, these are proteins that strongly predict
cardiovascular events in adults. Complement factors
C3 and C4 are part of the innate immune system and
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stimulate phagocytosis of foreign components and ac-
tive some inflammatory processes in the organism. On
the other hand, ceruloplasmin is another protein pro-
duced in the liver during the acute phase response. It
is a major plasma protein and functions as a copper
transporter. However, its high levels are associated
with atherosclerosis. C3, C4, highly sensitive CRP
(hs-CRP), and ceruloplasmin are measured in serum
by using immunoturbidimetry'?.

In a representative sample of Spanish adolescents
aged 13-18.5 years from the AVENA study, CRP, C3,
and C4 levels were correlated with central obesity.
Particularly, we found that central obesity is indepen-
dently associated with C3 concentrations'?.

Concentrations of cytokines or of soluble cytokine
receptors

Cytokines can be affected by malnutrition, both un-
dernutrition and overnutrition. They can be classified as
pro-inflammatory (IL-1, IL-6, TNF-a) and anti-inflam-
matory (IL-2, IL-4, IL-10). An excess of body fat have
not an observed effect on the capacity of leukocytes for
in vitro production of IL-6 and TNF-a in a sample of
Spanish adolescents in the AVENA Study'®. Conversely,
in anorexia nervosa patients, the production of TNF-a
and IL-6 was lower while the secretion of IL-1b was hi-
gher than in the control group when these levels were
compared before and one month after admission to the
hospital. This outcome could suggest that the immune
function in anorexic patients could be preserved despite
their severely malnourished condition'. In our group,
he have found that excess weight and inadequate sleep
duration are independently associated with the incidence
of allergy symptoms in adolescents. Adequate sleep du-
ration and weight during adolescence might be relevant
for a decreased risk of suffering allergy symptoms®.

The production of cytokines by lymphocytes and mo-
nocytes usually requires these immunocompetent cells
to be stimulated by a mitogen such as phytohemaggluti-
nin or bacterial lipopolysaccharide. Moreover, the spon-
taneous production of cytokines can also be measured by
peripheral blood mononuclear cells (PBMCs). Cytokine
protein concentrations in the cell culture medium are
measured by ELISA or flow cytometry.

Actually, it is very useful the determination the so-
luble cytokine receptors in biological samples through
immunoassays.

Immunocompetent cells

Neutrophils and monocytes counts and functionality

Neutrophils and monocytes are the main phagocytic
cells and their counts help understand how is the immu-
ne system response to an infection. In order to complete
the study, it is necessary to know not only their counts,
but also their functionality. Only in extreme cases, such

as severe denutrition, leukocyte counts themselves are
physiological relevant. Thus, it is important to be fami-
liarized with the significance of their normal reference
values.

Total lymphocyte counts

Total lymphocyte count is a measure of nutritional sta-
tus. Total lymphocyte normal range is over 2.000 cells/
mm?. When it is between 1.200 and 2.000 cells/mm’
indicates mild denutrition; 800-1.200 cells/mm? reflects
moderate denutrition and counts under 800 cells/mm?®re-
presents severe denutrition's.

Lymphocyte subsets counts

Phenotypic analysis by flow cytometry allows defi-
ne different types of lymphocytes. Furthermore, it gives
information about redistribution of immunocompetent
cells caused by several factors such as fasting and re-
feeding'®. Study of lymphocyte subsets include: ma-
ture T-cells (CD3+), helper T-cells (CD4+), cytotoxic
or suppressor (CD8+), natural killer (NK) cells (CD3-
CD16+ CD56+), B-cells (CD19+), naive and memory
cells (CD45RA+ and CD45RO+, respectively). This
analysis allows distinguish between active subsets using
different markers such as CD69+, in order to be used
in the functionality of the immune system. The ratio
CD4+/CD8+is an index of nutritional status that reflects
immunodeficiency secondary to malnutrition states'”!8,
A sleep duration of 8-8.9h/night was associated with a
healthier immune profile in European adolescents'®.

Immune system functionality
In vivo measures

Vaccines

Vaccination responses are widely used in immunonu-
trition studies in the human population and allow high
quality information about their immunomodulatory
effects on the immune response. Vaccination responses
may be influenced by a variety of factors other than en-
vironmental ones and they include psychological stress,
nutrition, and (infectious) diseases, and lifestyle determi-
nants (e.g., smoking)®.

Delayed hypersensitivity skin test (DHST)

DHST is based on the reaction that occurs in response
to the intradermal injection of an antigen (e.g., tubercu-
lin). The histologic findings and immunologic mecha-
nisms characterizing this form of immunologic respon-
se are based on mobilization of macrophages and other
phagocyte cells causing an increased lymphocyte res-
ponse. This measurement is useful because it represents
a coordinated, integrated cell-mediated immune respon-
se to a relevant challenge. However, the test cannot be
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repeated on the same are of skin, and recent vaccination
may interfere with the outcome®.

Ex vivo measures

Ex vivo measures allow the functional responses of
specific immune cell types to be determined®.

Phagocytosis by neutrophils and monocytes

Substrates for phagocytosis can be studied in the
opsonized (i.e., complement- or antibody-coated) and
unopsonized states. Some techniques (e.g., flow cyto-
metry) allow identification of both the number of cells
participating in phagocytosis and the phagocytic activity
per cell®. Measures of phagocytosis can be coupled to
measures of oxidative burst.

Oxidative (respiratory) burst (superoxide generation)
by neutrophils and monocytes

Oxidative burst studies the percentage and activity of
phagocytic cells (neutrophils and monocytes). Reactive
oxygen species such as hydrogen peroxide are measu-
red. This technique can oriented research on innate im-
mune mechanisms and inflammation’.

Chemotactic response of neutrophils or monocytes

This is the movement of these cells toward particular
stimuli; stimuli used include leukotriene B4, and bacte-
rial cell wall peptides®.

Natural killer cell activity

NK cells induce direct cytotoxicity or secretion of
cytokine/chemokine without recognizing a specific an-
tigen as B and T cells. NK cytotoxicity acts against vi-
rus-infected cells and tumour cells*.

NK cells activity is one of the most sensitive functions
affected by diet. It can be due to the fact that NK cells are
high dependent on cytokines. Killing can be expressed
in various ways, such as percentage target cells killed
or “Iytic ratio”, which is the ratio of killer to target cells
required to kill a particular percentage of target cells®.

Lymphocyte proliferation

This is the increase in number of lymphocyte in res-
ponse to a stimulus. Most often this is measured as the
incorporation of radioactively labelled thymidine into
the DNA of the dividing lymphocytes, although a num-
ber of other measures, not involving the use of radioac-
tivity, are available’.

Measures of mucosal immune responses

The collectively called mucosa-associated lym-
phoid tissue (MALT) is found along mucosal linings

in the human body and constitutes the most extensive
component of human lymphoid tissue. These surfaces
protect the body from an enormous quantity and va-
riety of antigens. MALT includes gut-associated lym-
phoid tissue (GALT), bronchial-associated lymphoid
tissue (BALT), nasopharynx-associated lymphoid tis-
sue (NALT), vulvovaginal-associated lymphoid tissue
(VALT), and lacrimal drainage-associated lymphoid
tissue (LDALT)?. The basic architecture of MALT
includes discrete areas where B lymphocytes are loca-
lized next to areas in which T lymphocytes predomina-
te. Lymphoid tissues of MALT have the ability to con-
centrate and respond to local antigens. Concentration
of total and antigen-specific secretory IgA is a useful
measure of mucosal immune responses>.

GALT accounts for up to 80% of the mucosal immu-
ne system and is distributed along the intestine in two
forms: as organized GALT, which includes Peyer’s
patches, isolated follicles and mesenteric lymph no-
des, and as diffuse GALT, consisting of lymphocytes
scattered in the epithelium and the lamina propria.
Both compartments are part of a regulatory system
with specific roles; organized GALT is the inductor
site of the immune response and diffuse GALT is the
effector site. GALT has a role in both innate and ac-
quired immune responses. Another component of the
mucosal immune system consists of regulatory T-cells,
which mediate peripheral T-cell tolerance to antigens
derived from the dietary origin or from the commensal
microbiota. Systemic immune system biomarkers can
be found in lamina propria and they can be studied by
the same methods mentioned before %.

Microbiota

A healthy gut microbiota may be viewed as a po-
sitive attribute, while dysbiosis (gut microbiota alte-
ration) is associated with altered health states. The
current understanding of the gut microbiota provides
information essential for efficiently dealing with we-
1I-being and diseases such as obesity, the metabolic
syndrome, food intolerance, inflammatory bowel
disease and irritable bowel syndrome. Furthermore,
the central nervous system is also affected through
gut-brain communication pathways?* (Fig. 3).

In human studies, gut microbiota could act as a
biomarker to assess dietary and lifestyle interven-
tions. In the comprehensive programme EVASYON
(Development, implementation and evaluation of the
efficacy of a therapeutic programme for overweight/
obese adolescents), which includes diet, physical ac-
tivity and psychology interventions in 13-16 years
old overweight adolescents after intervention there
were two groups: low weight-loss (< 2 kg) and high
weight-loss (> 4 kg) group. We observed that inter-
vention were only successful in the high weight-loss
group, maybe due to a different microbiota between
both groups. Therefore, individual’s gut microbiota
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composition is more important to achieve weight
loss than expected®. On the other hand, childhood
microbial colonization patterns are different depen-
ding on maternal Body Mass Index (BMI). This evi-
dence suggests that microbiota may act as a marker
to predict the possible risk of obesity?.

In addition, the interaction of gut microbiota with
immune cells in the mucosal environment has a prin-
cipal role in a number of processes directly depen-
dent on the MALT, such as oral tolerance induction,
the modulation of cytokine and chemokine release
and, in general, the regulation of immune responses
in the intestinal mucosa which are important in the
pathogenesis of inflammatory bowel disease?.

Genetics

Nutritional genomics has tremendous potential to
change the future of dietary guidelines and personal
recommendations. Nutritional genomics covers nutrige-
nomics, which explores the effects of nutrients on the
genome, proteome and metabolome, and nutrigenetics,
the major goal of which is to elucidate the effect of ge-
netic variation on the interaction between diet and di-
sease®.

Epigenetics refers to the study of changes on heredity
patterns of gene expression that occur without changes
in the DNA sequence. In recent years, epigenetic mar-
kers emerged as a new tool to understand the influence
of lifestyle factors on obesity phenotypes. Indeed, we
have seen in EVASYON study that methylation changes

may help to better understand the weight loss respon-
se in obese adolescents®. Secondly, telomeres (TL) are
biomarkers of biological aging. Shorter telomeres have
been associated with increased adiposity in adults but
we found that a weight loss intervention is accompa-
nied by a significant increase in TL in overweight/obese
adolescents. Moreover, we suggest that initial longer TL
could be a potential predictor for a better weight loss
response™®.

Numerous gene variants that are associated with a
greater or lesser risk of the different types of cardiovas-
cular diseases (CVDs) and of intermediate phenotypes
(i.e., hypercholesterolemia, hypertension, diabetes)
have been successfully identified. However, despite the
close link between aging and CVD, studies analyzing
the genes related to human longevity have not obtained
consistent results and there has been little coincidence
in the genes identified in both fields. The APOE gene
stands out as an exception, given that it has been identi-
fied as being relevant in CVD and longevity®.

Immunonutrition applications

Immunonutrition is an emergent subject that carries
out studies based mainly on four investigation lines:

Evaluation of nutritional status through immunolo-
gical biomarkers in presumably healthy people with
risk of malnutrition (children, adolescents, adults,
pregnant women, elderly, and athletes).

Different immunological and stress biomarkers can
be studied in serum and plasma samples of subjects
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in different life stages in order to detect the risk of
potential malnutrition states, both by defect and ex-
cess. Immune system development begins in the utero
environment, depending on lifestyle and nutrition of
mother, and continues with lactation. After, childhood
and adolescence are critical periods in which healthy
habits should be instaured and will have an impact
on adult age. Finally, immunosenescence is linked to
subclinical deficiencies and effects on immune system
and cognitive functions are the major outcomes.

Study evolution of patients with diet and immu-
ne-related diseases, such as food allergies and other
atopies, eating disorders, obesity, metabolic syndro-
me, diabetes, cardiovascular disease (CVD), different
types of cancer, and autoimmune diseases including
fibromyalgia, multiple sclerosis and Alzheimer’s di-
sease, among others.

Study of nutrients’ effects, bioactive compounds
and both conventional and functional foods on the im-
mune system.

Assess the impact of lifestyle determinants, such as
physical activity, exercise, sedentariness, food beha-
viour, sleep time and stress, on the immune response.
Short sleep duration during adolescence might play an
important and independent role in cardiovascular and
metabolic diseases through C-reactive protein (CRP).

Recommendations and final remarks

The use of immunological parameters to assess nu-
tritional status should be considered both an individual
level and epidemiological studies. This subject offers
a sensitive and useful tool for detect nutritional imba-
lances at a subclinical level, caused both by undernu-
trition or overnutrition.
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Abstract

In nutritional epidemiology it is essential to have refe-
rence values for nutrition and anthropometry in order to
compare individual and population data.

With respect to reference nutritional intake, the new
concept of Dietary Reference Intakes is generated based
more on the prevention of chronic diseases than on cove-
ring nutritional deficiencies, as would occur in the early
Recommendations. As such, the more relevant interna-
tional organizations incorporated new concepts in their
tables, such as the Adequate Intake levels or the Tolerable
Upper Intake levels. Currently, the EURRECA recom-
mendations (EURopean micronutrient RECommenda-
tions Aligned) are generating reference values for Europe
in a transparent, systematic and scientific manner. Using
the DRI, health-care authorities formulated nutritional
objectives for countries or territories and Dietary Guides
to disseminate the dietary advice to the population.

Anthropometric assessment continues to be one of the
most-used methods for evaluating and monitoring health
status, nutritional state and growth in children, not only
individuals but also communities. Different organiza-
tions have established anthropometric reference patterns
of body mass index (BMI) with cut-off points to define
overweight and obesity. In children, growth curves have
been revised and adapted to the characteristics of heal-
thy children in order to obtain anthropometric reference
standards that better reflect optimum growth in chil-
dren. The Growth Standards for children below 5 years
of age of the WHO are a response to these principles, and
are widely accepted and used worldwide.
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VALORES DE REFERENCIA DE INGESTA
DIETETICAY DE ANTROPOMETRIA EN
ESTUDIOS POBLACIONALES

Resumen

En epidemiologia nutricional son fundamentales las
referencias nutricionales y antropométricas para compa-
rar los datos de individuos o colectivos.

En relacion a las ingestas nutricionales de referencia,
el nuevo concepto de Ingestas Dietéticas de Referencia se
realizé basandose mas en la prevencion de las enfermeda-
des cronicas actuales, que en cubrir deficiencias nutricio-
nales, como ocurria con las primeras Recomendaciones.
Asi, las Organizaciones Internacionales mas relevantes
han incorporado nuevos conceptos en sus tablas, como
el de Ingestas Adecuadas o el Limite Superior de Ingesta
Tolerable. Actualmente, la (EURopean micronutrien RE-
Comendations Aligned) (EURRECA) esta creando valo-
res de referencia para Europa, de manera transparente,
sistematica y cientificaA partir de las IDR, las autorida-
des de salud formulan los objetivos nutricionales para un
pais o territorio y las Guias Alimentarias, que transmiten
el consejo alimentario para la poblacion

La valoracién antropométrica sigue siendo uno de los
métodos mas utilizados para evaluar y vigilar el estado de
salud, el estado nutricional y el crecimiento de los nifios,
tanto en los individuos, como en las comunidades. Dife-
rentes organismos establecen los patrones de referencia
antropométrica del IMC y definen los puntos de corte
para definir sobrepeso y obesidad. En los niiios, se han
revisado las curvas de crecimiento adaptandolas a las ca-
racteristicas de nifios sanos desarrollados en ambientes
saludables para obtener estandares antropométricos de
referencia que reflejen mejor el crecimiento 6ptimo de
los nifios. A estos principios responden los Estandares de
Crecimiento para nifios menores de cinco afios de edad
de la OMS, los cuales han sido ampliamente aceptados y
utilizados a nivel mundial.

(Nutr Hosp 2015;31(Supl. 3):157-167)
DOI1:10.3305/nh.2015.31.sup3.8763

Palabras clave: Nutricion. Antropometria. Poblacion. “In-
gestas Dietéticas de Referencia”. “Curvas de crecimiento”.
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Dietary reference Intakes for individuals and
populations; concepts and definitions

The first Recommended Nutrient Intakes (RNIs) ta-
bles were collated in 1938 for the Canadian and United
Kingdom populations (Daily Recommended Nutrient
Intakes); in 1941 for the population of the USA (Re-
commended Dietary Allowances; RDAs); by the Insti-
tute of Medicine (/OM); and, in the 50s, for the world
population under the auspices of the Food and Agricul-
ture Organization (FAO) and the World Health Organi-
zation (WHO). The recommendations were originally
defined to avoid nutritional deficiencies.

In 1994 the Food and Nutrition Board with the su-
pport of the government of the US and Canada initia-
ted the revision of the RNIs and RDAs and generating,
with the use of new scientific knowledge and statistics,
the Dietary Reference Intakes (DRIs). The difference
from the original tables was that each nutrient was gi-
ven several values for different circumstances, as well
as a unique reference value. This new concept is based,
on the one hand, on the observation that, currently, the
diseases to be prevented are, mostly, chronic i.e. they
are more severe and more prevalent than deficiency
diseases; the latter having been used in generating the
original recommended intakes. In addition, advancing
knowledge highlighted the convenience of incorpora-
ting new reference values such as that of certain food
components (fat or fiber, among others) which, despite
not being essential nutrients, their intake is also rela-
ted to health status. Further, reference values for some
nutrients can be used even when the information requi-
red to calculate the recommended intake is lacking or
when the extremes of values of nutritional intake can
cause adverse health effects.

Thus, the new tables of DRI include the following
concepts'>343 (Fig. 1).

The Estimated Average Requirement (EAR) is the
average daily nutrient intake level that is estimated to
meet the nutrient needs of half of the individuals in a
life-stage or gender-group. In the case of energy, an
Estimated Energy Requirement (EER) is provided.

Recommended Dietary Allowance (RDA) is the ave-
rage daily dietary nutrient intake level that is sufficient
to meet the nutrient requirements of nearly all (97-98
percent) healthy individuals in a particular life-stage
and gender-group. RDAs are established for each age
group and gender, or physiological status (pregnancy
and lactation). For nutrients with a statistically normal
requirement distribution, these are calculated from the
EAR of each nutrient + 2 standard deviations of its
distribution. The standard deviation is estimated from
the coefficient of variation of the nutrient in the po-
pulation (for those nutrients with an estimation of the
coefficient of variation) (Fig. 2).

The Acceptable Range of Intake (ARI) or Acceptable
Intake (AI) is the amount of nutrient intake that is re-
commended when there are not enough data to estimate

Recommended Energy
Intake

v

Recommended
Nutrient Intake
(RMI)

Population (%)

-2 5D +2 SD

Level of
requirements

The recommended amounts for the majority of the nutrients are
located two standard deviations (SD) above the mean value of the
estimated nutrient needs in this population group. The amount of
energy recommended for a population group is the one placed on
the average level of the needs estimated for this population.

Fig. 1.—Recommended Energy and Nutrient Intakes.

the (EAR) due, mainly, to lack of awareness of the va-
riability of requirements and, therefore, the impossibi-
lity of calculating its standard deviation. These values
should be considered a provisional value, prior to RDA.

The Tolerable Upper Intake Level (UL) of intake is
the maximum amount of a nutrient that individuals can
ingest daily without any health risk. This new value
is gaining interest, given the increasingly frequent use
of nutrient concentrates, fortified foods, and functional
foods, all of which can lead to an excessive intake.

The Lowest Threshold Intake (LTI) is the value be-
low which a nutritional deficiency would emerge in
most of the population group. It is the mean of Nutri-
tional Requeriments minus 2 standard deviations.

The Acceptable Macronutrient Distribution Range
(AMDR) is the range of intake for a particular nutri-
tional source that is associated with a reduced risk of
chronic disease, while providing intakes of essential
nutrients. If an individual consumes in excess of the
AMDR, there is a potential for increasing the risk of
chronic diseases and/or insufficient intakes of essential
nutrients.

Recommended Safe Intake (RSI) is set to prevent
possible clinical signs of deficiency, and to allow nor-
mal growth. It is not suitable for prolonged periods of
infections or stress.

Protective Nutrient Intake (PNI) has been introdu-
ced in some cases to refer to an amount that is grea-
ter than the recommended intake but which may be
protective against a specified health or nutritional risk
relevant to public-health (folic acid to lower the risk of
fetal neural tube defects, for example).

In addition, another term that should not be confu-
sed with the DRI, is the concept of Reference Labe-
Iling Values (RLV). This concept is used to describe the
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Dietary reference intakes include four distinct concepts: a) the average of the nutritional needs of the popula-
tion group, b) nutritional recommendations located two standard deviations of the average needs, except the
recommendations of energy, ¢) the acceptable nutrient intake when there is insufficient data to estimate the
recommendations but adequate information to make this dietary advice is available, and d) the tolerable upper
intake levels, above which there can exist a health risk.

Fig. 2.—
Dietary reference intakes.

Table I.I
Recommended Allowances and Adequate Intakes (*) for the US population
Category Age Water Energy Pr CH Fiber Lipids LFA LnFA Ca Fe Zn Se Fl 1 Mg
years L kcal g g g g G G Mg mg mg ug mg mg mg
Infants %05- 0.7% 650 2,720 9.1* 60* ND 31 4.4* 0.5*% 210* 0.27* 2* 15* 0.01* 110* 30*
01.50— 0.8% 850 3,556 11 95% ND 30 4.6% 0.5% 260* 11 3 20% 0.5%0 130*% 75*
Boys/ -3 1.3*% 1,300 5439 13 130 19* ND 7* 0.7% 700 7 3 20 0.7 90 80
Girls 4-8 1.7* 1,800 7,531 19 130 25*¥ ND 10* 0.9*%* 1,000 10 5 30 I* 90 130
Males  9-13 2.4* 2,500 10,460 34 130 31* ND 12* 1.2* 1300 8 8 40 2% 120 240
14-18 3.5% 3,000 12,500 52 130 38* ND 16* 1.6* 1,300 11 11 55 3% 150 410
19-30 3.7* 2,900 12,133 56 130 38* ND 17* 1.6* 1,000 8 11 55 4% 150 400
31-50 3.7*% 2,900 12,133 56 130 38* ND 17* 1.6* 1,000 8 11 55 4% 150 420
51-70 3.7% 2,300 9,623 56 130 30* ND 14* 1.6% 1,000 8 11 55 4% 150 420
>70 3.7* 2300 9,623 56 130 30* ND 14* 1.6* 1,200 8 11 55 4% 150 420
Females 9-13 2.1* 2,200 9,200 34 130 26* ND 10* 1.0* 1,300 8 8 40 2% 120 240
14-18 2.3*% 2,200 9200 46 130 26* ND 11* 1.1* 1,300 15 9 55 3% 150 360
19-30 2.7*% 2,200 9,200 46 130 25 ND 12* 1.I* 1,000 18 8 55 3* 150 310
31-50 2.7% 2,200 9,200 46 130 25% ND 12* [1.1* 1,000 18 8 55 3* 150 320
51-70 2.7% 1,900 7,450 46 130 21* ND 11* 1.1* 1,200 8 8 55 3* 150 320
>70 2.7% 1900 7450 46 130 21* ND 11* 1.1* 1,200 8 8 55 3* 150 320
Gestating 14-18 3.0* +300 +1,250 71 175 28* ND 13* 1.4* 1,300 27 12 60 3% 220 400
19-30 3.0% +300 +1,250 71 175 28* ND 13* 1.4* 1,000 27 11 60  3* 220 350
31-50 3.0% +300 +1,250 71 175 28% ND 13* 1.4* 1,000 27 11 60  3* 220 360
Lactating 14-18 3.8* +500 +2,100 71 210 29* ND 13* 1.3* 1,300 10 13 70 3% 290 360
19-30 3.8% +500 +2,100 71 210 29* ND 13* 1.3* 1,000 9 12 70 3% 290 310
31-50 3.8% +500 +2,100 71 210 29* ND 13* 1.3* 1,000 9 12 70 3% 290 320
Dietary intake and anthropometric reference values in population studies 159



Table I.II
Recommended Allowances and Adequate Intakes (*) for the US population

Infanis Ase VLA Vit D Vi Co Vit B Vi K Vit Bl Vit. B2 Niacin - Vit. B6 o1 v 12

years ug ER' ug Cole mg mg ET ng mg mg mg NE mg  ppps M8

Infants 0.0-0.5  400* 10* 40* 4% 2% 0.2% 0.3* 2% 0.1  65%  04%*
0.5-1.0  500%* 10* 50% 5% 2,5% 0.3* 0.4* 4% 0.3* 80*  0.5%

Boys /Girls  1-3 300 15* 15 6 30%* 0.5 0.5 6 0.5 150 0.9
4-8 400 15* 25 7 55% 0.6 0.6 8 0.6 200 1.2

Males 9-13 600 15* 45 11 60* 0.9 0.9 12 1.0 300 1.8
14-18 900 15% 75 15 75% 1.2 1.3 16 1.3 400 24

19-30 900 15* 90 15 120%* 1.2 1.3 16 1.3 400 24

31-50 900 15% 90 15 120%* 1.2 1.3 16 1.3 400 24

51-70 900 15* 90 15 120* 1.2 1.3 16 1.7 400 2.4

>70 900 20* 90 15 120%* 1.2 1.3 16 1.7 400 2.4

Females 9-13 600 15* 45 11 60* 0.9 0.9 12 1.0 300 1.8
14-18 700 15* 65 15 75% 1.0 1.0 14 1.2 400 2.4

19-30 700 15% 75 15 90* 1.1 1.1 14 1.3 400 24

31-50 700 15* 75 15 90* 1.1 1.1 14 1.3 400 2.4

51-70 700 10* 75 15 90* 1.1 1.1 14 1.5 400 2.4

>70 700 20%* 75 15 90* 1.1 1.1 14 1.5 400 2.4

Gestating =18 750 15* 80 15 75% 1.4 1.4 18 1.9 600 2.6
19-30 770 15% 85 15 90* 1.4 1.4 18 1.9 600 2.6

31-50 770 15* 85 15 90* 1.4 1.4 18 1.9 600 2.6

Lactating =18 1,200 15% 115 19 75% 1.4 1.6 17 2.0 500 2.8
19-30 1,300 15% 120 19 90* 1.4 1.6 17 2.0 500 2.8

31-50 1,300 15% 120 19 90* 1.4 1.6 17 2.0 500 2.8

Pr: Proteins; CH: Carbohydrates; LFA: Linoleic Fatty Acid; LnFA: Linolenic Fatty Acid; ND: Not Determined; (*) The indicated value is the
Adequate Intake (Al). For healthy children breastfed the Al concern the mean intakes. ' RE= Retinol Equivalents; ? Cole: Cholecalciferol, in the
absence of adequate sunlight exposure, 1 pg of cholecalciferol = 40 IU of Vit D; * TE=Tocopherol Equivalents; * RE= Retinol Equivalents; NE =
Niacin Equivalents; * DFE = Dietary Folate Equivalent

Sources: Food and Nutrition Board. Institute of Medicine. National Research Council (FNB/IOM/NRC). Dietary Reference Intakes (DRI): for
Thiamine, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic acid, Biotin, and Choline. Washington DC: National Academy Press,
2000. FNB/IOM/NRC. DRI: for Vitamin C, Vitamin E, Selenium and Carotenoids. Washington DC: National Academy Press, 2000.FNB/IOM/NRC.
DRI: A risk assessment models for establishing Upper Intake Levels for Nutrients. Washington DC: National Academy Press, 2000. FNB/IOM/NRC.
DRI: for Calcium and Vitamin D. Washington DC National Academy Press, 2001. FNB/IOM/NRC. DRI: for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington DC: National Academy Press, 2001.
FNB/IOM/NRC. DRI: for Energy, Carbohydrate, Fibre, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington DC: National Academy
Press, 2002. FNB/IOM/NRC. DRI: for Water, Potassium, Sodium, Chloride, and Sulphate. Washington DC: National Academy Press, 2005

nutrient content of a food product. It can be expressed
as a percentage of the DRI in adults. This information
allows comparison of the nutritional values of food
products.

