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Articulo especial/Special article
Tecnologfa de alimentos y evolucidn en los alimentos
de textura modificada; del triturado o el deshidratado a los
productos actuales

Texture-modified foods; from grounding or dehydration
to current products

Revisiones/Reviews
Consumo de alimentos funcionales en Europa;
una revision sistematica

Consumption of functional foods in Europe; a systematic review
Efecto del consumo de t¢ verde o extractos de t€ verde

en el peso y en la composicion corporal; revision

sistematica y metaandlisis

Effect of green tea or green tea extract consumption on body
weight and body composition; systematic review and
meta-analysis

Consumo de fructosa y sus implicaciones para la salud;
malabsorcién de fructosa e higado graso no alcohdlico
Fructose consumption and its health implications;

fructose malabsorption and nonalcoholic fatty liver disease
Funciones ejecutivas en la anorexia nerviosa

Executive functions in anorexia nervosa

Originales/Originals

OBESIDAD/OBESITY
Efecto del bypass gdstrico sobre el riesgo cardiovascular
y la calidad de vida en pacientes con obesidad mérbida
Effect of gastric bypass on the cardiovascular risk and
quality of life in morbid obese patients

Eficacia de las ecuaciones de prediccion para la estimacién
del gasto energético en una muestra de mujeres brasilefias
y espaiiolas con exceso de peso corporal

Effectiveness of prediction equations in estimating energy
expenditure sample of Brazilian and Spanish women with
excess body weight

Un patrdn dietético mixto se asocia con un menor declive
en el cambio del peso corporal durante el puerperio en

una cohorte de mujeres brasilefias

Mixed dietary pattern is associated with a slower decline

of body weight change during postpartum in a cohort

of Brazilian women

Evolucidn del peso y de la composicion corporal en mujeres
con exceso de peso en tratamiento nutricional

en ambulatorio

Weight and body composition variations in overweight
women along outpatient nutritional treatment

PEDIATRIA/PEDIATRICS
Los niveles elevados de protefna C reactiva se asocian a
una mayor adiposidad en escolares mexicanos ...
Higher levels of C-reactive protein associated wi
adiposity in Mexican schoolchildren
PRESENT; prescripeién de nutricion enteral en la
enfermedad de Crohn pedidtrica en Espafia
PRESENT; PREScription of Enteral Nutrition in pediaTric
Crohn’s disease in Spain

470

SINDROME METABOLICO; DIABETES/METABOLIC SYNDROME; DIABETES

+ Control glucémico y perfil lipidico de nifios y
adolescentes sometidos a dos tratamientos dietéticos
distintos para la diabetes mellitus tipo |
Glycemic control and lipid profile of children and adolescents
undergoing two different dietetic treatments for type 1
diabetes mellitus

+ Efecto de diferentes tipos de protefna en la glicemia
postprandial de la segunda comida en individuos de peso
normal y normoglucémicos
Effect of different protein types on second meal postprandial
glycaemia in normal weight and normoglycemic subjects

NUTRICION ENTERAL/ENTERAL NUTRITION

+ Unmétodo seguro para “cortar, atar y tirar del hilo” para retirada
de sonda mediante gastrostomia endoscdpica percutanea en nifios
con anomalfas craneofaciales y estenosis faringea congénitas
A safe “cut, tie and thread-pull” method for percutaneous
endoscopic gastrostomy tube removal in children with
congenital craniofacial anomalies and pharyngeal stenosis
Nutrici6n enteral en pacientes criticos; ;su administracién
deberfa ser continua 0 NEIMIteNte? ......ovvvevvrecrvrreerrciene
Enteral nutrition in critical patients; should the
administration be continuous or intermittent?
Caracterfsticas fisico-quimicas y nutricionales de las dietas
enterales caseras
Physicochemical and nutritional characteristics of handmade
enteral diets

ALIMENTOS FUNCIONALES/ FUNCTIONAL FOOD

+ Restriccion de productos licteos; una realidad en
pacientes con enfermedad inflamatoria intestinal
Restriction of dairy products; a reality in inflammatory
bowel disease patients

+ Efecto de Lactobacillus casei Shirota sobre concentraciones
de urea en la enfermedad renal cronica
Effect of probiotics on human blood urea levels in patients
with chronic renal failure

INVESTIGACION ANIMAL/ANIMAL RESEARCH

+ Efectos de mezclas de conjugados del dcido linoléico y
diferentes aceites comestibles sobre la composicion
corporal y regulacion de lipidos en ratones
Effect of conjugated linoleic acid mixtures and different
edible oils on body composition and lipid regulation in mice

ANCIANOS/ELDERLY

+ Identificacion de grupos de personas mayores
institucionalizadas con diferente estado nutricional
mediante un andlisis de conglomerados

Identification of different nutritional status groups in
institutionalized elderly people by cluster analysis

+ Prediccion de la masa muscular apendicular esquelética basado
en mediciones antropométricas en adultos mayores chilenos ....
Anthropometric model for the prediction of appendicular
skeletal muscle mass in Chilean older adults

CANcer/Cancer

+ Céncer y su asociacion con patrones alimentarios en
Cordoba, Argentina
Cancer and its association with dietary patterns in Crdoba,
Argentina
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+ Indice Inflamatorio-Nutricional; evaluacién del estadio
nutricional y prondstico en pacientes con cdncer de tracto
gastrointestinal y de pulmén
The Inflammatory-Nutritional Index; assessing nutritional
status and prognosis in gastrointestinal and lung cancer
patient

DEPORTE Y EJERCICIO/SPORTS AND EXERCISE

+ Efecto de dos dietas hipocaldricas y su combinacidn con
ejercicio fisico sobre la tasa metabdlica basal y la
composicion corporal
Effect of two hypocaloric diets and their combination with
physical exercise on basal metabolic rate and body composition

* Respuestas fisioldgicas asociadas al género e hidratacién
durante el spinning
Gender- and hydration- associated differences in the

physiological response to spinning

'VALORACION NUTRICIONAL/NUTRITIONAL EVALUATION

+ Evaluacion del riesgo nutricional de los adolescentes
escolarizados en Cantabria
Assesment of nutritional risk among in-school adolescents
from Cantabria
Asociaci6n de la deficiencia de magnesio con pardmetros
antropométricos y clinico-nutricionales en mujeres
posmenopdusicas
Association between magnesium-deficient status and
anthropometric and clinical-nutritional parameters in
posmenopausal women
Evaluacién del estado nutricional de estudiantes adolescentes
de Extremadura basado en medidas antropométricas
Nutritional evaluation of adolescent students from
Extremadura based on anthropometric measurements
Valoracion de los factores de riesgo y validez de cuatro tests
de cribaje sobre la prevalencia de desnutricién al ingreso
hospitalario
Assessment of risk factors and test performance on malnutrition
prevalence at admission using four different screening tools

OTrOS/OTHERS

* Ingesta segura de un suplemento oral que contiene hidratos
de carbono y protefnas de suero de leche poco antes de
sedacion para endoscopia; un ensayo doble ciego y aleatorizado ...
Safe intake of an oral supplement containing carbohydrates
and whey protein shortly before sedation to gastroscopy;
a double-blind, randomized trial
Composicion mineral de los distintos tipos de gofio canario;
Factores que afectan a la presencia de Na, K, Mg, Ca, Mn,
Fe,CuyZn
Mineral composition of different types of Canarian gofio;
factors affecting the presence of Na, K, Mg, Ca, Mn, Fe,
Cnand Zn

Casos clinicos/Clinical cases

+ Abordaje de una posible reaccion de hipersensibilidad
a nutricion parenteral; a propdsito de un caso
Hypersensibility reaction to parenteral nutrition approach;
a case report
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NORMAS DE PUBLICACION PARA LOS Nutricion
AUTORES DE NUTRICION HOSPITALARIA Hospltalana

NutricioN HosPITALARIA, es la publicacion cientifica oficial de la Sociedad Espafiola de Nutricion Parenteral y Enteral (SENPE), de la
Sociedad Espanola de Nutricion (SEN), de la Federacion Latino Americana de Nutricion Parenteral y Enteral (FELANPE) y de la Fede-
racion 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 publicacion, en otra revista y deben haberse
elaborado siguiendo los Requisitos de Uniformidad del Comité Internacional de Directores de Revistas Médicas en su ultima versién
(version 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).

IMPORTANTE: A la aceptacion y aprobacion definitiva de cada articulo deberan abonarse 150 euros, mas impuestos, 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 remitiran por via electrénica a través del portal www.nutricionhospitalaria.com. En este portal el autor encontrara directrices
y facilidades para la elaboracion de su manuscrito.

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 explicaciéon de cudl es su aportacion asi como su relevancia dentro del campo de la nutricion.

— Declaracién de que es un texto original y no se encuentra en proceso de evaluacion por otra revista, que no se trata de publicaciéon
redundante, asi como declaracién de cualquier tipo de conflicto de intereses o la existencia de cualquier tipo de relacion econémica.

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

— Cesion 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 Inves-
tigacion 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 (en castellano y en inglés); se evitaran simbolos y acro-
nimos que no sean de uso comun.

Nombre completo y apellido de todos los autores, 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 institucion a la que pertenecen.

Podra volverse a enunciar los datos del autor responsable de la correspondencia que ya se deben haber incluido en la carta de presen-
tacion.

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).

1.3 Resumen
Serda estructurado en el caso de originales, originales breves y revisiones, cumplimentando los apartados de Introduccién, Objetivos, Mé-
todos, Resultados y Discusion (Conclusiones, en su caso). Debera ser comprensible por si mismo y no contendra citas bibliogréaficas.
Encabezando nueva pagina se incluird la traduccion al inglés del resumen y las palabras clave, con idéntica estructuracion. En caso de no
incluirse, la traduccion sera realizada por la propia revista.

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

1.5 Abreviaturas
Se incluird un listado de las abreviaturas presentes en el cuerpo del trabajo con su correspondiente explicacion. 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 Discusion (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 poblacién a estudio, los métodos estadisticos empleados, los procedimientos y las normas
éticas seguidas en caso de ser necesarias.

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, institucion 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 inclusién 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 bibliograficas se ordenaran y numeraran por orden de aparicion en el texto, identificandose mediante nimeros arabigos
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.nlm.nih.gov/
entrez/query.fcgi?db=journals.

En su defecto en el catdlogo de publicaciones periddicas en bibliotecas de ciencias de la salud espafiolas: http://www.c17.net/c17/.
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1.10 Tablas y Figuras
El contenido sera autoexplicativo y los datos no deberan ser redundantes con lo escrito. Las leyendas deberan incluir suficiente informa-
cion 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 aparicién, 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 autorizacion para su publicacion, se deberd acompafar, al manuscrito,
las autorizaciones correspondientes.

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 méas 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 revisa. Por
ello en ocasiones pediremos que algunos originales se reconviertan en carta cientifica cuyas caracteristicas son:

e Titulo

e Autor (es)

e Filiacion

e Direccién para correspondencia
* Texto maximo 400 palabras

¢ Una figura o una tabla

* Méaximo cinco citas
La publicaciéon 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 espontaneamente.

2.9 Articulo Especial: El Comité Editorial podra encargar, para esta seccioén, otros trabajos de investigaciéon u opinién que considere de es-
pecial relevancia. Aquellos autores que de forma voluntaria deseen colaborar en esta seccion, 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 sefalados en este apartado, segun el tipo de trabajo. En la carta de presentacién 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 Tablas y figuras Referencias
Original Estructurado Estructurado 5 35
250 palabras 4.000 palabras
Revisién Estructurado Estructurado 6 150
250 palabras 6.000 palabras
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 electrénica, una versién mas extensa o informacion adicional.

3. PROCESO EDITORIAL

El Comité de Redaccién acusara recibo de los trabajos recibidos en la revista e informard, en el plazo mas breve posible, de su recepcion.

Todos los trabajos recibidos, se someten a evaluacion por el Comité Editorial y por al menos dos revisores expertos.

Los autores puden 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 48
horas. Aquellos autores que desean recibir separatas deberan de comunicarlo expresamente. El precio de las separatas (25 ejemplares) es de
125 euros + IVA.

Abono en concepto de financiacién parcial de la publicacién. En el momento de aceptarse un articulo original o una revision no solicitada
se facturaré la cantidad de 150 € + 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 edicion también. Nutr Hosp 2012; 27(5).
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Resumen

Las dietas trituradas son unas de las dietas mas utiliza-
das en hospitales y residencias de ancianos. Estas dietas
elaboradas de manera tradicional pueden tener un bajo
valor nutricional, especialmente suelen tener bajo con-
tenido en energia y proteinas. Su uso continuado puede
provocar déficits nutricionales y comprometer el estado
nutricional del paciente.

Durante las dltimas décadas hemos visto cémo la tec-
nologia ha evolucionado y ahora es posible encontrar en
el mercado productos industriales con un completo valor
nutricional y una textura adecuada para la deglucion del
paciente. Estos productos son faciles de preparar y servir,
por lo que su inclusién en las cocinas hospitalarias aporta
grandes ventajas.

(Nutr Hosp. 2014;29:465-469)
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Palabras clave: Dieta textura modificada. Dieta puré. Tec-
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Introduccion

La trituracién de alimentos con el fin de modificar
su consistencia es una practica muy habitual en centros
sanitarios. Estas dietas de textura modificada estan in-
dicadas principalmente en pacientes con problemas de
masticacién o deglucién'.

Las dietas trituradas son unas de las dietas terapéu-
ticas mds utilizadas en un hospital y pueden suponer
alrededor de un 10-15% de las dietas servidas. Si ha-
blamos de residencias de la tercera edad las cifras pue-
den aumentar hasta el 15-26%?.

A pesar de que las dietas trituradas elaboradas de
manera tradicional pueden mejorar la capacidad de
deglutir, a menudo son poco apetecibles y adecuadas
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TEXTURE-MODIFIED FOODS; FROM
GROUNDING OR DEHYDRATION TO CURRENT
PRODUCTS

Abstract

Texture modified diets are among the most used in
hospitals and nursing homes. These traditionally prepared
diets may have a low nutritional value and particularly
tend to have low energy and protein content. The continued
use of these diets can lead to nutritional deficiencies and
compromise the patient’s nutritional status

Over the last decades, we have witnessed the evolution
of technology and evolved and nowadays it is possible to
find on the market industrial products with a complete
nutritional value and a suitable texture for deglutition
among inpatients. These products are easy to prepare
and serve, so that their inclusion in the hospital kitchens
provides great advantages.

(Nutr Hosp. 2014;29:465-469)
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Keywords: Texture modified diet. Pureed diet. Food tech-
nology. Food safety.

debido a su apariencia, consistencia, sabor y valor nu-
tricional. Estos purés estan elaborados siguiendo rece-
tas que a menudo se modifican para adaptarse a las ne-
cesidades del enfermo, haciendo dificil la consecucién
de todo el valor nutricional de los ingredientes.

La industria ha desarrollado tecnologia que per-
mite la fabricacion de dietas de textura modificada
de manera industrial y con ello potenciar la salud,
mejorar la calidad de vida y ofrecer mejores produc-
tos a nivel nutricional a los pacientes con necesidad
de tomar dietas trituradas. Hemos observado con el
paso del tiempo cémo se ha evolucionado desde la
elaboracion casera de las cremas y purés hasta el de-
sarrollo de productos en polvo para reconstituir en
agua o mds recientemente productos pasteurizados
listos para su consumo. Estos productos tienen un
correcto y constante valor nutricional, son de facil
preparacion, aceptable sabor, presentan una textura
homogénea que facilita la deglucién y minimizan el
riesgo higiénico.

Aln asf es necesario realizar estudios que comparen
la dieta tradicional con los nuevos preparados a nivel
nutricional y sensorial.
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Tecnologia de alimentos: desarrollo de productos
alimenticios

Se pueden clasificar los alimentos segtin el tratamien-
to de conservacién que hayan recibido (tabla I). La 1*
gama estd constituida por alimentos frescos como horta-
lizas, verduras, frutas, carnes, pescados y huevos y otros
alimentos conservados mediante métodos tradicionales
como la deshidratacion, salazén y fermentacion.

La 2% gama esta formada por alimentos sometidos
a un tratamiento térmico, generalmente una esteriliza-
cién, tras lo cual se ha envasado herméticamente en
envases de vidrio o en latas. A estos productos se les
Ilama conservas o semiconservas.

La 3% gama la forman los alimentos conservados en
refrigeracion o congelacion.

La 4* gama estd constituida por hortalizas y frutas
frescas a las que se les realiza una serie de operaciones
(pelado, cortado, lavado) y posteriormente se envasan
en atmosferas protectoras y refrigeradas. De este modo
disponemos de estos alimentos listos para su consumo y
conservando sus cualidades de frescor. Estos productos
son mds perecederos que crudos y sin procesar ya que
las operaciones de troceado aumentan su deterioro.

Finalmente, en los ultimos afios la industria ali-
mentaria ha desarrollado una serie de productos de-
nominados de 5* gama. Estos productos han recibido
un tratamiento térmico por calor, estdn listos para su
consumo y es necesaria su comercializacién a tempe-
ratura de refrigeracion para una correcta conservacion.
La investigacién e innovacién en este campo con la
incorporacién de nueva maquinaria y el desarrollo de
nuevos envases hace posible el desarrollo de productos
con texturas y sabores 6ptimos que permanecen hasta
el consumo final del producto.

Centrdndonos en el tema que nos ocupa, la industria
alimentaria ha desarrollado nuevos productos desde
productos en polvo para reconstituir en agua o mds re-
cientemente productos pasteurizados listos para su con-
sumo. Estos productos se estan introduciendo en el sec-
tor de la hosteleria, tanto en cocinas hospitalarias como
en sistemas de catering o en los programas de “Meal on
wheels™ desarrollados en otros pafses para suministrar
comida a pacientes en su domicilio que no son capaces
de adquirir y/o preparar su propia comida. Indudable-
mente aportan una serie de ventajas. La elaboracion de
las cremas y tirmix de manera tradicional supone dis-
poner de un gran almacén para la conservacion de toda

Tabla I
Clasificacion de los alimentos
segun el tratamiento recibido

1* gama.  Alimentos frescos.
2% gama.  Conservas o semiconservas
3" gama.  Alimentos envasados al vacio o en atmdsfera modificada.

5.*gama  Alimentos tratados térmicamente, con envasado aséptico y
conservacion a temperatura de refrigeracion.

la materia prima utilizada, y de los equipos necesarios
para la realizacién de los purés con todas las garantias
sanitarias. Esto aumenta las necesidades de personal y
tiempo para su elaboracion. El avance en la tecnologia
y la disposicién de productos de 5* gama ha facilitado la
organizacion de las cocinas ya que se elimina la fase de
preparacién y elaboracién del plato y sélo es necesario
un calentamiento previo a su consumo.

La posibilidad de disponer de productos de calidad
nutricional y que suponen un menor riesgo microbio-
lI6gico sin duda presenta ventajas respecto a la elabo-
racion de triturados naturales. Ademads estos productos
son faciles de preparar y servir y son compatibles tanto
con cocinas con sistemas de produccién en linea ca-
liente (sistema de produccién tradicional en el que se
elabora la comida y se mantiene en caliente hasta el
momento de su consumo) como cocinas que utilizan
la linea fria (sistema de produccién en el que se difiere
el momento de elaboracién de la comida del momento
de su consumo, manteniéndola en T* de refrigeracién).