The most relevant international organizations incorpo-
rate some of these new concepts into their tables. In the
USA, the Food and Nutrition Board (FNB) of the Natio-
nal Research Council includes the values of Al, UL, and
AMDR in various publications®>** (Table I). In 2002, the
Committee of Experts of FAO-WHO incorporated the
values of Al, UL, RSI and PNI°. At the European level,

the Scientific Committee on Food (SCF) included, in
1993, the valu es of ARI, LTI’. However, most countries
have developed their recommendations based on the spe-
cific characteristics of their population. In Europe there
are recommendations in the Nordic countries (Denmark,
Finland, Iceland, Norway and Sweden), in the Germanic
countries (Germany, Austria and Switzerland) while the
United Kingdom, Ireland, France, Belgium, Italy and in
Spain have their own recommendations®.

The European Commission recognized the need to
align the procedures used to obtain European micro-
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nutrient recommendations within a globalized society.
In 2007 the Commission funded the EURRECA (EU-
Ropean micronutrient REComendations Aligned) Ne-
twork of Excellence coordinated by International Life
Sciences Institute (ILSI) of Europe. The aim was to
create a standard process for collecting and using the
dietary reference values for micronutrients in a trans-
parent, systematic and scientific manner. Their goals
focus on the specific needs of vulnerable groups such as
infants, children and adolescents, adults, pregnant and
lactating women, the elderly, low-income individuals
and immigrants, and to evaluate the impact on intake of
various related situations such as socioeconomic status,
ethnicity, inter-individual variability and vulnerability
due to genetics, environmental factors and epigenetic
phenomena’.

Uses, applications and expression of the nutritional
intake of populations in relation to the DRI

Among its many uses, the DRI helps in planning me-
nus and diets, developing new dietary products by the
food industry, labelling of foodstuffs, designing pro-
grams of nutritional education, or for estimating nutri-
tional adequacy.

Nutritional adequacy assesses intake in relation to
the recommended intakes. It is useful both collectively
and individually. For example, at a collective level,
reports evaluate the percentage of subjects below the
EAR (only for those nutrients that comply with cer-
tain conditions). Since the DRI is presented as 97.5
percentile, when an individual or group of individuals
have an intake below the recommended amounts, this
does not indicate real deficiencies but, rather, a risk of
deficit since it may be less than the amounts recom-
mended but not lower than the individual’s needs.

Al cannot be used to assess the prevalence of ina-
dequate intakes, while UL is useful in assessing the
percentage within a group who are at risk of adverse
effects.

Nutrient intake adequacy at the individual level

If we have the real nutrient requirement of an indi-
vidual and his/her true intake, we can compare those
values: when the intake is equal to or above the requi-
rement the intake is adequate, and when a given intake
is below the requirement, it is considered as inadequa-
te. Although neither the individual’s requirements nor
the true intakes are known with certainty, a qualitative
or a quantitative evaluation can be made. The quali-
tative evaluation compares the individual’s usual in-
take with the RDA; if it is above or equal to the RDA,
there is a low probability that such an intake is inade-
quate. If the individual’s usual intake is between the
RDA and the EAR, there is considerable uncertainty
whether the intake is adequate or not. There is a high

probability of inadequacy when the nutrient intake is
below the EAR. The quantitative approach calculates
a confidence of adequacy based on the number of days
that intake is measured, day-to-day variation in intake
of the nutrient under study, variability of the require-
ment, and how far the intake value is above or below
the ANR (EAR). The result of such an equation is a Z
score from which a probability value is derived that
reflects the degree of confidence that the individual’s
usual intake is adequate.

Nutrient intake adequacy at the group level

To calculate the proportion of the population with in-
takes that are below the requirements, a joint distribu-
tion of the nutrient requirement and the nutrient intake
for each individual in the group would enable the calcu-
lation of the percentage of individuals with inadequa-
te intakes. Unfortunately, the nutrient requirement for
each individual in a group is not known, and no joint
distribution can be calculated. In these circumstances,
two approaches are used to calculate the prevalence of
inadequate intakes: the probability approach or, when
certain conditions are accomplished, a shortcut of that
method i.e. the cut-off point method. Both methods are
recommended for use only under the following con-
ditions: the mean and the variance of the requirement
distribution are known; intakes and requirements are
not correlated; the form of the requirement distribu-
tion (normal or log-normal) must be known or must be
assumed. To apply both methods, intake distributions
need to be adjusted to remove the effect of day-to-day
variation.

The probability approach is a statistical method
that combines the distribution of the intakes and the
risk-curve of the requirement distribution. Using the
probability approach, the probability of inadequacy
is assessed for each individual and the average pro-
bability is the group prevalence of inadequate intakes.
The probability of inadequacy for each individual is
defined by comparing the individual’s intake with the
requirement for that nutrient: if the intake is below that
value, the individual’s intake will be defined as ina-
dequate.

The cut-off point method, proposed by Beaton',
estimates the prevalence of inadequate intakes as the
proportion of the population with usual intakes below
the average requirement (EAR or ANR). The cut-off
point method will be used when:

1. The requirement distribution is symmetrical.

2. The distribution of usual intakes is more varia-
ble than the distribution of requirements (the
coefficient of variance for the distribution of
requirements for most nutrients is set at 10%).

If these conditions are not met, then the probability
approach will be used

For those nutrients with an Al value as requirement,
it is not possible to determine the prevalence of ina-
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dequate nutrient intakes in a group. The only assump-
tions that can be made are that if the mean intake of a
group is at or above the Al, and the variance of intake
is similar to the variance of intake from the popula-
tion used to set the Al, then prevalence of inadequate
intake for that population is likely to be low. Nothing
can be concluded if the group median intake is below
the AL

From RDI to nutritional goals; Establishing
concepts and comparison tables of nutritional
goals in developed countries.

Promoting appropriate eating habits, which follow
healthy dietary models, constitutes one of the most
important components within health-promotion stra-
tegies. To achieve improvements in collective food
intake, health authorities count on two tools of con-
siderable value in public health: nutritional objectives
and food guidelines!'!2,

Nutritional objectives are quantitative and qualitati-
ve, with nutritional recommendations based on scienti-
fic evidence and framed in the nutritional policy of the
country. They are aimed at the general population in
order to achieve an optimal health status, considering
the specific characteristics and the mean intakes of the
population for which they are intended while taking
into account eating and nutritional behavior patterns,
or the most frequent health problems*?.

Nutritional objectives for the Spanish population
were developed based on a consensus meeting of the
Spanish Society of Community Nutrition (Sociedad
Espariola de Nutricion Comunitaria;, SNEC) held in
Bilbao in 2000 and sponsored by the WHO. Interme-
diate and final nutrition objectives were defined at this
time'"'?, and have been modified by subsequent con-
sensus meetings'? (Table IT). The table II summarizes
the nutritional objectives established by various orga-
nizations, with special attention being paid to those is-
sues having a high impact on health. These include as-
pects such as fat intake, which has been the subject of
priority concern in most nutritional objectives because
of its role in cardiovascular disease risk. Most popula-
tions in developed countries have an unbalanced ener-
gy profile, and concerns have been raised regarding
reducing saturated fat while increasing PUFAs intake
(where an insufficient contribution was most frequent-
ly noted and where the contribution of omega-3 fatty
acids is particularly low). Results indicate that the qua-
lity of the fat needs to be improved and, in this respect,
nutritional objectives can be used for guidance.

Dietary fiber intake in Spanish populations is qui-
te far from the recommended nutrient intake goals. It
is evident that a low consumption of vegetables and
cereals (especially whole grains) contributes to this
finding'?. A study that evaluated the sodium intake in
a representative sample of Spanish young and midd-
le-aged adults aged 18—60 years highlighted, by mea-

suring 24h urinary sodium excretion, that mean dietary
salt intake (9.8 + 4.6 g/day), exceeded the recommen-
ded intake of 5 g/day in 88.2% of the subjects studied.
These results can be used as the baseline to design nu-
trition policies for reducing salt consumption'.

Healthy weight maintenance is achieved by choo-
sing a nutritious diet balanced by daily physical acti-
vity'>. Almost half of European adults are overweight.
For example, in representative samples of the Spani-
sh population, 47.4% of adults and 30.8% of children
were found to be overweight'®. To maintain body wei-
ght in the population, recommendations for daily phy-
sical activity and BMI ranges should be included in the
national nutritional goals and dietary guidelines. Mo-
derate physical activity should be made an easy choice
and part of everyday life!® (Table II) (Fig. 3). Also, it
is advisable to promote breast-feeding programs, not
only among pregnant women, but also among pediatri-
cians, obstetricians and maternity ward staff'>. A mo-
derate consumption of beverages with low alcoholic
content (wine, beer, cider) is considered permissible, if
limited to < 2 glasses/d if taken with meals. The con-
sumption for women should be somewhat lower than
for men'? (Table II).

From nutrient intake goals to dietary guidelines;
Establishing concepts and examples of dietary
guidelines.

Part of an action policy to combat non-communi-
cable diseases (NCD) and to meet nutritional goals
should include the translation of the goals into food-ba-
sed dietary guidelines (FBDG) at the national level':'%.

Dietary guidelines are recommendations on food
consumption to the population, in pursuit of the nutri-
tional goals. The guidelines need to be relatively sim-
ple documents of nutritional health promotion addres-
sed to the population, in order to promote nutritional
well-being. The goals need to be easily achieved, writ-
ten in appropriate language, using a positive approach.
Designed by government agencies and/or scientific
organizations, a system of food groups is used and in-
cludes advice on healthy lifestyles'.

A survey conducted by the WHO" analyzed
food-based dietary guidelines in member states of the
European Union, illustrated important discrepancies
between sub-regions and between countries in national
food-based dietary guidelines. The Guide, distributed
as a food guide by the Spanish Ministry of Health was
shown as a prism, from which different graphics have
been derived (pyramid, wheel, semicircle, etc.). Ne-
vertheless, the pyramid proposed by the SENC, which
was based on consensus documents, has become wi-
despread as a guide for proper application in the Spa-
nish population'"* (Fig. 3).

Food guidelines should be adapted to a country’s
specific needs to ensure that the nutrient needs of the
population are covered, and which would contribute to
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Table 11
Nutritional objectives in developed countries

SENC, 2011*
FAO/WHO, 2003, EFSA, 2010
2008 Intermediate objectives‘ Final objectives®

Breast-feeding Promotion of exclusive 4 months =6 months

breast-feeding (exclusive breast- feeding)
Dietary fiber High dietary intake of >12 g/1000 kcal >14 g/1000 kcal

dietary fiber (>22 g/day in women and (> 25 g/day in women and

30 g/day in men) 35 g/day in men)

Salt (g/day) <5 <6 <7 <5
Physical activity'®  Regular physical PAL >1.60 (> 30 min/day)  PAL >1.75 (45-60 min/day)

activity
BMI (kg/m?) 21-23 21-25 21-23

23-26 (>65 years)
Total fat (% of energy) 20-35% 20-35% <35% 30-35%
SFA (% of energy)  <10% As low as possible < 10% 7-8%
MUFA (% of energy) By difference 20% 20%
PUFA (% of energy) 6-11% 4% 5%
n-6 (% of energy) 2.5-9% 4% (Linoleic FA) 2% (Linoleic FA) 3% (Linoleic FA)
n-3 (% of energy) 0.5-2% 1-2% 1-2%
Trans FA (% of energy)<1% As low as possible <1%
Cholesterol <300 mg/day No reference value <350 mg/day <300 mg/day
<110 mg/1000 kcal <100 mg/1000 kcal

Total carbohydrates 55-75% 50-55% >50% 50-55%
(% of energy) Low glucemic index Low glucemic index
Sweets Sugar-free Added sugars <4 per day <3 per day

<10% of energy <10% of energy <6% of energy

Beverages with low Moderate alcohol
alcoholic grade
(wine/beer)

(glasses/day)

<2 (taken with meals)

<2 (taken with meals)

* Corresponds essentially to the 75th or 25th percentile, depending on the findings (favorable or unfavorable) of population-based nutrition
studies carried out in Spain, or, when referring to micronutrients, to nutrient reference values. To be evaluated by the end of 2015. ° Final nutrition
objectives, in accordance with current scientific evidence and based on nutrient reference values. To be evaluated by the end of 2020. BMI: Body
mass index, PAL: physical activity levels, SFA, saturated fatty acid, MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; FA:
fatty acids

Sources: FAO-WHO. Diet, Nutrition and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert Consultation. WHO Technical
Report Series No. 916 (TRS 916). World Health Organization: Geneva. 2003. http://www.fao.org/docrep/005/AC911E/AC911E00.htm.
FAO-WHO. Fats and Fatty Acids in Human Nutrition. Rome: FAO Food and nutrition paper # 91. Report of an expert consultation. Geneva,
November 10-14, 2008. EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). Scientific Opinion on Dietary Reference Values
for fats, including saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, trans fatty acids, and cholesterol. The EFSA
Journal 2010; 8, 1461. *Aranceta J, Serra Majem LI, Grupo Colaborativo para la actualizacién de los Objetivos Nutricionales para la Poblacién
Espaiiola (2011). Nutritional objectives for the Spanish population. Consensus from the Spanish Society of Community Nutrition. Rev Esp Nutr
Comunitaria 17: 178-99.

reducing the risk of NCD. In addition, they should be
in accord with public policies on food safety and phy-

-Daily intake of fresh, local vegetables, legumes,
and fruits (at least 400 g/d)

sical activity, while promoting a healthy environment
and a local food economy'®. Most food guidelines in-
clude similar information aimed at achieving healthy
eating habits. These include:

-Eating a varied diet consisting mainly of food-
items derived from plants

-Eating bread, grains, pasta, rice or potatoes several
times a day

-Maintaining a healthy BMI by taking moderate le-
vels of exercise, preferably daily

-Controlling fat intake (total and saturated)

-Eating lean meat, poultry, fish

-Using low-fat milk and low-fat dairy products

-Low sugar intake

-Low salt intake

-If alcohol is consumed, the intake should be limited

Dietary intake and anthropometric reference values in population studies
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Source: Aranceta J, Serra-Majem L; Working Party for the De-
velopment of Food-Based Dietary Guidelines for the Spanish
Population. Dietary guidelines for the Spanish population. Public
Health Nutr. 2001;4(6A):1403-8.

Fig. 3.—Food-Based Dietary Guidelines for the Spanish
Population.

to no more than 1 drink for women and 2 drinks for
men (each containing 10 g of alcohol) per day.

-Preparing food in a safe and hygienic manner

-Promoting breastfeeding exclusively for the first 6
months followed by the gradual introduction of safe
and appropriate complementary foods. Supplementary
breastfeeding can be continued over the first years of
life.

Developing national dietary guidelines is an impor-
tant part of generating nutrition policies, and disse-
minating consistent information on healthy diets and
lifestyle. A set of consistent dietary guidelines should
help the population and the health-care professionals
achieve a better health status in the population®.

National and international reference data on
anthropometric indices

In practical terms, anthropometric indices are com-
pared across populations in relation to an acceptable
set of reference values. In population studies, anthro-
pometric indices can be evaluated by comparison with
the distribution of the reference data using Z-scores or
percentiles'®.

Reference standards for the ‘normality’ of BMI have
been defined to classify various degrees of overwei-
ght and obesity, but universal cut-off points have
been challenged. There are a number of recent studies
showing that the relationship between BMI and per-
centage body fat (BF%) is not only age and sex depen-
dent, but also differs among ethnic groups. Similarly,
low levels of BMI have been used to classify chronic
energy deficiency.

Currently, there is no need for adult reference data
for BMI, and interpretation should be based on prag-
matic BMI cut-offs'; albeit international reference
data from the WHO and the National Centre for Health
Statistics are available®.

The WHO BMI classifications of overweight and
obesity are intended for international use. They reflect
risk for type 2 diabetes and cardiovascular diseases,
which are rapidly becoming major causes of death in
adults in all populations, even in those that still have
substantial malnutrition. The current WHO BMI cut-
off points should be retained as international classifi-
cation, but additional cut-off points need to be added
for public health action. Wherever possible, countries
should use all categories for reporting purposes, with
a view to facilitating international comparisons (Table
IIT). However, some authors maintain that universal
BMI cut-off points for overweight and obesity are not
appropriate due to important ethnic differences in dis-
tributions?'.

WHO has a global BMI database where BMI distri-
butions in different countries can be consulted (http://
apps.who.int/bmi/index.jsp)

The Spanish Society for the Study of Obesity (SEE-
DO) published a consensus document for the evalua-
tion of overweight and obesity, and established BMI
cut-off points for the classification of overweight and
obesity in Spanish populations (Table III).

Where possible, in populations with a predisposition
to central obesity and related increased risk of develo-
ping the metabolic syndrome, cardiovascular diseases
and type 2 diabetes, waist circumference (WC) and
waist-to-hip circumference ratio (WHtR) should also
be used®. In a consensus of the International Diabe-
tes Federation, country- and ethnic-specific values for
waist circumference (as a measure of central obesity)
have been published®.

In Spain, the SEEDO published cut-off points for
WC (>102 cm for males and >88 cm for females) (Ta-
ble IIT). Other international organizations such as the
WHO also have reference cut-off points than coincide
with the values of SEEDO. The International Diabetes
Federation has different cut-off points (>94 for males
and >80 for females) . Canadian Health surveys pro-
pose cut-off points for WC, BMI and WHR for each
risk factor.

Reference standards of anthropometry during
growth

Anthropometry remains one of the most-used me-
thods for assessing and monitoring health status, nutri-
tional status, as well as child growth in individuals and
in communities.

Anthropometric measurements describe body size,
proportions, and even composition. The most-used di-
rect measurements are weight, linear growth (height or
length), circumferences (head, mid-upper arm, waist,
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Table I1I
Body Mass Index (BMI) cut-off points; Comparison of WHO and SEEDO data

Classificati SEEDO
assygicanion BMI (kg/m?) BMI (kg/m?)
Principal cut-off points Additional cut-off points Cut-off points
Underweight <18.50 <18.50 <18.5
Severe thinness <16.00 <16.00 -
Moderate thinness 16.00 - 16.99 16.00 - 16.99 -
Mild thinness 17.00 - 18.49 17.00 - 18.49 -
Normal range (normal weight) 18.50 - 22.99
18.50 - 24.99 18.5-24.9
23.00 - 24.99
Overweight >25.00 >25.00 -
Pre-obese
25.00 - 29.99 25.00 - 27.49 25.0-26.9
(Grade I overweight)
(Grade II overweight) 2750 - 29.99 7.0.29.9
(Pre-obese) . ' . .
Obese =30.00 =30.00 -
Obese class I 30.00 - 34.99 gg'gg ) gi'gg 30.0-34.9
Obese class II 35.00 - 39.99 ;3'(5)8 ) g;gg 35.0-39.9
Obese class 111
(morbid obesity) =40.00 =40.00 40.0-49.9
Obese class IV ) . > 50

(extreme obesity)

Adapted from: WHO. Obesity: preventing and managing the global epidemic. Report of a WHO Consultation. WHO Technical Report Series 894.
Geneva: World Health Organization, 2000. WHO expert consultation. Appropriate body-mass index for Asian populations and its implications
for policy and intervention strategies. The Lancet, 2004; 157-163. Salas-Salvadd, J, Rubio MA, Barbany M, Moreno B and the Collaborative of
SEEDO. SEEDO 2007 Consensus for the evaluation of overweight and obesity and the establishment of therapeutic intervention criteria. Med

Clin (Barc) 2007;128(5):184-196.

hip...), skinfolds (triceps, biceps, suprailiac, subscapu-
lar...) or various body sizes. Its measurement is easy
and inexpensive and applicable worldwide. However
it should be performed with precise instruments and
accepted methodological procedures®.

Anthropometric indices are derived from relations-
hips observed between some of the previously-direct
measures (see above) or by a combination of an an-
thropometric measurement and age.

The anthropometric indices most commonly used in
pediatrics are the ones related to age and those asso-
ciated with weight and height. From a nutritional point
of view each index describes a different body size and
enables a type of deficit or excess to be characterized.

Weight-for-age and height-for-age reflect, respecti-
vely, body mass and linear growth relative to chrono-
logical age. They are sensitive parameters in detecting
changes during monitoring of the child. For example,
low weight-for-age may indicate overall under-nutri-
tion, usually acute while low height-for-age estima-
tes the degree of chronic or secular malnutrition. The
weight/height index (the BMI) provides information

on body proportionality. It is important that these in-
dices, in children and adolescents, are described by
age group. A low value on these indices reflects recent
weight loss rather than chronic under-nutrition which
would be reflected in both height and weight and
would not affect the index. Conversely, a high value is
indicative of overweight®.

Anthropometric measurements, apart from being
expressed in their units (g, cm, ...), can also be expres-
sed in other units that provide insight into the anthro-
pometric level relative to the whole population or re-
lative to a benchmark. These include the percentage of
adequacy, the percentile, or the Z score. The percen-
tage of adequacy, with respect to the median of the re-
ference population, is the individual value to reference
value ratio, expressed as a percentage. The percentiles
express the normal distribution of the frequencies from
a given measure in the population. A value of 94% of
a population comprises the values between the 3™ and
97" percentiles, which are considered as the limits of
normality. The z score is the distance to the center of
the normal distribution. It ranges from -6 to +6 and
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represents the number of existing standard deviations
between the measured value and the median. Of all
measurements, the Z score is the most useful because
it provides a greater amount of information, and can be
used in more complete statistical analyses®.

Knowledge of the dynamics of different anthropo-
metric measures enables standards, norms, or bench-
marks, of child growth to be constructed and expressed
as graphs and tables segregated by age and gender. Re-
ference standards of anthropometry have been publi-
shed by various organizations as well as national and
international institutions based on population samples
that are local, national or international.

One of the most widely used references worldwide
has been the percentiles for different anthropometric
measurements (weight, length, head circumference
and upper-arm circumference) that the National Center
for Health Statistics (NCHS) of the United States pu-
blished in 1977, based on data of child populations in
different parts of the world®. These curves were adop-
ted by the WHO for international use. Later, with the
help of 100 experts from around the world, the WHO
organized a comprehensive review of these patterns.
An important conclusion was that the previous pat-
terns did not represent the growth of early childhood,
adequately. Hence, new growth curves were required®.

More recently, the Centers for Disease Control and
Prevention (CDC) in the United States published an
improved version of the growth curves in 2000%. In
these new standards, data were corrected to fit into the
demographics, and other determinants, of child grow-
th. Hence, very-low-birth-weight infants and recent
data of children over 6 years of age were excluded so as
to avoid including the increase in obesity seen in chil-
dren in these years. The high numbers of children fed
with infant formula that had been included previously,
as well as some very local aspects, were corrected. Of
note is that the curves for BMI for individuals up to 20
years of age were incorporated. However, despite the-
se improvements, the references for growth data of the
CDC were inappropriate in other population groups,
particularly in developing countries.

In general, anthropometric reference values were
developed on the basis of representative samples of
one or more populations and, as such, the values obtai-
ned could not show optimal growth patterns.

Hence, the WHO Child Growth Standards for chil-
dren under 5 years of age have been created recently
with the aim of producing a standard generated with
a selected sample of healthy children. Longitudinal
data from birth to 24 months of age, and cross-sec-
tional studies of children aged 18-71 months were
combined. Children from diverse ethnic and cultu-
ral backgrounds participated (Brazil, Ghana, India,
Norway, Oman and the United States) so as to be as
representative as possible of children throughout the
world. Various anthropometric measures were in-
cluded: length/height-for-age, weight-for-age, wei-
ght-for-length, weight-for-height, BMI-for-age, head

circumference-for-age, arm circumference-for-age,
triceps skinfold-for-age and subscapular skinfold-for-
age. Healthy children living in conditions favoring the
development of their full genetic potential for grow-
th, and born from mothers with healthy habits such as
breastfeeding or not smoking, were represented. The
growth patterns, as described by the WHO, detect both
under-nutrition and obesity and are useful in develo-
ped as well as developing countries. The data introdu-
ce new reference concepts that focus on how children
should grow, rather than merely describing how they
grew in a specific time and place®-%.

Five years after the introduction of the WHO Child
Growth Standards, a survey was performed to assess
their use and interpretation in national programs of
178 countries worldwide. The results showed that the-
se growth charts have been used universally in pedia-
tric care®.

To correct for the gap that exists for children be-
tween the ages of 5 and 19 years, the WHO collated
growth references for children of this age group based
on international data from NCHS/WHO 1977%. Re-
ference values for height-for-age, weight-for-age and
BMI were generated and are considered appropriate
(as provisional data) for this age group.

Some anthropometric references have focused on
the detection of overweight and obesity, as is the case
of the standards of the IOTF*! created from represen-
tative national databases of children and adolescents
aged 2 to 18 years from 6 countries (Brazil, Britain,
Japan, Netherlands, Singapore, and the United States).
Later, the reference values to define thinness were
generated based on the same databases from these 6
nations.

The importance of early detection of growth deficit
in early life is so that the adverse consequences, which
can continue throughout life, can be addressed. These
include cognitive or performance deficits in childhood
or in adulthood. Also, excessive weight gain during
infancy is associated with increased risk of chronic di-
seases in adulthood.
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Abstract

Food composition databases (FCDBs) provide detailed
information about the nutritional composition of foods.
The conversion of food consumption into nutrient intake
need a Food composition database (FCDB) which lists
the mean nutritional values for a given food portion. The
limitations of FCDBs are sometimes little known by the
users. Multicentre studies have raised several methodo-
logy challenges which allow to standardize nutritional
assessments in different populations and geographical
areas for food composition and nutrient intake. Differen-
ces between FCDBs include those attributed to technical
matters, such as description of foods, calculation of ener-
gy and definition of nutrients, analytical methods, and
principles for recipe calculation. Such differences need to
be identified and eliminated before comparing data from
different studies, especially when dietary data is related
to a health outcome. There are ongoing efforts since 1984
to standardize FCDBs over the world (INFOODS, EPIC,
EuroFIR, etc.). Food composition data can be gathered
from different sources like private company analysis,
universities, government laboratories and food industry.
They can also be borrowed from scientific literature or
even from the food labelling. There are different pro-
posals to evaluate the quality of food composition data.
For the development of a FCDB it is fundamental docu-
ment in the most detailed way, each of the data values
of the different components and nutrients of a food. The
objective of AECOSAN (Agencia Espaiiola de Consumo
Seguridad Alimentaria y Nutricion) and BEDCA (Base
de Datos Espaiiola de Composicion de Alimentos) asso-
ciation was the development and support of a reference
FCDB in Spain according to the standards to be defined
in Europe. BEDCA is currently the only FCDB developed
in Spain with compiled and documented data following
EuroFIR standards.
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INGESTA DE ENERGIA Y NUTRIENTES;
ARMONIZACION DE LAS BASES DE DATOS DE
COMPOSICION DE ALIMENTOS

Resumen

La conversion de consumo de alimentos a ingesta de
nutrientes necesita una base de datos de composicion de
alimentos (FCDB) que recoge los valores nutricionales
medios de una porcion dada de alimento. Las limitacio-
nes de las FCDBs son, en ocasiones, poco conocidas por
los usuarios. Los estudios multicéntricos han planteados
varios retos metodoldégicos que permitan estandarizar la
composicion de alimentos y la ingesta de nutrientes para
la evaluacion nutricional en diferentes poblaciones y
areas geograficas. Las diferencias entre FCDBs incluyen
las atribuibles a aspectos técnicos, como la descripcion
de los alimentos, calculo de energia y definicién de los
nutrientes, métodos analiticos y principios para el calculo
de recetas. Estas diferencias necesitan ser identificadas y
eliminadas antes de comparar los datos obtenidos de di-
ferentes estudios, especialmente cuando dichos datos die-
téticos se relacionan con resultados de salud. Desde 1984
se han realizado diversas iniciativas para estandarizar los
FCDBs en el mundo (INFOOD, EPIC, EUROFIR, etc.).
Los datos de composicion de alimentos pueden ser ob-
tenidos de diferentes fuentes como analisis de empresas
privadas, universidades, laboratorios gubernamentales
e industria alimentaria. También pueden tomarse pres-
tados de la literatura cientifica o incluso del etiquetado
nutricional. Existen diferentes propuestas para evaluar
la calidad de los datos de composicion de alimentos. Para
el desarrollo de una FCDB es fundamental documentar,
lo mas detallado posible, cada uno de los valores de los
diferentes componentes y nutrientes de un alimento. El
objetivo de la AECOSAN y la asociacion BEDCA fue el
desarrollo y mantenimiento en Espafia de una FCDB de
acuerdo con los estandares definidos para Europa. BED-
CA es actualmente la inica FCDB desarrollada en Espa-
fia con datos compilados y documentados siguiendo los
estandares de EuroFIR.

(Nutr Hosp 2015;31(Supl. 3):168-176)
DOI:10.3305/nh.2015.31.sup3.8764

Palabras clave: Ingesta de energia. Ingesta de nutrientes.
Tablas de composicion de alimentos. Bases de datos de com-
posicion de alimentos. Harmonizacion. BEDCA.
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Introduction

Food composition databases (FCDBs) provide de-
tailed information about the nutritional composition
of foods'. Food composition data may be available in
different formats a) paper-based, often referred to as
food composition tables (FCT), or b) electronic ver-
sions, known as nutrient databases or databanks?.

Nutritional assessment by diet analysis is a process
of two steps: the first step is the evaluation of food
consumption, and the second the conversion of food
into nutrient intake. To accomplish this, we need a
FCDB which lists the mean nutritional values for a
given food portion. We then multiply food intake by
the mean nutrient content of that amount of food (ob-
tained from the FCDB). As most professionals con-
ducting nutritional assessments are primarily concer-
ned with the evaluation of food intake, a large part
of the literature on nutritional assessment focuses on
minimizing errors at this step. However, errors and
discrepancies may arise in nutrient estimation from
the FCDB?®.

Apart from this important use, FCDBs o FCT, this
tools are also needed for the development of nutritional
guides about food information, consumer education,
labelling, food legislation, marketing, development
and reformulation of food products, medical practice,
etc.>4, Information on food composition is of great im-
portance for scientists and practitioners working in the
fields of nutrition and public health. The most apparent
role is to provide the basis for dietary assessment and
the formulation of healthier diets. Nutrition, food-ba-
sed dietary guidelines and health claims have to be
supported by scientific evidence including data on
food content in nutrients and energy. Today, the close
relationship between nutrition and health requires ad-
ditional information like the content of bioactive com-
pounds, mainly in plant foods and also of potentially
harmful compounds, the contaminants’.

Limitations of Food Composition Databases
(FCDBs)

The limitations of FCDBs are sometimes little
known by the users. Food are based on the animal
and vegetal kingdom. Are biologic products and due
to that, they show changes in their composition. This
variability lies in'::

a. Differences in the plant or animal species, and

even intraspecies differences.

b. Environmental factors like the soil type or the
climate. The presence of different amount of
nutrients, especially minerals like iodine or se-
lenium, can determine the mineral content in ve-
getables and also indirectly the compositional of
animals that feed on them.

c. Differences in the agricultural and livestock
practices and in the storage like the cultivation

on irrigated or dry lands, in the case of vegeta-
bles. Regarding livestock, the type of feed and
the composition of feed and pastures. The place
and status of the storage (humidity, light, oxy-
gen, etc.) can also modify the food composition.
d. The food processing and packaging. This tech-
nological and culinary processes (temperature,
hydrogenation, light, pH, etc.) present in the in-
dustry and homes, have an important influence
in the food composition as many of the nutrients
and food compounds are affected by them.
Furthermore, not all the nutrients and food com-
ponents are affected in a similar way. Macronutrient
changes (carbohydrates and proteins) are less than mi-
cronutrients ones (minerals and vitamins). Regarding
several nutrients like fats from macronutrients and Vi-
tamin C and folates from micronutrients, the variance
range is very wide' >
There are also errors and discrepancies in the nu-
trient content of FCDBs foods which origin is the
methods of analysis used for the estimation, sampling
procedures and the date the food is gathered to be
analysed®.

Harmonization of food composition data

With the objective of establish and harmonize se-
veral actions in the nutrition and public health fields,
it has been necessary to carry out multicentre studies.
This kind of studies have raised several methodology
challenges which allow to standardize nutritional as-
sessments in different populations and geographical
areas for food composition and nutrient intake’. FC-
DBs needed for the calculation of the nutrient intake
from food consumption are a source of random and
systematic errors in the determination of the intake
composition.

National FCDBs and calculation procedures of
nutrient intake differ between many countries in the
world® or between different national FCDBs within the
same country. The use of different countries FCDBs or
different national databases are particularly prone to
error when used to estimate nutrient intake®. To miti-
gate this scenario, there exists a strong need to harmo-
nize and standardize existing data and collect new data
on food composition'®,

Differences between FCDBs include those attribu-
ted to technical matters, such as description of foods,
calculation of energy and definition of nutrients,
analytical methods, and principles for recipe calcula-
tion. Such differences need to be identified and elimi-
nated before comparing data from different studies,
especially when dietary data is related to a health out-
come'.

Several studies have been carried out to compare nu-
trient intake data calculated by different dietary analy-
sis programs used in the same country. Significant
differences have been disclosed between the databa-
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ses for a number of examined nutrients. For example,
Taylor et al.'"> compared nutrient intake data calculated
from 24-day dietary records using three major Ameri-
can nutrient database systems. Differences in the mean
values were found for nine of the 19 nutrients evalua-
ted. In another study, nutrient intakes of 60 subjects
calculated with two databases were compared!'. The
energy and nutrient composition of many commonly
used foodstuffs was found to be different'.

In recognition of these difficulties there are ongoing
efforts since 1984 to standardize food composition da-
tabases over the world®. This is a continuous process
because of increased global trade in foods, changes
in fortification policies, development of newer assays
for nutrient estimation, and addition of new foods in
the global diet. In Europe, this effort was followed by
other regional initiatives and proposals such as EURO-
FOODS COST99 and NORFOODS' 1>-1¢ and more
recently, an EU concerted action, EFCOSUM, propo-
sed recommendations to harmonize methodology for
monitoring national nutritional surveys in Europe, in-
cluding the use of NDBs”-'7. In 2009 EFSA published
a guide which contains the general principles for the
collection of national food consumption data from the
view of a pan-European dietary survey, including tho-
se related to FCDBs'"".

The European prospective investigation into cancer
and nutrition (EPIC) was designed to investigate the
relationships between diet, nutritional status, lifes-
tyle and environmental factors and the incidence of
cancer and other chronic diseases. In the absence of
a pan-European food composition database, EPIC de-
veloped a method to improve the comparability of the
nutrient databases among its 10 participating countries
(Spain included) and built the EPIC Nutrient Database
(ENDB). The main objective of the ENDB project was
to provide a standardized nutrient database for calibra-
ting the EPIC dietary data and investigating diet-di-
sease relationships at the nutrient level. The ENDB
constitutes the first real attempt to improve the com-
parability of NDBs across European countries. This
methodological work provides a useful tool for nutri-
tional research as well as end-user recommendations
to improve NDBs in the future’.

In the last ten years, the former Network of Exce-
llence (NoE) of the VI Framework programme of the
European Union, European Food Information Resour-
ce (EuroFIR), now EuroFIR AISBL (http://www.eu-
rofir.org) has contributed in the harmonization of the
FCDBs in Europe. It has developed nutrient databases
and other food components (bioactive components)
that can be compared across more than twelve Euro-
pean countries'”. One of the results of this work has
been the development of a tool, FoodExplorer that
allows the comparison of different values of different
nutrients for a set of similar foods from different Euro-
pean databases and databases from Australia, Canada
and United States. Besides, this organization is su-
pporting the food plant bioactive component database

along with NORTOX, formerly known as BioActive
Substances in Food Plants Information System (eBA-
SIS, http://ebasis.eurofir.org/)!s.

Nowadays, the information provided by EuroFIR
AISBL includes more than 60.000 foods, 13.000 re-
cipes and 3.500 branded foods, included in the tool
FoodExplorer. Apart from the food composition infor-
mation, this tool provides the information related the
method of analysis of each component, bibliographic
references and further details about the source of the
food data. Another important feature is the adoption of
the LanguaL thesaurus for describing foods'®.

Food composition data quality

The outstanding growing of FCDBs has provoked
that food compilers needed to know the limitations of
food composition data to inform the final user about
these by following a quality criteria (Finglas, 2014)'8.

Food composition data can be gathered from diffe-
rent sources like private company analysis, universi-
ties, government laboratories and food industry. They
can also be borrowed from scientific literature or even
from the food labelling. Regarding labelling food in-
formation, they can be calculated from analytical data
of similar products or similar ingredients in case of
composite foods. This variability makes the need of
having a set of criteria to evaluate the quality of this
data. This criteria should include the representative-
ness of the food data to be published in a FCDB, as
well as the availability and the clarity of the informa-
tion in order to be reviewed and properly selected for
a specific use!* 2.

There are different proposals to evaluate the quali-
ty of food composition data. For EuroFIR, data which
origin is a report or scientific paper, the quality of the
food, based on previous system such as the ones from
USDA, AFFSA (ANSES), BASIS, CSPO, BSL, has
been classified in different categories: Food Descrip-
tion, Component identification, sampling plan, num-
ber of samples for analysis, sample handling, method
of analysis, and quality control analysis. For each of
these categories it is established a scale from one to
five (low quality, medium and high, with two additio-
nal values). From this rating it is calculated a quality
index (QI) which ranges from seven to thirty-five. Ca-
tegories and criteria are included in table 1'*20-2!,

Documentation of Food component values

For the objective of informing the FCDB user about
the quality of food data and the harmonization for the
exchange which other FCDBs, it is necessary a process
of documentation that includes de detailed description
of the foods and their values for each of the food com-
ponents. Due to this, EuroFIR has developed a com-
plete description and documentation system (Quality
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Table I

Categories and criteria for quality assessment to original data from scientific literature and reports in

EuroFIR interchange data. (From: 20)

Categories

Criteria

Food Description

A. FOR ALL TYPES OF FOOD
Is the food group (e.g. beverage, dessert, savory snack, pasta dish) known?

Was the food source of the food or of the main ingredient provided (best if scientific name included,
cutivar/variety, genus/species, etc.)?

Was the part of plant or part of animal clearly indicated?

If relevant was the analyzed portion described and is it clear if the food was analyzed with or without
the inedible part?

Is the extent of heat treatment known?

If the food was cooked, were satisfactory cooking method details provided?
Was relevant information on treatment applied provided?

Was information on preservation method provided?

If relevant, was information on packing medium provided?

If relevant, was information about the geographical origin of the food provided?
If relevant, was the month or season of production indicated?

Was the moisture content of the sample measured and the result given?

B: FOR MANUFACTURED PREPACKED FOOD ONLY

Was the generic name provided (e.g. chocolate paste with hazelnuts)?

Was the commercial name provided (e.g. Nutella)?

Guidelines for quality index attribution to original data... 12/10/2009

If relevant, Was the brand provided (e.g. Ferrero)?

Was relevant information on consumer group/ dietary use/label claim provided?

C: FOR HOME MADE DISHES OR FOODS SOLD IN RESTAURANTS

Was the complete name and description of the recipe provided?

Component
Identification

Is the component described unambiguously?

Is the unit unequivocal?

Is the matrix unit unequivocal?

Evaluation system for original data from SClentific
literature or REPort, QE-SCIREP) which is being des-
cribed below.

Food description. For the harmonization task it is
necessary that the foods are correctly and accurately
described. A food that has composition data of high
quality could be a source of error if it is not well des-
cribed, as it may lead to confusion because of synon-
yms, not accurate names or a food processing previous
to marketing, among other reasons.

There are two types of system to solve this pro-
blem, classification and description systems. LangualL
is a Multilanguage description system (it is translated
to Czech, Danish, English, French German, Italian,
Portuguese, Spanish and Hungarian) and was created

at the end of 1970 by the Centre of Food Safety and
Applied Nutrition (CFSAN) in the United States, and
it is the one that was chosen by EuroFIR?..

It is a multilevel thesauri formed by fourteen diffe-
rent food facets. The set of terms that form this The-
sauri is organized in facets and for each facets, terms
are grouped in different levels. As an example the
Facet A is the one that classifies the food in all the
systems that LanguaL includes. Before entering foods
in a FCDB, it is necessary to describe them using the
LangualL thesauri®..

For the correctness of the codification process, it is
necessary in many of the foods, to gather information
regarding the nutritional labelling and the ingredients
composition, as well as know the technological pro-
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Table I (cont.)

Categories and criteria for quality assessment to original data from scientific literature and reports in

EuroFIR interchange data. (From: 20)

Categories Criteria

Sampling Plan

gz)?)rd/:)“ Types Of Was the sampling plan developed to represent the consumption in the country where the study was
conducted?
Was the number of primary samples > 9?
If relevant, were samples taken during more than one season of the year?
If relevant, were samples taken from more than one geographical location?
If relevant, were samples taken from the most important sales outlets (supermarket, local grocery,
street market, restaurant, household etc)?
If relevant, was more than one brand (for manufactured pre-packed product) or more than one cultivar
(for plant foods) or subspecies (for animal foods) sampled?

Sample Handling
If relevant, were appropriate stabilization treatments applied (e.g. protection from heat/air/light/micro-
bial activity)?
Were the samples homogenized?

Analytical Method

Does the analytical method used in the source match the list of appropriate analytical methods given in

the guidelines for analytical methods?

Are the key method steps appropriate for the method described?

Analytical Quality
Control

Were analytical portion replicates tested?

Was the laboratory accredited for this method or was the method validated by performance testing?

If available, was an appropriate reference material or a standard reference material used?

cesses behind the development of them, their handling
and packaging. There is a software named Langual
Product Indexer to index foods, developed by EuroFIR
and Langual ",

Recently the EFSA has developed a new food co-
dification system for the identification of food called
FoodEx2 (Food classification and description sys-
tem)*.This system has been developed with the aim
of being used for trans European studies for nutritio-
nal assessment and the exposure of the population to
contaminants and other harmful components that are
present in food.

Documentation of nutrient data and food compo-
nents®*'. For the development of a FCDB it is funda-
mental document in the most detailed way, each of the
data values of the different components and nutrients
of a food. This should be achieved in case of data from
scientific publications, borrowed from other FCDBs or
FCT, calculated, estimated or assumed.

For this documentation process, it has been developed
a set of Thesaurus for this task by EuroFIR. These are:

e Acquisition type. It includes the different ca-
tegories of the data value origin, for example,
data published in a journal with reviewers, nu-
tritional labelling, other FCT, etc.

Reference type. It includes the categories for
the bibliographic reference of the data value.
For example, book, journal article, web page,
etc.

Unit. It includes terms that describe the mea-
surement used for the quantity. It also includes
terms for numbers without units. Grams, mi-
Illigrams, niacin equivalents, ratio, percentage,
etc.

Matrix unit. It includes terms for the quantity
of food that contains the value of the described
component. Some examples are per 100g dried
food, per 100 ml, per 100g of edible portion,
etc.

Value type. It includes the categories for a be-
tter description of the data value or for giving
a qualitative description of the value when it
cannot be chosen a concrete value. Value types
can be: media, median, logic zero, trace, less
than, etc.

Method type. It includes the categories assigned
to a data value to describe a general descrip-
tion of the type of method used for obtaining
it. Analytical, calculated as a recipe, estimated,
are some of the terms used.
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e Method indicator. It includes the categories and
descriptors that identify the method of analysis
or calculation that is being used to obtain the
value published in the FCT or FCDB. Some
example are polarimetry, animal bioassay, gas
chromatography, by difference, etc.

e Component. In this last thesaurus it is included
the codes and definitions of the different food
components. It includes terms such as Energy,
saturated fatty acids, beta-carotene calculated
from total Vitamin A, vitamin D activity calcu-
lated as ergocalciferol, etc.

Including this information in a FCDB gives the
possibility of the data values to be evaluated by the
users as well as knowing the quality of a concrete va-
lue based on criteria such as the value type (analytic,
borrowed or calculated), the used method, the quality
of the source and the reference, etc. (Figure 1). On the
other hand, the standardization and harmonization in
the definition of a component, the unit and matrix unit
as well as the value type, etc. allow the interchange of
food composition data across different FCDBs. All the
aforementioned ease the development of transnational
multicentric studies in the field of Food, Nutrition and
Public Health'®.

Spanish FCDB. BEDCA

In Spain, the first works directed toward the publica-
tion of food composition information date from 1932
2, Several FCTs elaborated by different authors have
been published since, although it was in 1996 when the
Ministry of Health published an official one?*.

Numerous FCTs exist in Spain, developed by diffe-
rent authors of different Research Centers and Univer-
sities. Each of them has been developed with different
methods and technologies chosen based on the requi-
rements and the available sources of data. Because of
this, it exists a great variability in the description of
the foods, and, in general terms, the data of the diffe-
rent components is not analytical but borrowed from
bibliography, FCTs or FCDBs and not documented in-
dividually?- . Besides, after reviewing the different
studies carried out in Spain in population and group of
people like national surveys (ENRICA, DRECE, etc.),
regional ones (Pais Vasco, Comunidad de Madrid, An-
dalucia, Canarias, etc.) it is found that the transforma-
tion of the food consumption data to nutrient intake
has been done with different food composition data,
some of them coming from one FCT or from on-de-
mand FCTs developed with different national and not
national FCTs. Given this, as it has been mentioned
before, it cannot be compared, in a reliable way, the
results of the intakes obtained in different populations
or group of people, even if the applied method to know
the food consumption is the same.

In 2004, the AESAN (Spanish Agency of Food Sa-
fety and Nutrition) set up a work group including two

of the partners of EuroFIR network, INYTA from the
University of Granada and CESNID from Univer-
sity of Barcelona. Based on this core, other research
centers and universities have incorporated, as well as
associations of food industry such as FIAB and foun-
dations related to nutrition (Triptolemos). All of them
formed the BDECA network, funded by the Ministry of
Science and Education. The objective of this network
was the development and support of a reference food
composition database in Spain according to the stan-
dards to be defined in Europe by the NoE EuroFIR, by
working closely with them. For this purpose, the main
sources of food data in Spain and other potential sour-
ces were identified as well as a website as a platform
for the network, its activities and a host for the food
composition database was designed and developed®*>.

To develop the database, BDECA members which
belonged to EuroFIR, ask for candidate food sources
to the rest of the BDECA members. Once they were
identified a compilation and documentation process
began according to the standard EuroFIR was develo-
ping. The sources of data for BEDCA database (www.
bedca.net) were the different FCTs published in Spain
and analytic data granted by University researchers
and Public Research Centers? 24,

The chosen method for the compilation of data was
the indirect method with a detailed scrutiny, unification
and processing of the data and metadata granted by the
network members. To accomplish this task, an infor-
mation system developed by the University of Barce-
lona was used”. This system added basic information
about the food, components, values and methods and
sources related the food composition. (Figure 1)

The compilation model of the data includes:

a. LanguaL codification of foods

b. Documentation of the values of the components

from each food according to EuroFIR thesauri
regarding value acquisition method, reference,
unit, matrix unit, method type, method indicator
and component®®-2!-2223-24_(Fig. 1).

Nowadays BEDCA is an association that along with
AECOSAN which gives it institutional support and
funding, develop and support the FCDB, being as well,
the national compilers for EuroFIR AISBL in Spain,
which they belong to. BEDCA release 1 has a total of
950 foods and 34 components.

BEDCA has been used in the ENIDE study develo-
ped by AECOSAN, a national survey about the food
consumption with more than 3.000 adult individuals
and more than 300.000 food inputs.

For the transformation from food consumption sur-
veys into nutrient intake data in ENIDE study, a food
matching algorithm was developed. The algorithm,
with a heuristic and ruled based design, allowed us
to identify one or more candidate BEDCA foods for
a food entry and then calculate the intakes based on
the composition of the matched foods. The algorithm
results were reviewed manually by nutritionists who
were calibrating the algorithm during the development.
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The use of this algorithm implied a great improve-
ment in time and manual work efficiency as well as a
unified criteria for transforming a diary food consump-
tion into a list of database foods. It is also a basis for
further work with food consumption data.

It is not sufficient to standardize and harmonize the
process of compiling food composition data but also
how this information is shared with humans, and also
with machines. With this objective several groups in
EuroFIR worked on a standard to share food informa-
tion in electronic format. Using XML as the language
to define it, the Food Data Transport Package (FDTP)
was developed, nowadays in its 1.4 version. It serves
as a container for food composition information and
also a basis to validate the information based on a
mandatory/optional data definition®’.

Based on the development of FDTP, EuroFIR de-
signed a strategy to share food information between
EuroFIR and the national FCDBs that were partners. It
was chosen a decentralized mechanism using web ser-
vices. A set of different operations based on Food Data
Query Language (FDQL) were defined thus EuroFIR
could search information from different national FC-
DBs in real time*. BEDCA participated in its design
and was one if the first partners to implement this web
services that nowadays are still available to EuroFIR
and other agents.