Limitaciones y riesgos de la dieta triturada

El uso continuado de las dietas trituradas convencio-
nales puede producir déficits nutricionales. De hecho
se ha considerado la dieta por tirmix un factor de ries-
go de desnutricion en pacientes hospitalizados*. Este
tipo de dietas pueden presentar menor contenido nutri-
cional®’ y su ingesta es menor a la recomendada’. De
hecho tal es la preocupacién por este tema que se han
publicado trabajos para mejorar la calidad y la aparien-
cia de las dietas trituradas®.

En la literatura hay diversos estudios que evidencian
las deficiencias nutricionales de las dietas trituradas.
Wright et al.’ compararon la dieta basal con la dieta tri-
turada del hospital en un grupo de 55 pacientes. Inicial-
mente el contenido de energia y proteinas era similar
en ambas dietas pero la ingesta de la dieta triturada era
claramente inferior. Dahl et al.!’ determinaron el con-
tenido proteico de los purés realizados en centros de
larga estancia, la ingesta proteica de los pacientes y la
calidad de las proteinas ofrecidas en estas dietas. Como
resultados obtuvieron que la cantidad media de energia
y proteinas aportadas al dia eran de 1.074 + 202 kcal y
54 + 19 g respectivamente. Para conseguir alcanzar los
requerimientos de los pacientes, habia que aportar 3.000
ml de volumen, lo que no era ingerido por los pacientes.
Moreno et al.> demostraron que las dietas para pacientes
con disfagia eran nutricionalmente inadecuadas ya que
tenfan bajo aporte caldrico, proteico y eran deficitarias
en algin micronutriente (hierro, calcio y vitamina C).
En un estudio canadiense'', los autores evaluaron dos
grupos de ancianos institucionalizados. Al grupo con-
trol se les proporcionaba la dieta triturada convencional
y al grupo de intervencién una dieta triturada reformu-
lada. Evaluaron a los pacientes a las 6 y 12 semanas. Al
finalizar las 12 semanas, el grupo de intervencion habia
aumentado el aporte calérico y el proteico de manera
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significativa, lo que produjo una mejoria en el estado
nutricional de los pacientes.

Los nuevos productos preparados parece que mejo-
ran esta situacién. Rubio et al." realizaron un estudio
comparando la dieta triturada hospitalaria con un pre-
parado en polvo hiperproteico e hipercaldrico. Encon-
traron que a pesar de que la ingesta del preparado fue
menor que la del puré tradicional, la porcién ingerida
aportaba mds energia y proteinas. Los pacientes con
dieta triturada convencional no alcanzaban los requeri-
mientos en un 83% vs un 38% de los pacientes con el
preparado industrial.

Amurund el at."® evaluaron y compararon dietas de
textura modificada comerciales y caseras en una resi-
dencia de ancianos. Evaluaron la ingesta dietética, el
peso y la aparicién de tlceras por presién durante un
periodo de 28 dias. Los pacientes con dietas de textu-
ra modificada comerciales tuvieron una ingesta mayor
pero no hubo cambios significativos en el peso ni en las
tlceras por presién. De Luis D et al.'*, demostraron que
la utilizacién de productos nutricionales modificados de
textura y listos para su uso produce un incremento en
la ingesta de esos pacientes con mejoria en pardmetros
bioquimicos y antropométricos y de la calidad de vida.

Keller's no encontré cambios en la ingesta al intro-
ducir dietas de textura modificada comerciales.

Otro de los aspectos claves en las dietas trituradas es
la textura. Existen distintas definiciones de textura, por
lo que se estan realizando estudios para describir con
pardametros fisicos las distintas consistencias'®. En teo-
ria todos los alimentos pueden ser triturados, pero en
la préctica se observa que hay purés con menor acep-
tacion debido al resultado final'”. Las mejores prepara-
ciones se obtienen de alimentos de consistencia simi-
lar, ya que al triturarlos la mezcla es mas homogénea
(tabla II). Hay que tener especial cuidado al triturar
elementos duros o fibrosos para evitar que en el puré
final queden hebras, huesecillos,..., que hagan el puré
poco seguro para el paciente.

Los purés elaborados de manera tradicional tienen
una textura variable dependiendo de la cantidad de agua
e ingredientes que utilicemos en su preparacion y pue-

Tabla II
Platos triturados de consistencia homogénea'®

¢ Verduras poco fibrosas con patata y zanahoria.
* Puerro y patata (vichysoisse).

* Calabacin con queso.

* Pollo con verduras y arroz o pasta.

* Ternera con verduras y arroz o pasta (vichysoisse).
* Huevo con verduras.

¢ Pescado blanco con verduras.

¢ Champifiones, calabaza, esprragos.

* Gazpacho.

* Ajoblanco.

* Frutas.

de ser en algunos casos inaceptable para el paciente’.
Con los nuevos productos disponibles en el mercado,
nos aseguramos la misma textura de manera constante.

Y por tltimo, pero no por ello el menos importante,
uno de los grandes riesgos de la dieta triturada es la se-
guridad alimentaria. El riesgo higiénico que presenta la
elaboracion de la dieta triturada no es nada despreciable
debido a la alta manipulacién necesaria en su prepara-
cion (tabla II). El pelado, troceado, lavado, cocinado,
mezclado y triturado de los ingredientes aumentan las
posibilidades de realizar unas malas practicas de mani-
pulacién que provoquen que el resultado final no sea un
alimento sanitariamente seguro. La higiene en cada eta-
pa debe extremarse. La materia prima debe ser de gran
calidad, alcanzar m4s de 65° C en el interior del alimento
durante el cocinado, y extremar las precauciones en la
trituracion de los alimentos. Ademads estos alimentos no
se deben exponer a temperaturas microbioldgicamente
peligrosas, principalmente desde los 15° C a 45° C, ya
que esas temperaturas son las 6ptimas para el crecimien-
to bacteriano de la mayoria de los microorganismos pa-
togenos (fig. 1). En un estudio de la Agencia de Salud
Publica de Barcelona'®, se controlaron las dietas tritura-
das de comedores geridtricos. Obtuvieron como resultado
que en un 33% de los comedores se elaboraban los purés
con mas de 2 horas de antelacién a su consumo y no se
mantenian a temperaturas adecuadas hasta el mismo. En
otro estudio', se evidenci6 que si bien la temperatura al-
canzada durante la coccidn era correcta, la temperatura
vari6 significativamente desde el mantenimiento a la dis-
tribucién de la dieta.

Este riesgo estd minimizado con el uso de las nuevas
dietas disponibles en el mercado, ya que los productos
liofilizados al ser en polvo eliminan el riesgo de cre-
cimiento bacteriano y los productos listos para su uso
utilizan un envasado aséptico tras el tratamiento térmi-
co que dota al producto de mayor seguridad.

Aceptacion por el consumidor
y propiedades organolépticas

Una dieta perfectamente disefiada no es valida si a
quien va dirigida no se la come. No existen muchos
trabajos en la literatura que evalden la aceptacién de
la dieta triturada. De Luis et al. han evaluado la acep-
tacioén de dietas de textura modificada a partir de pro-
ductos liofilizados. En un primer estudio® comparaba
la dieta triturada convencional con una dieta a base de
productos liofilizados en 22 pacientes hospitalizados.

Tabla I1I
Factores de riesgo higiénico en las dietas trituradas

* Ingredientes ricos en sustratos para el crecimiento bacteriano.
* Alto valorde a .
¢ Elevada manipulacion de alimentos.

* Dificultad en mantener a una temperatura segura el alimento durante
todo el procesado.

Tecnologia y dietas de textura
modificada
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65°C T COCINADO
45°c -+

ZONA DE PELIGRO
15°C —
rC REFRIGERACION
-1¢c - CONGELACION

La mayoria de los gérmenes
mueren a estas temperaturas

Temperatura 6ptima de
crecimiento de los gérmenes

Debe evitarse que los alimentos
estén a estas temperaturas

Los gérmenes se multiplican muy
lentamente

Los gérmenes no pueden
multiplicarse, {PERO NO
MUEREN! Por eso, al descongelar
el producto vuelven a crecer

Fig. 1.—Crecimiento micro-
biano segiin el tratamiento
térmico.

En general los productos liofilizados obtuvieron mejor
puntuacién que los productos convencionales en cuan-
to a su textura, color, olor y sabor. En el segundo es-
tudio?!, compararon la aceptacién de la dieta triturada
convencional y la de productos liofilizados y obtuvie-
ron los mismos resultados.

En nuestro hospital?> hemos realizado varios estudios
de evaluacién del residuo que queda en la bandeja una
vez que vuelve a la cocina tras la ingesta del paciente. Se
ha realizado en dos ocasiones, una con productos liofili-
zados y otro con productos listos para tomar. Evaluamos
mds de 1.000 bandejas durante 14 dias. El 15% de las
bandejas evaluadas correspondian a dieta por tirmix. En-
torno al 50% de los pacientes ingerian mas del 75% de la
racion emplatada, tanto de las cremas que componian el
primer plato como las tiirmix que componian el segundo.
Los resultados obtenidos con ambos tipos de dietas tritura-
das fueron equiparables. Si bien es cierto que las cremas y
purés listas para su consumo tenian una ligera mejor acep-
tacion que los elaborados a base de producto deshidratado.

Reglamentacion en materia
de Seguridad Alimentaria

Como consumidores queremos poder confiar en los
productos alimenticios que comemos. En la actualidad
disponemos de un alto grado de proteccién legal en
cuanto a seguridad alimentaria. Esta proteccion es en
parte debida al desarrollo del marco juridico con un
enfoque global “desde la granja a la mesa” con el ob-
jetivo de proporcionar alimentos seguros. Las medidas
legislativas adoptadas estdn destinadas a reducir, elimi-
nar o evitar riesgos para la salud de los consumidores.

El sector de la restauracién ha estado regulado® por
diversas disposiciones de cardcter especifico como el
Real Decreto 512/1977, de 8 de febrero, por el que se
aprueba la Reglamentacion técnico-sanitaria para la
elaboracion, circulacién y comercio de platos prepa-
rados, modificado por el Real Decreto 3139/1982, de
12 de noviembre; la Orden de 21 de febrero de 1977
sobre normas higiénico-sanitarias para la instalacién

y funcionamiento de industrias dedicadas a la prepa-
racién y distribucién de comidas para consumo en co-
lectividades y medios de transporte; y el Real Decreto
2817/1983, de 13 de octubre, por el que se aprueba
la Reglamentacion técnico-sanitaria de los comedores
colectivos y sus modificaciones posteriores.

Estas disposiciones han servido para regular un sec-
tor que ha mejorado las condiciones higiénicas de los
establecimientos asi como se han desarrollado buenas
précticas de manipulacién de alimentos para ser apli-
cadas por los profesionales de la restauracion.

Mas recientemente, y como consecuencia de los
avances tecnoldgicos, se ha publicado mds normativa
enfocada en establecer medidas de control para prevenir
la aparicién de problemas derivados de unas malas prac-
ticas de manipulaciéon. Como punto de partida se puede
establecer la creacion del Libro Blanco sobre la Segu-
ridad Alimentaria, aprobado por la Comisién Europea
en el aflo 2000. Uno de los objetivos que se establecian
era que la proteccién de la salud de los consumidores
alcanzase el nivel mas elevado posible. Para ello se pro-
pusieron una serie de medidas legislativas en las que se
concretaban los principios de seguridad alimentaria, la
responsabilidad de los distintos operadores econdémicos,
la trazabilidad de los productos, el andlisis de los riesgos
y la aplicacién del principio de cautela.

Para desarrollar y poner en practica dichos prin-
cipio fueron promulgadas una serie de disposiciones
que componen el llamado “Paquete de Higiene”. Es-
tos nuevos reglamentos combinan y simplifican las
exigencias de higiene de la anterior normativa. Su in-
novacioén es la realizacién de una politica de higiene
Unica, y aplicable a todos los alimentos, junto con la
introduccién de instrumentos eficaces para gestionar
la seguridad alimentaria y cualquier crisis alimentaria.
Dicho Paquete de Higiene estd compuesto por:

— Reglamento (CE) 178/2002 por el que se estable-
cen los principios y los requisitos generales de la
legislacion alimentaria, se crea la Autoridad Eu-
ropea de Seguridad Alimentaria y se fijan los pro-
cedimientos relativos a la seguridad alimentaria.
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— Reglamento (CE) 852/2004 de higiene de los pro-
ductos alimenticios.

— Reglamento (CE) 853/2004 de higiene de los pro-
ductos de origen animal.

— Reglamento (CE) 854/2004 por el que se estable-
cen normas especificas para la organizaciéon de
controles oficiales de los productos de origen ani-
mal destinados al consumo humano.

— Reglamento (CE) 882/2004 sobre controles oficia-
les efectuados para garantizar la verificacién del
cumplimiento de la legislacién en materia de pien-
sos y alimentos y la normativa sobre salud animal
y bienestar de los animales.

Hay que destacar la legislacion alimentaria nacional
con respecto a este tema. El Real Decreto 640/2006,
de 26 de mayo, por el que se regulan las disposiciones
comunitarias en materia de higiene, de la produccién y
comercializacion de productos alimenticios contribuye a
la correcta aplicacién del Paquete de Higiene asi como
establece normas de aplicacion para algunos aspectos que
no se contemplan en los citados reglamentos. Ademas di-
cho Real Decreto deroga distintas normativas nacionales
relacionadas con la higiene, produccion y comercializa-
cién de productos alimenticios. También derogd los cri-
terios microbioldgicos recogidos en el Reglamento (CE)
2073/2005.Y mas tarde el Real Decreto 135/2010 derogd
los criterios microbioldgicos de la legislacion nacional.

Mucho més reciente es la Ley 17/2011, de 5 de julio,
de Seguridad Alimentaria y Nutricién que fija el estable-
cimiento de instrumentos que contribuyan a generar un
alto nivel de seguridad de los alimentos y la prevencién
de riesgos derivados del consumo de alimentos, desarro-
llo de estrategias que fomenten la educacion para la salud
en el ambito de la nutricion, la coordinacion de las admi-
nistraciones publicas competentes en seguridad alimen-
taria y nutricion y la regulacion de los procedimientos de
actuacion en supuestos de crisis o emergencias.

Como puede apreciarse, la legislacion alimentaria
estd constantemente actualizdndose para adaptarse y
garantizar las necesidades de seguridad alimentaria de
todos los consumidores.

Conclusiones

Las dietas trituradas son unas de las dietas mds uti-
lizadas en hospitales y residencias de la 3* edad. Estas
dietas estdn indicadas principalmente para enfermos
con problemas de masticacién y/o deglucién.

Las dietas trituradas elaboradas de manera tradicio-
nal pueden ser deficitarias nutricionalmente, princi-
palmente en energia y proteinas, lo que aumentaria el
riesgo de desnutricidn en estos pacientes.

Los productos disponibles en el mercado presen-
tan una serie de ventajas frente a las dietas trituradas
de manera tradicional ya que son faciles de preparar
y servir, aseguran un valor nutricional y una textura
adecuada, y el riesgo sanitario es menor al necesitar

menos manipulacién. En general la aceptacion de es-
tos productos es buena y su ingesta es adecuada.
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Abstract

Objective: To assess differences in functional foods
consumption between European countries.

Design: Systematic review. The literature search was
conducted in Medlars Online International Literature
(MEDLINE), via PubMed® and Scopus. Twenty two studies
were identified to examine the differences in functional
food consumption between European countries.

Results: Figures on consumers of functional foods
reveal differences across European countries. Functional
foods are popular in most of European countries like
Finland, Sweden, the Netherlands, Poland, Spain and
Cyprus, but not so in other countries like Denmark, Italy
and Belgium. A high percentage of adolescents in the
European Mediterranean countries (Spain and Cyprus,
but not Italy) consume functional foods. Evaluation of
functional foods consumption according to gender is
difficult, because results differ from one study to another.

Conclusions: Functional foods have become very popular
in Europe in recent years, but still huge differences exist
between Europeans on consumption of functional foods.
Further research is needed to find out the reasons behind
these differences and to understand consumers’ needs for
functional foods.

(Nutr Hosp. 2014;29:470-478)
DOI:10.3305/NH.2014.29.3.7148

Keywords: Functional foods. Food fortification. Food con-
sumption. Europe. Systematic review.

Introduction

Diet-related diseases such as obesity, cancer, diabetes
and cardiovascular disease have been increasing' and
in this view, functional foods play an important role by
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CONSUMO DE ALIMENTOS FUNCIONALES
EN EUROPA; UNA REVISION SISTEMATICA

Resumen

Objetivo: Evaluar las diferencias en el consumo de ali-
mentos funcionales entre los paises europeos.

Diseiio: Revision sistematica. La biisqueda bibliografi-
ca se realizo en Medlars Online International Literature
(MEDLINE), via PubMed®, y Scopus. Se identificaron
veintidos estudios que examinaron las diferencias en el
consumo de alimentos funcionales entre los europeos.

Resultados: Existen diferencias en la proporcion de
consumidores de alimentos funcionales entre los paises
europeos. Asi, mientras los alimentos funcionales son
muy populares en la mayoria de los paises europeos como
Finlandia, Suecia, Paises Bajos, Polonia, Espafia y Chi-
pre, en algunos paises como Dinamarca, Italia y Bélgica
no lo son tanto. Un elevado porcentaje de adolescentes
europeos mediterraneos (Espaiia y Chipre, pero no Ita-
lia) consume alimentos funcionales. La evaluacion del
consumo de alimentos funcionales en funcién del género
es dificil, pues los resultados varian de estudio a estudio.

Conclusiones: En los iltimos afios se ha extendido el
consumo de alimentos funcionales en Europa, pero dicho
consumo muestra grandes diferencias entre los europeos.
Mas investigaciones serdan necesarias para averiguar las
razones subyacentes tras estas diferencias y entender las
necesidades de los consumidores de alimentos funcionales.

(Nutr Hosp. 2014;29:470-478)
DOI:10.3305/NH.2014.29.3.7148

Palabras clave: Alimentos funcionales. Alimentos fortifica-
dos. Consumo de alimentos. Europa. Revision sistemdtica.

reducing or preventing risk of diseases.”? Regarding to
health message of functional foods, markets for these
products has been growing steadily.>* The biggest
functional foods markets are in Japan and the USA;
however, European markets far behind them,* and in
European functional food market, Germany, France,
the United Kingdom and The Netherlands have higher
consumption of functional foods than other European
countries.’

Consumer’s acceptance and attitude towards func-
tional foods determine the markets size and success.
While Americans accept and consume functional
foods more easily, Europeans’ approaches are more
critical® and questioning of functional foods.” It has



been reported that Danish consumers have more neg-
ative attitudes toward functional foods than American
and Finnish consumers.® By contrast, Finnish consum-
ers have the most positive attitudes toward function-
al foods®. In addition to consumer’s acceptance, the
study for comparison between European and Ameri-
can consumer’s awareness of functional foods also
shows the differences between Europe and the USA.
Labrecque et al.’ reported that awareness of functional
foods among French consumers is lower than Ameri-
cans and Canadians.

In the literature, there are studies comparing con-
sumers acceptance and awareness of functional foods
between Europeans and Americans;>® however, studies
evaluating the differences in the functional food con-
sumption of European countries are scarce. The aim of
the present study is to systematically review the func-
tional food consumption in European countries.