As a conclusion BEDCA is currently the only food
composition database developed in Spain with compi-
led and documented data following EuroFIR standards
and it is included in the tool FoodExplorer. Moreover,
for its 2.0 version it has been added all the food that are
present in the surveys from the ENIDE study.
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Abstract

One of the main problems in nutritional epidemiology
is to assess food intake as well as nutrient/food compo-
nent intake to a high level of validity and reliability. To
help in this process, the need to have good biomarkers
that more objectively allow us to evaluate the diet con-
sumed in a more standardized, valid and precise way
has often been commented upon. There are various de-
finitions of biomarkers and also different classifications
of the same. In general a biomarker can be defined as a
characteristic that can objectively measure different bio-
logical samples and that can be evaluated as an exposu-
re marker of normal or pathogenic biological processes
or of responses to a certain intervention. The biological
samples most commonly used in nutritional epidemiolo-
gy are blood, red blood cells, plasma, serum, urine, nails,
saliva, faeces and samples of different tissues. Exposure
biomarkers (dietary intake), biomarkers of effects and
biomarkers of disease status can be determined from
these samples. In turn, exposure biomarkers can be tem-
porarily categorized into markers of acute, medium term
or chronic effects. Many difficulties arise in identifying
good biomarkers. Currently, advances in omics are ope-
ning up new possibilities for obtaining new biomarkers of
various kinds, using genomics, epigenomics, transcripto-
mics, lipidomics, proteomics and metabolomics. We shall
review the present situation of biomarkers in nutritional
epidemiology as well as the future trends of the new omic
biomarkers.
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BIOMARCADORES: ANTECEDENTES,
CLASIFICACION Y GUIA PARA SU
APLICACION EN EPIDEMIOLOGIA
NUTRICIONAL

Resumen

En los estudios de epidemiologia nutricional uno de los
principales problemas es conocer la ingestion de alimen-
tos y sus componentes de manera valida y precisa. Para
ayudar en este proceso se ha planteado repetidas veces la
necesidad de contar con buenos biomarcadores, que de
manera mas objetiva nos permitan conocer de manera
mas estandarizada, vilida y precisa la dieta consumida.
Existen varias definiciones de biomarcador y también
distintas clasificaciones de los mismos. En general un
biomarcador es una caracteristica que puede medir ob-
jetivamente en distintas muestras bioldgicas y que pue-
de evaluarse como indicador de exposiciones, de proce-
sos biolégicos normales o patogénicos o de respuestas a
una intervencion determinada. Las muestras bioldgicas
mas utilizadas en epidemiologia nutricional son sangre
total, eritrocitos, plasma, suero, orina, uiias, saliva, he-
ces y muestras de distintos tejidos. En estas muestras se
pueden determinar biomarcadores de exposicion (inges-
ta dietética), biomarcadores de efectos y biomarcadores
de estado de enfermedad. A su vez los biomarcadores de
exposicion pueden categorizarse temporalmente en bio-
marcadores de efectos agudos, a medio plazo y croénicos.
Existen muchas dificultades en la identificacion de bue-
nos biomarcadores. Actualmente los avances en las nue-
vas émicas estdn abriendo nuevas posbilidades para la
obtencién de nuevos biomarcadores de distintos tipos uti-
lizando genomica, epigenomica, transcriptomica, lipido-
mica, protedmica y metabolémica. Revisaremos el estado
actual de los biomarcadores en epidemiologia nutricional
asi como las tendencias futuras de los nuevos biomarca-
dores 6micos.

(Nutr Hosp 2015;31(Supl. 3):177-188)
DOI1:10.3305/nh.2015.31.sup3.8765
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Background

The limitations of questionnaires are widely recog-
nised when it comes to measuring dietary intake with
sufficient validity and accuracy. Although efforts are
made to improve the validity of those tools by using
dietary records or various 24-h recalls instead of the
less accurate food frequency questionnaires, random
and systematic bias, which make self-reported dietary
measurements diverge from the reality, always exists'.
Moreover, these errors in measuring food intake ex-
tend to nutrients and other food components derived
from the food consumed, not only because the intake
has not been noted down with sufficient validity and
accuracy, but because there are other factors such as
variability in the composition of the food consumed,
etc. which also contributes to nutrients and food com-
ponents derived theoretically from food composition
tables not being faithfully adjusted to the real con-
sumption. Measuring these intakes well is very impor-
tant because, on most occasions, nutritional studies not
only have the aim of getting to know the dietary intake
of a certain population, but also a second step which
is to study the associations between food intake and a
certain health problem. It is, therefore, clearly true that
the accurate assessment of dietary exposure is crucial
in investigating associations between diet and disease.
Hence, other alternative means are required for getting
to know the food and nutrient intake (and non-nutritive
food components) contributed by the same with grea-
ter validity and accuracy than that obtained through
self-reported measures.

Nutritional biomarkers are important for future re-
search into associations between diet and health, as
they can provide an objective assessment method for
dietary exposure. However, the definition of biomar-
ker is not simple and there are indeed many definitions
depending on the application of those biomarkers. A
widely used definition of biomarker was provided by
the Biomarker Definition Working Group (BDWG)? in
2001. According to this, a biomarker is a characteris-
tic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic
processes or pharmacologic responses to a therapeutic
intervention. However, this definition of biomarker is
not well suited to all situations and many variations of
the same have been proposed®. In nutritional research,
we have to use a broad definition and also one that is
adaptable to each situation as we will need biomarkers
that cover at least the following aspects: dietary intake,
nutritional status, nutrient exposure, effects of nutritio-
nal interventions on physiological and/or pathological
outcomes and to provide information on inter-indivi-
dual differences in response to diet. We should also
bear in mind that many biomarkers can fall into more
than one of these categories.

Currently, the study of nutritional biomarkers, whe-
ther they be biochemical, functional, or clinical indi-
ces of nutrient intake or of metabolism, are revolutio-

nizing our understanding of the role of nutrients and
food components in health and disease. Although there
is huge interest in the use and development of new bio-
markers, the present situation is that we still do not have
good biomarkers for most of the previously mentioned
important aspects. This is so much so that various pu-
blic and private research organizations are stressing
the need to delve deeper into the investigation of new
nutritional biomarkers and are providing an impetus to
research along these lines. Thus, since one of the initial
conclusions of the European Commission-funded pro-
ject PASSCLAIM, coordinated by ILSI Europe, was
that there is a need for adequate markers in nutrition
sciences, research into better biomarkers (among them
the recent initiatives of the Joint Programming Initia-
tive (JPI) on food and nutrition in Europe, which this
year began financing two new projects (MIRDIET and
FOODBALL), has been considered a priority. These
projects aim at the validation of biomarkers and the in-
vestigation of intake/exposure and nutritional status of
biomarkers in the area of nutrition and health, the for-
mer being focused on microRNAs and the latter on the
application of metabolomics. The United States is now
promoting projects aimed at research into nutritional
biomarkers and in April, 2012, the Sackler Institute
for Nutrition Science and the New York Academy of
Sciences organized a conference entitled Biomarkers
in Nutrition: New Frontiers in Research and Applica-
tion. The aim of this conference was to get scientists
and practitioners from industry, academia, and gover-
nment organizations to work together on assessing the
current state of knowledge about nutritional biomar-
kers, to identify important challenges and unanswered
questions, and to catalyze new research in the field so
that soon it may be possible to implement good bio-
markers in nutritional epidemiology that will enable
a better measuring of food intake, its effects, and its
association with states of health-disease.

In this article, we shall review present knowledge
on biomarkers in nutritional epidemiology and will
go deeper into the new omics as these are poised to
revolutionize the identification of new markers in nu-
tritional studies.

Classification of biomarkers and guidelines for use

The use of biomarkers was first described by Isaak-
son in 1980 when he proposed urinary nitrogen as an
independent measure of protein intake and it remains
one of the most common biomarkers used!. However,
not all biomarkers share the same characteristics. The-
re are different classifications of biomarkers. Potisch-
man* defined a biomarker as “any biological specimen
that is an indicator of nutritional status with respect to
intake or metabolism of dietary constituents. It can be
biochemical, functional or clinical index of status of an
essential nutrient or another dietary constituent”. This
author classified biomarkers into two large groups:
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Biomarkers of nutritional exposure and biomarkers
of nutritional status. Exposure biomarkers would be
those used for validating dietary measurement, or as
a surrogate of dietary intake. Both those and the bio-
markers of nutritional status should be evaluated ac-
cording to precision, accuracy, sensitivity, specificity
to the nutrient, variability between subjects and tem-
porality’. However, this definition can be extended on
taking into account that in nutritional studies, we are
not only interested in measuring the diet well, but also
its relationship with states of health-disease, so, in nu-
tritional studies, it is also necessary to incorporate the
measurements of biomarkers related with disease so as
to have more complete determinations. Table I shows
this extended classification of biomarkers in nutritional
studies for these purposes. The nutritional biomarkers’
role in health and disease has evolved from markers of
deficiency in one specific disease (e.g. vitamin A and
eyes), to a multitude of chronic conditions spanning
the endocrine, cardiovascular, respiratory, digestive,
immune, and nervous systems, among others.

However, biomarkers can also be classified de-
pending on their temporality’. Thus, biomarkers can
be categorized into short-term (reflecting intake over
past hours/days), medium-term (reflecting intake over
weeks/months) and long-term biomarkers (reflecting
intake over months/years). The type of biological sam-
ple used for the analysis of these biomarkers is a main
determinant. For example, biomarkers measured in
urine, plasma or serum reflect short-term intakes well,
whereas measurements of biomarkers in red blood
cells or in adipose tissue are markers of medium-term
intake. Likewise, biomarker measurements in hair,
nails, or teeth, are more often employed as long-term
biomarkers’.

Another classification of biomarkers distinguishes
between recovery, concentration, replacement and
predictive biomarkers®:

Recovery biomarkers are based on the concept of the
metabolic balance between intake and excretion over
a fixed period of time and then provide an estimate of
absolute intake levels. Recovery biomarkers are speci-

fic biologic products that are directly related to intake
and not subject to homeostasis or substantial inter-indi-
vidual differences in metabolism. Only a few recovery
biomarkers are known. The best examples of recovery
biomarkers are as follows: doubly labeled water which
is utilized to measure the metabolic rate and total energy
expenditure; urinary total nitrogen/potassium which are
utilized to estimate total daily protein consumption and
potassium intake, respectively’®. The first large valida-
tion study with recovery biomarkers was the Observing
Protein and Energy Nutrition (OPEN) Study’, conducted
by the National Cancer Institute in 1999-2000. Among
the other later studies into these recovery markers, we
should mention the work of Dr. Prentice and his group
on a sub-sample of women who were participating in
the Women’s Health Initiative Dietary Modification
Trial (WHI-DM)!%!!, The WHI-DM is a randomized
controlled trial among postmenopausal women aimed at
analyzing whether a low-fat diet reduced the incidence
of breast and colorectal cancer, and secondarily, heart
disease'®. The subset of women, completed a food fre-
quency questionnaire (FFQ), the doubly labeled water
protocol, and a 24-hour urine collection (as biomarker
for protein consumption). The collection of these reco-
very biomarkers allowed the researchers to characterize
the measurement error distributions of energy and pro-
tein assessed by the FFQs!. In addition, they were able
to identify the general characteristics (age, sex, obesi-
ty, etc) of the participants who made the measurement
greater errors in the FFQs!'%!!, In this specific study, they
were able confirm that FFQs underreported the con-
sumption of energy and protein. They also reported that
the energy underreporting was greater among overwei-
ght/obese women and younger women. These results
enabled them to create regression calibration equations
for energy and protein and to apply them to the measu-
rements obtained from the FFQs'*!",

Concentration biomarkers, are biomarkers that
have a correlation with intake, but because they are
affected by metabolism or personal characteristics
(sex, age, smoking, obesity, etc), they cannot be used
as measures of absolute intake or for assessing error

Table I
Classification of biomarkers in nutritional studies

Biomarkers of dietary exposure

Different types of biomarkers aimed at assessing dietary intake of different foods,

nutrients, non-nutritive components or dietary patterns (recovery biomarkers, concentration
biomarkers, recovery biomarkers and predictive biomarkers). Example: Urinary nitrogen as

biomarker of protein intake.

Biomarkers of nutritional status

Biomarkers which reflect not only intake but also metabolism of the nutrient (s) and

possibly effects from disease processes. Example: Some of the biomarkers of one-carbon
metabolism such as homocysteine, which reflect not only nutritional intake, but also
metabolic processes. It is important to note that a single biomarker may not reflect the
nutritional status of a single nutrient, but may indicate the interactions of several nutrients.

Biomarkers of health/disease

Biomarkers related to different intermediate phenotypes of a disease or even to the

severity of the disease. Example: plasma concentrations of total cholesterol or triglycerides
associated for cardiovascular diseases.
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of self-reported intakes in validation studied'?. Exam-
ples of concentrations biomarkers are as follows:
Serum carotenoids, lipids, vitamins, etc. They can be
used to analyze the relationship between the concen-
tration of the above in a certain tissue and variables
if health states®.

Replacement biomarkers are closely related to con-
centration biomarkers and often the distinction be-
tween them is difficult to make. Their differentiating
characteristic is that they refer specifically to com-
pounds for which information in food composition
databases is unsatisfactory or unavailable. Examples
of these replacement biomarkers are some aflatoxins,
some phytoestrogens'®, or some of the recent biomar-
kers identified through metabolomics®, which we shall
refer to later on in this review.

Recently, a newer classification of biomarkers,
termed predictive biomarkers, has been proposed.
These biomarkers show a dose-response relationship
with intakes. Like recovery biomarkers, predictive
biomarkers are sensitive, time dependent, show a do-
se-response relationship with intake levels and may be
affected by personal characteristics but the differen-
ce is that their overall recovery is lower'*. Examples
of predictive biomarkers are 24-hour urinary fructose
and sucrose'*. It has also been reported that the use of
these Urinary Sugars Biomarker is useful for assessing
measurement error in self-reported sugars Intake in
the Nutrition and Physical Activity Assessment Study
(NPAAS)®. Figure 1 summarizes the classification of
the above biomarkers as well as their applications in
validating dietary assessment methods, measurement
error and estimating associations with the different
phenotypes of disease.

Biomarkers require the obtaining of different types
of biological samples for their measurements. The
most commonly employed are blood, urine and saliva,
although increasingly more determinations are being
taken from other sample such as faeces, hair, nails,
adipose tissue and other specific tissues depending on
the aims of the study. In the following section, some
general comments are made on obtaining and storing
biological samples for determining biomarkers in epi-
demiological studies.

Obtaining and storing biological samples in
nutritional epidemiology studies

Given that nowadays several biomarkers are availa-
ble for use in nutritional epidemiology studies and, in
the future, it is expected that many more biomarkers
may be incorporated, it is advisable to obtain and store
biological samples in any new nutritional epidemiolo-
gy studies that are initiated. The number of biological
samples and their complexity will depend on the aims
of the epidemiological studies and the means available
for them. It is advisable to at least take biological sam-
ples of the saliva and urine of all the participants in a

study, as these are the least invasive of biological sam-
ples. From these, a considerable number of biomarkers
can be determined and from saliva it is even possible to
isolate DNA from the bucal cells that are gathered in the
same. It is also advisable to not take a single biological
sample in the same tube, but to divide it into different
aliquots in order to prevent the processes of freezing
and defreezing that can affect a number of the biomar-
kers that one wishes to determine. A good strategy, the-
refore would be to store a minimum of two or three ali-
quots for each participant. These samples would have
to be frozen at a very low temperature (deep freezing
at -80°C is the most common conservation) in order to
ensure the better conservation and avoid the degrada-
tion of the biomarkers. If it is not possible to obtain
biological samples from all participants, it would at
least be advisable to obtain them from a representative
sub-sample of the population. If it is possible to obtain
and store more samples, it is recommendable to under-
take extractions of fasting peripheral venous blood and
then process them by means of centrifugation, etc. to
obtain serum, plasma and buffy-coat aliquots. These
samples will be very valuable later on for determining
different biomarkers. Although freezing at -80°C may
be sufficient, it would be ideal to freeze the samples
at a lower temperature and store them in liquid nitro-
gen'®. However, this type of conservation is not widely
available and is limited to a few studies). If, for the re-
search in question, the measurement of biomarkers in
red blood cells or in other types of blood cells such as
leucocytes is considered to be important, these samples
have to be isolated from the extracted blood through
the standard protocols and frozen separately from the
other components. In the same way, if it is decided to
undertake determinations with the DNA or RNA of the
participants, these samples will also have to be obtai-
ned in a standardized way through the pertinent pro-
tocols. Temporality in sample collecting will depend
on whether the study is cross-sectional or longitudi-
nal. In cross-sectional studies it will only be necessary
to gather them once, whereas in longitudinal studies,
samples have to be taken at baseline and at different
moments of follow-up depending on the aims of the
study. The number of aliquots obtained may be very
large in studies that include thousands of participants,
so there a good labelling and traceability infrastructure
of the frozen stored samples will have to be planned.
It is also advisable to think about building some kind
of biobanks and to follow the protocols for such pur-
poses'”. On choosing the protocols for obtaining and
storing samples, one must bear in mind several limita-
tions for the subsequent validity of the determinations
and the comparability of results. Currently, there are
different anti-coagulants that are used in blood sample
collection tubes. Later determinations may vary depen-
ding on whether citrate, heparin or EDTA are used. For
omic studies, one of the limiting samples is obtaining
RNA, as this requires prior isolation in fresh samples
or blood samples to be collected and stored in the pre-
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/

Fig. 1.—Classification of biomarkers and their applications in validating dietary assessment methods, and estimating associations with

the different phenotypes of disease (adapted from reference®).

sence of RNA preservatives. Although obtaining DNA
for genotyping does not present any problems and ge-
nerally fulfils the quality requirements regardless of the
anticoagulant used, storage time, etc., the obtaining of
DNA for epigenetic studies such as methylation can
be subject to more problems of validity and reprodu-
cibility depending on the method employed, the time
of the year in which the sample was collected, etc. For
further details of the factors that affect the conservation
and processing of biological sample in omic studies,
the work of Hebels et al'® is recommended, in which
some general guidelines are provided in the context of
the European project EnviroGenomarkers (http://www.
envirogenomarkers.net). In this Project, blood-derived
biobank samples are being analyzed on multiple omic
platforms with the aim of discovering new biomarkers
of exposure and disease risk. Furthermore, in addition
to the good storage of biological samples, valid labora-
tory procedures for analyzing different biomarkers are
required that allow for comparisons among laborato-
ries. Without such comparability, it is not possible to
make recommendations regarding appropriate levels.

Use of dietary biomarkers in combination with
data from questionnaires

Another approach that can be used is the joint use of
intake biomarkers with data coming from questionnai-
res where self-reported intake is measured. This com-
bination allows one to increase the validity of measu-
rements and also increase the statistical power of the
subsequent diet-disease associations. This approach
has been used by various authors, among them Freed-
man et al” in the CAREDS study (Age-Related Eye
Disease Study). It is an ancillary study of the Women’s
Health Initiative (WHI) Observational Study, a pros-
pective cohort study of 93,676 postmenopausal wo-
men, recruited from 40 sites around the United States.
Specifically, the researchers used this study to illus-
trate that the inverse association between dietary lu-
tein plus zeaxanthin and nuclear cataracts, improved
on using biomarkers in an overall way for these caro-
tenoids with data intake from self-reported question-
naires. Dietary intake was assessed by using the WHI
semi-quantitative FFQ. Serum samples were collected
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after 10 or more hours of fasting at the WHI baseline
examinations and were analyzed for lutein and zeaxan-
thin (sum of their trans isomers). The authors investi-
gated 3 ways of analyzing reported dietary lutein plus
zeaxanthin intake and lutein plus zeaxanthin serum
level; the third one combining the self-report and bio-
marker measurements. For the third method, they used
a combined score where data from both determinations
were used. For further details of that score, the ori-
ginal reference should be consulted'. The conclusion
to which the authors arrived is that by combining a
biomarker of dietary intake with self-reported dietary
intake can increase the statistical power for detecting
a diet-disease association. Therefore, it is advisable to
use this combined method whenever possible. Howe-
ver, they also recognize limitations to that combination
when the biomarker is not valid or when the error de-
rived from the food or nutrient measurement through
the questionnaires also has great errors.

Limitations and considerations in using
biomarkers

Although biomarkers can provide a more objecti-
ve measurement of dietary intake, for many of them
there are various inter-individual factors that could
skew biomarker measures of dietary intake and give
untrue values®. Among these factors, apart from
sex, age, tobacco smoking, alcohol consumption,
drugs, physical activity and other lifestyle factors,
are other factors of diet (nutrient-nutrient interac-
tions), the type of biological sample (e.g. blood,
plasma, serum, urine, etc.) and conditions related
with the obtaining and storage of the samples (con-
ditions of sample collection, transport, treatment,
storage conditions, length of storage, time of co-
llecting the samples including the day of the week,
season of the year, etc.), as well as the particula-
rities of the laboratory methodology for determi-
ning them (precision, accuracy, detection limits of
the analytical technique and inter-laboratory varia-
tions)?. Apart from all these, genetic markers are
becoming increasingly important as research ad-
vances on inter-individual variability, in particular,
genetic polymorphisms in relevant genes related
with each one of the biomarkers analyzed. There
are many types of genetic polymorphisms. The most
commonly studied are those that consist of a single
base change in a genome site and these are called
single nucleotide polymorphisms (SNPs). There are
millions of SNPs in the human genome and the tech-
nology for their determination has developed spec-
tacularly, moving on from rudimentary techniques
that were slow and expensive to other much more
automated technologies at a lower cost. It is, there-
fore, now very easy and fast to incorporate genetic
determinations into nutritional epidemiology stu-
dies®. This genetic variation may not only affect the

preferences in the choice and consumption of food,
but may also play an important role in nutrient me-
tabolism and in bio-availability, absorption, trans-
port, bio-transformation, and excretion of nutrients
or food components. There are many examples of
the influence of genetic polymorphisms in the con-
centrations of different biomarkers. Among them we
should mention the influence of the genetic poly-
morphism rs1279683 (A>G) in the SLC23A2 gene
and plasma concentrations of vitaminC?'. Plasma
concentrations of vitamin C are determined by die-
tary intake, as well as by genetic factors. L-ascorbic
acid obtained from the diet is transported across the
cell membrane by sodium L-ascorbic acid cotrans-
porters (SVCTs). Two isoforms, SVCT1 (encoded
by the SLC23A1 gene) and SVCT2 (encoded by the
SLC23A2 gene), play central roles in the absorption
and accumulation of vitamin C in many tissues. In
a study undertaken by our group to investigate the
influence of vitamin C plasma concentrations on the
risk of glaucoma?', we found that the rs1279683-SL-
C23A2 SNP was strongly associated with plasma vi-
tamin C concentrations both in cases and controls
(Fig. 2). According to these results, homozygous ca-
rriers of the variant G allele have significantly lower
plasma vitamin C concentrations than the other ge-
notypes despite having similar intakes. Another re-
levant example of the influence of genetic polymor-
phisms on concentrations of a biomarker regardless
of intake are the polymorphisms in relevant genes
in the metabolism of polyunsaturated fatty acids?.
The delta-6 desaturase (D6D) and delta-5 desaturase
(D5D) are membrane-bound enzymes that catalyze
the rate-limiting formation of long-chain polyun-
saturated fatty acids. The desaturase-encoding ge-
nes (FADSI1 for D5D and FADS2 for D6D) form a
gene cluster on chromosome 11 together with a third
desaturase gene, FADS3, of lesser known function.
Several studies have consistently replicated the as-
sociations between polymorphisms in the FADSI
and FADS2 genes and polyunsaturated fatty acid
concentration measurements in different biological
samples?®?. This relevant genetic influence is impor-
tant to bear in mind in epidemiological studied and,
as a guideline, it is recommended to gradually incor-
porate determinations of the most relevant genetic
polymorphisms in nutritional epidemiology studies
as a control of the most important inter-individual
differences.

New omic-based biomarkers

Whether as control for inter-individual differen-
ces in measuring classic biomarkers or properly
considered as biomarkers, omic technologies have
led to the study and validation of new biomarkers in
nutrition and health?>. Among them are those shown
in table II:
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Vitamin C (microg/mL)

P<0.001

1s1279683
SLC23A2
i maa
|
AG Fig. 2.—Plasma concen-
O0GG trations of vitamin C (ug/

mL) in primary open-angle
glaucoma cases (n=150)
(A) and controls (n=150)
(B) depending on the
rs1279683 (A>G) poly-

' morphism in the SLC23A2
gene (adapted from refe-
rence®’).

Genetic biomarkers: These biomarkers are based
on the determination of genetic polymorphisms
(mainly SNPs) and can be either of intake or of
effect (metabolism) or as disease risk. They can
be determined in the DNA of any biological sam-
ple that contains cells with a nucleus (advantage).
Their determination does not vary over time and
the samples are easily conserved and transported
(blood, urine, hair, different tissues, etc. can all
be used). In addition, they allow a rapid deter-
mination at low economic cost. Furthermore, in
recent years high density genotyping arrays have
been available that have allowed us to simulta-
neously determine thousands of genetic poly-
morphisms. This ability has led to the so-called
genome-wide association studies (GWAs) and to
the discovery of new genes and SNPs associated
with the different levels of the other biomarkers,
dietary intake of disease phenotypes. Recently a
number of meta-analyses including thousands of

Table IT

individuals have been published identifying new
gene variants associated with food and nutrient
intake®** or with biomarker concentrations, such
as circulating phylloquinone?. Also recently, ge-
nomic studies into lipids have incorporated the
technologies of next generation sequencing for
identifying new genetic variants associated with
different biomarkers, mainly identifying new low
prevalence variants®’.

In the other hand, Mendelian randomization in-
volving genetic biomarkers is currently used as a
technique for assessing causal associations in ob-
servational data. Genetic variants associated with
the risk factor of interest are regarded in a simi-
lar way to random assignment in a clinical trial.
The modern meaning of Mendelian randomiza-
tion is based on Mendel’s second law, the law of
independent assortment, which assumes that the
inheritance of one trait is independent of the inhe-
ritance of other traits?®. In terms of nutritional bio-

Classification of new omic-based biomarkers

Genetic biomarkers

Based on changes in DNA, mainly polymorphisms of a single nucleotide (SNP). Examples:

Polymorphisms in the lactase gene (LCT) as proxies of milk consumption in Mendelian

randomization analyses.

Epigenetic biomarkers

Biomarkers based on the main epigenetic regulators: DNA methylation, histone modification
and non-coding RNAs. Examples: DNA hypermetylation or hypomethylation of specific genes
depending on food intake; Levels of circulating microRNAs associated with several nutrion-
related diseases.

Transcriptomic biomarkers

Biomarkers based on RNA expression (whole transcriptome or differences in expression of
selected genes). Example: Differences in the gene expression profile in subjects following a
Mediterranean diet in comparison with control subjects.

Proteomic biomarkers

Biomarkers based on the study of the proteome. Example: Analysis of the proteome of
participants fed control diets with the proteome of participants fed low folate diets.

Lipidomic biomarkers

Biomarkers based on the study of the lipidome. Lipidomic profile of human plasma in type 2
diabetic subjects on a high-fat diet versus a high carbohydrate diet.

Metabolomic biomarkers

Biomarkers based on the study of the proteome. Example: The 1H NMR urinary profile in sub-
jects following a traditional Mediterranean diet in comparison with the urinary profile of subject
on a low fat diet.
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markers, SNPs that have a well-characterized bio-
logical function can be utilized to study the effect
of a suspected environmental exposure on disease
risk. Thus, there are several studies using genetic
variants as proxies (instrumental variables) for
environmental exposures. A well known example
is the lactose polymorphism. The The -13910C>T
polymorphism (rs4988235) upstream from the
lactase (LCT) gene is strongly associated with
lactase persistence (LP) in Europeans®. Lactase
nonpersistent (LNP) individuals have difficulty in
metabolizing lactose and, after consuming dairy
products, often have symptoms of abdominal pain
and diarrhea. As a result, individuals with LNP
tend to consume less lactose-containing dairy
products® and, therefore, the variant associated
with LNP (CC genotype) can be a proxy for low
exposure to milk. Likewise, another informative
gene is the ALDH2 (aldehyde dehydrogenase).
Acetaldehyde is the first metabolite of ethanol
ALDH2 is the enzyme primarily responsible for
the elimination of acetaldehyde. There is a func-
tional polymorphism (Glu487Lys), resulting in
an inactive enzyme. The variant 487Lys allele
is associated with reduced ability to metabolize
acetaldehyde, and thus contributes to high ace-
taldehyde concentrations after alcohol drinking
(resulting in facial flushing, nausea and headache
in response to consumption of alcohol). Because
of these adverse reactions, subjects homozygous
for the 487Lys allele drink noticeably less alco-
hol than homozygous subjects for the wide-type
allele. Thus, ALDH2 polymorphism can define
groups with different amounts of alcohol intake
and these variants used as a surrogate of alcohol
exposure®. However, although the Mendelian
randomization approach shows considerable pro-
mise in integrating genetic markers into nutritio-
nal epidemiology research, its application to other
genetic variants has several potential limitations
when the Mendelian randomization assumptions
are violated®.

In addition to these considerations, genetic bio-
markers are crucial in determining intermediate
(plasma lipids, fasting glucose, oxidative mar-
kers, inflammation markers, etc) and incidence
of disease (cardiovascular diseases, cancer, neu-
rodegenerative diseases, type 2 diabetes, obesity,
etc). In nutritional epidemiology, when establi-
shing the association between diet and diseases,
the most relevant genetic polymorphisms related
with the phenotypes of interest should be deter-
mined. Currently there are hundreds of SNPs
consistently associated with different phenotypes
of nutrition-related diseases that should be con-
sidered in studies focused on these phenotypes.
By way of example table III*!*” shows the main
genes and genetic variants consistently associa-
ted with intermediate and disease phenotypes in

cardiovascular epidemiology. The integration of
the genetics into nutrition has propelled the ad-
vances in gene-diet interactions and Nutritional
Genomics®. In the PREDIMED study we have
found some interesting gene-diet interactions in
determining both intermediate and cardiovascular
disease phenotypes involving common polymor-
phisms in the TCF7L2%* and the MLXIPL* genes
and intervention with Mediterranean diet.

Epigenetic biomarkers: The term epigenetics/epi-
genomics is used to describe a variety of modifi-
cations to the genome that do not involve changes
in the DNA sequence and can results in altera-
tion of gene expression allowing for differential
expression of common genetic information*'. It
constitutes the missing link among genetics, the
environment and disease. One of the main advan-
tages of the epigenetic biomarkers, unlike the va-
riations in the genome, is that the epigenetic mar-
ks are reversible and may allow a rapid adaptation
to the environment. There are 3 main categories
of epigenetic marks: DNA methylation, histone
modification and noncoding RNA. DNA methyla-
tion is a well characterized epigenetic modifica-
tion of the genome. Most DNA methylation in
humans occurs at cytosine—phosphate—guanine
(CpQG) dinucleotides and consists of the addition
of a methyl group on position 5 of cytosine resi-
dues of the CpG island, providing marks in the
genome by which genes are set to be transcrip-
tionally activated or silenced*'. Hypermethylation
or hypomethylation of relevant islands have been
associated with several phenotypes of disease*.
Preliminary studies exist that show that the diet
can affect the methylation of certain sites of the
DNA and that these changes in methylation are
dynamic®*. However, many more studies are
required to establish them as new biomarkers of
intake or disease.

As regards epigenetic regulation by non-coding
RNAs and although different classes of non-co-
ding RNAs such as long non-coding RNAs, small
nucleolar RNAs (snoRNAs) microRNA (miR-
NAs) have been characterized, miRNAs are cu-
rrently the most important®. miRNAs are small
(18-25 nucleotide) functional non-coding RNAs,
that regulate gene expression of their target
mRNA in a post-transcriptional manner and have
emerged as crucial epigenetic regulators of many
process related to nutrition. Recent evidence hi-
ghlights how diet may influence several disease
phenotypes through modulation of miRNA ex-
pression®. Additionally, circulating miRNAs are
emerging as biomarkers of several diseases**’ .
Moreover, There are a few studies that indicate
that some exogenous microRNAs could be used
as biomarkers of food intake (detection of miR-
NAs of rice consumed in human plasma), but the-
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re is still much controversy over this*. In general,
regarding the promises of the different types of
microRNA biomarkers, careful optimization and
standardization of preanalytical and analytical
methods is needed to ensure that future results,
positive or negative, are reliable®.

Transcriptomic biomarkers: Transcriptomics pro-
vides us with knowledge of the transcriptome,
either individually for each specific gene studied
or analyzing the expression of various genes si-
multaneously on different scales. In this way we
can investigate how exposure to different dietary
factors affects the expression of all genes (ge-
nome-wide transcriptome) or the specific genes.
These studies of expression can be conducted ei-
ther by analyzing intervention with whole diets
(for example the Mediterranean diet as against a
low fat diet)* or by administering specific foods
(e.g. olive oil) or specific components of the diet
(vitamins, etc.). Although initially these trans-
criptomic studies were carried out independently
of other omics, in recent years, the general trend
is to integrate them with other omics: genomics,
lipidomics/metabolomics and epigenomics™.
However, it must be borne in mind that one of
the limitations of transcriptomics or epigenomics
biomarkers is that the transcriptome and the epi-
genome are not the same for all the cells of the
organism, as is also true for genomics, but that
the level of expression varies depending on the
tissues analyzed, adding a little more difficulty to
the investigation into these biomarkers.

Proteomic, lipidomic and metabolomics biomar-
kers. Proteomics, lipidomics and metabolomics
through the comprehensive study of proteins, lipids
and metabolites are also beginning to be applied in
the nutritional biomarker field, providing promi-
sing results. Metabolomics can be defined as the
screening of small-molecule metabolites present in
samples of biological origins. The characterization
of all the metabolites can provide a picture of the
metabolism and a molecular fingerprint®'. Such a
characterization is a biomarker of a biological state
of the subject. In addition, metabolomics can be
used to examine the outcome of nutritional inter-
vention strategies by observing and comparing me-
tabolic marks. This science is still in their infancy
but promises to revolutionize nutritional biomar-
kers. Until just recently, the analysis of food was li-
mited to estimate its nutritional value based on the
content: carbohydrates, fats, proteins, water, vita-
mins, and minerals. In addition, several non-nutri-
tive components have been determining. However,
metabolomics is helping to explore the thousands
of additional components. A large proportion of
the food metabolome consists of phytochemicals.
Moreover, metabolomics is able to find a large list

of environmental chemicals such as plaguicides
and different toxins in foods and beverages. The
detection of these compounds in nutritional studies
may help to have a more holistic analysis of the in-
fluence of food on health and disease. There are se-
veral metabolomic studies showing promising re-
sults in the nutritional field. Guertin et al*> carried
out a metabolomic investigation in a relatively
large (n=502) sample of participants in the Pros-
tate, Lung, Colorectal, and Ovarian (PLCO) Can-
cer Screening Trial, with the aims of identifying
metabolites that are biomarkers of usual dietary
intake and to evaluated metabolite reproducibility
and required sample sizes to ascertain the poten-
tial for metabolomics in nutritional epidemiology.
Baseline serum was analyzed by using ultra-hi-
gh-performance liquid-phase chromatography
with tandem mass spectrometry and gas chroma-
tography—mass spectrometry. They detected 412
known metabolites. Green vegetables, citrus, red
meat, shellfish, fish, peanuts, rice, butter, coffee,
beer, liquor, total ethanol, and multivitamins were
each correlated with at least one metabolite and in
total, 39 dietary biomarkers were identified (see
Tables in reference’ for more detail). They found
some strong associations that replicated previous
findings such as the correlation between citrus in-
take with stachydrine; coffee intake with trigone-
lline-N-methylnicotinate and quinate) and alcohol
intake with ethyl glucuronide. In the PREDIMED
Study we also have used metabolomics for detec-
ting new biomarkers of intake. In one of the meta-
bolomic studies® we assessed the effect of the Me-
diterranean diet intervention (supplemented either
with extra-virgin olive oil or nuts) intervention in
a sub-sample of non-diabetic participants. The 'H
NMR urinary profiles were examined at baseline
and after 1 and 3 years of follow-up. In comparison
with the control group (low fat diet), the most pro-
minent results for the Mediterranean diet groups
was the identification of a characteristic profile
related to the metabolism of carbohydrates (3-hy-
droxybutyrate, citrate, and cis-aconitate), creatine,
creatinine, amino acids (proline, N-acetylglutami-
ne, glycine, branched-chain amino acids, and deri-
ved metabolites), lipids (oleic and suberic acids),
and microbial cometabolites (phenylacetylgluta-
mine and p-cresol). These results showed that the
application of NMR-based metabolomics make
possible the classification of individuals regarding
their dietary pattern and the response to specific
dietary interventions.

Overall, proteomics, lipidomics and metabolomics
are in general being considered as the great innovation
in the discovery of new biomarkers of intake, effect
and pathology. Many advances are being made in this
field and there are important findings. Although the
results are generally speaking still preliminary and te-
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chniques are still expensive for large epidemiological
studies, these are considered to be important techno-
logies of the future for detecting the intake of specific
foods and other relevant biomarkers of health status.

Conclusions

Given the huge advances that methodologically are
taking place in the field of biomarkers in nutritional
studies with the incorporation of the new omics, it is
advisable to obtain and store biological samples in nu-
tritional epidemiology studies in order to be able to
undertake determinations of the main biomarkers re-
lated with the aims of the study. Currently, there are
still limitations to the validity and reliability of many
markers, but in future it hoped to minimize many of
these limitations and to have low cost validated bio-
markers available.
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Abstract

When performing nutritional epidemiology studies,
missing values and outliers inevitably appear. Missing
values appear, for example, because of the difficulty in
collecting data in dietary surveys, leading to a lack of
data on the amounts of foods consumed or a poor des-
cription of these foods. Inadequate treatment during the
data processing stage can create biases and loss of accu-
racy and, consequently, misinterpretation of the results.
The objective of this article is to provide some recommen-
dations about the treatment of missing and outlier data,
and orientation regarding existing software for the deter-
mination of sample sizes and for performing statistical
analysis. Some recommendations about data collection
are provided as an important previous step in any nu-
tritional research. We discuss methods used for dealing
with missing values, especially the case deletion method,
simple imputation and multiple imputation, with indica-
tions and examples. Identification, impact on statistical
analysis and options available for adequate treatment of
outlier values are explained, including some illustrative
examples. Finally, the current software that totally or
partially addresses the questions treated is mentioned,
especially the free software available.
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IDENTIFICACION, IMPACTO Y MANEJO DE
LOS VALORES AUSENTES Y DATOS ATIPICOS
EN EPIDEMIOLOGIA NUTRICIONAL

Resumen

Cuando se realiza un estudio epidemioldgico nutricio-
nal, es inevitable que aparezcan valores ausentes y ati-
picos. Los datos ausentes aparecen, por ejemplo, por la
dificultad de recoger los datos en las encuestas dietéticas
que conducen a una falta de informacion sobre la canti-
dad de alimentos consumidos y una pobre descripcion de
ellos. Un inadecuado tratamiento durante el proceso de
recoleccion nos conduce a sesgos y pérdida de precision
y consecuentemente una incorrecta interpretacion de los
resultados. El objetivo de este articulo es proporcionar
recomendaciones sobre el tratamiento de datos ausen-
tes y atipicos, y algunas orientaciones sobre el software
existente para calcular el tamaiio de muestra y realizar
el analisis estadistico. También se realizan recomenda-
ciones sobre la recoleccion de datos que es un paso im-
portante en la investigacion nutricional. Se comentan los
métodos que se usan para hacer frente a los datos ausen-
tes, especificamente, el método eliminacion de casos, im-
putacion simple o muiltiple con indicaciones y ejemplos.
También se relata como se identifican datos atipicos, el
impacto que tienen en el analisis estadistico, las opciones
para un adecuado tratamiento y se ilustra mediante un
ejemplo. Finalmente, se menciona el software existente
que aborda total o parcialmente las cuestiones tratadas,
especificamente el software de libre distribucion.
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Introduction

According to the World Health Organization
(WHO), epidemiology is “the study of the distribution
and determinants of health-related states or events (in-
cluding disease), and the application of this study to
the control of diseases and other health problems”. Nu-
tritional epidemiology is focused on the aspects of diet
that can influence the occurrence of human disease.

Diet is a complex set of exposures that are strongly
intercorrelated. Individuals are exposed to diet in di-
fferent grades with very few clear changes in diet at
identifiable points in time. Assessment of food intake
is difficult and is subjected to multiple biases. Additio-
nally, the consumption of nutrients is usually determi-
ned indirectly based on the reported food consumed or
on the level of biochemical measurements. Thus, the
most serious limitation of research in nutritional epi-
demiology is the measurement of exposures to dietary
and nutritional factors'.

Among other problems, missing values in dietary
surveys can be due to missing days or meals of in-
take, missing amounts of foods consumed, inade-
quate descriptive information for useful coding at an
individual level, absence of the consumed food or
nutrient of interest in food composition tables, and,
in a broader sense, the non-participants in a repre-
sentative random sample study. If filling in missing
gaps is not performed, the effect of this information
gap needs to be considered in the interpretation of the
results obtained in research studies®.

The scientific research process can be divided in
several stages®. Firstly, it is important to review scien-
tific literature and to properly formulate a research ob-
jective and related hypothesis. Then, a good research
design to answer the question may be elaborated. Sam-
pling procedures and determination of sample size are
important parts of this design. All this information
should be explained in a research protocol, in which
instrumental and procedural details of the study must
be stated; for example, questionnaires, biochemical
analyses or other procedures that will be used in data
collection. Validation of food intake questionnaires is
an important point to avoid biases in data. Once the
protocol is finished and has been reviewed, field work
and data collection can be started. These data obtained
should be coded and processed, and this data process is
an important part in dietary surveys, especially if food
consumptions are used to estimate nutrient intakes.
Adequate software allows large data volumes to be en-
tered, managed and processed for the purpose of pre-
paring a data matrix for statistical analysis. In this step,
the identification and extraction of outlier values and
the completion of missing data are essential to avoid
troubles in statistical analysis. Different methods have
been developed to deal with outliers and missing data,
and correct choice of these methods is critical.

The purpose of this article is to provide some re-
commendations about the treatment of missing and

outlier data, and orientation regarding existing softwa-
re for the calculation of sample sizes and performing
statistical analysis. This software can help to prevent
possible incorrect results in statistical analysis and mi-
sinterpretation of the observations made.

Data collection. Recommendations.

Data collection is an important part of research. The
information of the subjects to be recorded and how the
variables are measured conditions the posterior statis-
tical analysis and the validity of the study. It is recom-
mended that original variables be recorded instead of
calculated or categorical variables used. For example,
the year of birth should be asked instead of the age of
the subject or the nutritional status should not be repor-
ted with the categories; low weight, normal, overwei-
ght and obesity. It is better to ask for the weight and
health of the subject and later compute the body mass
index. The same occurs with food frequency intake. If
the variable frequency is recorded using the categories
less than twice a week, between 2 and 5 times and 5
or more times a week. It is impossible to know the
number of intakes of a particular food and thus, the
variable cannot be modified.

The categorical variables should be correctly codi-
fied with their appropriate labels. Usually a number
is assigned to each category and then the label is gi-
ven. This is advisable because most software are key
sensitive or detect the accent of the words and a new
category is falsely created. This can be solved but not
after having lost considerable time.

In the case of recording data using specific softwa-
re the introduction of validation rules that restrict the
range values of the variables is recommended to avoid
errors of digitalization.

Missing data and Outliers
Missing data

Once the data have been recorded it is important to
consider the information not provided by the subjects,
that is, the missing data. According to Rubin (1976)*
there are basically three types of missing data: Missing
Completely at Random (MCAR), Missing at Random
(MAR), and Not Missing at Random (NMAR). The
first refers to the probability of an observation being
missing does not depend on observed or unobserved
measurements. Missing at random refers to the fact
that the probability of an observation being missing
depends only on the values of the observed study va-
riables, and not missing at random refers to the proba-
bility that an observation is missing depends on unob-
served measurements.

For example, in the supposition that the body mass
index is recorded according to the sex of the subjects,
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then, regardless of any particular reason why some
subjects disclose their weight, the missing data are
considered missing completely at random. However,
if females are likely to not reveal their weight, missing
data depends on the sex and these data are considered
to be missing at random. And finally, in the case that
obese subjects are more likely to disclose their wei-
ght, the probability that body mass index is missing
depends on the unobserved value itself. These data are
not missing at random.

Illustrative data

A random sample of 58 students of Human Nutrition
and Dietetics and Food Science and Technology of the
University of Barcelona were studied to evaluate their
nutritional status. The food consumption of the stu-
dents was recorded using the 24h recall, 3-day recalls
and the food frequency questionnaires. The students
also filled in a questionnaire for assessment and quan-
tification of overweight and obesity-related lifestyles’.
The aim was to study the relationship between protein
intake with respect to sex, body mass index (BMI), to-
tal energy intake and index of overweight and obesity.
Eight female students did not report their weight and
height, thus the BMI had 8 missing data (Table I).

Case deletion

There are two ways by which you can delete ca-
ses that have missing values; listwise and pairwise

deletion. The listwise method deletes the subjects
with missing data. If the data are missing completely
at random, listwise deletion does not add any bias,
but the sample size is reduced thereby affecting the
power of the tests (decreasing) or the standard errors
of the estimations (increasing). Moreover, listwise
deletion discards considerable information provided
by the subject.

Pairwise deletion (or “available case analysis”)
deletes a subject when data are missing in a variable
required for a particular analysis, but includes that
subject in analyses for which all required information
are present. When pairwise deletion is used, the total
sample size for analysis will not be consistent across
parameter estimations.

Table IT shows the estimates of the linear regression
of logarithm of proteins according to sex, BMI, obe-
sity index and total energy intake. The information of
the students with missing data in BMI variable is dele-
ting (listwise deletion).

Simple Imputation or multiple imputations

Imputation is the process of replacing missing data
with substituted values. Several methods are used:
mean imputation, regression imputation, expectation
maximization algorithm and multiple imputations.

Mean imputation consists in replacing any missing
data by the mean of non-missing data. In our data
all the missing data are replaced by the mean BMI
(21.32).The problem of the mean imputation is that it
attenuates any correlations between the variables that

Data from 12 students. Missing values f:?l:l;rll'able of BMI are shown as an empty box
. Mean Imputation I.Qegressz.'on
Sex Obesity Index BMI ENERGY PROT BMI imputation
BMI
2 80 901.8 53.1 21.33 27.15
2 78 3197.2 177.6 21.33 24.30
2 72 2295.5 96.0 21.33 19.89
2 65 2229.8 113.6 21.33 19.55
2 62 2131.1 79.0 21.33 21.18
2 82 2137.9 125.4 21.33 27.17
2 80 1453.3 69.7 21.33 22.25
2 63 2927.2 124.4 21.33 19.55
2 69 20.10 2684.6 104.8 20.10 20.10
1 58 23.78 2681.9 144.5 23.78 23.78
2 78 22.12 2677.3 136.4 22.12 22.12
1 67 21.29 2674.6 127.5 21.29 21.29
BMI: Body mass index, ENERGY: total energy intake, PROT: protein intake
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Table II
Estimation of the linear regression of the logarithm of proteins according to sex, BMI, obesity index and total energy
intake using the listwise deletion method (left panel) and multiple imputation (right panel)

Listwise deletion

Multiple Imputation

Variable Beta Std. Error Pvalue Beta Std. Error Pvalue R.M.1
Female -0.245 0.089 <0.001 -0.240 0.085 <0.001 0.003
BMI -0.003 0.092 0.009 -0.020 0.013 0.008 0.109
Index obesity -0.002 0.003 0.001 0.006 0.003 0.001 0.036
Total Energy 0.0003 0.00005 <0.001 0.0003 0.0004 <0.001 0.017

8 observations deleted due to missingness

Non-missing data

Std. Error: Standard error, R.M.L.: Rate of missing information

are imputed. Table I shows the BMI values using mean
imputation.

Regression imputation, the missing data are re-
placed by the predicted value of the regression deri-
ved from the non-missing data. In contrast with the
mean imputation, the imputed value is in some way
conditional on other information of the subjects.
Considering the example of missing data in variable
of BMI, with mean imputation all the missing data
are replaced by the mean of the BMI. However, with
regression imputation you can replace the missing
data according to the sex, the overweight and obesi-
ty index and total energy intake of the students. The
values of BMI filled in by regression imputation
are shown in table I. Each student has a different
BMI value according to the overweight and obesi-
ty index and total energy intake. Thus, there is an
improvement on comparing regression imputation
with mean imputation, but the predicted value has
an error that it is not considered on performing im-
putation. This causes relationships to be over iden-
tified and suggests greater precision in the imputed
values than warranted. Nonetheless, this difficulty
can be overcome by stochastic regression imputa-
tion. This approach adds a randomly sampled resi-
dual term from the normal (or other) distribution to
each imputed value.

Another way to deal with missing data is a techni-
que called the expectation maximization algorithm ab-
breviated as the EM algorithm®. This method assumes
a distribution for the partially missing data and bases
inferences on the likelihood under that distribution.
It is an iterative process in which the following two
steps are repeated until convergence: The E step finds
the conditional expectation of the missing data, given
the observed values and current estimates of the pa-
rameters. These expectations are then substituted for
the missing data. In the M step, maximum likelihood
estimates of the parameters are computed as though
the missing data had been filled in. However, the un-
certainty of the missing data are not considered.

In multiple imputation’ instead of filling in a single
value for each missing value, each missing value is re-

placed by m simulated data that represents the uncer-
tainty about the right value to impute. Then, each im-
putation generates a data set. Each imputed data set is
analyzed separately and m estimates and their standard
errors are obtained. The overall estimate is the average
of all the estimates. The standard error of the estima-
tion is performed using the within variance of each data
set (average of the m standard errors) as well as the va-
riance between the imputed data set (sample variance
across the m parameter estimates). These two variances
are added together and their square root determines the
standard error and thus, the uncertainty due to missing
data is introduced in the standard error of the estimate.
The between variation between imputed data sets also
reflects statistical uncertainty due to missing data.

In our data 15 imputations were performed. Thus, we
have 15 data sets according to the values of imputation.
Table II shows the parameter estimation of the coeffi-
cients of the linear regression of logarithm of proteins
according to sex, BMI, the students is now used because
the missing BMIs are filled in. Furthermore, the rate of
missing information quantifies the relative increase in
variance due to nonresponse for BMI. The BMI has a
rate of 0.109 and the remaining variables are very low
because no imputation was performed.

If your data are MCAR, then there is no bias in your
data. If only a few cases have missing data, each with
many blank spaces, the best option is to choose listwi-
se deletion. If your data are MAR, the best solution is
multiple imputation. Maximum likelihood imputation,
and stochastic regression imputation are also suitable,
but multiple imputation is recommended. If your data
are NMAR these methods are often biased and some
specific methods can be used’.

Outliers

An outlier is an observation clearly different from
the rest of the data; it is an atypical or extreme obser-
vation. There are several methods to detect outliers;
plots such as normal probability plots, box plot or
others are model-based.
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Model-based detection assumes that the data have
a normal distribution, such as the Grubbs’ test for out-
liers®, Pierce’s criterion’, or Dixon’s Q test'’.

One common method for outlier detection is the
use of inter-quartile rank. An observation is outlier if
the value is outside the limits and ; k is normally set
at 1.5 or 3.

It is important to study outlier data because most of
the statistics used are influenced by these data and are
not robust. For example, the mean is sensitive to the ex-
treme observation, but the median is not. Suppose 10
students have a protein intake of between 50 and 160 g/
day but one has an intake of 250 g/day. The mean is 166
g/day while the median is 81 g/day. The mean is affec-
ted by this extreme value and the median is not.

In regression analysis the outlier values can in-
fluence the results. In regression a difference is made
between an outlier and an observation that has high
leverage.Concretely, an outlier is an extreme observa-
tion in a response variable. However, an observation
that has an X value far from its mean is called high
leverage. Leverage measures the distance between the
mean of the X distribution. When the leverage is two
or more times greater than the average leverage , it is
considered to have high leverage, being p the number
of regression parameters, and n the sample size.

Data with high leverage and outliers might have po-
tentially influence in regression. An influential obser-
vation generates a negative impact because it biases
the estimations. Otherwise, not all the points with high
leverage or outliers necessarily influence the regres-
sion coefficients. It is possible to have a high leverage
and yet follow a straight line with the pattern of the
rest of the data.