Methods of this review

The literature search was conducted through Sep-
tember 2013 in Medlars Online International Literature
(MEDLINE), via PubMed® and Scopus. The MeSH
dictionary in PubMed was used to identify search
terms for this review. The keywords used in the search
were “functional food”’[Major] AND (“intake”’[Mesh]
OR “consumption”’[Mesh] OR “food habits”’[Mesh], OR
“diet” [Mesh]) AND (“Mediterranean”[Mesh], OR “Eu-
rope”’[Mesh], OR “adults”’[Mesh], OR “child”’[Mesh],
OR*elder’[Mesh],OR “age groups’[Mesh], OR “de-
mography”’[Mesh], OR “socioeconomic factors”’[Mesh]).

The selection process for the articles is shown in
figure 1. In total, 425 articles (403 via PubMed, and
22 via Scorpus) were selected by reading the title or
abstract (by AEO). Among the latter, review articles,
systematic reviews, articles in other language rather
than English, articles that are not conducted in Europe,

articles that are not included a validated method for
assessing dietary intake at the individual level and arti-
cles which are not included the number and percentage
of the functional food consumer in the population were
excluded (n = 402). Finally, a total of twenty three ar-
ticles were chosen for the present review. Author and
year of publication, age range of the population, num-
ber and gender of participants, sampling size, country
in which the study was carried out and methods were
collected from these articles. In addition to these data,
number and percentage of the functional food consum-
ers in each study were found. Full-text articles were
assessed by 2 authors (AEO and JAT). Any matter of
doubt was discussed by at least two of the reviewers
(AEO, MMB, AP, and JAT).

Twelve articles!?' represented the functional food
consumption of the population; however other studies gave
information about the food consumption®2 or dietary
patterns® or consumption of specific food group** of
the study population. In these studies functional foods
were determined according to the definition of Diplock
et al.:> A food can be regarded as “functional’ if it is
satisfactorily demonstrated to affect beneficially one
or more target functions in the body, beyond adequate
nutritional effects, in a way which is relevant to either
the state of well-being and health or the reduction of
the risk of a disease. The beneficial effects could be ei-
ther maintenance or promotion of a state of well-being
or health and/or a reduction of the risk of a pathologic
process or a disease.

Results

The characteristics of studies selected for this sys-
tematic review are shown in table I. In these studies the
number of participants varied from 395°' to 48763.7
The range of the response rate was 33%%’-99%." In
two studies the response rate!”? and in one study'’ the

Articles identified (n = 425)
— MEDLINE, via PubMed® (n = 403)

- Scopus (n =22)

4

Studies excluded (n = 307)

- Review articles (n = 12)

- Systematic reviews (n = 12)

— Articles in other lenguages (n = 36)

- Not conducted in Europe (n = 126)

- Not included a validated method for assessing
v dietary intake at the individual level (n = 128)

Studies retrieved
for detailed evaluation (n = 118)

Studies excluded (n = 95)
> — Not included the number and percentage of the
functional food consumer in the population

v

Studies selected (n =23)

— Included the number and percentage
of the functional food consumer in
the population

Fig. 1.—Flow chart for selec-
tion of articles for the present
review.
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Table I
Description of the studies included in this review

Author(s) Method Country Study year (Resif(;yrlf; Z:ri:;: %) Age range
Schitzer et al.® Self-administered questionnaire Austria 2006 2704 (52.7) 19-64y
Mullie et al.” Semi-quantitative food-frequency questionnaire (FFQ) Belgium 2007 1852 (37) 20-59y
Mullie et al.” Semi-quantitative food-frequency questionnaire (FFQ) Belgium 2007 1852 (37) 20-59y
Lazarou et al.* Semi-quantitative food-frequency questionnaire (FFQ) Cyprus (The CYKIDS) 2004-2005 1140 (72) 9-13y
Tjenneland et al.” Food frequency questionnaire (FFQ) Denmark 1993-1997 48763 (33) 50-64 y
Lahti-Koski et al.* Self-administered questionnaire Finland (FINRISK) 1982-1997 24604 (79) 25-64y
Anttolainen et al."® Questionnaire (Health-lifestyle) Finland 1996-1998 23657 (79) 35-84y
Hirvonen et al."® 24-hour dietary records Finland (FINDIET) 2007 981 (90) 25-64y
Urala et al."! Special questionnaire Finland 1999 958 (n.d.) 17-81y
Lukasiewicz et al.* 24-hour dietary records France 1994-2002 2323 (86) 35-60y
Annunziata and Vecchio"” Special questionnaire Italy nd. 400 (n.d.) 18-75y
Ferraroni et al.” Food frequency questionnaire (FFQ) [taly 1990-1991 395 (87%) >35y
Trevisan et al.” Special questionnaire Italy 1978-1987 15649 (83%) 30-59y
de Jong et al.”? Self-administered questionnaires Netherlands 2000 1183 (76) 1991y
de Jong et al.” Food frequency questionnaire (FFQ) Netherlands 2003 2379.(99) 2876y
van de Vijver et al. Food frequency questionnaire (FFQ) Netherlands 2006 4237 (85) 55-69y
Aranceta et al Food frequency questionnaire (FFQ) Spain (Basque Country) 1990 2348 (13) 2560y
Cipridn et al.” Food frequency questionnaire (FFQ) Spain (Valencia Comm) 1994 1863 (74) >15y
Serra-Majem et al *» 24-hour dietary records Spain (EnKid) 1998-2000 3850 (70) 22y
Nifiez-Gonzdlez et al.” Special questionnaire Spain (Canary Islands) 2009-2010 1112 (n.d.) >18y
Landstrom et al."* Food questionnaire Sweden 2005 972 (48) 1775y
Lindstrom et al* Cross-sectional study Sweden 1994 11834 (39) 4564y
Wadolowska et al.'® Closed-question questionnaire Poland 2005 1005 1575y

n.d.: no data.

year of the study was not mentioned. While two stud-
ies involved only men," and one study involved only
adolescents,?® most of the studies showed an age range
of 2-91y.

Food consumption of respondents was determined
by different questionnaires. In total, five food frequency
questionnaires (FFQ), one of them was validated, three
validated semi-quantitative food frequency question-
naires (s-FFQ), three self-administered questionnaires
(two of them were validated), one cross-sectional study,
one food questionnaire, three 24-h dietary recalls, four
special questionnaires and one validated closed question
questionnaire were used to assess food consumption.

The functional food consumption was reported in
twelve studies,'®?' and eight of them showed differ-
ent functional food consumption,*!2!4172021 whereas
two of them presented consumption of stanol-enriched
margarines.'®" In one study low-fat food consumption
was reported!” and in another study fortified food con-
sumption was presented.'® Two studies showed func-
tional foods consumption only in men.'>"

Nine articles reported different food group con-
sumption like fruits and vegetable, whole grain, or
alcohol. While two studies reported fruit and vegeta-
ble intake,?** one study reported tea and coffee con-

sumption’! and two studies reported alcohol consump-
tion.”%” One study reported relationship between body
mass index and food choices.** One study assessed the
association of whole-grain intake with BMI,*? and an-
other one reported alcohol intake and BMI relation.*
Rest of the studies reported food pattern of the study
pOpulatiOn.Zl’22’23’25’26

Milk and dairy products

Six studies reported consumption of low-fat/skimmed
milk, milk with n-3 fatty acid or milk fortified with Ca
or with vitamins A and D. In Finland while 42.3% of
respondents consumed low-fat milk only 8.8% of them
consumed skimmed milk;* however in Belgium only
7.4% of the respondents consumed low-fat milk'"
(table II). Total percentage of the adults who con-
sumed low-fat/skimmed milk in Finland was higher
than those in Spain in where only =< 30% of the adults
consumed functional milk products like milk low in
lactose, milk products low in fat or milk enriched with
vitamins and/or minerals.*?! In Italy functional milk
products consumption (milk with n-3 fatty acids) was
lower than in Finland, Belgium and Spain, only 5% of
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Table IT
Number and percentage of the functional food consumers in different European countries

Men Women Total
Country Functional food
n % n % n %
Austria® Fruits and vegetables 290 2712 694 43.0 984 36.4
Belgium® Fortified margarines 488 26.3 n.d. n.d. 488 26.3
Fermented dairy products 87 4.7 n.d. n.d. 87 47
Nuts 259 14.0 n.d. n.d. 259 14.0
Black tea 551 29.8 n.d. n.d. 551 29.8
Red wine 190 10.2 n.d. n.d. 190 10.2
Fatty fish 228 12.3 n.d. n.d. 228 12.3
Fruits 354 19.1 n.d. n.d. 354 19.1
Vegetables 492 26.6 n.d. n.d. 492 26.6
Belgium® Low-fat mayonnaise 93 5.0 n.d. n.d. 93 5.0
Low-fat yogurt 320 17.3 n.d. n.d. 320 17.3
Low-fat milk 137 7.4 n.d. n.d. 137 74
Low-fat cheese 65 35 n.d. n.d. 65 35
Low-fat cottage cheese 95 5.1 n.d. n.d. 95 5.1
Low-fat meat 401 21.7 n.d. n.d. 401 21.7
Cyprus (The CYKIDS)* Semi skimmed milk 352 66.0 422 69.5 774 67.9
Yogurt 240 45.1 256 422 496 43.5
Whole grain bread 113 21.2 118 19.5 231 20.3
Breakfast cereals 273 51.2 293 48.2 566 49.7
Denmark” Red wine 12973 55.7 13891 55.5 26864 55.1
Finland (FINRISK)** Low-fat milk 5065 42.7 5339 41.9 10404 423
Skimmed milk 875 74 1287 10.1 2162 8.8
Sour milk 10697 90.2 11846 92.9 22543 91.6
Coffee 11740 99.0 12675 99.4 24415 99.2
Tea 10455 88.2 11573 90.8 22028 89.5
Finland" Plant sterol ester margarine 577 5.1 518 42 1095 4.6
Finland (FINDIET)" Voluntarily fortified foods' 305 74 315 65 620 67.5
Finland" Probiotic juice and yoghurt n.d. n.d. n.d. n.d. 287 30.0
Cholesterol lowering products n.d. n.d. n.d. n.d. 169 18.0
Products with added calcium n.d. n.d. n.d. n.d. 451 47.0
Products with added fibre n.d. n.d. n.d. n.d. 465 49.0
Low-salt products n.d. n.d. n.d. n.d. 670 70.0
France® Wine 954 90.4 984 71.6 1938 83.4
Italy" Milk with n-3 fatty acids n.d. n.d. n.d. n.d. 20 5
Probiotic yoghurt n.d. n.d. n.d. n.d. 48 12
Vitamin enriched juices n.d. n.d. n.d. n.d. 21 7
Enriched breakfast cereals n.d. n.d. n.d. n.d. 60 15
Low cholesterol butter n.d. n.d. n.d. n.d. 12 3
Spread with added calcium n.d. n.d. n.d. n.d. 16 4
Italy* Coffee 80 61.5 161 60.8 241 61.0
Decaffeinated coffee 120 92.3 243 91.7 363 91.9
Tea 93 71.5 183 69.1 276 69.9
Italy” Red wine 5650 62.9 4090 61.3 9740 62.2
Netherlands" Yogurt with lactic acid bacteria n.d. n.d. n.d. n.d. 383 324
Cholesterol lowering margarine n.d. n.d. n.d. n.d. 78 6.6
;emopade or SV.VCG[S with extra nd nd nd nd 35 368
vitamins and minerals
Foods with extra Ca n.d. n.d. n.d. n.d. 324 274
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Table II (cont.)
Number and percentage of the functional food consumers in different European countries

Men Women Total
Country Functional food
n % n % n %
Netherlands™ Whole grain (all grain without 77 35.0 038 15 1665 393
bran and germs)
Total brawn bread (sum of brown, 1913 01 2018 235 3931 938
wholemeal and rye bread)
All grain (bran, germs, muesli,
porridge, brown rice and cooked 765 36.8 1051 48.7 1816 429
grains)
Netherlands" Phytost.erol/—stanol—enrlched 48 40 67 59 s 48
margarines
Spain (Basque Country)* Red wine 793 69.4 470 39.0 1263 39.5
Spain (Valencia Low-fat milk 151 18.1 313 31.9 464 25.0
Community)”' Vitamins A+D enriched milk 65 79 125 12.8 190 10.6
Calcium enriched milk 28 34 68 7.0 96 53
Fibre enriched foods 146 17.5 269 27.6 415 23.0
Two yoghurts 107 12.9 159 16.2 266 143
Coffee 344 413 399 40.7 743 39.9
Red wine 177 213 68 6.9 245 132
Todized salt 239 294 335 34.8 574 323
Spain (EnKid)*» Cereal or cereal product for 1380 847 1669 %76 3049 %63
breakfast
Two yoghurts and/or 40 g cheese 850 52.2 897 47.1 1748 49.5
Spain (Canary islands)® Milk products? n.d. n.d. n.d. n.d. 331 29.8
Cereals® n.d. n.d. n.d. n.d. 341 307
Drinks* n.d. n.d. n.d. n.d. 463 41.6
Eggs’ n.d. n.d. n.d. n.d. 75 6.7
Fats® n.d. n.d. n.d. n.d. 197 17.7
Sweden™ Probiotic fruit-drinks 169 39.5 276 50.7 445 45.8
Probiotic milk-products 217 50.8 326 59.9 543 55.9
Portion-sized yoghurt with muesli 20 4.7 47 8.6 67 6.9
Juice with added vitamins or minerals 208 48.6 265 48.7 473 48.7
Cholesterol-lowering products 112 26.3 162 29.7 274 28.2
Fibre-rich bread with n-3 fatty acids 157 36.7 256 47.1 413 42.5
Egg with n-3 fatty acids 14 33 23 42 37 3.8
Sweden® Fruit Juice 2987 55.5 2925 453 5912 50.0
Poland" Cholgsterol lowering spreads nd nd nd nd 201 20,0
or drinks
Energy drinks n.d. n.d. n.d. n.d. 70 7.0
Fgod with added vitamins and/or nd nd nd nd 201 20,0
minerals
Fruit and/or vegetables n.d. n.d. n.d. n.d. 834 83.0
High fibre foods n.d. n.d. n.d. n.d. 382 38.0
Probiotic yoghurt drinks n.d. n.d. n.d. n.d. 372 37.0
Weight loss products n.d. n.d. n.d. n.d. 40 4.0

n.d.: no data.

"Yogurts fortified with vitamins or minerals, juice fortified with vitamins or minerals, Ready-to-eat breakfast cereals fortified with vitamins or minerals, Energy and well-
ness drinks fortified with vitamins or minerals, Quarks fortified with vitamins or minerals

*Milk products: easily digestible milk (or milk low in lactose), milk enriched with vitamins and/or minerals, skimmed milk with soluble fiber, milk with royal jelly, milk
with modified fatty acids (omega 3), milk products low in fat, pro-biotic foods (yoghurt and fermented milk) and yoghurt with phytosterols.

3Cereals: fortified breakfast cereals, whole-meal cereals and energy bars.

“Drinks: juices and enriched drinks, stimulating drinks and isotonic drinks.

SEggs: Docosahexanoic acid-enriched (DHA), low in cholesterol eggs.

SFats: enriched margarine, margarine rich in phytosterols and sunflower oil rich in oleic acid.
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the adults consumed milk with n-3 fatty acids.'” In one
study, semi-skimmed milk consumption of adolescents
was investigated, and reported that 66% of boys and
69.5% of girls consumed low fat milk in Cyprus.*
Consumption of fermented milk products was re-
ported in ten studies. Finland had the highest consump-
tion percentage of fermented milk products, 91.6% of
the respondents consumed sour milk.>* Also in Sweden
probiotic milk products were consumed in high ratio
(55.9%), while yogurt with muesli was consumed by
only 6.9% of the respondents.'* De Jong et al.'? report-
ed that 32.4% of the Dutch respondents consumed yo-
gurt enriched with lactic acid bacteria and Wadolows-
ka et al.! reported that 20% of the Polish respondents
consumed probiotic yogurt drinks; however in Spain,?!
Italy'” and Belgium," fermented dairy products were
not popular. While in Spain 14.3% (12.9% of men and
16.2% of women) and in Italy 12% of the respondents
consumed probiotic yogurt, in Belgium less than 5%
of the respondents consumed these products. In Bel-
gium, 17.3% of the respondents consumed low-fat
yogurt.' Lazarou et al.?® reported that 43.5% of the
children consumed yogurt in Cyprus, while in Spain
almost 50% of the children consumed yogurt.>**

Infusions

Coffee and/or tea consumption was reported in four
studies. In Finland coffee and tea consumption was high-
er than in other countries and no gender difference was
reported.?* Coffee consumption, especially decaffeinated
coffee, also in Italy was high. Coffee with caffeine con-
sumed by 61% of Italian respondents, almost 92% of
them consumed decaf coffee.?! Spanish people also show
high coffee consumption (39.9%), higher in men (41.3%)
than among women (40.7%), While almost 70% of male
respondents consumed tea in Italy,*! 29.8% of the male
respondents in Belgium consumed black tea.'

Cholesterol-lowering products

Consumption of cholesterol lowering products (phy-
tosterol/-stanol-enriched foods) was reported in six
studies. Cholesterol lowering margarine/drink was a
popular functional food in Belgium, Sweden, Poland
and Spain where the percentage of consumption were
26.3%," 28.2%,'* 20%'" and 17.7%* respectively;
however, in Finland and The Netherlands cholester-
ol lowering products were consumed by 4.6%'" and
6.6%" of the respondents. In Finland, 18% of the re-
spondents consumed cholesterol lowering products.!!

Red wine

Five studies reported consumption of red wine. France
had the highest proportion for red wine consumption

with 83.4% of the respondents.® In Italy (62.2%) and
Denmark (55%) more than half of the respondents
consumed red wine,””* while in Spain 13.2%-39.5%
of the respondents consumed red wine.?"*? In France
and Spain there was a gender difference in the con-
sumption of red wine, male respondents more likely
to consume red wine in these countries; however, in
Denmark and Italy no gender difference was observed.
In Belgium red wine consumers was reported as 10.2%
of the respondents;" since this study represented func-
tional foods consumption of military men, comparison
of genders for red wine consumption was not possible.

Cereals

Breakfast cereals or fibre rich bread consump-
tion was reported in six studies. In Cyprus and Spain
breakfast cereal consumption of adolescents was investi-
gated. In these two Mediterranean countries children
had similar and high percentage of breakfast cereal
consumption, 49.7%%* and 49.5%%* respectively, and
boys had slightly higher consumption proportion than
girls.

Landstrom et al.' reported that 42.5% of Swedish
respondents consumed fibre rich bread with n-3 fatty
acid, while 92.8% of the Dutch respondents consumed
total brown, wholemeal or rye bread.*> Whole and all
grain consumption of Dutch respondents were also
reported as 39.3% and 42.9% of respondents, respec-
tively.'®3? Wadolowska et al.!® reported that high fibre
foods were consumed by 38% of the Polish respond-
ents. In Italy only 15% of the respondents consumed
enriched breakfast cereals."”

Fruit and vegetables

Fruit and vegetables consumption was reported in
three studies. In Austria 36.4% of the respondents con-
sumed fruits and vegetables and it is clearly seen that
females more likely to consume these products.® In
Poland 83% of the respondents consumed fruits and
vegetables.! In Belgium consumption of fruits and
vegetables were investigated separately. While 26.6%
of the respondents consumed vegetables 19.1% of
them preferred to consume fruits.!3

In five studies consumption of fruit juice were in-
vestigated. In Sweden almost half of the respond-
ents (48.7%) consumed juice with added vitamins or
minerals.'* In another study reported that 50% of the
Swedish respondents consumed fruit juice.”” Another
common functional food among Swedish respondents
was probiotic fruit drinks which was consumed by
45.8% of the respondents.'* Consumption of vitamin
enriched juices was not popular in Italy, only 7% of
the respondents consumed these products;'” however
in Spain juices and enriched drinks were consumed al-
most 42% of the respondents.?

Functional food consumption
in Europe
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Other functional foods

Consumption of other functional foods like eggs with
n-3 fatty acids, spread with added Ca, low-fat mayon-
naise, low fat cheese, low cholesterol butter, nuts, ener-
gy drinks, vitamin or mineral enriched foods, fibre en-
riched foods, iodized salt, and weight loss products was
also investigated among European citizens. While fatty
fish was consumed by 12.3% of the Belgium respond-
ents, nuts were consumed by 14% of them." Low-fat
products like mayonnaise and cheese were consumed
by 5% of the Belgium respondents; however, low fat
meat was consumed 22% of them." Consumption of
low cholesterol butter and spread with added calcium
in Italy were investigated and reported that less than
5% of the respondents consumed these products.'” Con-
sumption of different functional foods (yogurts fortified
with vitamins or minerals, juice fortified with vitamins
or minerals, ready-to-eat breakfast cereals fortified with
vitamins or minerals, energy and wellness drinks for-
tified with vitamins or minerals, quarks fortified with
vitamins or minerals) were investigated in Finland and
it was reported that total 67.5% of the respondents con-
sumed these products.'® Probiotic juice and yogurt,
products with added fibre and low-salt products were
also commonly consumed by Finnish.'!

Consumption of functional eggs was mentioned in
two studies. While in Sweden only 3.8% of respond-
ents consumed eggs with n-3 fatty acids," in Spain
6.7% of the respondents consumed eggs with n-3 or
low in cholesterol.’ Vitamin enriched foods like lem-
onade or sweets were popular in The Netherlands, al-
most 40% of the respondents consumed these products.'
In the same study it was reported that almost 30% of
the study population consumed foods with extra calci-
um." Products with added calcium were also popular
in another north European country, almost half of the
study population consumed calcium fortified products
in Finland."' However, in Poland 20% of the respond-
ents consumed vitamin and/or mineral enriched foods,
whereas energy drinks and weight loss products were
consumed by only 7% and 4% of the respondents re-
spectively.'® In Spain, 32.3% of respondents consumed
iodized salt, and 23.0% of them consumed fibre en-
riched foods.”!

Discussion

While in most of the north European countries
like Finland, Sweden and The Netherlands, functional
foods are consumed by a high percentage of the pop-
ulation, 1213182432 in Belgium percentage of functional
foods’ consumers is not as high as in the north European
countries.'>! On the other hand, in most of the other Eu-
ropean countries, fortified margarines were consumed
by less than 10% of the populations,'®'>!317 but in Bel-
gium 26% of the study population consumed these
products.” It is also surprising that fermented dairy

products, one of the most popular functional foods,* is
consumed by less than 5% of the study population in
Belgium. The studies conducted in Belgium repre-
sented only specific group of population, military men,
it might be the reason that results from this north Euro-
pean country differs from other northern countries.

Results from Mediterranean countries, like Spain,
Italy and Cyprus, also show differences. Spanish and
Cypriots are more likely to consume functional foods
than Italians. Functional foods, except coffee, tea and
red wine, are not as popular in Italy as in other Europe-
an countries.”?3! When the functional food consump-
tion of young population in Mediterranean countries
was investigated, results show that in Spain and Cy-
prus a high percentage of adolescents consumed func-
tional foods.?>2

It is clearly seen that there are differences between
functional food consumers’ percentage across the
countries. Menrad?® reported that functional foods are
more popular in the Central and Northern European
countries than in Mediterranean countries; however, it
is not possible to make a generalization between northern
and southern countries. Furthermore, in East Europe
functional foods consumption has became popular,'®
and functional food market has been growing in Po-
land.* European countries differ in their nutrition and
health claims of functional foods* and also popularity
of functional foods differs from country to country.

Bech-Larsen and Grunert® reported that Finnish
consumers have positive attitudes toward functional
foods, whereas Danish consumers have negative atti-
tudes toward functional foods. High acceptability of
functional foods in Finland might be the result of the
government’s support of functional foods."

It is difficult to evaluate functional food consump-
tion according to gender, because results varied from
study to study. In some studies, it was reported that
females were more interested in functional food;'*3"3
however, some studies reported that different products
might be attractive for one or the other gender.'>* In
fact, results of some studies conducted in same country
represent different outcomes. According to Lathi-Ko-
ski et al.* females were more likely to consume func-
tional foods than males in Finland; in contrast Ant-
tolainen et al.'”and Hirvonen et al.'® reported that male
consumers were more interested functional foods than
females. Similarly, Landstrom et al.!* pointed out that
Swedish women more likely to consume functional
foods than men, but another study conducted in Swe-
den reported that males consumed functional foods
more than female did.?

Functional foods offer a new kind of health message
due to the specific effects of functional components,*
and consumer aspects of functional foods lay on the
grey area between food and medicine.” The lack of le-
gal definition and regulation for functional foods could
affect the consumer attitude to functional foods."

Lately, it has been evaluated the knowledge of, in-
terest in and predisposition towards FFs in Spanish di-
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eticians and experts in human nutrition, and how these
professionals rate the potential benefits and risks as-
sociated with consuming functional foods. This study
yielded that functional foods are generally accepted
by nutritional professionals. However, further study is
required into the discrepancies between dieticians and
experts in human nutrition regarding the view that it is
“dangerous” to consume certain functional foods and
regarding their evaluation of whether the public know
in which situations certain functional foods should be
consumed.*!

Conclusions

Functional foods have become very popular in Eu-
rope in recent years, but still huge differences exist
between Europeans with consumption of functional
foods. Further researches are necessary to find out rea-
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Resumen

Introduccion: La cafeina y las catequinas contenidas
en el té verde podrian tener un efecto termogénico que fa-
vorece la pérdida de peso y de grasa corporal. El objetivo
del presente estudio es evaluar la magnitud del efecto del
té verde o de sus extractos (cafeina y catequinas) sobre el
peso corporal y la composicion corporal.

Material y métodos: Se realizé una revision sistemati-
ca y metaanalisis para determinar la magnitud del efec-
to del té verde o de sus extractos sobre el peso corporal
(kg), indice de masa corporal (IMC) (kg/m?), masa gra-
sa (%), y perimetro de cintura (cm), o de cadera (cm).
Se incluyeron estudios publicados entre los aiios 2000 y
2013, recuperados de PubMed/Medline con las siguientes
caracteristicas: ensayos controlados aleatorizados (ECA)
de grupos paralelos (intervencion y placebo), con asigna-
cion aleatoria, doble cegado, y un seguimiento minimo
de 12 semanas, en individuos sanos de cualquier género,
de edades superiores a los18 aios, con IMC de 25-40 kg/
m? De cada estudio incluido se establecié su calidad y
riesgo de sesgos, y se realizé el analisis estadistico, con
el software RevMan Crochrane Collaboration 5.1.6, se-
giin el modelo de efectos aleatorios con un intervalo de
confianza del 95% (IC 95%). Se estim6 que el efecto era
estadisticamente significativo en p < 0,05, y se evalu6 la
homogeneidad de los estudios mediante el indice I%.

Resultados: La estrategia de bisqueda recuperé 154
estudios, de los cuales solamente 5 pudieron ser incluidos
en el analisis cuantitativo. El analisis revel6 una diferencia
media (DM) estadisticamente no significativa de pérdida
de peso, tanto en el analisis de subgrupos: individuos asia-
ticos -0,81 kg (95% IC: -2,76 a 1,13; P = 0,41; ’=0%; n =
210), individuos caucasicos -0,73 kg (95% IC: -3,22 a 1,75;
P =0,45; ’= 0% 3 n = 91); como en su conjunto: -0,78 kg
(95% 1IC: -2,31a0,75; P=0,32; I*= 0% n = 301). Tampoco
se observo una DM estadisticamente significativa de dis-
minucion del IMC, tanto en el andlisis de subgrupos: in-
dividuos asiaticos -0,65 (95% IC: -1,85 a 0,54; P = 0,29; I?
=0%; n = 71), individuos caucasicos -0,21 (95% IC: -0,96
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EFFECT OF GREEN TEA OR GREEN TEA
EXTRACT CONSUMPTION ON BODY WEIGHT
AND BODY COMPOSITION; SYSTEMATIC
REVIEW AND META-ANALYSIS

Abstract

Introduction: Caffeine and catechins contained in green
tea may have a thermogenic effect favoring weight and
body fat loss. The aim of this study is to evaluate the
magnitude of the effect of green tea or its extracts (caffeine
and catechins) on body weight and body composition.

Material and methods: A systematic review and meta-
analysis was conducted to determine the magnitude of the
effect of green tea or its extracts on body weight (kg), body
mass index (BMI) (kg/m?), fat mass (%), and waist and
hip circumference (cm). We included studies published
between 2000 and 2013, retrieved from PubMed/Medline
with the following characteristics: randomized controlled
trials (RCTs) of parallel groups (intervention and placebo),
randomized, double-blind, and a minimum 12-week
follow-up, in healthy individuals of either gender, 18
years or older, with a BMI of 25-40 kg/m?. Quality and
risk of bias was assessed for every included study, and the
statistical analysis was performed with the Crochrane
Collaboration RevMan 5.1.6 software, according to the
random effects model with a confidence interval of 95%
(95%). It was established that the effect was statistically
significant at p < 0.05, and the homogeneity of the studies
was assessed using the I? index.

Results: The search strategy retrieved 154 studies,
of which only five could be included in the quantitative
analysis. The analysis revealed a not statistically significant
mean difference (MD) in weight loss in the analyzed
sample and subgroups: Asian individuals -0.81 kg (95%
CI: -2.76 to 1.13; P = 0.41; I*= 0%, n = 210), Caucasians
-0.73 kg (95% CI: -3.22 to 1.75; P = 0.45; I’=0%; n = 91),
as well as in the sample as a whole: -0.78 kg (95% CI:
-2.31 t0 0.75; P = 0.32; I>’= 0%3; n = 301). No statistically
significant decrease was revealed in BMI in the analyzed
sample and subgroups: Asian individuals -0.65 (95% CI:
-1.85 t0 0.54; P = 0.29; I’=0%3; n = 71), -0.21 Caucasians
(95% CI: -0.96 to 0.53; P = 0.58; I*= 22%; n = 91), as
well as in the sample as a whole: -0.31 kg (95% CI: -0.88
to 0.27; P = 0.30; I>’= 0%; n = 162), nor for the waist
circumference 0.08 cm (95% CI: -0.39 to 0.55; P = 0.73;
I’= 3%; n = 301) or hip (95% CI: -1.14 to 0.93; P =
0.85; I’= 0%; n = 210). In the evaluation of the effect
on the percentage of fat mass (FM %), MD was found
not statistically significant for population subgroups:
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a0,53; P =0,58; I’=22%; n = 91); como en su conjunto:
-0,31 kg (95% IC: -0,88 a 0,27; P = 0,30; I*’= 0%; n = 162),
ni para el perimetro de cintura 0,08 cm (95% IC: -0,39 a
0,55; P=0,73; I*=3%; n = 301) o cadera (95% IC: -1,14 a
0,93; P =0,85; I’= 0%; n = 210). En la evaluacion del efec-
to sobre el porcentaje de masa grasa (%MG), no se hallé
una DM estadisticamente significativa para los subgrupos
de poblacién: individuos asiaticos -0,76 (95% IC: -1,59 a
0,08; P = 0,08; I>*= 0%; n = 169), individuos caucasicos
-0,76 (95% IC: -2,22 a 0,70; P = 0,31; I>= 36%; n = 93);
pero si una pequeiia, aunque estadisticamente significa-
tiva, disminucion en su conjunto -0,76 (95% IC: -1,44 a
-0,09; P =0,03; I*= 0%; n = 260).

Discusion: El efecto estadisticamente significativo del
té verde sobre el %MG de toda la muestra no fue clini-
camente relevante, hecho remarcado en los resultados de
otros metaanalisis.

Conclusion de los autores: La ingesta de té verde o de
sus extractos no ejerce efectos estadisticamente significati-
vos sobre el peso de adultos con sobrepeso u obesidad. Se
observa un pequeiio efecto sobre la disminucion del por-
centaje de masa grasa, pero no es clinicamente relevante.

(Nutr Hosp. 2014;29:479-490)
DOI:10.3305/NH.2014.29.3.7118

Palabras clave: Té¢ verde. Sobrepeso. Obesidad. Cafeina.
Catequinas.

Introduccion

La obesidad es una enfermedad' que se estd convir-
tiendo en la epidemia del siglo XXI y en uno de los pro-
blemas que mds preocupa a los Sistemas de Salud de los
Paises Desarrollados. Segtin un informe de la Organiza-
ci6én para la Cooperacién y el Desarrollo Econémicos
(OCDE), en Espana, dos de cada tres hombres tienen
sobrepeso y una de cada seis personas padece obesidad?,
situdndose la prevalencia alrededor del 25%?. Esta en-
fermedad representa un importante factor para el desa-
rrollo de comorbilidades que aumentan sustancialmente
la mortalidad de la poblacién, disminuyen su calidad de
vida y suponen un gasto sanitario muy elevado*®. Pese a
que el control de la ingesta energética y el aumento de la
actividad fisica siguen siendo los pilares fundamentales
en el tratamiento del sobrepeso y la obesidad®®, existe
un aumento en el interés de nuevas estrategias para la
pérdida de peso. En este sentido, y a causa de los es-
casos requisitos que segun la legislacion vigente deben
cumplir los llamados “productos dietéticos™!?, existen
en el mercado un sinfin de productos alimenticios con
supuestos beneficios para la pérdida de peso que no han
sido testados clinicamente y de los que, en consecuen-
cia, no se conoce su eficacia y seguridad''.

Tanto la disminucién de la ingesta energética como el
aumento del gasto energético son puntos clave para con-
seguir un balance energético negativo y, en consecuencia,
para traducirse en una disminucién del peso corporal. En
este sentido, algunos autores han reportado que la cafeina
puede tener un efecto termogénico'>!4, que podria ejercer
cierto efecto en el aumento del gasto energético basal,
aunque la Autoridad Europea de Seguridad Alimentaria

Asian individuals -0.76 (95% CI: -1.59 to 0.08; P =
0.08; I>= 0%3; n = 169), Caucasians -0.76 (95% CI: -2.22
to 0.70; P = 0.31; I*= 36 %; n = 93), but a small, although
statistically significant, decrease in the overall effect
was found -0.76 (95% CI: -1.44 to -0.09; P = 0.03; I>’= 0%
n = 260).

Discussion: The statistically significant effect of green
tea on the FM% of the entire sample was not clinically
relevant, a fact also highlighted in the results of other
meta-analysis.

Conclusion of the authors: Green tea or gree tea extracts
intake or its extracts exerts no statistically significant
effect on the weight of overweight or obese adults. There
is a small effect on the decrease in the percentage of fat
mass, but it is not clinically relevant.

(Nutr Hosp. 2014;29:479-490)
DOI:10.3305/NH.2014.29.3.7118
Keywords: Tea. Overweight. Obesity. Caffeine. Catechin.

considera que este efecto no estd probado’>. Asimismo,
se ha detectado que el efecto termogénico del t€ verde no
puede atribuirse Gnicamente a su contenido en cafeina,
observandose que la mezcla de cafeina y catequinas-po-
lifenoles (sustancias presentes en el té verde) puede tener
un efecto mayor sobre el gasto energético que una canti-
dad equivalente de cafeina'®!”.

Pese a que se han publicado varias revisiones de la
literatura cientifica sobre el papel potencial que puede
tener el té verde como coadyuvante en la pérdida de
peso y en la prevencion del weight cycling (conocido
como “efecto yoy$”)'®2, su revision de forma sistema-
tica y critica es menos abundante®*. Aunque se dispo-
ne de revisiones sistemdticas y metaandlisis®'?, existen
importantes consideraciones de inclusién y exclusion
de estudios (consumo basal de cafeina y catequinas y
cuantificacion del consumo de ambas sustancias, con-
trol de su ingesta en los grupos control, alteraciones y
enfermedades que pueden afectar espontdneamente al
peso de los individuos sujetos a estudio, duracién de la
intervencién o control de otros aspectos terapéuticos,
como la dieta y el ejercicio fisico) asi como de andli-
sis de subgrupos (individuos caucdsicos y individuos
asidticos) que, segun la opinién de los autores de esta
revision, podrian ejercer como factores de confusion.
Asimismo, los autores de sendas revisiones®!?? (excep-
to Jurgens TM et al. 2012%*) no establecen una clara
diferencia entre los resultados estadisticamente signifi-
cativos y los resultados clinicamente relevantes.

La presente investigacion (revision sistematica y me-
taandlisis) analiza la magnitud del efecto del consumo
de té verde o sus extractos (cafeina y catequinas) sobre
el peso corporal y en la composicién corporal de ambos
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sexos, mayores de 18 afios y menores de 60 afios con un
IMC entre 25 y 40 kg/m?, obtenidos de ensayos clinicos
controlados (intervencién y placebo), aleatorizados de
no menos de 12 semanas de seguimiento, a cuyo grupo
placebo no se hayan administrado sustancias que pudie-
ran generar efectos de confusion.

Material y métodos
Criterios de inclusion

Tomando como base las caracteristicas de los metaa-
nalisis publicados hasta la fecha*?, la presente revi-
sién considerd los siguientes criterios para la seleccion
de estudios: ser ensayos clinicos con un minimo de dos
grupos paralelos (grupo intervencion y grupo placebo)
con asignacién aleatoria, doble cegado, y con un se-
guimiento minimo de 12 semanas. En los estudios se
debia poder evaluar el consumo habitual de cafeina y
la etnicidad de la muestra, ya que el consumo basal de
té (diferente en funcién de la etnia) podria afectar a la
magnitud del efecto®.

La muestra debia ser de individuos de ambos géneros,
mayores de 18 aflos con un IMC entre 25 y 40 kg/m?, que
no padecieran enfermedades que pudieran influir espon-
tdneamente en el peso corporal, no estar bajo prescripcion
de ningtin medicamento y ser no fumadores.

Al grupo intervencién (GI) debia administrarse-
le t€ verde (bebida) o extracto de té verde (pastillas,
cépsulas o cualquier otra presentacion) con una canti-
dad de cafeina y catequinas cuya dosis pudiera cuan-
tificarse, y que no contuviese ninguna otra sustancia
que pudiera ejercer efectos sobre el peso corporal o
su composicién. Al grupo placebo (GP) debia admi-
nistrarsele una bebida, pastilla o cdpsula (o cualquier
otra presentacion) idéntica a la suministrada al GI que
no contuviese las sustancias sujetas a estudio (cafeina
0 catequinas) o principios activos que pudieran tener
efectos significativos sobre la pérdida de peso o sobre
la saciedad. Entre ambos grupos debia existir una con-
dicion isocaldrica y de control de la actividad fisica
que posibilitase identificar de forma inequivoca que la
diferencia entre dichos grupos era debida tnicamente
al efecto del té verde. No se aceptaron como sistemas
adecuados para la pérdida de peso las dietas de muy
bajo contenido caldrico (very low calorie diets), debi-
do a sus efectos sobre la masa libre de grasa y a su po-
sible efecto sobre el gasto energético basal**, pudiendo
ejercer por tanto como efecto de confusion.