Figure 1 plots the height and the weight of 60 sub-
jects. The variables have a linear relationship. Three
different points have been added to the plot (A, B and
C). A is an outlier with respect to the weight variable,
but not to height. Its leverage is low (0.016) because it
is lower than 2*(2/61)=0.06. B is an outlier with res-
pect to weight and has a high leverage, and C is not an
outlier compared to weight but has high leverage.

A preliminary analysis to detect outliers invol-
ves the use of residuals of the model. One problem
with residuals is that their values depend on the sca-

le and units used. Since the residuals are in units of
the dependent variable Y there are no cut-off points
for defining what a large residual is. This problem is
overcome by using standardized residuals, calculated
dividing a residual by its standard error. Observations
with absolute standardized residuals exceeding 3 re-
quire close consideration as potential outliers. Points
A, B and C in figure 1 have a standardized residual
equal to 6.39, -0.26 and -5.76. Points A and C have a
large residual, however B has a low residual and it is
an outlier with high leverage.

The Cook’s distance'! is a measure to detect poten-
tially influential observations. The distance measures
the effect of deleting an observation. Data points with
large residual (outlier) and/ or high leverage may dis-
tort the estimation and accuracy of the regression mo-
del. Points with a large Cook’s distance, operate under
the rule that a value greater than 1 is recommended to
study the potential influence??? Another common rule
considers a threshold of the percentile 1-alpha of the
Fisher Snedecor distribution (F(p,n-p, 1-alpha))

Points A, B and C have a Cook’s distance of 0.34,
0.02, and 4.25, respectively. Although A is an outlier it
has no potential influential observation, but as shown
in table III the standard error of the coefficients increa-
sed and the goodness of fit (coefficient of determina-
tion) decreased from 0.82 to 0.58 (Table III). Points B
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Fig. 1.—Scatterplot of Height and Weight, with three potentially
influential observations (A, B and C).

Table I1I
Estimation of the regression coefficients, standard errors and determination coefficient of the regression of weight
and height according to observations (A, B and C) included

Std. Error Std. Error

Intercept Intercept Beta Beta R?
Without A, B and C observ. -106.4 10.13 1.04 0.06 0.82
Observation A -106.8 18.10 1.04 0.11 0.58
Observation B -104.9 8.17 1.03 0.05 0.87
Observation C -68.6 13.69 0.80 0.08 0.60

Linear regression: Weight=intercept+ beta*Height, R2 the coefficient of determination.
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and C have high leverage but only C has a potential
influential observation. Table III shows that the esti-
mates, the standard errors and the coefficients of de-
termination are modified when C is added to the data.

Other diagnostic methods to detect potentially in-
fluential observations are: DFBETAS DFFITS and
COVRATIO statistics'?. All measure the impact of a
particular observation deleted from analysis, concre-
tely; DFBETAS measures the effect on the estimation
of the coefficients, DFFITD on the predicted value and
COVRATIO on the variances (standard errors) of the
regression coefficients and their covariance.

‘When an outlier is detected, what arises from the value
should first be evaluated. If the value arises from a hu-
man or instrument error the mistake should be corrected.
However, outlier data may arise from different causes
such as the inherent variability of the variable or if the
underlying distribution has an asymmetrical distribution
or the data is from another population. Alternatively, out-
liers may suggest that additional explanatory variables
need to be brought into the regression analysis. Deletion
of outlier data is a controversial practice and rather than
omitting them it is recommend to use robust statistical
methods which are not excessively affected by outliers.

Statistical software
Sample size software

It is important to compute the number of subjects
to study when the objective and the study design
have been defined. The sample must be representa-
tive of the population studied. According to the aim
to the study and the structure of the population, se-
veral sampling types can be used: simple random
sampling, systematic, stratified or cluster sampling.
Furthermore, sample size computation depends on
the main objective, the need to have minimum accu-
racy in the estimation or the need to have sufficient
statistical power. It is also important to consider an
extra percentage of individuals because there may be
missing values. It is difficult to recommend the per-
centage of individuals and this depends on the area
applied. Moreover, it is convenient to design strate-
gies to guarantee or control that the subjects respond
to all the information of the questionnaire.

To calculate sample sizes many commercial or free
software are currently available. In relation to the free
software EPIDAT 4.0 and GRANMO calculate sample
size and power according to statistical methodology.

The EPIDAT 4.0 software was created by Servizo
de Epidemioloxia de la Direccion Xeral de Innovacion
e Xestion da Saiide Publica de la Conselleria de Sa-
nidade (Xunta de Galicia) with the support of Orga-
nizacion Panamericana de la Salud and Universidad
CES of Columbia. It can be downloaded from the page
http://www.sergas.es/ in the section of Research and
Healthcare Innovation/ data/Software.

GRANMO software was developed by the research
group of Cardivascular Risk and Nutrition and Cardio-
vascular Epidemiology and Genetic of the Research
Programme on Cardiovascular and Inflammatory
Processes of the IMIM - Hospital del Mar. It can be
downloaded from the web page http://www.imim.cat
in the section transfer opportunities and service offers/
Freeware.

Statistical analysis software

There is a great variety of statistical software
available. At present, the free software most com-
monly used is the R-project. It is a GNU project
which was developed at Bell by John Chambers and
colleagues. It compiles and runs on a wide variety
of UNIX platforms and similar systems (including
FreeBSD and Linux), Windows and MacOS. R is
an interpreted language. R has a command-line in-
terpreter and has several of packages that users can
download from the web page. The R project does
not have a friendly graphical user interface (GUI)
but some packages such as R commander!* or Dedu-
cer!d provide a menu-driven GUI.

Software which can be purchased include: S plus
$(commercial version of the R project), SPSS!7 (statis-
tical packages for the social sciences), SAS institute's
(Statistical Analysis System), STATA "°(Statistics and
Data) or Minitab®.

Multiple imputation has become increasingly popu-
lar, and all these software implement this technique.
Yucel (2011)*' provides a description of the methodo-
logy implemented by software.

Finally, all these software perform a wide variety of
statistical analyses and have great power to generate
graphs of the results. The most appropriate choice of
software therefore depends on the costs and preferen-
ces of each user.
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Abstract

Early identification of undernourished patients in the
healthcare setting, and their nutritional treatment, are
essential if the harmful effects of poor nourishment are
to be avoided and care costs kept down.

The aim of assessing nutritional status is to deter-
mine the general health of a patient from a nutritional
viewpoint. All hospitalised patients should undergo nutri-
tional screening within 24-48 h of admission, as should
any patient who shows signs of being malnourished when
visiting any healthcare centre. The infrastructure and
resources available, the possibilities of automisation, and
the healthcare setting in which such assessment must be
performed, etc., determine which method can be used.
The European Society of Parenteral and Enteral Nutri-
tion (ESPEN) recommends the use of the Nutritional Risk
Screening-2002 (NRS-2002) method for hospitalised pa-
tients, the Malnutrition Universal Screening Tool (MUST)
in the community healthcare setting, and the first part of
the Mini-Nutritional Assessment (MNA) for elderly pa-
tients. In centres where screening can be computerised,
the CONUT® or INFORNUT® methods can be used.

A nutritional diagnosis is arrived at using the patient’s
medical history, a physical examination (including an-
thropometric assessment), biochemical analysis, and
functional tests. No single variable allows a diagnosis to
be made. The Subjective Global Assessment (SGA) and
MNA tests are useful in nutritional assessment, but they
are not universally regarded as the gold standard. At our
hospital, and at many other centres in the Spanish health
system, the Nutritional Status Assessment (NSA) method
(in Spanish Valoracion del Estado Nutricional) is used,
which involves the SGA method, the taking of anthropo-
metric measurements, and biochemical analysis.

After making a nutritional diagnosis, which should
be included in the patient’s medical history adhering
to International Classification of Diseases code 9 (ICD-
9), and prescribing a nutritional treatment, the patient
should be followed up. No single marker can be used to
monitor progress; interpretations will once again require
examination of the patient’s medical history, the taking
of anthropometric measurements and laboratory tests.
Depending on whether a patient is ambulatory or hos-
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VALORACION DEL ESTADO N UTRICIONAL EN
EL ENTORNO ASISTENCIAL EN ESPANA

Resumen

La identificacion precoz del paciente malnutrido en el
entorno asistencial y su abordaje nutricional es esencial
para minimizar los efectos deletéreos de la desnutricién
asi como para disminuir el gasto sanitario.

La valoracion nutricional tiene como objetivo deter-
minar el grado de salud desde el punto de vista de la nu-
tricion y debe realizarse en todo paciente hospitalizado
en las primeras 24-48 horas, y en el ambito ambulatorio,
ante cualquier paciente que presente sospecha de des-
nutricion. La eleccion del método de cribaje depende de
la infraestructura y recursos disponibles, posibilidad de
automatizacion y ambito asistencial, entre otros. Asi, la
European Society of Parenteral and Enteral Nutrition
(ESPEN) recomienda el uso del Nutritional Risk Scree-
ning—-2002 (NRS-2002) en el paciente hospitalizado, el
Malnutrition Universal Screening Tool (MUST) a nivel co-
munitario y la primera parte del Mini-Nutritional Assess-
ment (MNA) en poblacién anciana. En aquellos centros
en los que exista posibilidad de informatizar el screening
pueden implantarse el CONUT® (Control Nutricional) o
el INFORNUT®.

El diagnéstico nutricional se realiza a través de la his-
toria clinica y dietética, exploracion fisica que incluya an-
tropometria, analisis bioquimico y pruebas funcionales.
No existe un tinico parametro que per sé, que permita
el diagnéstico nutricional. La Valoracion Global Subjetiva
(VGS) y el MNA son herramientas iitiles para la valora-
ciéon nutricional, aunque no se cuenta con ellas como el
“gold estandar” de forma universal. En algunos de nues-
tros centros (e.j. el Hospital La Paz) y en muchos otros,
nos servimos de lo que llamamos “Valoracion del Estado
Nutricional’, que resulta de la integracion de la VGS, an-
tropometria y bioquimica.

Tras un adecuado diagnéstico nutricional, que, ideal-
mente, deberia recogerse en la historia segin la codifica-
cion CIE-9, y una vez hecha la prescripcién nutricional,
se es necesario un seguimiento para evaluar la adecua-
cién de la misma. Tampoco en el seguimiento nutricional
existe un marcador tnico, basiandose de nuevo en la in-
terpretacion de un conjunto de datos de historia clinica,
antropometria y laboratorio. Segiin el entorno asistencial
en el que nos encontremos (ambulante u hospitalario)
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pitalised, the follow-up assessment times and variables
measured will differ.

(Nutr Hosp 2015;31(Supl. 3):196-208)
DOI1:10.3305/nh.2015.31.sup3.8767

Key words: Nutritional screening. Subjective Global As-
sessment (SGA). Nutritional Status Assessment (NSA). Un-
dernutrition.

ABBREVIATIONS

AC: Arm circumference.

APACHE II: Acute Physiology and Chronic Health
Evaluation II.

ASPEN: American Society of Parenteral and Ente-
ral Nutrition.

BAPEN: British Association of Parenteral and En-
teral Nutrition.

BEI: Bioelectrical impedance.

CONUT®: Control Nutricional (Nutritional Con-
trol).

CRP: C-reactive protein.

DXA: Dual X-ray absorptiometry.

ESPEN: European Society of Parenteral and Enteral
Nutrition.

EWGSOP: European Working Group on Sarcopenia
in Older People.

FAACT: Functional Assessment of Anorexia/Ca-
chexia Therapy.

FM: Fat mass.

FFM: Fat free mass.

GNRI: Geriatric Nutritional Risk Index.

ICD: International classification of Diseases.

IL-6: Interleukin 6.

MNA: Mini-Nutritional Assessment.

MQ-SGA: Modified Quantitative Subjective Global
Assessment.

MR: Magnetic Resonance.

MST: Malnutrition Screening Tool.

MUST: Malnutrition Universal Screening Tool.

ND: Nutritional diagnosis.

NRI: Nutritional Risk Index.

NRS-2002: Nutritional Risk Screening - 2002.

NSA: Nutritional Status Assessment.

PG-SGA: Patient-Generated Subjective Global As-
sessment.

RBP: Retinol binding protein.

SGA: Subjective Global Assessment.

SOFA-score: Sequential Organ Failure Assessment
score.

TST: triceps skin fold thickness.

Introduction
Undernourishment in the healthcare setting is a serious

problem that affects some 30-50% of all hospitalised pa-
tients at the time of admission. It has a negative influen-

existirdan unos tiempos de evaluacion y parametros de
eleccion distintos.

(Nutr Hosp 2015;31(Supl. 3):196-208)
DOI:10.3305/nh.2015.31.sup3.8767

Palabras clave: Cribado nutricional. Valoracion Global
Subjetiva (VSG). Valoracion del Estado Nutricional (VEN).
Desnutricion.

ce on their progress and is associated with an increased
number of hospital-acquired infections, a longer hospital
stay, and a higher rate of mortality'. The early identifica-
tion of undernourished patients, and their correct nutritio-
nal treatment, are essential if the harmful effects of poor
nourishment are to be avoided and care costs kept down?.

The aim of a nutritional diagnosis (ND) is to deter-
mine the general health of the patient from a nutritio-
nal viewpoint. This allows the identification of those
who are undernourished, or who, because of their me-
dical condition or associated treatment, are at risk of
becoming undernourished; appropriate treatment can
then be prescribed and follow-up initiated*”.

Nutritional screening methods

Nutritional screening allows the identification of sub-
jects at risk of undernutrition, as well as those who need
a more exhaustive study and an ND. The guides produ-
ced by the European Society of Parenteral and Enteral
Nutrition (ESPEN) refer to nutritional risk as a situation
in which the outcome is related to nutritional factors,
and which is improvable by nutritional intervention®.

Nutritional screening should be included in the initial
assessment of all hospitalised patients, thus allowing the
early detection of those at risk®?; it should be perfor-
med within 24-48 of admission®. Nutritional assessment
should also be performed in the ambulatory setting whe-
never a patient presents with anorexia, weight loss, per-
sistent vomiting or diarrhoea, dysphagia, loss of muscle
mass, or loss of subcutaneous fat, etc.’.

Several validated screening methods can be used,
the choice of which will depend on the type of popu-
lation in question, the availability of personnel trained
in nutrition, and the possibility of automisation, etc.
The most commonly used include the Malnutrition
Screening Tool (MST), the Nutritional Risk Scree-
ning (NRS-2002) method, the Malnutrition Univer-
sal Screening Tool (MUST), and the first part of the
Mini-Nutritional Assessment (MNA) method. The
guides produced by the ESPEN recommend the NRS-
2002 method for use with hospitalised patients, MUST
in the community healthcare setting, and the MNA me-
thod when dealing with elderly people’. In the Spanish
region of Andalusia, MUST is regularly used.

In recent years, two automated methods were de-
veloped and validated in Spain: the CONUT®® and
INFORNUT® methods®. The CONUT® method can

Assessment of Nutritional Status in the Healthcare Setting in Spain
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Table I
Comparison of nutritional assessment with different tools for screening at hospital admission:
NRI, MUST, NRS-2002 and CONUT

Tool (N) NRI (237) MUST (995) NRS-2002 (995) CONUT-1 (161)
Sensitivity 43.1 61,2 62,0 78,26
Specificity 89.3 78,6 93,1 89,13
Positive predictive value 76.2 64,6 85,1 84,38
Negative predictive value 66.3 76,1 79,4 84,54
Kappa index 0.24 0.26 0.48 0.680

Gomez-Candela C. et al. Complete process of implantation of a nutritional risk screening system in the University Hospital La Paz, Madrid. Nutr

Hosp. 2013.

be used to identify undernourished/at risk patients
whose routine blood analyses include serum albumin,
total cholesterol and total lymphocytes values. Using
information available in the hospital database, and de-
pending on the values of the aforementioned variables,
patients receive a risk of undernutrition alert classi-
fication of either “low”, “moderate” or “high™®. Our
hospital (Hospital La Paz, Madrid) has over five years
experience of fully automated nutritional screening
using the CONUT® method, covering nearly all our
hospitalised patients'®. Table I compares the sensitivi-
ty and specificity of the Nutritional Risk Index (NRI),
MUST, NRS-2002 and CONUT® and Subjective Glo-
bal Assessment (SGA) methods'®.

The recently developed NUTRIC-score method,
which determines the nutritional risk of critically ill
patients, also deserves mention. This method takes
into account the patient’s age, the number of comor-
bidities present, the number of days hospitalised be-
fore being sent to the intensive care unit, the patient’s
SOFA-score and APACHE 1I results, and plasma in-
terleukin 6 (IL-6) concentration. The latter value is not
always available and is not essential to the calculation
of the NUTRIC-score, although it does modify the cut-
off point for nutritional risk'".

Methods for assessing nutritional status

An ND requires the following be taken into consi-
deration.

Medical history

Examination of the patient’s medical history allows
risk factors for undernutrition to be detected. These
include chronic disease such as HIV/AIDS, cirrhosis
and chronic respiratory failure, and problems such as
gastrointestinal disease, cancer, the use of anorexige-
nic medication, difficulty with chewing, dysphagia,
allergies, food intolerances, alcoholism, drug abuse,
anxiety, depression, and processes that increase energy

requirements (sepsis, trauma, cancer, burns, pregnan-
cy) or nutrient loss (diarrhoea, vomiting, fistulas and
malabsorption).

Involuntary weight loss, which is considered cli-
nically relevant when more than 5% of body weight
is lost within six months, is a strong predictor of un-
dernutrition both in ambulatory and hospitalised pa-
tients'>!?, In patients with cancer it is also a marker of
disease progress and of a poorer prognosis'.

It is important that medical histories include demo-
graphic and socioeconomic data that might influence
the nutritional status of a patient, e.g., family struc-
ture, educational level, marginalisation, beliefs and
lifestyle. Information on the patient’s physical activity
(type, frequency and duration) is also necessary, as is
the type work undertaken (sedentary, physically de-
manding etc.). Together, these data allow the patient’s
daily energy needs to be calculated.

A good medical history is so important that two of
the six criteria proposed for identifying undernourish-
ment cited in the 2012 ASPEN consensus are based on
this'> (Table II).

Table IT
Criteria proposed by A.S.P.E.N consensus for identifying
undernourishment

The identification of 2 or more of the following
6 characteristics is recommended for diagnosis of
malnutrition:

Insufficient energy intake
Weight loss

Loss of muscle mass
Loss of subcutaneous fat

Localized or generalized fluid accumulation that may
sometimes mask weight loss

Diminished functional status as measured by hand-grip
strength

Characteristics recommended for the identification of adult
malnutrition. JPEN 2012.
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Physical examination

A physical examination should pay special atten-
tion to signs that indicate a nutritional deficit, e.g.,
muscular atrophy (the deltoid and quadriceps should
be inspected for this), a loss of subcutaneous fat
(checked by ‘pinching’ the skin of the upper torso),
the state of hydration, the existence of oedema, and
the presence of conjunctival xerosis, Bitot’s spots,
dry and scaly skin, stomatitis, glositis, discoloured
hair, and follicular hyperkeratosis, etc.

Dietary history

This requires qualitative and qualitative information
be gathered via questioning regarding the patient’s
normal food intake. It allows an idea to be formed of
the patient’s energy intake, and the detection of die-
tary imbalances. Patients commonly overestimate
their food intake'®. Information should be collected on
the type of food consumed, meal frequency, anoma-
lies in nutritional behaviour, problems in chewing or
swallowing, and level of autonomy in terms of buying,
cooking and eating food. When putting together a die-
tary history, patients should be asked about their eating
patterns for (normally) the past month, along with their
intake for the last three days, and the frequency with
which they take different foods'e. In the hospital set-
ting it is very useful to reflect the patient’s food intake
in the previous 24 h as a percentage of the food provi-
ded (<25%, about 50%, about 75% or 100%).

Anthropometric measurements

Such measurements allow body size and propor-
tions to be determined easily and non-invasively. The
results are easily reproducible by trained personnel.
They allow the comparison with standard figures for
the population and can detect changes over time in the
same individual.

The anthropometric measurements of greatest use in
the assessment of nutritional status are:

Height. This is obtained either directly using a hei-
ght meter and with the patient standing, or indirectly
via, for example, the measurement of the leg or the
outstretched arms. The British Association of Parente-
ral and Enteral Nutrition (BAPEN) recommends me-
asuring the ulna for estimating the height of adults'’.

Body weight. This should be measured using a ca-
librated balance. The presence of factors that might
affect the result, e.g., ascites or oedema, should be
taken into account. The following weight-associated
variables may need to be determined or calculated:

— Current body weight or weight at the time of as-
sessment.

— Normal body weight or healthy body weight.

— Ideal body weight, calculated taking into account

age, sex and patient constitution. Reference can
be made to standard tables.

— Adjusted weight. This is the intermediate weight
between the real and the ideal weight. It can be
useful for calculating energy requirements in obe-
se and in very undernourished patients: adjusted
weight = [(real weight — ideal weight) x correc-
tion factor] + ideal weight. The correction factor
is 0.25 for grade or I or II obesity, and 0.5 for
grade III; no correction factor is used when the
patient is undernourished.

— Percentage weight loss. This is the variation in
body weight with respect to the normal body wei-
ght and time. A 2% loss per week is considered
serious, as is a 5% loss in one month, 7.5% in
three months, or 10% in six months. The greater
the weight loss, and the shorter the time within
which this occurs, the more severe a situation'®.

Body mass index (BMI). This is a ratio between wei-
ght and body height squared. For the non-elderly po-
pulation, a normal BMI lies between 18.5 and 25 kg/
m? In adults, a BMI of <16 kg/m? is associated with
increased mortality, while in elderly people a BMI of
<25 kg/m? is associated with increased mortality'®.

Body composition analysis

The body composition is the sum of the different tis-
sues and systems that form the human organism. There
are two models of body composition: the bicompart-
mental and multicompartmental models. The former
is the most commonly used in clinical practice. This
divides the body into fat mass (FM) and fat-free mass
(FFM). About 50% of the FM is subcutaneous; it can
therefore easily be determined by measuring skin fold
thickness. Different skin fold thicknesses can be me-
asured, e.g., the triceps (TST), subscapular, bicipital,
and abdominal skin fold thicknesses. The TST is per-
haps the most useful given its accessibility and its good
relationship with the FM. It is measured on the back of
the non-dominant arm midway between the acromion
and olecranon processes, with the outstretched arm re-
laxed, using a Lange- or Harpenden-type lipocaliper.
The mean of three consecutive measurements (mm) is
taken and compared against normal reference values
according to the patient’s age and sex.

The somatic protein component of the body is nor-
mally measured via the muscular circumference of
the arm (MCA), which is determined from the TST
and the arm circumference (AC) measured in cen-
timetres midway between the acromion and olecra-
non processes: CMB MCA = AC - (TST x 0.314). Its
value is related to the quantity of muscular protein
possessed; values below the 5™ percentile represent
severe undernourishment.

Body composition can also be determined using more
complex (though not always available) techniques such
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as bioelectrical impedance (BEI), dual X-ray absorptio-
metry (DXA) or magnetic resonance (MR). Although
DXA provides quite accurate estimates of the FM, FFM
and bone mass, it exposes patients to X-rays; it cannot,
therefore, be repeatedly used. In contrast, BEI is cheap,
innocuous, and can be repeated over and again without
harm to the patient. It is based on the resistance of body
tissues to the passage of an electrical current. The FFM
offer little resistance compared to the FM. It can be used
with both healthy persons and patients who are stably
hydrated, and its use in the assessment of sarcopenia
has been evaluated'®. However, BEI is not recommen-
ded when patients are at the extreme of the BMI range
or when they show oedema?®.

Biochemical variables

The plasma concentrations of different protein, vita-
min and trace element markers are measured.

Plasma proteins reflect the visceral protein con-
dition. They are synthesised in the liver, and from a
clinical standpoint are differentiated according to their
half life. They behave as inverse acute phase reactants;
their concentration can therefore be reduced indepen-
dent of the nutritional status if the patient has suffered
some severe aggression®'?2, It can therefore also be
important to determine the C-reactive protein (CRP)
concentration so that the inflammatory status is known
and can be taken into account. The most common plas-
ma proteins analysed are:

— Albumin. This is the main protein synthesised in
the liver. It has a half life of about 21 days. The
body has a large functional reserve of this protein.
Low albumin is a good predictor of mortality in
hospitalised patients?, but it is not very useful for
monitoring nutritional status. In addition, hypoal-
buminaemia can affect plasma calcium, zinc and
magnesium levels; this should be taken into ac-
count when treating possible deficits.

— Transferrin. This protein transports iron in the
plasma and has a half life of 8-10 days. Its plas-
ma concentration is strongly associated with liver
function and the presence of anaemia or infec-
tions?. Its usefulness is therefore reduced.

— Prealbumin. This has a half life of two days. It
transports thyroid hormone and, like other plasma
proteins, its concentration is conditioned by in-
fections, and other disease processes®. However,
it is the best protein marker of nutritional status'c.
Unlike albumin, prealbumin is not affected by the
state of hydration. High concentrations of preal-
bumin can be encountered in patients suffering
from acute alcohol poisoning and those being
treated with corticoids?’.

— Retinol binding protein (RBP). This has a half life
of just 10 h. Like prealbumin, it can therefore ra-
pidly reflect changes in nutritional status. Howe-

ver, its level is frequently affected by kidney func-
tion, or in patients showing signs of stress (it is,
therefore, not so useful in hospitalised patients).

A low cholesterol level is a classic sign of undernu-
trition and is taken into account by automatic scree-
ning methods such as CONUT®. However, given the
extended use of cholesterol-lowering drugs, even by
elderly people, its interpretation in arriving at an ND
is limited.

Serum vitamin and mineral concentrations can also
provide clues on nutritional status. Concentrations
should always be determined when deficits are sus-
pected, and should always be tested in patients with
moderate to severe undernutrition.