Los estudios incluidos debieron ofrecer, como mi-
nimo, el resultado de la variacién de la masa corporal
(kg), la variacién del IMC (kg/m?), o la variacién de
la masa grasa (expresada en porcentaje respecto a la
masa corporal o de forma absoluta en kg). También
se evaluaron, si aparecian, los siguientes datos antro-
pométricos: variacion de la masa libre de grasa (kg),
perimetro de la cintura (cm), perimetro de la cadera
(cm) o el ratio de perimetros cintura/cadera.

Estrategia de biisqueda para la
obtencion de estudios

Busqueda de estudios publicados entre el 1 de enero
de 2000 hasta el 1 de enero de 2013, ambos incluidos.
Se buscaron estudios en la base de datos PubMed/Med-
line, no excluyéndose ninguna lengua. La estrategia de
busqueda fue la siguiente: (“green tea”[All Fields] OR
“green tea extract AR25 “[Substance]) AND (“Body
Mass Index”[Mesh] OR (“Body Weight’[Mesh] OR
(“body”’[All Fields] AND “weight”[All Fields]) OR
“body weight”[All Fields]) OR “Body Weight Chang-
es”[Mesh] OR (“Weights and Measures”[MeSH
Terms] OR (“weights”’[All Fields] AND “measures”[All
Fields]) OR “weights and measures”’[All Fields] OR
“weight”[All Fields]) OR “Body Composition”[Mesh]
OR (“Body Fat Distribution”’[Mesh] OR “Adipose
Tissue”’[Mesh] OR “fat mass”[All Fields]) OR (“Mus-
cles”[MeSH Terms] OR “muscles”[All Fields] OR
“muscle”[All Fields] OR “fat free mass”[All Fields])
AND (“Obesity”’[Mesh] OR “obesity”’[All Fields]) OR
(“Overweight”’[Mesh] OR “overweight”’[All Fields]))

No se incluyeron limites de especie (humano o ani-
mal), disefio de estudio (ensayos clinicos controlados
aleatorizados u otros), o edades para aumentar la sen-
sibilidad de la busqueda y hacer el cribado de forma
manual.

Debido a que no se han encontrado estudios sobre el
grado de solapamiento de estudios incluidos en difer-
entes bases de datos en materia de nutriciéon humana y
dietética, inicamente se explot6 dicha base de datos.

Asimismo, se buscaron mds estudios potencialmente
relevantes mediante el sistema que el manual Cochrane
define como pearling (o “encontrar perlas”) revisando
los estudios incluidos en los dos metaandlisis publi-
cados hasta la fecha*?2. No se analiz6 el metaandlisis
publicado por Jurgens TM et al. 2012%, ya que en el mo-
mento de la obtencién de dicha publicacidn, el presente
metaandlisis ya estaba en fase de andlisis de los datos.

Obtencion y tratamiento de datos y andlisis

El proceso de seleccién fue realizado por dos re-
visores independientes. De los articulos recuperados
mediante la estrategia de bisqueda especificada ante-
riormente se excluyeron de forma manual los que no
fueran estudios de intervencidn (revisiones, estudios
epidemioldgicos, guias de practica clinica, cartas al
editor, comentarios), ensayos clinicos no controlados
y aleatorizados, o estudios con caracteristicas o con-
tenidos claramente no relevantes para la presente re-
visién. Se obtuvieron los textos completos de todos los
estudios preseleccionados, con la finalidad de poder
aplicar los criterios de inclusion/exclusion descritos, y
eliminar aquellos estudios que no los cumplieran, in-
dicando sus razones. Finalmente se seleccionaron los
estudios que permitieran un andlisis cuantitativo de las
medidas antropométricas indicadas anteriormente.

Efecto del té verde en el peso
y en la composicién corporal
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Los estudios seleccionados para su andlisis cuanti-
tativo fueron clasificados en funcién de si se trataba
de una intervencion cuyo objetivo era la pérdida de
peso, o bien el mantenimiento o prevencién de la ga-
nancia de peso corporal después de una intervencion
de pérdida de peso. En los estudios de pérdida de peso,
el punto inicial correspondié con los valores medi-
dos en tiempo cero, mientras que en los estudios de
mantenimiento del peso corporal, los valores iniciales
correspondieron a los valores medidos justo después
de una breve fase de pérdida de peso. El punto final
se correspondié siempre con los valores medidos
justamente después de la intervencién. En los casos
en que existieron diferentes grupos intervencién con
dosis de cafeina diferentes, se comparé el efecto de
cada grupo intervencion con el efecto en el grupo con-
trol. Asimismo, se clasificaron los estudios en funcién
de la etnicidad de sus participantes y en funcién del
consumo de cafeina pre-intervencion. De cada estudio
incluido en la revisién se extrajeron datos referentes
a: los métodos (tipo de disefio, cegado, duracion), los
participantes (géneros, IMC medio, rango de edades,
etnicidad), la intervencién (dosis y sustancias ofreci-
das al grupo intervencién y al grupo placebo), y los
resultados (valores de las medidas antropométricas).

En relacién a los resultados, se extrajeron las medias
y las desviaciones estdndar de los datos antropométri-
cos de interés para la presente revision, que fueron co-
piados en una hoja de Excel para realizar operaciones
intermedias de homogenizacién de datos, y posterior-
mente trasladados al sistema de andlisis estadistico
de datos cuantitativos del programa Review Manager
5.1.6, propiedad de la Crochrane Collaboration®.

Asimismo, de cada estudio se establecio si existia un
riesgo alto, bajo o incierto de los siguientes tipos de ses-
go propuestos por la Cochrane Collaboration: gener-
acion de las secuencias aleatorias (sesgo de seleccion),
ocultamiento de la asignacién (sesgo de seleccion),
cegado de los participantes y del personal responsable
de la intervencion (sesgo de realizacion), cegado de la
evaluacion de los resultados (sesgo de deteccion), datos
de resultados incompletos por abandonos (sesgo de des-
gaste), e informacion selectiva (sesgo de informacion).

La estimacién de la magnitud del efecto de las vari-
ables de datos continuos fue agregada en el presente
metaandlisis mediante la diferencia media (y de sus des-
viaciones estandar) de los valores iniciales y finales del
grupo intervencion y del grupo control (respectivamente).

En el caso de que los autores de los estudios origina-
les hubieran omitido datos de interés para la actual re-
vision, o que el estudio estuviera escrito en una lengua
distinta al espafiol, inglés, francés, italiano, portugués,
o aleman, se contacté con dichos autores para obtener
los datos necesarios.

Para determinar la heterogeneidad entre estudios
(subgrupos y total), se utiliz6 el indice I? propuesto
por la Cochrane Collaboration. Un valor I < 25% se
considerd como heterogeneidad leve, entre 25% y 75%
heterogeneidad media y > 75% heterogeneidad alta.

El andlisis de los datos continuos se realizé en base
al modelo de efectos aleatorios (random-effects model)
con un intervalo de confianza del 95% (CI 95%), tanto
para el estudio del efecto de subgrupos como para el
efecto total. Los valores negativos para el efecto ob-
servado, indican que el efecto favorece al grupo inter-
vencién, mientras que el valor cero o los valores posi-
tivos, indican que no existe efecto, o bien que el efecto
observado es favorable al grupo control. Se estimé que
el efecto era estadisticamente significativo en p < 0.05.

Resultados
Descripcion de los estudios recuperados

La estrategia de busqueda en PubMed/Medline re-
porté 144 estudios relacionados con la ingesta de té
verde o sus extractos y el peso corporal, y 10 mds
fueron hallados e incorporados a través de otros siste-
mas de obtencion de estudios, descritos anteriormente.
Después de leer los 154 estudios potenciales para la
inclusiéon en la presente investigaciéon, 101 fueron
eliminados por no tratarse de ensayos controlados ale-
atorizados, 2 por no estar realizados exclusivamente
en humanos, y 22 articulos por no ser relevantes para
la revision actual. De los 29 estudios preselecciona-
dos, 21 fueron eliminados por no cumplir con todos los
criterios de inclusion. De los 8 restantes, unicamente
5 contenian los datos adecuados para llevar a cabo el
analisis cuantitativo (fig. 1).

144 articulos identificados 10 articulos identificados
en Pubmed/Medline a través de otras fuentes

154 articulos (sin duplicados)

29 articulos incluidos después
de una primera evaluacion
(lectura de titulos y abstracts)

125 articulos excluidos:
101 ensayos no controlados
2 no en humanos

22 tema no de interés

21 articulos excluidos
(razones en la tabla IT)

8 articulos que cumplen con
todos los criterios de inclusion

5 articulos incluidos en el
andlisis cuantitativo (metaandlisis)

Fig. 1.—Diagrama de flujo del proceso de seleccion de estudios.
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Tabla II

Relacion de estudios exclu

idos y razon(es) para su exclusion

Ref. Autores/as Aiio Razon(es) de exclusion

3 Brown AL et al. 2011 El grupo intervencion recibe una bebida sin cafefna.

2 Stendell-Hollis NR et al. 2010 El grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

& Belza A et al. 2009 El grupo intervencion recibe una sustancia (tirosina), ademds de las
sustancias de interés.

3 Brown AL et al. 2009 El grupo intervencion recibe una bebida sin cafefna.

& Frank J et al. 2009 Seguimiento de menos de 12 semanas. El grupo control recibe una bebida
con igual contenido en cafeina que el grupo intervencion.

3 Maki KC et al. 2009 El grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

¥ Nagao T et al. 2009 La muestra contiene sujetos diagnosticados de diabetes mellitus tipo 2, y
el grupo control recibe una bebida con igual contenido en cafeina que el
grupo intervencion.

3 Matsuyama T et al. 2008 La muestra contiene sujetos con edades comprendidas entre 6 y 16 afios de
edad, y el grupo control recibe una bebida con igual contenido en cafefna
que el grupo intervencién.

¥ Takeshita M et al. 2008 El grupo intervencion recibe una bebida sin cafefna.

0 Hill AM et al. 2007 El grupo intervencion recibe una bebida sin cafeina.

4 Nagao T et al. 2007 El grupo control recibe una bebida con igual contenido en cafeina que el
grupo intervencion.

“ Chan CCet al. 2006 No es un estudio doble ciego, y la muestra contiene sujetos diagnosticados
de sindrome poliquistico de ovario.

s Fukino Y et al. 2005 No es un estudio doble ciego y que la muestra contiene sujetos
diagnosticados de Diabetes tipo 2

“ Harada U et al. 2005 El grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

s Kozuma K et al. 2005 El grupo intervencion recibe una bebida sin cafefna.

4 Nagao T et al. 2005 La muestra contiene sujetos con un IMC considerado normopeso, y el
grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

7 Maron DJ et al. 2003 El grupo intervencion recibe una bebida con contenido en cafefna cuya
cantidad no estd adecuadamente descrita.

48 Chantre P et al. 2002 No hay grupo placebo-controlado.

® Tsuchida T et al. 2002 El grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

0 Hase T et al. 2001 El grupo control recibe una bebida con igual contenido en cafefna que el
grupo intervencion.

S Nagao T et al. 2001 El grupo control recibe una bebida con igual contenido en cafefna que el

grupo intervencion.

En la tabla I se enumeran los estudios incluidos en
el andlisis cuantitativo y sus principales caracteris-
ticas®**. En la tabla II se enumeran los estudios ex-
cluidos y se indica la razén por la que fueron elimi-
nados’'3!,

Solamente 5 estudios contenian la informacién ade-
cuada para realizar el andlisis cuantitativo®-°,

Se evalué el riesgo de sesgo en todos los estudios
incluidos en nuestro andlisis. En la figura 2 se ofrece el

andlisis de evaluacion de sesgo propuesto por Cochra-
ne Collaboration®.

Efecto de la intervencion
Efecto del té verde en el peso corporal total (fig. 3):

5 estudios evaluaron la relacion entre la ingesta de té
verde o sus extractos y su efecto en el peso corporal
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Wang, 2010
Kovacs, 2004
Hursel, 2009
Auvichayapat, 2008

Generacion de secuencias aleatorias (sesgo de seleccion)

Ocultamiento de asignacion (sesgo de seleccion)

Cegado de participantes y personal (sesgo de realizacion)

Cegado de evaluacién de resultados (sesgo de deteccién)

Datos incompletos por abandono (sesgo de desgaste)

®® 666G
®e666G

®® 6

@ ® ®|® | ®|® | HsucH 2008
®®666e

Informacion selectiva (sesgo de informacién)

Fig. 2.—Resumen del riesgo
de sesgo de los estudios in-
cluidos en el andlisis cuan-

titativo.

Intervencién Placebo Diferencia media Diferencia media

Estudio de subgrupos Medialkg] SD  (n) Medialkgl SO (n) Peso Modelo aleatorio, 95% IC Modelo aleatorio, 95% IC

Asiaticos

Auvichayapat, 2008 =27 8.91 30 -2 813 30 126% -0.70 [-5.02, 3.62) —

Hsu CH, 2008 -0.2 10.2 41 -01 1406 37 7.7% -0.10[-5.60, 5.40)

Wang, 2010 -0.7 9.74 47 0.1 8.79 43 16.0% -0.80[-4.63,3.03) —

Wang, 2010 -08 1151 49 01 8.79 43 13.5% -0.90 [-5.06, 3.26) .

Wang, 2010 1.2 1172 43 0.1 8.79 43 12.2% -1.30 [-5.68, 3.08] e

Subtotal (95% ClI) 210 196  62.0% -0.81[-2.76,1.13) R
Heterogeneidad: Tau?=0.00; Chi*=0.12, df=4 (P=1.00); = 0%

Test efecto total (subg): Z=0.82 (P=0.41)
' Caucasicos

Hursel, 2009 -01 7.04 20 3 7.42 20 11.7% -3.10[-7.58,1.38) I A

Hursel, 2009 05 6.85 20 05 7.09 20 12.5% 0.00[-4.32,4.32)

Kovacs, 2004 1.7 1.5 51 1.1 9.84 53 13.8% 0.60[-3.52,4.72) ?

Subtotal (95% Cl) 91 93 38.0% -0.73[-3.22,1.75)

Heterogeneidad: Tau®= 0.00; Chi*=1.58, df= 2 (P = 0.45); #= 0%
Test efecto total (subg): Z=0.58 (P = 0.56)

Total (95% Cl) 301 289 100.0% -0.78 [-2.31,0.75]) *
Heterogeneidad: Tau?= 0.00; Chi*= 1.70, df= 7 (P = 0.97); F= 0% 4 2 . 2 4
Test efecto total (grupo)Z=1.00 (P = 0.32) . .

Test diferencias de subgrupos: ~ Chi*= 0.00, df=1 (P = 0.96). F= 0% Favorece intervencién Favorece placebo
SD = Desviacion estdndar.
n = Numero de sujetos que conforman la muestra analizada.

Fig. 3.—Efecto del consumo de té verde en el peso corporal total (kg);

total (n = 301), 3 estudios en individuos asidticos (n =
210) y 2 estudios en individuos caucdsicos (n =91). El
andlisis estadistico en el subgrupo de individuos asidti-
cos reveld una diferencia media (DM) estadisticamen-
te no significativa de pérdida de peso de -0,81 kg (95%
IC: -2,76 a 1,13; P = 0,41; I’= 0%; n = 210). El andli-
sis estadistico en el subgrupo de individuos caucdsicos
revel6 una DM estadisticamente no significativa de
pérdida de peso de -0,73 kg (95% IC: -3,22 a 1,75; P
=0,45; I?’=0%; n =91). El andlisis del efecto total, re-
vel6 una DM estadisticamente no significativa de -0,78
kg (95% 1C: -2,31 a 0,75; P =0,32; >’= 0%; n = 301).

subgrupos individuos asidticos e individuos caucdsicos.

Efecto del té verde en el IMC (fig. 4): 4 estudios
evaluaron la relacion entre la ingesta de té verde o sus
extractos y su efecto en el IMC (n = 162), 2 estudios
en individuos asidticos (n =71) y 2 estudios en indivi-
duos caucasicos (n = 91). El analisis estadistico en el
subgrupo de individuos asidticos revel6 una diferen-
cia media (DM) estadisticamente no significativa de
disminucién del IMC de -0,65 (95% IC: -1,85 a 0,54;
P = 0,29; I’= 0%; n = 71). El andlisis estadistico en
el subgrupo de individuos caucdsicos revelé una DM
estadisticamente no significativa de disminucién del
IMC de -0,21 (95% IC: -0,96 a 0,53; P = 0,58; I>’=
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Heterogeneidad: Tau®= 0.00, Chi*= 3.63, df= 4 (P =0.46), "= 0%
Test efecto total (grupo)Z=1.05 (P = 0.30)
Test diferencias de subgrupos: ~ Chi*=0.38, df=1 (P =0.54),. F= 0%

SD = Desviacién estdndar.
n = Nimero de sujetos que conforman la muestra analizada.

Intervencién Placebo Diferencia media Diferencia media
Estudio de subgrupos Media  SD (n) Media SD (n) Peso Modeloaleatorio, 95% IC  Modelo aleatorio, 95% IC
Asiaticos
Auvichayapat, 2008 -297 317 30 -188 316 30 129% -1.09(-2.69,0.51] -
Hsu CH, 2008 -0.1 3.51 4 0 448 37 10.2% -0.10[-1.90,1.70) R
Subtotal (95% CI) 7 67 231% -0.65[1.85,0.54] -
Heterogeneidad: Tau?= 0.00; Chi*= 0.65, df=1 (P=0.42), = 0%
Test efecto total (subg): Z=1.07 (P=0.29)
Caucasicos
Hursel, 2009 02 195 20 0.1 1.9 20 23.2% 0.10[-1.09,1.29] —
Hursel, 2009 0 1.9 20 1 1.9 20 239% -1.00(-2.18,0.18) — 0
Kovacs, 2004 05 29 51 03 257 53 29.8% 0.20 [-0.85, 1.25) ——
Subtotal (95% CI) 91 93 76.9% -0.21[-0.96, 0.53) -
Heterogeneidad: Tau?= 0.10; Chi*= 2.57,df= 2 (P = 0.28); P= 22%
Test efecto total (subg): Z=0.55 (P = 0.58)
Total (95% Cl) 162 160 100.0% -0.31[-0.88,0.27)

4 2
Favorece intervencion

2 4

*

Favorece placebo

Fig. 4.—FEfecto del consumo de té verde en el IMC; subgrupos individuos asidticos e individuos caucdsicos.

Intervencién Placebo

Diferencia media Diferencia media

Test efecto total (grupo)Z=2.21 (P = 0.03)
Test diferencias de subgrupos:

SD = Desviacion estandar.
n = Nimero de sujetos que conforman la muestra analizada.

Estudio de subgrupos Media[%] sp  (n) Media [%] SD {(n) Peso Modeloaleatorio, 95% IC Modelo aleatorio, 95% IC
Asiaticos
Auvichayapat, 2008 -38 168 30 -277 293 30 311% -1.03[-2.24,018 — 87
Wang, 2010 -0.7 499 47 -02 459 43 116% -050(-2.48,1.48) T
Wang, 2010 -09 485 49 -0.2 459 43 122% -0.70(-2.63,1.23) I B
Wang, 2010 -05 513 43 -0.2 459 43 107% -0.30(-2.36,1.76) S
Subtotal (95% CI) 169 159 65.7% -0.76 [-1.59, 0.08) S 4
Heterogeneidad: Tau*= 0.00; Chi*= 0.45, df=3 (P=0.93), = 0%
Test efecto total (subg): Z=1.78 (P = 0.08)
Caucasicos
Hursel, 2009 11 317 20 11 34 20 11.0% -2.20[-4.24,-0.16) e
Hursel, 2009 -1 258 20 -06 289 20 157% -0.40(-2.10,1.30) e
Kovacs, 2004 -0.7 667 51 -12 598 53 7.7% 0.50 [-1.94, 2.94) -
Subtotal (95% CI) 91 93 34.3% -0.76 [-2.22,0.70] P
Heterogeneidad: Tau*= 0.60, Chi*=3.12, df=2 (P=0.21), *= 36%
Test efecto total (subg): Z=1.02 (P=0.31)
Total (95% Cl) 260 252 100.0% -0.76 [-1.44, -0.09] <
Heterogeneidad: Tau?= 0.00; Chi*= 3.57, df=6 (P = 0.73); = 0% ‘4 ‘2 . ‘2 3

Chi*=0.00, df=1 (P=0.99). = 0%

Favorece intervencion Favorece placebo

Fig. 5.—FEfecto del consumo de té verde en el porcentaje de grasa corporal (%); subgrupos individuos asidticos e individuos caucdsicos.

22%; n = 91). El analisis del efecto total, reveld una
DM estadisticamente no significativa de disminucién
del IMC de -0,31 kg (95% IC: -0,88 a 0,27; P = 0,30;
2=0%; n=162).

Efecto del té verde en el porcentaje de masa grasa
(%MGQ) (fig. 5): 4 estudios evaluaron la relacién en-
tre la ingesta de té verde y su efecto en el %MG (n =
260), 2 estudios en individuos asidticos (n = 169) y 2
estudios en individuos caucdsicos (n = 93). El analisis
estadistico en el subgrupo de individuos asiaticos re-

vel6 una diferencia media (DM) estadisticamente no
significativa de disminucién del %MG de -0,76 (95%
IC: -1,59 2 0,08; P = 0,08; I’= 0%; n = 169). El andli-
sis estadistico en el subgrupo de individuos caucasicos
revel6 una DM estadisticamente no significativa de
disminucion del %MG de -0,76 (95% IC: -2,22 a 0,70;
P =0,31; I>’=36%; n = 93). El andlisis del efecto total,
revel6 una DM estadisticamente significativa de dismi-
nucién del %MG de -0,76 (95% IC: -1,44 a-0,09; P =
0,03; I*= 0%; n = 260).
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Intervencién Placebo Diferencia media Diferencia media

Estudio de subgrupos e diafem] sD (n) Media[cm] SD (n) Peso Modelo aleatorio, 95% IC Modelo aleatorio, 95% IC

Asiaticos

Auvichayapat, 2008 -3.86 9.76 30 -423 1138 30 08% 0.37-4.99,5.73]

Hsu CH, 2008 1.7 79N 41 13 11.74 37 11% -0.40[-4.89,4.09

Wang, 2010 -1.1 588 47 -02 576 43 37% -090[-3.31,1.51) L R

Wang, 2010 -1.3 6.86 49 -0.2 576 43 32% -1.10[-3.68,1.48] I

Wang, 2010 1.9 6.85 43 -02 576 43 30% -1.70[-4.38,098] R

Subtotal (95% CI) 210 196 11.8% -1.03[-2.39,0.32) <~
Heterogeneidad: Tau?= 0.00; Chi*= 0.59, df= 4 (P = 0.96); = 0%

Test efecto total (subg): Z=1.50 (P=0.13)
Caucasicos

Hursel, 2009 -0.1 585 20 3 619 20 16% -310(-683,063) — [

Hursel, 2009 0 58 20 0.2 5.7 20 1.7% -0.20[-3.76, 3.36) -

Kovacs, 2004 0.2 092 51 -01 075 53 849% 0.30[-0.02,0.62)

Subtotal (95% CI) 91 93 88.2% -0.32[-2.01,1.37]

Heterogeneidad: Tau?= 1.08; Chi*= 3.23, df= 2 (P = 0.20); = 38%
Test efecto total (subg): Z=0.37 (P=0.71)

Total (95% CI) 301 289 100.0% 0.08 [-0.39, 0.55] ?
Heterogeneidad: Tau?= 0.04; Chi*=7.21,df=7 (P=0.41);?= 3% L‘ 2} 0 ; L
Test efecto total (grupo)Z=0.34 (P=0.73) N ;s
Test diferencias de subgrupos:  Chi?=0.42, df=1 (P = 0.52). F= 0% Favorece intervencion Favorece placebo

SD = Desviacion estandar.
n = Nimero de sujetos que conforman la muestra analizada.

Fig. 6.—Efecto del consumo de té verde en el perimetro de cintura (cm); subgrupos individuos asidticos e individuos caucdsicos.

Efecto del t¢€ verde en el perimetro de la cintura (fig. 6):
5 estudios evaluaron la relacién entre la ingesta de té
verde y su efecto en el perimetro de cintura (n = 301),
3 estudios en individuos asidticos (n = 210) y 2 es-
tudios en individuos caucdsicos (n = 91). El analisis
estadistico en el subgrupo de individuos asidticos re-
vel6 una diferencia media (DM) estadisticamente no
significativa de disminucién del perimetro de cintura
de -1,03 cm (95% 1C: -2,39 2 0,32; P = 0,13; I’= 0%;
n =210). El andlisis estadistico en el subgrupo de indi-
viduos caucdsicos revel6é una DM estadisticamente no
significativa de disminucién del perimetro de cintura
de -0,32 cm (95% IC: -2,01 a 1,37; P=0,71; = 38%;
n = 91). El andlisis del efecto total, no revel6 ningtin
efecto en la variacion del perimetro de cintura de 0,08
cm (95% 1C: -0,39 a 0,55; P =0,73; I>’=3%; n = 301).

Efecto del t€ verde en el perimetro de la cadera (fig. 7):
3 estudios evaluaron la relacion entre la ingesta de té
verde y su efecto en el perimetro de cintura en indi-
viduos asidticos (n = 210). El andlisis estadistico re-
velé una diferencia media (DM) estadisticamente no
significativa de disminucién del perimetro de cadera
de -0,10 cm (95% IC: -1,14 a 0,93; P = 0,85; I’= 0%;
n=210).

Discusion

El metaanalisis revelé que la ingesta de té verde o
de sus extractos no se asocia a efectos estadisticamente
significativos sobre la disminucién del peso corporal,
del IMC, del porcentaje de grasa corporal, del peri-

metro de cintura y de la cadera en adultos asidticos o
individuos caucdsicos. El tnico resultado estadistica-
mente significativo fue para el efecto del té verde en el
porcentaje de masa grasa cuando se evalud el tamafio
del efecto total (sin tener en cuenta los subgrupos), ob-
teniéndose una disminucién del 0,76% en la estima-
cion de la masa grasa. La magnitud del efecto, pese a
ser estadisticamente significativa, no es clinicamente
relevante.

En comparacién con el metaanalisis Hursel R et al.
20092, los autores del presente metaandlisis decidie-
ron eliminar el estudio de Kozuma K et al. 2005% por-
que el grupo intervencién no recibia una bebida con
cafeina. También se eliminaron el estudio de Nagao
T et al. 20074, el estudio de Tsuchida T et al. 2002%,
el estudio de Hase T et al. 2001%, y el estudio de Na-
gao T et al. 2001%!, porque el grupo control recibia una
bebida con igual contenido en cafeina que el grupo in-
tervencién. El metaandlisis de Hursel R et al. 20092
solamente evalué el efecto del té verde sobre el peso
corporal total, sin observar el efecto sobre la masa
grasa u otros componentes que ofrezcan un valor de
adiposidad. Al igual que el presente metaanalisis, el
estudio de Hursel R et al. 2009?! evalu6 por separa-
do los subgrupos de individuos asidticos e individuos
caucdasicos. Al contrario que el presente metaanalisis,
dicho estudio encontré una diferencia estadisticamente
significativa entre la ingesta de té verde y la disminu-
cion del peso corporal, aunque no detall6 si dicha dife-
rencia era clinicamente relevante.

El metaandlisis de Phung OJ et al. 20107, realiz6 3
comparaciones y las evalud por separado: (a) catequinas

Efecto del té verde en el peso
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Test for subaroup differences: Not applicable

SD = Desviacién estdndar.
n = Nimero de sujetos que conforman la muestra analizada.

Intervencién Placebo Diferencia media Diferencia media
Estudio de subgrupos pediafem] SD  (n) Medialcm] SD  (n)  Peso  Modelo aleatorio, 95% IC  Modelo aleatorio, 95% IC
Asiaticos
Auvichayapat, 2008 -2 576 30 -52 841 30 81% 3.20[-0.45,6.85) i
Hsu CH, 2008 -1.2 747 41 -22 978 37 71% 1.00[-2.89, 4.89]
Wang, 2010 -09 4.46 47 -03 44 43 320% -060[2.43,1.23 — 0
Wang, 2010 -08 5.29 43 -03 44 43 274% -050[-2.48,1.48) [
Wang, 2010 -0.7 5.28 43 -03 44 43 255% -0.40[-2.45,1.65) — O
Subtotal (95% CI) 210 196 100.0% -0.10([-1.14,0.93) <o
Heterogeneidad: Tau?= 0.00; Chi*= 3.98, df= 4 (P = 0.41); *= 0%
Test efecto total (subg): Z= 0.19 (P = 0.85)
1 1 1 1
4 2 0 2 4

Favorece intervencién Favorece placebo

Fig. 7.—Efecto del consumo de té verde en el perimetro de cadera (cm).

y cafeina versus grupo control con cafeina (7 estudios);
(b) catequinas y cafeina versus grupo control sin cafeina
(6 estudios); y (c) catequinas versus control sin cafeina.
De los 6 estudios de interés para el presente metaana-
lisis (comparacién b), el de Chan CC et al. 2006* fue
eliminado porque no es un estudio doble ciego; el es-
tudio de Fukino Y et al. 2005* porque no es un estudio
doble ciego y porque los sujetos de la muestra padecian
diabetes mellitus; y el estudio de Maron DJ et al. 2003*
porque el grupo intervencion recibia una bebida cuyo
contenido en cafeina no estaba adecuadamente descrito.
El metaandlisis de Phung OJ et al. no establecié dife-
rentes subgrupos de poblacién (individuos asidticos y
individuos caucasicos). Los resultados del analisis esta-
distico del grupo de comparacién de interés para el pre-
sente estudio (comparacién b), no mostraron resultados
estadisticamente significativos.

Pese a no haber evaluado exhaustivamente los datos
de Jurgens TM et al. 2012 debido a que en el momen-
to de su publicacion el presente metaandlisis ya estaba
en fase de andlisis de datos, las conclusiones y hallaz-
gos del metaanalisis de la Cochrane Collaboration van
en la misma direccién que los resultados del presente
estudio: resultados estadisticamente no significativos o
clinicamente irrelevantes.

Limitaciones del estudio

Asimismo, la explotacién de una sola base de datos
(PubMed/Medline), puede significar no haber inclui-
do estudios publicados y de interés para la presente
revisién. Sin embargo, al no existir estudios de solapa-
miento de bases de datos en materia de nutricién huma-
na y dietética, se desconoce la relacion entre el tiempo
invertido en la biisqueda de estudios y la obtencién de
estudios relevantes derivados de la explotacién de una
o mds bases de datos. Este punto deberia ser estudia-
do con detenimiento para poder establecer las bases de
datos minimas que deben ser explotadas en materia de

nutricién humana y dietética para poder asegurar que
se incluyen la mayor parte de los estudios publicados,
optimizando el tiempo y los recursos invertidos en di-
cha tarea. En cualquier caso, la exhaustiva revisién de
los estudios incluidos en dos revisiones sistemadticas y
metaandlisis, minimiza el posible sesgo de seleccién.

Finalmente, no haber analizado de forma exhausti-
va los estudios incluidos en el metaandlisis de Jurgens
TM 2012 et al.*®, puede verse como una limitacién
mds. Sin embargo, la obtencién de resultados y con-
clusiones en la misma direccién y magnitud, hace pen-
sar a los autores del presente metaandlisis que el riesgo
de sesgo es minimo.

Conclusiones de los autores

Los ensayos aleatorizados y controlados publica-
dos entre los afios 2000 y 2013 revelan que la ingesta
de té verde o sus extractos (catequinas y cafeina) no
tiene un efecto estadisticamente significativo o cli-
nicamente relevante sobre el peso y la composicién
corporal de adultos de entre 18 y 60 afios con sobre-
peso u obesidad. Existe poca evidencia de alta cali-
dad (ensayos controlados aleatorizados, doble ciego,
de un minimo de 12 semanas de duracién) y con
metodologia homogénea. No se puede establecer, en
base a la evidencia cientifica evaluada, una recomen-
dacion de consumo de té verde para la disminucién o
mantenimiento del peso corporal o la modificacién de
su composicién corporal.

Referencias

1. Basulto J, Manera M, Baladia E. Postura del GREP-AEDN: la
obesidad como enfermedad. Act Dietética 2008; 12 (2): 98-9.

2. OCDE. Obesity and the economics of prevention fit not fat.
OCDE. 2010. En linea: http://www.oecd.org/document/31/0,
3746,en_2649_33929_45999775_1_1_1_1,00.html [fecha de
acceso: 15 de mayo de 2011].

488 Nutr Hosp. 2014;29(3):479-490

Eduard Baladia y cols.



11.

12.

13.

17.

19.

20.

Efecto del té verde en el peso

Berghofer A, Pischon T, Reinhold T, Apovian CM, Sharma
AM, Willich SN. Obesity prevalence from a european per-
spective: a systematic review. BMC Public Health 2008; 8:
200.

Abdullah A, Peeters A, de Courten M, Stoelwinder J. The mag-
nitude of association between overweight and obesity and the
risk of diabetes: a meta-analysis of prospective cohort studies.
Diabetes Res Clin Pract 2010; 89 (3): 309-19.

Anand SS, Yusuf S. Stemming the global tsunami of cardiovas-
cular disease. Lancet 2011; 377 (9765): 529-32.

Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ,
Hannan L, Maclnnis RJ et al. Body-mass index and mortality
among 1.46 million white adults. N Engl J Med 2010; 363 (23):
2211-9.

Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess
deaths associated with underweight, overweight, and obesity.
JAMA 2005; 293 (15): 1861-7.

Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Ko-
plan JP. The continuing epidemics of obesity and diabetes in
the United States. JAMA 2001; 286 (10): 1195-200.

Gargallo Ferndndez Manuel M, Breton Lesmes I, Basulto Mar-
set J, Quiles Izquierdo J, Formiguera Sala X, Salas-Salvadd
J et al. Evidence-based nutritional recommendations for
the prevention and treatment of overweight and obesity in
adults (FESNAD-SEEDO consensus document). The role of
diet in obesity treatment (III/IIT). Nutr Hosp 2012; 27 (3):
833-64.

Directiva 2009/39/CE del Parlamento Europeo y del Consejo,
de 6 de mayo de 2009, relativa a los productos alimenticios
destinados a una alimentacion especial (version refundida). Di-
ario Oficial de la Unién Europea, nim. 124 de 20 de mayo de
2009, paginas 21 a 29.

Onakpoya 1J, Wider B, Pittler MH, Ernst E. Food supplements
for body weight reduction: a systematic review of systematic
reviews. Obes Silver Spring Md 2011; 19 (2): 239-44.

Dulloo AG, Geissler CA, Horton T, Collins A, Miller DS. Nor-
mal caffeine consumption: influence on thermogenesis and
daily energy expenditure in lean and postobese human volun-
teers. Am J Clin Nutr 1989; 49 (1): 44-50.

Astrup A, Toubro S, Cannon S, Hein P, Breum L, Madsen J.
Caffeine: a double-blind, placebo-controlled study of its ther-
mogenic, metabolic, and cardiovascular effects in healthy vol-
unteers. Am J Clin Nutr 1990; 51 (5): 759-67.

Bracco D, Ferrarra JM, Arnaud MJ, Jéquier E, Schutz Y. Ef-
fects of caffeine on energy metabolism, heart rate, and meth-
ylxanthine metabolism in lean and obese women. Am J Physiol
1995; 269 (4 Pt 1): E671-678.

European Food Safety Authority. Scientific Opinion on the
substantiation of health claims related to caffeine and increased
fat oxidation leading to a reduction in body fat mass (ID 735,
1484), increased energy expenditure leading to a reduction in
body weight (ID 1487), increased alertness (ID 736, 1101,
1187, 1485, 1491, 2063, 2103) and increased attention (ID
736, 1485, 1491, 2375) pursuant to Article 13(1) of Regulation
(EC) No 1924/2006. EFSA Journal 2011; 9 (4): 2054.

Dulloo AG, Duret C, Rohrer D, Girardier L, Mensi N, Fathi M
et al. Efficacy of a green tea extract rich in catechin polyphe-
nols and caffeine in increasing 24-h energy expenditure and fat
oxidation in humans. Am J Clin Nutr 1999; 70 (6): 1040-5.
Rudelle S, Ferruzzi MG, Cristiani I, Moulin J, Macé K,
Acheson KJ et al. Effect of a thermogenic beverage on 24-hour
energy metabolism in humans. Obes Silver Spring Md 2007; 15
(2): 349-55.

Rains TM, Agarwal S, Maki KC. Antiobesity effects of green
tea catechins: a mechanistic review. J Nutr Biochem 2011; 22
(1): 1-7.

Sae-tan S, Grove KA, Lambert JD. Weight control and preven-
tion of metabolic syndrome by green tea. Pharmacol Res Off J
Ital Pharmacol Soc 2011; 64 (2): 146-54.

Shixian Q, VanCrey B, Shi J, Kakuda'Y, Jiang Y. Green tea ex-
tract thermogenesis-induced weight loss by epigallocatechin
gallate inhibition of catechol-O-methyltransferase. J Med Food
2006; 9 (4): 451-8.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hursel R, Viechtbauer W, Westerterp-Plantenga MS. The effects
of green tea on weight loss and weight maintenance: a me-
ta-analysis. Int J Obes 2009; 33 (9): 956-61.

Phung OJ, Baker WL, Matthews LJ, Lanosa M, Thorne A,
Coleman CI. Effect of green tea catechins with or without
caffeine on anthropometric measures: a systematic review and
meta-analysis. Am J Clin Nutr 2010; 91 (1): 73-81.

Jurgens TM, Whelan AM, Killian L, Doucette S, Kirk S, Foy
E. Green tea for weight loss and weight maintenance in over-
weight or obese adults. Cochrane Database Syst Rev 2012; 12:
CD008650.

Chaston TB, Dixon JB, O’Brien PE. Changes in fat-free mass
during significant weight loss: a systematic review. Int J Obes
2007; 31 (5): 743-50.

Review Manager (RevMan) [Computer program]. Version 5.1.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2011.

Wang H, Wen Y, DuY, Yan X, Guo H, Rycroft JA et al. Effects
of catechin enriched green tea on body composition. Obes Sil-
ver Spring Md 2010; 18 (4): 773-9.