The creatinine-height index

The creatinine height index is used to assess somatic
protein levels and requires all urine be collected over
a 24 h period. The values obtained can be affected by
kidney failure.

Nitrogenated balance

The nitrogenated balance measures the relationship
between the nitrogen provided and that catabolised.
The first is determined from the quantity of protein
taken in, and the second from the amount of urea ex-
creted at 24 h, the loss of nitrogen in the faeces and
sweat, and losses through aspiration tubes, drainages
and fistulas.

Functional tests

The functional tests most commonly used in nu-
tritional status testing are dynamometry and immune
system function studies.

Undernutrition leads to a fall in the number of T
lymphocytes, and counting these cells provides a re-
latively cheap way of examining nutritional status.
Immune function can also be measured via delayed
hypersensitivity tests*>. However, since immune func-
tion can be altered by drugs (e.g., corticoids, chemo-
therapeutic agents, etc.), surgery, or advanced age, it is
not always a useful marker, especially in the elderly®.

Dynamometry is widely used and has been vali-
dated for the assessment of muscular strength in the
hospital setting®. It is a good marker of nutritional
status and can be used in nutritional intervention
studies®. Further, it is easy to perform and provides
quantitative data that can be used in the diagnosis
of sarcopenia; one diagnostic criterion is a manual
compressive force of <30 kg in men and <20 kg in
women'®. Muscular strength is affected early by nu-
tritional depravation, but recovers quickly with nu-
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tritional restoration — much more so than muscular
mass (whether measured anthropometrically or via
BEI, DXA or RM). It is therefore very useful for
detecting undernourishment early, and in nutritional
monitoring®. Flood et al. report an increase in ma-
nual compressive strength just 15 days after nutri-
tional intervention in undernourished patients®!. The
measurement of manual compressive strength is that
most commonly used to determine muscular streng-
th in clinical practice. An inverse relationship exists
between the pressure that can be produced and the
number of postoperative complications, the length
of hospital stay, and hospital readmission rate*. The
ASPEN consensus includes this method as a means
of identifying undernutrition'> (Table IT). In healthy
people, age and sex are the most useful predictors
of muscular strength, with no significant differences
seen between obese and normal weight subjects. This
renders the measurement of this variable of interest
in obese patients who become undernourished; in
such patients, skin fold thickness measurements and
the BMI are of little use. In patients with acute or
chronic disease, who are immobilised, who need to
take certain medications (corticosteroids), who have
comorbidities such as fibromyalgia®, or in elderly,
the use of this variable in monitoring nutritional in-
terventions is somewhat controversial®.

Matos et al. performed a cross-sectional study to
determine the usefulness of dynamometry, employing
the manual compressive test as a nutritional screening
tool. They concluded it might be of use, but that more
work was needed to define cut-off points®.

Subjective global assessment

The SGA method, which was first described by
Detsky over 20 years ago, allows an ND to be arrived
at via the examination and complementation of a pa-
tient’s medical history and a physical examination™.

SGA can be used with all patients and in all clinical
settings. It can be performed quickly and is reprodu-
cible, and shows little inter-observer variation when
performed by trained personnel®. It requires:

— The medical history be complemented to inclu-
de information of changes in body weight, cu-
rrent food intake be compared to normal food
intake, any digestive symptoms in the previous
two weeks be recorded, and the patient’s func-
tional capacity and metabolic requirements be
determined.

— A physical examination, including manual explo-
ration of subcutaneous fat and muscle loss, and
checking for oedema and ascites.

Each of the above variables is measured on a quali-
tative three-point scale. Using these results, patients can
then be classified as “A” or well nourished, “B” showing

moderate undernourishment or at risk of undernutrition,
and “C” undernourished. Weight loss, a low food in-
take, and the loss of muscular or subcutaneous fat have
a greater weighting in the final classification (Table III).

Variations of the SGA method exist, such as Pa-
tient Generated Subjective global assessment (PG-
SGA), which is used in the oncological setting®,
and the Modified Quantitative Subjective Global
Assessment (MQ-SGA) method, which is widely
used to monitor patients undergoing dialysis*. Both
quantify the degree of malnutrition using a points
system.

Mini mutritional assessment

The MNA method is the method of choice for use
with the elderly. It has been validated for use with
both institutionalised® and hospitalised* elderly
persons, and is especially useful for detecting risks
before weight loss or hypoptreinaemia occurs. It is a
simple, relatively quick test, that reflects food intake
and anthropometric measurements well. The score is
also correlated with the length of hospital stay and
the risk of mortality**'“. Its sensitivity is 96% and its
specificity 98%*!. It can also be used for nutritional
monitoring**.

The method has a screening and a scoring compo-
nent* with a total of 18 sections that cover 30 awarded
points. The screening component covers six of these 18
sections, and when these return a total under 12 points
the patient can be said to be at nutritional risk. When
this is the case, the next 12 sections need to be taken
into account. The final score of those who originally
scored under 12 points in screening, suggests the type
of nutritional intervention that should be followed*.

— Over 23.5 points: patient well nourished. The
MNA should be repeated in the future and nu-
tritional education given regarding healthy ea-
ting.

— From 17 to 23.5 points: patient at risk of under-
nutrition. The causes of this risk should be deter-
mined and education given to enrich the diet, with
supplements prescribed in some cases.

— Under 17 points: clear undernutrition. Nutritional
intervention is needed, the type depending on the
cause of the patient’s condition.

The MNA is of limited use in elderly persons with
dementia, who are in a confused state, or who suffer
aphasia or apraxia. In such patients, and when no body
weight is available, the Geriatric Nutritional Risk In-
dex (GNRI) can be used instead, or in a complemen-
tary fashion. The latter is an adaptation of the NRI,
which instead of the true weight of the patient uses the
ideal weight (according to the Lorenz formula). GNRI
gives greater weight to the plasma albumin concentra-
tion than does the NRI, rendering the former useful
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Table I1I
Subjective Global Assessment with laboratory parameters

A B C
Changes in body weight <5% 5-10% >10%
Feeding* Normal Mild to moderate impairment Severe impairment
Eating problems No Mild to moderate Severe
Activity* Normal Mild to moderate impairment Severe impairment
Age <65 >65 >65
Ulcers No No Yes
Fever/corticosteroids No Mild to moderate High
Cancer treatment Low risk Moderate risk High risk
Loss of subcutaneous fat No Mild to moderate Severe
Loss of muscle mass No Mild to moderate Severe
Edema/ascites No Mild to moderate Severe
Albumin (g/dl) (Pretreatment)* >3,5 3,5-3 <3
Prealbumin (mg/dl) (After treatment) >18 15-18 <15

The final result is expressed by the letters A, B or C according to the predominant answer in each item. The answers that have the greatest impact

are marked with*.

as a predictor of mortality. Indeed, GNRI is a good
predictor of the risk of undernutrition, but does not
provide a diagnosis of this*>,

Nutritional status assessment method

Although the SGA and MNA methods are useful
in determining the nutritional status, there is no uni-
versally accepted gold standard for use in arriving at
an ND. In our hospital, and in many others, the SGA
is used alongside anthropometric measurements and
the results of biochemical analyses. This we term the

Nutritional Status Assessment (NSA) method. It is
generally carried out by personnel trained in nutrition
(Table IV).

Diagnosis and codification of undernutrition

The International Classification of Diseases system
allows health professionals to identify diagnoses and
medical procedures via a code. International classifi-
cation of disease code 9 (ICD-9) is the system used in
Spain. As recorded in the SENPE-SEDOM consensus
document, when a diagnosis of undernutrition is reached

Table IV
Nutritional Status Assessment (NSA)

Anthropometry

» Current weight, normal weight, ideal weight and adjusted weight

* Weight loss in the last 6 months (% weight loss)

* Height
* BMI

* Triceps skin fold and upper arm muscle circumference

Physical examination
¢ Loss of muscle mass

¢ Loss of subcutaneous fat

¢ Presence of edema or ascites

Oral intake

* Changes in oral intake: increase, decrease or no change

e Duration in time of changes in the oral intake
* Type of Intake: fasting, low calorie liquid diet, full liquid diet, insufficient solid diet

Gastrointestinal symptoms

* Absence of symptoms

* Nausea, vomiting, diarrhea, anorexia, dysphagia, other symptoms...

Stress * No stress

¢ Stress: mild - moderate - severe

Biochemestry

Dynamometry

* Lymphocytes, albumin, other...

* Normal values vary with age and sex (Male > 30kg, Women> 20kg)
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in the hospital setting it is essential that the medical pro-
fessional responsible for discharging the patient include
an ND at that time, accompanied by its ICD-9 code.

Although sarcopenia and cachexia still have no
diagnostic codes, they have an important nutritional
impact. Sarcopenia is the progressive loss of skeletal

The ICD-9 classification codes for undernutrition in
the hospital setting are*”:

muscle and strength, and is associated with a risk of in-
capacity and greater mortality'’. Primary sarcopenia is
a geriatric syndrome. Secondary sarcopenia is caused
by neoplasms, immobilisation and living where there
is no gravity; it can occur at any age. Its diagnosis re-
quires a loss of muscular mass, muscular strength and/
or reduced physical performance. These variables can
be measured in different ways according to the possi-
bilities of each centre (Table V). The algorithm deve-
loped by the European Working Group on Sarcopenia
in Older People (EWGSOP) for the detection of the
problem proposes walking speed be measured as a cli-
nical screening method, with a risk cut-off of 0.8 m/s".

Cachexia is a multifactorial metabolic syndrome
characterised by weight loss — mainly skeletal mass
loss (with or without loss of FM) — plus increased pro-
tein catabolism, as a result of underlying disease. In-
deed, the inflammation derived from that disease plays
a vital part in the physiopathology of cachexia. Un-
dernutrition can be involved, but not every undernou-
rished patient is cachexic*, although all patients with
cachexia are undernourished.

There are several degrees of cachexia™:

Energy undernutrition:

e Mild (ICD-9: 263,1).

* Moderate (ICD-9: 263,0).

¢ Serious/severe (ICD-9: 261).

¢ Not specified (ICD-9: 263,9).

Protein undernutrition: any grade (ICD-9: 260).
— Mixed or energy-protein undernutrition:
e Mild (ICD-9: 263,8).

* Moderate (ICD-9: 263.,8).

e Serious/severe (ICD-9: 262).

¢ Not specified (ICD-9: 263,9).
Non-specified undernutrition:

e Mild (ICD-9: 263,1).

¢ Moderate (ICD-9: 263,0).

¢ Serious/severe (ICD-9: 261).

* Not specified (ICD-9: 263,9).

Excess weight:

* Overweight (ICD-9: 278.02).

* Non-specified obesity (ICD-9: 278.00).
* Morbid obesity (ICD-9: 278.01).

In addition, in patients who have received nutritional — Precachexia. This requires the existence of all of
support, the therapy followed should receive an ICD-9 the following:
code: * Chronic disease.

e Chronic or recurrent inflammatory response
(raised CRP).

e Anorexia (quantifiable via the Functional
Assessment of Anorexia/Cachexia Therapy
(FAACT) questionnaire).

* An involuntary weight loss of <5% within six
months.

— Cachexia. This requires the existence of at least
one of the following:

— Parenteral nutrition (ICD-9: 99.15).
— Enteral nutrition at >1000 kcal/day (ICD-9: 96,6).

A more recent version of the coding system is
known as ICD-10. However, its Spanish adaptation,
known as ICD-10-ES, does not come into force until
2016. Until this time, ICD-9 is the accepted coding
system*,

Table V
Definition and diagnosis of Sarcopenia

Diagnosis of sarcopenia Measurement techniques available

Criterion 1 + criterion 2 or criterion 3 Research Clinical Practice
1. Muscle mass Computed tomography BIA
(Essential criteria) Magnetic resonance imaging DXA
BIA Anthropometry
DXA
2. Muscle strength Handgrip strength Handgrip strength

Knee flexion/extension
Peak expiratory flow

3. Physical performance Short Physical Performance Battery
Usual gait speed
Timed get-up-and-go test

Stair climb power test

Short Physical Performance Battery
Usual gait speed
Get-up-and-go test

Cruz- Jentof A.J, et al. Sarcopenia: European consensus on definition and diagnosis. Br Geriatr Soc.
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* An involuntary weight loss of >5% within six
months.

e A BMI of <20kg/m? and an involuntary weight
loss of >2%.

e Sarcopenia and an involuntary weight loss of
>2%.

— Refractory cachexia. This requires the existence

of all of the following:

* A catabolic status.

* A lack of response to oncological treatment.

¢ Poor functional status (<50%).

* A life expectancy of <3 Tmonths.

A patient may have both sarcopenia and cachexia; in
fact, most patients with cachexia are sarcopenic. Some-
times these conditions can be difficult to distinguish; in-
deed, they can be quite similar. The main feature of ca-
chexia is sudden weight loss, in which the inflammatory
and catabolic status play important roles; such patients
show a weak response to nutritional support. In sarco-
penia, in contrast, the loss of muscular mass and muscle
function is more gradual and responds better to treatment
(resistance exercise and nutritional supplementation).

Monitoring the nutritional status

Following an ND and the prescription of a nutritional
treatment to follow, the patient should be followed up

(Fig. 1). Ideally an easily and inexpensively measurable
marker should be monitored. This should be measurable
in most centres and not affected by the inflammatory
status. Unfortunately, no such marker exists. Therefo-
re, just like when arriving at the diagnosis, nutritional
monitoring requires the use of the patient’s medical his-
tory, anthropometric values and laboratory results. The
variables followed will depend on whether the patient is
being monitored in the hospital or ambulatory setting.

Once of the most important and simple tools for
nutritional monitoring is following dietetic history via
the 24 h recall method, but it is hardly enough on its
own. The PG-SGA is useful over the long term, but not
much use for short term monitoring.

Plasma prealbumin is the biochemical marker of
choice for early monitoring of nutritional responses,
despite its being influenced by patient inflammatory
status. Theoretically, plasma prealbumin should in-
crease by 2g/dL if nutritional support is adequate >"°'.
Indeed, if they rise at all with an intervention, one
can be sure that at least 65% of protein requirements
have been met. If, however, an increase of 4g/dL is
not made within eight days, the treatment needs to be
intensified®.

Changes in body weight are a good means of moni-
toring patients in the ambulatory setting over the long
— but not the short — term (changes that occur over a
short period of time are more due to the amount of wa-
ter in the body than the amount of lean mass).

Nutrition Assessment strategies

> Hospitalized

Patient at nutritional risk

All patients within the first 24h after admission

Intensive Care Units Intensive Care Units

NUTRIC-score

Large and computing
resources Hospital

Other centers
Automatic
screening system

If negative: repeat in 3-6 months

NRS-2002 or MST
If negative: repeat weekly

v v v

v v

Nutritional Status Assessment (NSA) |

High risk of malnutrition
or need for artificial

y t

| Follow up

| nutritional support

Fig. 1.—Nutritional assessment algorithm.
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The MCA and TST are two classic anthropometric
variables used in the measurement of nutritional status.
However, their use is not without limitations, especia-
Ily in hospitalised patients since the references against
which the results are compared were developed with
ambulatory subjects's. However, they are useful for
monitoring changes if sufficient time is left between
one measurement and another.

Recently, dynamometry has been used in the moni-
toring of nutritional status, but no consensus has yet
been reached regarding its value®'.

The duration of monitoring of the response to a nu-
tritional intervention will depend on each patient, but it

would appear reasonable that weekly records be taken
in the hospital setting and monthly or three-monthly
records in the ambulatory setting, depending on the
severity of the patient’s condition and the type of nu-
tritional support prescribed (Table VI).

Conclusion

The early identification of undernourished patients,
or at risk of becoming undernourished, allows for
diagnoses to be made that should be recorded in the
medical history according to the ICD-9 system. There

Table VI
Monitoring of nutrition support at hospital and community

CONUT Perform to all patients within the first 24 h after admission
Screening NRS-2002 NST If screening is positive: perform nutritional assessment (NSA)
NUTRIC-score If screening is negative: repeat at least weekly
NSA Initial Follow-up after nutritional support
Indication If positive screening, high 4-8 days >15-20 days
risk of malnutrition or
‘5 artificial nutritional support
§‘ Symptoms (diarrhea, nausea, v v v
~ vomiting)
N
% Diet history (intake rate) v v v
% Weight loss 4 X v
= Triceps skin fold + Upper v X 4
arm muscle circumference
Dynamometry v é? v
Albumin 4 X v
Prealbumin X v v
C-reactive protein v X Xlv
Perform to those patients with malnutrition risk factors
. MUST L iy .
Screening . If screening is positive: perform nutritional assessment (NSA)
MNA-screening . .
If screening is negative: repeat at least every 3-6 months
NSA Initial Follow-up after nutritional support
Indication If positive screening, high <1 month >3 months
risk of malnutrition or
§ artificial nutritional support
T Symptoms (diarrhea, nausea, v v v
g vomiting)
§ Diet history (intake rate) v v v
§ Weight loss v v 4
= Triceps skin fold + Upper %4 v 4
arm muscle circumference
Dynamometry v v v
Albumin (4 X (4
Prealbumin X v v
C-reactive protein Xlv Xlv Xlv
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is no gold standard for assessing patients, but the NSA
method may be recommendable since it integrates
the SGA method, anthropometric measurements, and
biochemical analyses. When a nutritional intervention
is prescribed, the patient should be followed up, with
monitoring performed according to the clinical setting,
the means available, and the medical condition of the
patient.
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Abstract

Self-reported questionnaires have been commonly
used to assess physical activity levels in large cohort stu-
dies. As a result, strong and convincing evidences that
physical activity can protect health are widely recogni-
zed. However, validation studies using objective measu-
res of physical activity or energy expenditure (double
labelled water, accelerometers, pedometers, etc.) indica-
te that the accuracy and precision of survey techniques
are limited. Physical activity questionnaires could fail
in estimating particularly non-vigorous physical acti-
vity. They have a disproportionate focus on volitional
type exercise (i.e. biking, jogging, and walking), while
not capturing the activities of daily living and low to
moderate intensity movements. Energy expenditure es-
timates from these data are not recommended. On the
other hand, despite objective tools should be the measu-
rement of choice to assess PA level, self-reported ques-
tionnaires remain valid, and have many advantages. i.e.
low costs. These kind of recalls are designed and vali-
dated for different age groups and provide value and
important information, mainly about physical activity
pattern. Future studies will require more precision and
accuracy in physical activity measurement than those
provided by traditional survey methods. We can conclu-
de that probably a mixed approach that combines both
the objective and subjective techniques involving novel
devices and electronic capture of physical activity ques-
tionnaires will be more effective.
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ESTIMACION DE LA ACTIVIDAD FISICA
EN POBLACION GENERAL; CUESTIONARIOS
VALIDADOS

Resumen

Los cuestionarios auto-administrados han sido co-
minmente utilizados en los estudios con grandes co-
hortes con el fin de evaluar la actividad fisica de sus
participantes. Como consecuencia de ello, existe una
considerable cantidad de evidencias cientificas sobre el
efecto protector de la actividad fisica sobre la salud. Sin
embargo, los estudios de validacion que utilizan métodos
objetivos para la cuantificacion de la actividad fisica o el
gasto energético (el agua doblemente marcada, los acele-
rémetros, los podometros, etc.) indican que la precision
de los cuestionarios es limitada. Los cuestionarios de ac-
tividad fisica pueden fallar especialmente al estimar la
actividad fisica no vigorosa, y suelen centrarse de forma
desproporcionada en los tipos de ejercicios planificados
(ir en bicicleta, correr, andar,...), mientras que no suelen
recoger las actividades de la vida diaria y movimientos de
intensidad mas moderada no planificada. La estimacion
del gasto energético a partir de estos datos no es reco-
mendable. Por otro lado, y a pesar de que los métodos
objetivos deberian de ser la primera eleccién a la hora de
evaluar la actividad fisica, los cuestionarios se mantienen
como herramientas validas y con muchas ventajas, una
de ellas, el bajo coste. Este tipo de instrumentos estin
especificamente disefiados y validados para diferentes
grupos de edad y proporcionan informacion valiosa e im-
portante, sobre todo, del patrén de actividad fisica. Los
futuros estudios requieren de mas precision a la hora de
medir la actividad fisica respecto a la que proporcionan
los cuestionarios. Podemos concluir que probablemente
un método mixto que combine los métodos objetivos y
subjetivos y que incluya nuevos sistemas y registros elec-
tronicos seria lo recomendable.

(Nutr Hosp 2015;31(Supl. 3):211-218)
DOI:10.3305/nh.2015.31.sup3.8768

Palabras clave: Actividad fisica. Cuestionarios. Métodos
objetivos. Métodos subjetivos.

211



Background

In order to investigate the role of physical activity
(PA) in maintaining health, many large cohort studies
have been performed using self-reported PA question-
naires (PAQs). These studies have provided strong
and convincing evidence that PA can protect health.
Knowledge has accumulated in recent decades concer-
ning the significance of PA in relation to a number of
diseases: metabolic syndrome related disorders (insu-
lin resistance, type 2 diabetes, dyslipidemia, hyperten-
sion, obesity), heart and pulmonary diseases (chronic
obstructive pulmonary disease, coronary heart disea-
se, chronic heart failure, intermittent claudication),
muscle, bone and joint diseases (osteoarthritis, rheu-
matoid arthritis, osteoporosis, fibromyalgia, chronic
fatigue syndrome) and cancer, depression, asthma and
type 1 diabetes'. As a result new scientific questions
(dose-response relationships; health protection in di-
fferent populations; effectiveness of interventions to
increase PA behaviours, etc.) are currently being re-
searched. These kind of studies require more precision
and accuracy in measurement than can be provided by
the traditional survey methods.

Validation studies using objective measures of PA
or energy expenditure (EE) indicate that the accuracy
and precision of survey techniques are limited. A re-
cent review of PA surveys as estimates of EE conclu-
ded that none of the 23 questionnaires evaluated had
both acceptable correlations and mean differences
compared to the “gold standard method”, the doubly
labelled water (DLW) measures of EE, at the group
level, as well as reasonable individual estimates of
the total energy expended in PA% The authors con-
cluded that apart from reporting errors, discrepancies
between PAQs and DLW estimates may be partly
attributable to 1) PAQs not including key activities
related to active EE; 2) PAQs and DLW ascertaining
different time periods; or 3) inaccurate assignment
of metabolic equivalents to self-reported activities.
Besides, small sample sizes, the use of correlation
coefficients, and limited information on individual
validity were also problematic?.

Intensity of activity plays an important role in the
accuracy of PA recalls, with reasonable accuracy and
precision for vigorous PA, but not for less intense ac-
tivities*>. According to Colbert and Schoeller® con-
vincing evidence for the inadequacy of our current
questionnaires comes from examinations of PA in the
2003-2004 and more recently, the 2005-2006 NHA-
NES study, in which the PA of U.S. adults was mea-
sured by accelerometer’®. In these studies, the propor-
tion of adults self-reporting enough PA to meet current
recommendations was 6- to 10-fold higher than when
measured by accelerometer.

Moreover, one of the most important studies in
this field was performed by Atienza et al.?, in which
self-reported PA was independently associated with
various health biomarkers even after adjustment for

accelerometer-determined PA. Despite the uniqueness
of questionnaire assessment was reported in this large
population study with self-reported PA, it is important
to note that accelerometers had much stronger associa-
tions and also picked up more relationships (e.g., sys-
tolic blood pressure, triglycerides, glucose, etc.) than
did self-report.

Limitations

Colbert et al."® compared various objective and
self-reported methods of measuring PA and demons-
trated that all three objective measures (Sensewear
armband, accelerometer and pedometer) correlated be-
tter with DLW-derived PA EE and had lower error than
any of the three surveys PAQs (CHAMPS, PASE and
YALE). The authors concluded that our current self-re-
port methodologies lack precision and accuracy and
thus may lead to faulty conclusions and overestimated
recommendations regarding the dose of PA needed to
maintain health.

It is noteworthy that none of the PAQs cited were spe-
cifically designed for activity EE estimation. It is also
important to comment that despite DLW is widely con-
sidered the reference method for EE measurements, it
has some limitations. One basic argument is that it only
measures the energy cost of PA and not the behaviour
itself. Thus, DLW does not provide relevant informa-
tion regarding frequency, intensity, duration, pattern,
and type of activity. Some of these components may be
important predictors of specific health outcomes and
knowledge of these will facilitate more accurate PA re-
commendations®. DLW is also quite expensive and re-
quires specific expertise for its use. The cost limitation,
however, is mediated in many applications, because the
precision allows investigators to obtain statistically sig-
nificant results with a smaller sample.

Although accelerometers cannot capture all acti-
vities (water-based activity, cycling, upper-body or
resistance exercise) and are limited to the assessment
of current activity, in combination with a simple PA
log they have great utility, particularly in intervention
studies. Reduction in cost and increased awareness
of their capabilities will make them more appealing
in larger studies. While there are still needs for tra-
ditional survey techniques such as the assessment of
historical levels of activity among adults, or the as-
sessment of resistance exercise, swimming, biking or
activities in rough terrain, the increase in accuracy
and precision available with the use of PA monitors
reduces the value of traditional survey methods for
most studies”!®. Coupled with dramatic price reduc-
tions most investigations are including the use of the-
se monitors because of their superior accuracy and
precision®.

In relation to muscle-strengthening activities as-
sessment, and in addition to aerobic activities, general
recommendations of PA (2-3 days of muscle-streng-
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thening activities in youth and in adults)", musculos-
keletal fitness is increasingly identified as related to
mortality!? and morbidities'>'®. Assessment of resis-
tance/muscle strengthening activities and the associa-
ted measurement issues are similar to those suggested
for aerobic PA, but accelerometers, pedometers, or
DLW cannot assess involvement in this specific mus-
cle-strengthening activities.