Hursel R, Westerterp-Plantenga MS. Green tea catechin plus
caffeine supplementation to a high-protein diet has no addi-
tional effect on body weight maintenance after weight loss. Am
J Clin Nutr 2009; 89 (3): 822-30.

Auvichayapat P, Prapochanung M, Tunkamnerdthai O, Sripanid-
kulchai B, Auvichayapat N, Thinkhamrop B et al. Effectiveness
of green tea on weight reduction in obese Thais: A randomized,
controlled trial. Physiol Behav 2008; 93 (3): 486-91.

Hsu C-H, Tsai T-H, Kao Y-H, Hwang K-C, Tseng T-Y, Chou
P. Effect of green tea extract on obese women: a randomized,
double-blind, placebo-controlled clinical trial. Clin Nutr Edinb
Scotl 2008; 27 (3): 363-70.

Kovacs EMR, Lejeune MPGM, Nijs I, Westerterp-Plantenga
MS. Effects of green tea on weight maintenance after body-
weight loss. Br J Nutr 2004; 91 (3): 431-7.

Brown AL, Lane J, Holyoak C, Nicol B, Mayes AE, Dadd T.
Health effects of green tea catechins in overweight and obese
men: a randomised controlled cross-over trial. Br J Nutr 2011;
106 (12): 1880-9.

Stendell-Hollis NR, Thomson CA, Thompson PA, Bea JW,
Cussler EC, Hakim IA. Green tea improves metabolic biomar-
kers, not weight or body composition: a pilot study in overwei-
ght breast cancer survivors. J Hum Nutr Diet Off J Br Diet As-
soc 20105 23 (6): 590-600.

Belza A, Toubro S, Astrup A. The effect of caffeine, green tea
and tyrosine on thermogenesis and energy intake. Eur J Clin
Nutr 2009; 63 (1): 57-64.

Brown AL, Lane J, Coverly J, Stocks J, Jackson S, Stephen
A et al. Effects of dietary supplementation with the green tea
polyphenol epigallocatechin-3-gallate on insulin resistance
and associated metabolic risk factors: randomized controlled
trial. BrJ Nutr 2009; 101 (6): 886-94.

Frank J, George TW, Lodge JK, Rodriguez-Mateos AM, Spen-
cer JPE, Minihane AM et al. Daily consumption of an aqueous
green tea extract supplement does not impair liver function or
alter cardiovascular disease risk biomarkers in healthy men. J
Nutr 2009; 139 (1): 58-62.

Maki KC, Reeves MS, Farmer M, Yasunaga K, Matsuo N,
Katsuragi Y et al. Green tea catechin consumption enhances
exercise-induced abdominal fat loss in overweight and obese
adults. J Nutr 2009; 139 (2): 264-70.

Nagao T, Meguro S, Hase T, Otsuka K, Komikado M, Tokimit-
su I et al. A catechin-rich beverage improves obesity and blood
glucose control in patients with type 2 diabetes. Obes Silver
Spring Md 2009; 17 (2): 310-7.

Matsuyama T, Tanaka Y, Kamimaki I, Nagao T, Tokimitsu I.
Catechin safely improved higher levels of fatness, blood pres-
sure, and cholesterol in children. Obes Silver Spring Md 2008;
16 (6): 1338-48.

Takeshita M, Takashima S, Harada U, Shibata E, Hosoya N,
Takase H et al. Effects of Long-term Consumption of Tea Ca-
techins-enriched Beverage with No Caffeine on Body Compo-
sition in Humans. Yakuri Chiryo 2008; 36 (8): 767-76.

y en la composicién corporal

Nutr Hosp. 2014;29(3):479-490

489



40.

41.

42.

43.

44.

45.

490

Hill AM, Coates AM, Buckley JD, Ross R, Thielecke F, Howe
PRC. Can EGCG reduce abdominal fat in obese subjects? J Am
Coll Nutr 2007; 26 (4): 396S-402S.

Nagao T, Hase T, Tokimitsu I. A green tea extract high in ca-
techins reduces body fat and cardiovascular risks in humans.
Obes Silver Spring Md 2007; 15 (6): 1473-83.

Chan C, Koo M, Ng E, Tang O, Yeung W, Ho P. Effects of
Chinese green tea on weight, and hormonal and biochemical
profiles in obese patients with polycystic ovary syndrome--a
randomized placebo-controlled trial. J Soc Gynecol Investig
2006; 13 (1): 63-8.

Fukino Y, Shimbo M, Aoki N, Okubo T, Iso H. Randomized
controlled trial for an effect of green tea consumption on insu-
lin resistance and inflammation markers. J Nutr Sci Vitaminol
(Tokyo) 2005; 51 (5): 335-42.

Harada U, Chikama A, Saito S, Takase H, Nagao T, Hase T
et al. Effects of the Long-Term Ingestion of Tea Catechins on
Energy Expenditure and Dietary Fat Oxidation in Healthy Sub-
jects. J Heal Sci 2005; 51 (2): 248-52.

Kazuya K, Akiro C, Eiichi H, Kiyoshi K, Kenta M, Tadashi H
et al. Effect of Intake of a Beverage Containing 540 mg Cate-

46.

47.

48.

49.

50.

51.

chins on the Body Composition of Obese Women and Men.
Prog Med 2005; 25 (7): 1945-57.

Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka Y, et
al. Ingestion of a tea rich in catechins leads to a reduction in
body fat and malondialdehyde-modified LDL in men. Am J
Clin Nutr 2005; 81 (1): 122-9.

Maron DJ, Lu GP, Cai NS, Wu ZG, Li YH, Chen H, et al. Choleste-
rol-lowering effect of a theaflavin-enriched green tea extract: a ran-
domized controlled trial. Arch Intern Med 2003; 163 (12): 1448-53.
Chantre P, Lairon D. Recent findings of green tea extract AR25
(Exolise) and its activity for the treatment of obesity. Phytome-
dicine. Int J Phytother Phytopharm 2002; 9 (1): 3-8.

Takashi T, Hiroshige I, Haruo N. Reduction of Body Fat in
Humans by Long-term Ingestion of Catechins. Prog Med 2002;
22 (9): 2189-203.

Hase T, Komine Y, Meguro S, Takeda Y, Takahashi H, Matsui Y
et al. Anti-obesity Effects of Tea Catechins in Humans. J Oleo
Sci 2001; 50 (7): 599-605.

Nagao T, Meguro S, Soga S, Otsuka A, Hase T, Tanaka Y et al.
Tea Catechins Suppress Accumulation of Body Fat in Humans.
J Oleo Sci 2001; 50 (9): 717-28.

Nutr Hosp. 2014;29(3):479-490

Eduard Baladia y cols.



Nutricion
Hospitalaria

Revision

Nutr Hosp. 2014;29(3):491-499
ISSN 0212-1611 « CODEN NUHOEQ
S.V.R. 318

Consumo de fructosa y sus implicaciones para la salud; malabsorcion
de fructosa e higado graso no alcoholico

Maria Jesus Riveros', Alejandra Parada® y Paulina Pettinelli®

'Nutricionista. Alumna de Magister en Nutricion. Departamento de Nutricion y Diabetes. Facultad de Medicina. Pontificia Uni-
versidad Catdlica de Chile. Santiago. Chile. *Nutricionista. Msc, PhD Nutricion y Alimentos. Unidad docente asociada, Ciencias
de la Salud, Nutricion y Dietética. Departamento de Nutricion y Diabetes. Facultad de Medicina. Pontificia Universidad Cato-
lica de Chile. Santiago. Chile. *Nutricionista. Msc, PhD Nutricion y Alimentos. Unidad docente asociada, Ciencias de la Salud,
Nutricion y Dietética. Pontificia Universidad Catdlica de Chile. Santiago. Chile.

Resumen

La ingesta de fructosa se ha incrementado considerable-
mente en los dltimos afios, especialmente bajo la forma de
jarabe de maiz alto en fructosa, debido a su gran poder
edulcorante. Diversos estudios, han asociado su elevado
consumo con alteraciones metabélicas, higado graso no
alcohdlico y malabsorcién de fructosa, entre otras patolo-
gias. Esta revision tiene como objetivo actualizar acerca
del efecto de la alta ingesta de fructosa en el higado e in-
testino, asociada principalmente a alimentos procesados
con fructosa agregada.

Meétodos: Para la bisqueda bibliografica se utilizaron
las bases de datos de Pubmed, Scopus y Scielo, seleccio-
nando aquellos articulos publicados después del afio 2000
y resultantes de las palabras claves “fructose intake, high
fructose corn syrup, nonalcoholic fatty liver and fructose,
fructose malabsorption, fructose intolerance/metabolism”.

Resultados: La busqueda arrojé 735 publicaciones de
las cuales 78 cumplieron con los criterios de inclusion.

Conclusiones: El consumo de fructosa ha aumentado
en las dltimas décadas, especialmente a través de bebi-
das endulzadas y productos alimentarios con fructosa
agregada. La alta ingesta de fructosa tiene un impacto a
nivel intestinal y hepatico, asociandose a patologias como
higado graso no alcohélico y malabsorcion de fructosa.
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FRUCTOSE CONSUMPTION AND ITS HEALTH
IMPLICATIONS; FRUCTOSE MALABSORPTION
AND NONALCOHOLIC FATTY LIVER DISEASE

Abstract

Fructose intake has increased considerably in recent years,
especially in the form high fructose corn syrup, due its high
sweetening power. Several studies have associated high
intake of fructose to metabolic alterations, as nonalcoholic
fatty liver disease and fructose malabsorption, among
other pathologies. This review aims to update about the
effect of high intake of fructose in the liver and intestine,
mainly associated with processed foods with added fructose.

Methods: An updated literature search was conducted
using databases (Pubmed, Scopus and SciELO), selecting
articles published after the year 2000, resulting from
the keywords “fructose intake, fructose intolerance,
nonalcoholicfattyliver and fructose, fructosemalabsorption”

Results: Of 735 articles initially retrieved, 78 met the
inclusion criteria.

Conclusions: Fructose consumption has increased in
recent decades, especially due to increased consumption
of sweetened beverages and processed foods with added
fructose. High fructose intake has been associated to
pathologies as NAFLD and fructose malabsorption.

(Nutr Hosp. 2014;29:491-499)
DOI:10.3305/NH.2014.29.3.7178

Keywords: Fructose intake. Nonalcoholic fatty liver and
fructose. Fructose malabsorption.
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Abreviaturas

ACC: Acetyl-coa carboxylase.

ACL: ATP-citrate lyase.

AG: Acidos grasos.

AGCC: Acidos grasos de cadena corta.

ApoB: Apolipoproteina B.

ATP: Adenosin-5’-trifosfato.

BEAs: Bebidas endulzadas con aztcar.

cAMP: Adenosin-mono-fosfato ciclico (del inglés:
Cyclic adenosine monophosphate).

ChREBP: Proteina de unién al elemento de respuesta
a carbohidratos (del inglés: Carbohydrate responsive
element-binding protein).

DHAP: Dihidroxiacetona fosfato (del inglés: Dihy-
droxyacetone phosphate).

EHNA: Esteatohepatitis no alcohdlica.

ENS: Encuesta Nacional de Consumo Alimentario.

FAS: Fatty acid synthesis.

GA3P: Glycerol 3-phosphate.

HDL: Lipoproteina de alta densidad (del inglés:
High-density lipoprotein).

HELENA-CSS: Healthy Lifestyle in European by
Nutrition in Adolescence Cross-Sectional Study.

HFCS: Jarabe de maiz alto en fructosa (del inglés:
High Fructose corn syrup).

HGNA: Higado graso no alcohdlico.

KHK: Ceto-hexoquinasa (del inglés: Ketohexoki-
nase) o Fructoquinasa.

L-CPT I: Liver-type carnitine palmitoyltransferase 1.

LDL: Lipoproteina de baja densidad (del inglés:
Low-density lipoprotein).

LDN: Lipogénesis de novo.

MAF: Mala absorcién de fructosa.

MUFA: Acidos grasos monoinsaturados (del inglés:
Monounsaturated fatty acid).

NF-xB: Factor nuclear kappa B (del inglés: Nuclear
factor kappa-light-chain-enhancer of activated B cells).

NHANES: National Health and Nutrition Exami-
nation Survey.

PPAR-a:: Peroxisome proliferator-activated receptor
alpha.

PP2A: Proteina fosfatasa-2 (del inglés: Protein phos-
phatase 2).

ppm: Partes por millén.

SCD1: Stearoyl-coa desaturase-1.

SFA: Acidos grasos saturados (del inglés: Saturated
fatty acid).

SREBP: Proteina de unién al elemento de respuesta
aesteroles (del inglés: Sterol regulatory element-binding
protein).

TAGs: Triacilglicéridos.

TCA: Acido tricarboxilico.

THE: Test de Hidrégeno Espirado.

VLDL: Lipoproteina de muy baja densidad (del
inglés: Very low density lipoprotein).

Xu-5-P: Xylulose 5-phosphate.

Introduccion

La fructosa es un monosacdrido presente en forma
natural en frutas, verduras, miel y en forma agrega-
da en alimentos etiquetados como diet o light, bebi-
das y néctares. La ingesta de este monosacdrido se ha
incrementado considerablemente en los dltimos afos,
especialmente en la forma de “Jarabe de maiz alto en
fructosa”, que entrega un gran poder edulcorante en
una amplia gama de alimentos procesados. En los pai-
ses desarrollados y en vias de desarrollo, el consumo
de bebidas gaseosas ha aumentado significativamente
en la poblacion, lo que implica un elevado consumo de
fructosa asociado a efectos en la salud.

La fructosa a pesar de tener una nomenclatura si-
milar a la glucosa, presenta diferencias en su metabo-
lismo, por ejemplo se absorbe mds lentamente que la
glucosa, aunque es captada y metabolizada de manera
mas rapida por el higado, su efecto estimulante sobre
la liberacion de insulina es inferior al de la glucosa y
su captacion es independiente de ésta.

Literatura reciente, asocia el consumo de fructosa
con diversas alteraciones metabdlicas como: Intole-
rancia a la fructosa de causa genética, higado graso,
alteraciones en la sensibilidad a la insulina, diabetes
mellitus tipo 2 y mala absorcién de fructosa (MAF)
causante de sintomas gastrointestinal. El objetivo de
esta revision es actualizar acerca del efecto de la alta
ingesta de es monosacarido asociado a alimentos con
fructosa agregada y sus efectos a nivel intestinal y he-
patico en seres humanos.

Metodologia

La busqueda de la literatura se realiz6 con las pala-
bras claves: fructose intake, high fructose corn syrup,
nonalcoholic fatty liver and fructose, fructose malab-
sorption, fructose intolerance/metabolism. La infor-
macion fue recolectada en las bases de datos Pubmed,
Scopus y Scielo, dentro de los criterios de seleccién de
la informacién se prioriz6 articulos publicados poste-
rior al aflo 2000 a excepcion de 8 articulos con afios
de publicacién inferiores al mencionado que fueron
integrados por la relevancia de su contenido. Ademds,
se citan paginas web de relevancia en el tema. Se prio-
rizaron las publicaciones realizadas en revistas cienti-
ficas del area de la nutricién y medicina, seguido por
aquellas especializadas en salud ptiblica y tecnologia
de alimentos. De dicha busqueda se encontraron 78
articulos que cumplieron con los criterios de inclusion.

Resultados

Los resultados de la informacién recopilada serdn
presentados de la siguiente forma: 1. Consumo de
Fructosa (15 publicaciones); 2. Absorciéon y metabo-
lismo de la Fructosa (11 publicaciones); 3. Fructosa
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e implicaciones en la salud (52 publicaciones). Este
ultimo aspecto se subdividird en: 3.1. Efectos genera-
les de la alta ingesta de fructosa (15 publicaciones).
3.2. Mala absorcion de la Fructosa (12 publicaciones)
y 3.3. Fructosa e Higado graso no alcohdlico (25 pu-
blicaciones).

1. Consumo de fructosa

La fructosa es un monosacdrido de 6 carbonos que
se encuentra de forma natural en alimentos como fru-
tas, verduras y miel. Durante miles de afios, los seres
humanos consumieron alrededor de 15 a 24 g/dia de
fructosa (4-5% de las calorias totales en relacién a
2.000 kcal/dfa promedio), provenientes principalmen-
te de frutas y verduras. Estudios iniciales de consumo
de fructosa, mostraron que la ingesta promedio diaria
de sacarosa (disacarido compuesto por 50% de glucosa
y 50% de fructosa) alcanzaba a 80 g/dia (8% de fruc-
tosa en una dieta de 2.000 kcal/dia)!>3. Actualmente,
la mayor cantidad de fructosa consumida en la dieta de
paises desarrollados y en vias de desarrollo proviene
de la adicién de “jarabe de maiz” o” jarabe de maiz
alto en fructosa” (HFCS, del inglés High Fructose corn
syrup) que se encuentra en bebidas gaseosas, néctares,
alimentos de bajo contenido caldrico y alimentos libres
de gluten; principalmente como edulcorante en reem-
plazo de la sacarosa® y/o glucosa debido a su intenso
sabor dulce y su bajo indice glicémico*. En los dltimos
afios diversos paises han experimentado un dramatico
y sostenido aumento en el consumo de bebidas endul-
zadas con azucar (BEAs). Las BEAs incluyen una am-
plia gama de bebidas de fantasia (carbonatadas o no
carbonatadas), néctares de frutas y jugos azucarados,
compuestos por agua, CO,, saborizantes, acidulantes,
aditivos y edulcorantes caldricos de origen natural ta-
les como sacarosa, jarabe de maiz alto en fructosa (que
consiste en glucosa y 42, 55 o incluso 90% de fructo-
sa) o jugo de fruta concentrados>®”.

En el afio 1970, el HFCS representaba < 1% de to-
dos los edulcorantes caldricos disponibles para el con-
sumo en los EE.UU, aumentando rapidamente a 42%
en el afio 20008. De esta forma, el HFCS, es la fuente
dietética mds importante de fructosa, presente como
monosacarido libre agregado a los alimentos. La sa-
carosa, disacarido compuesto por fructosa y glucosa,
representaria una fuente secundaria de ingesta de fruc-
tosa. De esta forma, el incremento de 1.000% repor-
tado para la fructosa durante los dltimos 40 afios, se
atribuye principalmente a utilizacién de HFCS por la
industria alimentaria®®.

Del mismo modo, diversos estudios estadouniden-
ses y europeos muestran un incremento en el consumo
de bebidas gaseosas y golosinas tanto en adultos como
en nifios. Solo en Estados Unidos se estima un consu-
mo de fructosa cercano a los 54,7 g/dia (10% de las
calorias totales), siendo los adolescentes, el grupo eta-
rio con mayor consumo que corresponde a 73 g/dia’.

Un estudio de cohorte realizado en el mismo pais exa-
mind la tendencia nacional en el consumo de bebidas
azucaradas en la NHANES entre los afios 1988-1994 y
1999-2004, con una muestra de 15.979 y 13.431 suje-
tos mayores de 20 afios, respectivamente, arrojando un
aumento en el consumo de bebidas gaseosas de 58% y
63% entre los dos periodos (p < 0,001)'°. A pesar que
el consumo de fructosa en algunos paises de Europa es
menor que en Estados Unidos'™!!, un estudio transver-
sal HELENA-CSS, ejecutado en 8 paises de la comu-
nidad europea cuyo objetivo fue describir el volumen
y energia consumido a través de bebidas gaseosas en
2741 adolescentes; arrojé un consumo per capita de
227,7 ml/dia y 116,8 kcal/dia, siendo el segundo pro-
ducto bebestible méds consumido después del agua''.