Reference

Controversy

Despite the major efforts placed into developing
reliable and valid PAQs, they remain not sufficient-
ly accurate for the majority of the population. The
error is thought to originate from a disproportionate
focus on volitional type exercise (biking, jogging,
and walking), while not capturing low to moderate
intensity movements that accumulate a significant
proportion to total activity EE'*. The use of self-re-
ported behaviours will remain a staple in telepho-
ne-based and large epidemiological studies (for
more information see a summary of the main PAQs
in table I) but improved questionnaires should be
created to enhance capturing non-exercise (hou-
sehold chores, standing, walking for purpose) and
sedentary behaviours (sitting or lying) that are uni-
quely associated with public health. The inclusion
of such behaviours in these questionnaires will help
distinguish types of activities that might have a cri-
tical role in health and potentially distinct interac-
tions with volitional exercise. The development of
such questionnaires is ongoing for these purposes 7.

Cooper Institute 1999 1
Ridley et al. 2001 !©
Telford et al. 2004 17
McMurray et al. 1998 19
Treuth et al. 2005
Treuth et al. 2003 2
Jiirisson & Jiirimée 1996 @Y
Bonn et al. 2012 @?
Ridley et al. 2006 *>
Gwynn et al. 2010 %
Lubans et al. 2008 @

Table I
Main Physical Activity Questionnaires (PAQ) found in scientific literature classified by age groups
Definition

Conclusion

There will always be specific situations both in re-
search and in clinical settings that will need self-re-
ports; however, whenever possible, objective measu-
res should be the measurement of choice as they will
provide more accuracy for the measurement of PA and
also for the measure of sedentary time.

We do not currently possess or utilize the perfect PA
assessment tool. The notion that objective PA tools are
more valid or accurate than non-objective tools such
as PA questionnaires should be considered with cau-
tion as these tools may in fact assess different aspects
of PA. Hence, the use of simple, less intrusive tools
like questionnaires will always be of relevance. It is
a research challenge to devise “the best method” that
combines both the objective and subjective techniques
involving electronic gadgetry and PAQs-based registry
(special consideration to the future should be given to
accelerometers and GPS of smartphones monitoring
daily movement patterns, including locations and ti-
mes of activities).

Given the limited validity of self-reported PA and
the inability of objective measurement tools to capture

Computer Delivered Multimedia 1-Day Physical Activity Questionnaire

Children’s Leisure Activity Study Survey Questionnaire
Computerized Physical Activity Recall

Fels Physical Activity Questionnaire for Children

Girls Health Enrichment Multisite Study Activity Questionnaire
Godin-Sephard Physical Activity Questionnaire

KidActive Web-based Proxy Questionnaire

The Multimedia Activity Recall for Children and Adolescents
Many Rivers Physical Activity Recall Questionnaire

Oxford Physical Activity Questionnaire

Physical Activity Recall

Acronym
Activitygram Assessment

CDPAQ

CLASS
CPAR
KidActive-Q

FELS PAQ
MARCA

GAQ
GSQ
MRPARQ

OPAQ

Age group
CHILDREN

(<12 ANOS) PAQ
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all types of PA, a hybrid approach may be optimal for
future PA assessments. Indeed, continuous advance-
ments in the technology of objective PA assessment
tools combined with online self-reported PA data co-
llection are likely to lead the way in the following
years towards a modernized and, potentially, more ac-
curate and comprehensive estimation of PA with the
inclusion of objective monitoring in very large obser-
vational studies.
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Abstract

The objective measurement of human movement and
the quantification of energy expenditure due to physical ac-
tivity is an identified need in both research and the clinical
setting. Validated and well-defined reference methods (dou-
ble labelled water, direct calorimetry, indirect calorimetry)
are expensive and mostly limited to the laboratory setting.
Therefore, in the last years, several objective measurement
devices have been developed which are appropriate for
field studies and clinical settings. There is no gold standard
among them, as all have limitations. Pedometers are small,
non-expensive, count the steps taken and give information
on total physical activity, but not about physical activity
patterns and behaviour. Accelerometers are expensive,
save information about frequency and intensity of physical
activity, but not about type of physical activity. Both pe-
dometers and accelerometers only save information about
lower body movement, but reliability about the estimation
of energy expenditure is limited. Heart rate monitoring
relates intensity to energy expenditure, but gives no infor-
mation about physical activity. GPS watches are portable,
relatively inexpensive, non-invasive and provide distance,
speed, and elevation with exact time and location, but are
maybe limited for the assessment of brief higher speed mo-
vement and energy expenditure. Combined motion sensors
combine accelerometry with the measurement of physiolo-
gical variables and share advantages of single devices and
are more precise. Manufacturer software which applies
activity-specific algorithms for the calculation of energy
expenditure can affect energy expenditure results. Most of
the devices estimate energy expenditure more accurately at
light to moderate intensities; underestimation increases at
very light and higher intensity activities.
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Resumen

La medicion objetiva del movimiento humano y la cuan-
tificacion del gasto energético debido a la actividad fisica es
una necesidad identificada tanto en investigacion como en
clinica. Los métodos de referencia validados y bien defini-
dos (el agua doblemente marcada, la calorimetria directa,
la calorimetria indirecta) son caros y practicamente se li-
mitan a la investigacion en el laboratorio. Por lo tanto, en
los ultimos afios, se han desarrollado diferentes dispositivos
de medicion objetiva que son apropiados para los estudios
de campo y clinicos. No hay ningtin estandar de oro entre
ellos, ya que todos tienen limitaciones. Los podémetros
son ligeros, poco costosos, cuentan los pasos y aportan in-
formacion sobre la actividad fisica total, pero no sobre el
comportamiento y los patrones de actividad fisica. Los ace-
lerémetros son caros, aportan informacién sobre patrén,
frecuencia e intensidad de la actividad fisica, pero no sobre
el tipo de actividad fisica. Los podémetros y acelerometros
tnicamente recogen informacion sobre el movimiento del
movimiento corporal, pero la validez en la estimacion del
gasto energético es limitada. La monitorizacion de la fre-
cuencia cardiaca relaciona intensidad del ejercicio con gasto
de energia, pero no aporta informacion sobre la actividad
fisica. Los dispositivos GPS son portatiles, relativamente
asequibles, no invasivos y recogen distancia, velocidad y ele-
vacion con hora y lugar exactos, pero quizas estén limitados
para la evaluacion de movimientos cortos de alta intensidad
y elevado gasto energético. Los dispositivos de ultima gene-
racién combinan acelerometria con la medicion de varia-
bles fisiologicas, comparten las ventajas de los dispositivos
individuales y son mas precisos. Para el cdlculo del gasto
energético se aplican algoritmos especificos de la actividad
incluidos en el software del fabricante que pueden afectar a
los resultados. La mayoria de los dispositivos estiman con
mayor precisién el gasto energético a intensidades ligeras
y moderadas, pero subestiman el gasto a intensidades muy
ligeras y de mayor intensidad.

(Nutr Hosp 2015;31(Supl. 3):219-226)
DOI:10.3305/nh.2015.31.sup3.8769

Palabras clave: Actividad fisica. Gasto energético. Acele-
rometro. Podometro. GPS.
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Background

Scientific evidence accumulating during the last
decades has stated the benefits of regular physical ac-
tivity on health and disease prevention'. Physical ac-
tivity (PA) reduces both morbidity and mortality and
can minimize the physiological effects of an otherwi-
se sedentary lifestyle increasing the active lifespan’.
Therefore, it is essential to provide reliable and valid
methods to measure PA for population studies and the
clinical setting.

Since Lavoisier performed his study introducing
a dog in a metabolic chamber at the end of the 18"
Century, scientists know that PA is associated with an
increase in oxygen consumption, carbon dioxide ou-
tput and heat production when compared to rest. Even
today, the methods linked to metabolism like direct
and indirect calorimetry and doubly-labelled water
(DLW) are considered as reference values for energy
expenditure (EE) and PA and have been used to vali-
date other methods and devices for assessing PA and
EE. The doubly-labelled water method is considered
the gold standard for measuring EE in free-living sub-
jects®. It is ideal for free-living settings because it does
not require any type of restrictive device and it yields
accurate measurements of total energy expenditure
(TEE) over periods of several days to a few weeks.
However, DLW is limited as it does not provide infor-
mation about frequency, intensity and duration of PA.
Moreover, the high cost associated with the isotopes
and sample analysis forbids widespread use of DLW
in many clinical and research settings’.

Direct calorimetry is accurate over time and ade-
quate for resting metabolic measurements. But it is not
practical for performing population studies, as it needs
specific expensive equipment, only one person at a
time can be measured and if PA is performed, sweat
can create error measurements, among other limita-
tions*.

Indirect calorimetry estimates total body EE based
on O, used and CO, produced. There are portable mo-
dels which can be used in field studies. It is based on
measures of respiratory gas concentrations, but it is
only accurate for steady-state oxidative metabolism.
The older methods of analysis are accurate but slow
and the new methods are faster but expensive.

Observational methods are out of the scope of this
review. Briefly, self-report is a common method used
in assessing PA due to the fact that it is inexpensive,
quick and a reliable alternative in a large sample size’.
Self-reports can be carried out by interviewers (face
to face or phone) or by the subject him/herself, and
can be done in a prospective or retrospective way.
But there is consensus in the literature that currently
there is no questionnaire which can be considered op-
timal. Self-reports have the inconvenience of relying
on the subjects memory and honesty. There are many
PA questionnaires published in the literature. Several
recent reviews®’ conclude that for children and ado-

lescents, the most reliable are PDPAR (Previous Day
Physical Activity Recall) and 3DPAR (3day PA re-
call, but filled in as a dairy or recalling maximal the
previous day); for adults TPAQ (International Physi-
cal Activity Questionnaire) and FPACQ (Flemish PA
computerized questionnaire in adults); and for elderly,
the Standford Usual Activity Questionnaire. One can
conclude that PA questionnaires must be adapted to the
age group which is going to be studied, apart from so-
cioeconomic, cultural and other aspects that should be
considered as they can bias the information.

Interest

Since WHO started to include regular PA among
the global recommendations related to health and
non-communicable disease prevention, there has been
a growing interest in assessing PA in an accurate way.
Both researchers and policy makers identified the need
to know how active subjects are in order to get deeper
into scientific aspects and to launch public health poli-
cies. Interest on PA has grown also among nutrition ex-
perts, as EE has been given less attention over the years
than energy intake when analysing the obesity epide-
mic. Energy balance is gaining in importance among
the scientific community®. All in all, it is necessary in
terms of health to know the accurate quantification of
physical activity and to determine the effectiveness of
physical activity intervention programmes®. All this
has pushed the R&D of devices aiming at quantifying
PA more objectively than when reporting PA by means
of self-reports. Objective measures of PA quantify the
level, and with some devices, the duration, intensity
and patterning of daily PA in people from all ages in
ways that are not influenced by recall ability, ethnicity,
culture or socioeconomic status. As a result, objective
measures can provide important insights into the true
activity levels of people.

The aim of this review is to provide an overview
of pros and cons of selected objective methods which
can realistically be used to quantify PA in population
studies. Specifically, we will analyse current state of
the art of accelerometers, pedometers, heart rate moni-
toring, GPS technology, and some novel activity mo-
nitors combining several methods.

Controversy

When planning a study, the objective must be clear-
ly stated in regard to monitoring PA and/or EE. PA is
any bodily movement produced by skeletal muscles
that results in caloric expenditure’ and is commonly
described by the following four dimensions: frequen-
cy, intensity, duration and types of activities'®. There
are different methods to quantify PA, often quantified
by measuring EE. TEE is the energy spent, on average,
in a 24 hour- period by an individual or a group of in-
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dividuals. TEE comprises the resting metabolic rate (~
60%), the thermic effect of food (~10 %) and EE due
to PA (~30%).

Many authors agree that the method used to calcu-
late the EE of aerobic and anaerobic activities signifi-
cantly affects the EE estimates''. Most devices include
manufacturer software which applies activity-specific
algorithms for the calculation of EE based on analysis
of the pattern of signals from the sensors. Most devices
are continuously being improved and the software up-
dated. Using one or the other algorithm can influence
results.

PA intensity is usually classified into three catego-
ries: light, moderate and vigorous. One of the main di-
fficulties is in establishing cut offs for these domains,
mainly based on metabolic equivalents'> (or METS).
At which intensity does an activity not be moderate
any more but vigorous? There is also quite a contro-
versy regarding the terminus “moderate to vigorous
PA” (MVPA). The cut points used have implications,
not only for the time estimates of activity associated
with accelerometer data per se, but also for self-report
measures that may be validated using accelerometers
as their criterion'.

Limitations

Despite their potential benefits, modern activity mo-
nitors are not without limitations.

Most notably, they have a high cost compared with
self-reports, which means they are generally not well
suited to large population studies that would require
the purchase of hundreds of devices. Compliance can
be another limiting factor. Most of the devices, such
as heart rate monitors, accelerometers and pedometers
must be worn consistently and in a prescribed method
to gather reliable data. Some study participants may
view adhering to these requirements as inconvenient’,
mainly during rest or during specific activities.

Units of measurement vary between PA measuring
instruments, i.e. beats per minute, counts, gas exchan-
ge, etc. For converting these values into PA assessment
it is necessary to use several algorithm or equations.
As stated above, the variety of devices currently on the
market and the different algorithms used to calculate
EE turns this controversy also into a limitation. Some
devices even include the possibility to use diverse
equations with the same recorded data, and therefore,
the results can oscillate. Additionally, this variability
limits comparability between results.

Potential tampering and influencing the results
cannot be excluded. Once wearing the device, people
could have a tendency to be more active or even to
shake the monitor, among others. Specifically with
pedometer, they can delete the step count displayed
on the device’s read-out screen by pushing an easily
identified button. All these issues can affect reliabi-
lity of data.

Another identified limitation is that several of the
validation studies of the devices reviewed have been
performed on a convenience sample of participants
and/or on a relatively small sample size'*.

Current state and perspective

The methods of quantifying PA and EE can be sum-
marized establishing a clear definition of the outcome
variables with aims, characteristics, advantages and
disadvantages (Table I). Using objective measures, PA
can be assessed by registration of body movements or
the physiological consequences of them. Some of the
methods can be used for both aims, i.e accelerome-
ters. Objective measures can provide important insi-
ghts into the true activity levels of people as they are
not influenced by recall ability, ethnicity, culture or
socioeconomic status. Combination of methods gene-
rally increases accuracy.

Accelerometers are among the most commonly
used methods to quantify PA objectively and have
been used in all populations'*'¢. Acceleration is de-
fined as the change in velocity over time. As acce-
lerometers quantify movement over time, frequency,
time and intensity of PA can be assessed, as well as
PA patterns. During the past decade there has been a
great increase in the number and variety of commer-
cially available objective physical activity monitors
on the market. Accelerometers are reasonably relia-
ble and valid measures of PA. The small size makes it
user-friendly. Several reviews agree that accelerome-
ters can provide a rich, comprehensive profile of PA
behavior that describes the total amount and intensity
of PA, when and how PA is accumulated, and when
periods of inactivity occur”!”. But they do not pro-
vide information about the kind of activity and can-
not estimate if people are walking with bags or with
nothing. Moreover, the measurement can be influen-
ced by the position of the accelerometer placed on
the body (waist, wrist, ankle). Another inconvenient
is that it does not capture upper body movement or
cycling, and that it must be taken off for swimming,
having a shower or bathing, unlike it is a waterproof
device. Unfortunately, the costs linked to accelero-
meters make their utilization not always feasible in
research, especially with a high sample size.

Accelerometers can be used to calculate EE (by
introducing time, frequency and intensity on specific
formula). Results seem to be more accurate for light
and moderate than for vigorous activities. Accelero-
meters have been shown to underestimate EE at higher
intensities due to a plateau around ten METs'®. In addi-
tion, accelerometers were shown to inaccurately assess
EE during incline walking. Massel L et al.'” suggested
that data processing of the accelerometer has a signi-
ficant impact on the outcome depending on the rules
employed in analysing the data. Additionally, analysis
of accelerometer data is complex and time-consuming.
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In reference to types of accelerometers, triaxial ac-
celerometer perceives acceleration in several planes.
As human movement is multidimensional, it has been
suggested by some authors that results in three dimen-
sions are better methods to evaluate acceleration and
EE than in uniaxial and biaxial models®. If additio-
nally to PA we also want to analyse sedentary and/or
sleeping behaviour, a triaxial accelerometer would be
more indicated as it differentiates if the subject is si-
tting or lying. One of the debates going on in scienti-
fic literature is regarding the number of days subjects
must wear the accelerometer in order to obtain reliable
data. Ideally, the accelerometer should be worn for se-
ven days, in order to record a whole week including
the week-end, as subjects do not follow the same PA
pattern each day. Other author indicates that the acce-
lerometer should be worn for at least for 5 days?'. In
order to analyse compliance, most authors agree that
subjects should filled in an “Incidences sheet” in or-
der to record any incidence like wearing off the acce-
lerometer during some activities, etc. Compliance in
the wearing of accelerometers has turned out to be a
critical issue. In the HELENA study, a representative
study on nutritional status and PA behaviour, among
others, carried out in European adolescents, subjects
were asked to wear the accelerometer for 7 days. Af-
ter a thoughtful review of recorded data, subjects were
considered as valid if they had worn the accelerometer
at least for 3 days during 8 consecutive hours'. This
is in line with current recommendations. The accelero-
meter should be worn the number of days which gua-
rantee reliable data for at least three days. One of these
days should be a week-end day.

A pedometer is a much simpler device which counts
steps. It must be placed on the hips, because it counts
the times the legs move up and down during ambu-
lation. This information is recorded and displayed as
steps are taken during walking or running. Pedometers
have also been widely used during the last years and
have a good reliability both in children and adults and
can be used to establish PA guidelines. Step count is
a simply way to quantify the amount of PA. Current-
ly, user-friendly PA guidelines do not only include re-
commendations on type and time spent performing PA
and exercise, but also the number of steps per day that
should be taken to be considered active (at least 6000
steps/day), to prevent obesity (10000 steps/day) or to
lose weight (12000 steps/day)??. For children and ado-
lescents, 9000 steps/day are recommended®. Unlike
accelerometers, pedometers do not give information
about intensity, frequency and duration of PA. A low
reliability has been observed when participants walk
slowly (less than 60m/min), perform upper body mo-
vement, have high body fat mass or perform non-im-
pact activities (like bicycling). Pedometers cannot
be worn in water and, this fact combined with their
measurement solely of ambulation results in a lack of
capacity to assess activities such as swimming, diving
or water play’. They may not be able to reliably detect

Disadvantages
body composition, metabolism, medicine, age,

temperature, contamination, gender, genetic,
time of the day.

— It is necessary calibration.

— Can be affected by:

Advantages
sity and duration.
— Suitable for the majority of popu-

lations.
— Can use in waterproof.

— Information about frequency, inten-— Only measures aerobic activities.
— Relatively inexpensive.

— Easy and quick data and analysis.

Table I (cont.)
An overview to quantify physical activity assessment

Characteristics
expenditure from monito-

ring heart rate.

Aim

— Direct measure of energy — Estimation of energy
expenditure.

Methods

Heart rate

Physiological
variables
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Table II
New technologies to quantify physical activity

Methods Aim Characteristics Advantages Disadvantages
GPS — Provides objective  — Provide distance, — Information about frequency, — Expensive.
data about location,  speed, and intensity and duration. — Qualified staff.
domain of activity,  elevation with — Heart rate.
speed and exact time and — Distance.
training burden. location. — Altitude.
Future — Can obtain information on
developments real-time.
Combined  —To measure direct — Combined heart - Direct measure (combined  — Price.
motion energy expenditure  rate and body physiological measure — Data processing is

sensors

and duration).

and body movement movement by
(frequency, intensity — accelerometer.

of heart rate and body
movement, i.e. frequency,
duration and intensity).

time consuming.

steps in individuals with gait abnormalities. PA assess-
ment using accelerometers is more accurate than with
pedometers when people walk slowly*. For getting
data on EE, a formula must be used considering age,
height and weight, distance walked and the length of
the stride.

Heart rate monitors register the heart rate response to
the intensity of the PA. However, they may not be able
to accurately estimate energy expenditure and physical
activity levels because heart rate is influenced by a wide
range of factors that are unrelated to PA’. Heart rate is
dynamic and known to be influenced by a number of
different factors. Body temperature, food intake, body
posture, medications, individual cardio-respiratory fit-
ness level, genetics and PA can all influence heart rate
and, as a result, can confound estimates of PA and EE
derived through heart rate monitoring®. In addition, the
ability of heart rate monitors to accurately estimate EE
and assess PA patterns during low intensity and extre-
mely high intensity activity has been questioned. Most
of authors agree that combining accelerometry with
heart rate monitoring increases accuracy in assessing
PA%.

Over the years, techniques for the study of human
movement have improved in complexity and preci-
sion. New technologies as GPS (Table II), high fre-
quency methods and combined motion sensors give
a new perspective and should be taken into account
when measuring PA or EE.

GPS technology has been used in athletes to quan-
tify movement in training. However, commercial GPS
watches maybe limited for the assessment of brief hi-
gher speed movement. The results of this main study’s
suggested that the GPS watches tested provide less re-
liable estimates of EE during walking, especially at hi-
gher speeds (7 km/h). Nevertheless, GPS watches are
portable, relatively inexpensive, non-invasive and pro-
vide distance, speed, and elevation with exact time and
location. The measurement error should be considered
when comparing results from individuals wearing di-
fferent GPS watches and other devices measuring EE,
such as an accelerometer. Currently, heart rate moni-

tors are used for short periods of time (training bouts),
currently the GPS does not improve the accuracy of
this type of PA; however, they are very useful for acti-
vities where there is displacement®.

A new generation of monitors that either combine
multiple accelerometers on different body segments or
that combines accelerometry with other physiological
signals in a single device has contributed to a progress
in the PA assessment field.

One of these new devices is the SenseWear Arm-
band (SWA) (BodyMedia, Inc.,Pittsburgh, PA). SWA,
an extremely simple and inexpensive apparatus, pro-
vides quite accurate measurements of energy expendi-
ture in humans and in baboons. It is worn on the back
of the upper arm and combines five different sensors.
Data are collected from a skin temperature sensor,
near body temperature sensor, heat flux sensor, galva-
nic skin response sensor, and a biaxial accelerometer.
The biaxial accelerometer registers the movement of
the upper arm and provides information about body
position. The information from the sensors, together
with gender, age, height, and weight, are incorpora-
ted into proprietary algorithms to estimate EE. These
algorithms are activity specific and are automatically
applied on the basis of an analysis of the pattern of
signals from the sensors.

The SWA has been shown to accurately assess EE
at rest and during low to- moderate intensity PA in
adults?” and children? using either indirect calorimetry
or doubly labelled water. The SWA did not provide ac-
curate estimates of energy expenditure at high intensi-
ty levels (above ten METSs or a running speed of 6 mph
(161 m/min)) in young adults. In this study, in addi-
tion, the measurement error increased with increasing
exercise intensity due to the plateau or ceiling effect in
energy estimations of the SWA. In the validation study
of performed by Arvidsson et al.'®in 11 to 13 year aged
children, the SenseWear Pro2 Armband underestima-
ted energy cost of most activities, an underestimation
that increased with increased physical activity inten-
sity. These findings have important implications for
monitoring total daily energy expenditure and activity
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energy expenditure in humans engaging in high inten-
sity physical activity.

In a recent study comparing several of the available
activity monitors (SenseWear Pro3 Armband (SWA,
v.6.1), the SenseWear Mini, the Actiheart, ActiGraph,
and ActivPAL), the difficulty in estimating accurately
EE during light to moderate intensity was observed®.
The SWA and AH multi-sensor monitors provided ac-
curate group estimates of EE during light and mode-
rate semi-structured intensity activities, but showed
larger individual estimation error. On the other hand,
the accelerometry-based activity monitors showed lar-
ger error for estimation of lower intensity activities of
daily living. Only the SenseWear Mini assessed low
intensity activities in an accurate manner. The authors
recommend that future research should focus on asses-
sing lower intensity activities using the newly develo-
ped techniques to improve MET estimates of accele-
rometry-based activity monitors (i.e., artificial neural
networking and Hidden Markov Modeling), making
direct comparisons to multi-sensor activity monitors.

Danneker et al.” analysed a shoe-based PA monitor,
which incorporates insole pressure sensors and triaxial
accelerometry to classify major postures/activities and
estimate EE and compared it with other PA monitors
(Actical, ActiGraph, IDEEA, DirectLife, and Fitbit).
Estimated EE using the shoe-based device was not sig-
nificantly different than measured EE. The IDEEA and
the DirectLlife estimates of EE were not significant-
ly different than the measured EE, but the ActiGraph
and the Fitbit devices significantly underestimated
EE. The authors proposed that estimating EE based on
classification of PA can be more accurate and precise
than estimating EE based on total physical activity

Fitbit One (Fitbit Inc., San Francisco, CA), another
novel activity monitor, is a stepcounter and distance
monitor. In their recent validation study, Tacaks et
al.* concluded that these kind of devices are valid and
reliable for measuring step count at multiple speeds,
but that they are inaccurate at measuring distance tra-
velled. Placement of the Fitbit One activity monitor
(whether in a pocket or on the hip) did not affect the
accuracy of the step counts reported. The variability in
underestimation of EE for the different activities may
be problematic for weight loss management applica-
tions.

Conclusions

The objective measurement of human movement and
the quantification of energy expenditure due to physical
activity is an identified need in both research and the cli-
nical setting. Validated and well-defined reference me-
thods are expensive and mostly limited to the laboratory
setting. Newly objective measurement devices have
been developed which are appropriate for field studies
and clinical settings, but all have limitations. Pedome-
ters count the steps taken and give information on total

physical activity, but not about PA patterns and beha-
viour. Accelerometers save information about frequen-
cy and intensity of PA, but not about type of PA. Both
pedometers and accelerometers only save information
about lower body movement and reliability about the
estimation of energy expenditure is limited. Heart rate
monitoring relates intensity to EE, but gives no infor-
mation about PA. GPS watches are maybe limited for
the assessment of brief higher speed movement and EE.
Combined motion sensors share advantages of single
devices and are more precise, but activity-specific al-
gorithms for the calculation of EE can affect EE results.
Most of the devices estimate EE more accurately at li-
ght to moderate intensities; underestimation increases at
very light and higher intensity activities.
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