A nivel mundial, Chile es el tercer pais con mayor
consumo per cépita de bebidas refrescantes, luego de
EE.UU y México, llegando durante el afio 2011 a 2
mil 449 millones de litros, donde el 81,5% correspon-
de a las bebidas gaseosas!?. Las bebidas no alcohdlicas
son el tercer producto mds importante en la canasta de
alimentos de la familia chilena, con un consumo per
cépita de 120 litros al afio (consumo per cdpita de 328
ml/dia), s6lo superado por bienes de consumo bdsico
como la carne y el pan'®. En relacion con estos datos, la
Encuesta Nacional de Consumo Alimentario, realizada
en Chile a 5.120 personas mayores de 2 afios de edad,
mostré que mas del 80% de la poblacién consume gru-
pos especificos de aziicares como golosinas, bebidas y
refrescos!?.

2. Absorcion y metabolismo de la fructosa

En el intestino delgado, especificamente en la mem-
brana apical del enterocito se produce la absorcién
de fructosa, donde se encuentra el transportador de
glucosa 5 (GLUTS), tnico y especifico para fructosa,
que la transporta en forma pasiva desde el lumen a la
sangre"">. Otro transportador de fructosa, de baja afini-
dad, es el GLUT2, que también es capaz de reconocer
otros monosacdridos como la glucosa y galactosa''®.
Después del transporte apical mediado por GLUTS o
GLUT2, la fructosa es transportada en la membrana
basolateral por GLUT2!, donde posteriormente desde
la circulacidn portal es transportada al higado a través
de GLUT2 o GLUTS. La fructosa se absorbe mds len-
tamente que la glucosa, aunque es captada y metaboli-
zada de manera mas rapida por el higado. Su efecto es-
timulante sobre la liberacién de insulina es inferior al
de la glucosa y su captacién es independiente de ésta'”.

La distribucién del GLUT-5 en el intestino es mayor
en la zona proximal (duodeno y yeyuno proximal) en
comparacion con segmentos distales (yeyuno e ileon
distal) y su expresion génica parece estar estrictamente
regulada por factores como la nutricién, hormonas y
ciclos circadianos"'®. De esta forma, se ha observado
que su expresion en ratas recién nacidas es baja y au-
menta después de la lactancia. En adultos, tanto en ra-
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y sirviendo como una fuente
no regulada de glicerol 3
fosfato y acetaldehido, fa-
voreciendo el proceso de
lipogénesis de novo (LDN).

tas como humanos, la expresion y actividad del GLUT-
5 esta aumentada 5 veces en comparacién a recién
nacidos, ademads los niveles de expresion de mRNA de
la proteina estdn aumentados en un 65% con una dieta
alta en fructosa'. Por lo tanto, la expresién y funcién
de GLUTS se ha visto incrementada por el consumo
de dietas altas en fructosa y seria mas eficiente a me-
dida que avanza en edad. La expresion del gen glut5,
se relaciona con los niveles de adenosin monofosfato
ciclico (cAMP) tanto in vitro como in vivo cuando se
expone a fructosal, pero se desconocen las diferencias
de los efectos del cAMP sobre la regulacion transcrip-
cional y post-transcripcional de GLUT-5 debido a la
fructosa.

La absorcién de fructosa aumenta en presencia de
glucosa, galactosa y algunos aminodcidos' y dismi-
nuye por la presencia de sorbitol. Si bien se desconoce
cudl es el transportador del sorbitol, al parecer compar-
tirfa el transportador GLUT-5 con la fructosa®.

La principal via de metabolizacién de la fructosa es
en el higado, donde ocurre la conversién de fructosa
en fructosa-1-fosfato por la fructoquinasa (KHK), en-
zima que tiene una accién 10 veces mds rdpida que
la glucoquinasa y hexoquinasa®'. La fructosa-1-fosfa-
to es convertida por la aldolasa B en triosas fosfato,
di-hidroxiacetona fosfato y gliceraldehido 3-fosfato,
metabolitos intermediarios de la glicdlisis. De esta
forma, la fructosa sirve como fuente no regulada de
glicerol 3-fosfato y acetil-CoA en las diversas vias
metabdlicas como glicdlisis, gluconeogénesis y lipo-
génesis" 18222324 (fig. 1). En el caso de la glucosa, el
metabolismo se regula por los niveles de citrato y de

adenosin-5’-trifosfato (ATP), que inhiben por retroali-
mentacion a la fosfofructoquinasa, con la consecuente
reduccién de la conversion de la fructosa 6-fosfato en
fructosa 1,6-bisfosfato™ 2. Después de la ingesta de
fructosa, las triosas fosfato son el principal precursor
lipogénico, que pueden ser convertidas en piruvato,
para posteriormente ser oxidado en el ciclo del 4cido
tricarboxilico (TCA) en la mitocondria a nivel hepati-
co (fig. 1).

3. Fructosa y sus implicaciones para la salud

A nivel gastrointestinal, la ingesta elevada de fruc-
tosa, podria ocasionar sintomas asociados a una MAF,
como distensién abdominal, meteorismo y diarrea.
Existe una relacion directa entre la aparicién de sinto-
matologia gastrointestinal y el aumento en la ingesta
de fructosa®. Al parecer, la fructosa tiene una absor-
cioén limitada en el intestino delgado; se ha estimado
que al ingerir altas cantidades, la mitad de la poblacion
no podria absorber una carga mayor a 25 g. Las conse-
cuencias fisioldgicas de la MAF, incluyen un aumento
de la carga osmética luminal, ser sustrato de rdpida
fermentacién para bacterias en el colon, alterar la mo-
tilidad gastrointestinal y generar un cambio en la flora
intestinal®.

Por otra parte, el consumo de bebidas gaseosas con
HFCS, ha demostrado estar asociado al desarrollo de
insulinorresistencia (IR)*’, higado graso no alcohdli-
co'*#, diabetes mellitus®!'?, obesidad®” y enferme-
dades cardiovasculares®.
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3.1. Mala absorcion de fructosa

Existen alteraciones en el metabolismo de la fructo-
sa, producidas por defectos enzimaticos, que ocasio-
nan la patogenia de Intolerancia a la fructosa. Estas
alteraciones se producen por 3 defectos enzimdticos.
1.- Por deficiencia de fructoquinasa, la que no genera
sintomas clinicos y por tanto no requiere tratamien-
to. 2.- La deficiencia de la aldolasa B, que ocasiona
la Intolerancia Hereditaria a la Fructosa, e impide la
transformacion de la fructosa-1-fosfato en fructosa 1,6
difosfato, y 3.- Deficiencia de fructosa-1,6-difosfatasa
que transforma glucosa a partir de sustratos neoglu-
cogénicos como lactato, glicerol, alanina y también la
fructosa (fig. 1)*".

Por otra parte, existe una absorcién ineficiente de
fructosa, llamada MAF, que puede o no generar sinto-
mas gastrointestinales como diarrea, distencién y dolor
abdominal. En la actualidad, se conoce que los efectos
de la fructosa en el intestino son dosis dependientes®,
sin embargo auin no se conoce la capacidad normal de
absorcidn de fructosa, lo que contribuye a que sea un
cuadro clinico poco entendido. De esta manera, no se
ha definido si los sintomas gastrointestinales se deben
auna sobrecarga de fructosa o por defectos en el trans-
portador de fructosa a nivel intestinal.

La frecuencia de la mala absorcién de fructosa se
ha reportado en algunos estudios con un bajo tamafio
muestral®*; similar a otros problemas relacionados a la
absorcion otros hidratos de carbono, como la lactosa®*.
El Test de Hidrégeno Espirado (THE) es una técnica
sencilla, dtil y de bajo costo, utilizado para el diagnds-
tico de la mala absorcién de fructosa. El fundamento
de esta técnica se basa en la produccién de hidrégeno
generado por el metabolismo de las bacterias intestina-
les luego de la degradacion de los hidratos de carbono.
Si frente a una carga determinada de fructosa oral, se
obtienen resultados en el THE superiores a 20 ppm,
es indicador de MAF. A pesar que no existe una dosis
clara para detectar malabsorcion clinica de fructosa,
actualmente se usan cargas de 25 a 50 g*.

Lo anterior concuerda con estudios iniciales en per-
sonas sanas, donde se concluye que la capacidad de
absorcidn de fructosa, oscila en un amplio rango esta-
blecido entre 5-50 g*¥". Un estudio randomizado, do-
ble ciego que utilizé dosis de 15 g, 25 gy 50 g en per-
sonas adultas sanas determiné que la capacidad normal
mdaxima de absorcidn es de 25 g (en solucién al 10%),
y sobre ese umbral se puede pesquisar MAF**, ya que
se ha demostrado que dosis mayores a 50 g de fructosa
serfan inapropiadas para la caracterizacion clinica de
la MAF?. En este sentido, estudios en personas sanas
reportaron que un 37,5% y 71% de los sujetos mal ab-
sorbian al administrar una carga de 50 g de fructosa en
una solucién al 10% y al 20%, respectivamente®.

En base a lo anteriormente expuesto, la sintomato-
logia en personas con MAF es variada, siendo los mds
frecuentes dolor abdominal y diarrea, que desaparecen
luego de eliminar la fructosa de la dieta. Reportes de

MAF en individuos australianos, estadounidenses y
tailandeses, muestran que la frecuencia de mala absor-
cién es de 39%, 10% y 14,2%, respectivamente, con
cargas de 25 g a 35 g¥ 3740

Segun la literatura, la MAF se asocia a una menor ex-
presion y/o actividad del GLUT-5 y GLUT-22632.36:4142,
Junto con esto, no se han encontrado mutaciones en el
gen glut5 que expliquen la mala absorcion.

La capacidad de provocar sintomas secundario a la
MAF puede depender de varios factores: 1) la cantidad
y calidad de los hidratos de carbono ingeridos , 2) el
tiempo dedicado al consumo y la naturaleza de las co-
midas, 3) la velocidad del vaciamiento gastrico, 4) res-
puesta del intestino delgado a una carga osmdtica, 5)
la motilidad intestinal, 6) la capacidad metabdlica de
la microflora bacteriana del colon; y 7) la capacidad de
compensacién del colon para reabsorber agua y acidos
grasos de cadena corta (AGCC)**,

No esta claro si la ausencia de sintomas, después
de la MAF da alguna sefial de su rol en la génesis de
los sintomas; sin embargo, se ha demostrado que en
pacientes con alteraciones funcionales del intestino,
los sintomas como distensién mejoran al restringir la
fructosa de la dieta*.

3.2. Fructosa e higado graso no alcohdlico

La enfermedad de Higado graso no alcohdlico
(HGNA) se refiere a un amplio espectro de dafio hepa-
tico, que consiste desde una forma benigna de esteato-
sis simple (definida por la presencia de triacilglicéridos
(TAGsS) en los hepatocitos en el examen histopatoldgi-
co) el que puede progresar a una condicién mds severa
como inflamacién o esteatohepatitis (EHNA), que pue-
den resultar en cirrosis y falla hepdtica®. Actualmente,
el HGNA ha emergido como la causa mas importante
de enfermedad hepdtica en el mundo, tanto en nifios
como adultos*®*’. Junto con esto, la prevalencia y se-
veridad de HGNA ha sido relacionada al aumento en la
incidencia de obesidad y diabetes mellitus tipo 2 en la
poblacion, estableciéndose mecanismos asociados en-
tre estas patologias y el HGNA**, Las implicaciones
clinicas de la enfermedad derivan de la ocurrencia en
la poblacion y su potencial de progresar a cirrosis y
falla hepdtica®.

El HGNA es considerado como la manifestacién
hepatica del sindrome metabdlico, su prevalencia en
la poblacién norteamericana adulta es de 34%, pero
en pacientes con esteatosis hepdtica es de 53% y en
pacientes con EHNA alcanza un 88%. Estudios reali-
zados a autopsias han identificado lipidos intrahepati-
cos en 36% de los adultos normopeso y en 72% de los
adultos obesos® versus 5% en niflos normopeso, 16%
en nifios sobrepeso y en 38% en nifios obesos*.

De acuerdo con la teoria conocida como “two-hit
theory” (teoria de los dos sucesos)’* i) la primera
anormalidad metabdlica es la esteatosis hepatica que
involucra una respuesta lipotdxica con un componen-
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te de estrés oxidativo e incluye factores nutricionales
y alteraciones en el metabolismo lipidico del higado,
esto es resultado principalmente de la IR, ii) el segun-
do suceso es la inflamacion hepatica*>*3*, asociado a
estrés oxidativo®.

La esteatosis hepdtica es una condicién benigna,
potencialmente reversible y no necesariamente lleva a
injuria hepdtica irreversible. Desde un punto de vista
temporal, la esteatosis hepdtica se desarrolla cuando
la captacién y sintesis de novo exceden la oxidacién y
exportacion de TAGs por las lipoproteinas®>-.

Actualmente, existe gran controversia acerca de los
efectos metabdlicos de elevadas ingestas de fructosa
dietaria a nivel hepatico. Principalmente, estos efectos
han sido asociados a un balance energético positivo.
Sin embargo, estudios en modelos animales y huma-
nos muestran que ingestas elevadas de fructosa con
dietas ad libitum e isoenergéticas, generarian dafio he-
pético® 8.

Especificamente, se ha observado que las dietas con
alto contenido de fructosa aumentan la concentracién
de triglicéridos en el plasma y estimula la lipogénesis
de novo (LDN) a nivel hepdtico. Al aumentar la LDN
se incrementa la sintesis de apolipoproteina B (Apo B)
que antecede el aumento de la sintesis de VLDL (del
inglés:very low density lipoprotein), lo que podria pro-
vocar el aumento de las lipoproteinas transportadoras de
TAGs plasmaticos*. Se han descrito cambios en otras
lipoproteinas como las HDL (del inglés: high density
lipoprotein) y las LDL (del inglés low density lipopro-
tein) pequefias y densas, que podrian relacionarse con
el desarrollo de aterosclerosis en sujetos que consumen
fructosa en comparacién a aquellos que ingieren glu-
cosa®. Igualmente, en otro estudio se observo que los
niveles plasmadticos en ayuna de colesterol total, LDL,
apoB y LDL oxidado fueron significativamente mayo-
res en aquellos individuos que consumen bebidas en-
dulzadas con fructosa, pero no en aquellos sujetos que
consumieron bebidas endulzadas con glucosa®**,

Evidencia reciente en modelos animales ha mostrado
que el consumo a largo plazo de fructosa libre, glucosa
y sacarosa inducen sindrome metabdlico, acumulacion
intrahepdtica de TAGs y 4cido trico, ganancia de peso,
hiperglicemia, intolerancia a la glucosa e hiperten-
si6on*>®, Asimismo, en ratas alimentadas con una die-
ta alta en fructosa durante 8 semanas se observo una
reduccién en la expresiéon de PPAR-a (del inglés pe-
roxisome proliferator-activated receptor alpha) y de las
enzimas lipo-oxidativas; en contraste a un aumento en
la expresién de SREBP-1c y de las enzimas lipogénicas
(fig. 1)°". Por lo demds, al suministrarle una solucién de
fructosa al 10% (peso/vol) durante dos semanas a ratas,
se redujo la actividad de PPAR-a con la consecuente
reduccion en la oxidacién de AG en el higado y aumento
de la actividad de NF-kB (del inglés nuclear factor ka-
ppa-light-chain-enhancer of activated B cells), cambios
que no se observaron en el grupo de ratas a las que se
les suministré glucosa al 10% (peso/vol)®. Alteraciones
similares se han observado en animales alimentados con

fructosa a corto plazo®®. La activacién de NF-kB en

hamsteres insulinoresistentes alimentados con fructosa
suprimi6 la sobreproduccion hepdtica de apoB100, re-
velando una asociacién entre la respuesta inflamatoria
y la secrecién de lipoproteinas apoB100, factor involu-
crado en la presencia de esteatosis hepética®, esto con-
cuerda con las alteraciones en la sintesis y/o secrecion
de lipoproteinas mencionada previamente en estudios
en humanos con HGNA®

En seres humanos, la evidencia apunta a que el con-
sumo de fructosa se asocia a un aumento en los marca-
dores de riesgo cardio-metabdlico debido a un incre-
mento de la grasa visceral”. Al comparar los efectos
de una ingesta de fructosa o glucosa que representa el
25% de las calorias totales durante un periodo de 10
semanas en un grupo de adultos, ambos grupos presen-
taron aumento significativo del peso corporal y masa
grasa, sin embargo los sujetos que consumieron fruc-
tosa presentaron adicionalmente, aumento en la adipo-
sidad visceral, alteraciones en el perfil lipidico e IR,
variables que no se alteraron en el grupo que consumié
glucosa’!. En concordancia con estos resultados, un es-
tudio reciente realizado en primates, mostré que dietas
altas en fructosa con ingesta caldrica ad libitum gener6
esteatosis hepdtica versus dietas isocaldricas altas en
fructosa que no mostraron esteatosis hepatica pero si
un estado inflamatorio en el higado®.

Asimismo, un estudio en 427 sujetos demostré que
la ingesta de fructosa es dos a tres veces mds alta en
pacientes con HGNA en comparacién a sujetos con-
troles normalizado por IMC y que se asoci6 con es-
tados avanzados de fibrosis en HGNA diagnosticado
mediante biopsia®?. Estos estudios confirman que la
alta ingesta de fructosa genera un efecto metabélico
que no habia sido advertido hasta el momento.

Discusion

El consumo de fructosa se ha masificado y aumen-
tado principalmente a través de la ingesta de BEAs en
todos los estratos sociales a nivel mundial. En EEUU,
el aumento de la ingesta de fructosa ha sido de 32%
entre los afios 1977-2004, principalmente debido al
incremento en el uso de HFCS™. Chile es el tercer ma-
yor consumidor de BEAs en el mundo, siendo el tercer
producto mds importante en la canasta familiar, espe-
cialmente en el nivel socioecondmico bajo.

La ingesta de alimentos que contienen fructosa en
forma natural (frutas y miel) en una dieta saludable,
aportan aproximadamente un 5% de las calorias tota-
les en relacion a 2.000 kcal/dia promedio; en contraste
con una dieta occidental caracterizada por alto aporte
de energia y alimentos procesados como néctares, be-
bidas endulzadas y snacks, los cuales aportan altas do-
sis de fructosa principalmente en forma de HFCS. En
consecuencia, actualmente estamos expuestos a altas
ingestas de fructosa a través de alimentos procesados
con fructosa agregada, siendo el principal contribu-
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yente las BEAs. Al parecer, el impacto de la ingesta
caldrica, no se relacionaria a los efectos generados por
la fructosa en si, mds bien es el exceso de carga que
sobrepasa el umbral de tolerancia fisioldgica.

Es importante mencionar que el consumo de ali-
mentos que contienen fructosa de forma natural, como
frutas, verduras y miel, tienen una baja ingesta en la
poblacién general, a pesar de promover su consumo a
nivel de salud publica por ser un factor protector en el
desarrollo de obesidad y enfermedades cardiovascula-
res®?. Por este motivo, estos alimentos no son la causa
principal de un consumo excesivo de fructosa.

Las consecuencias de la alta ingesta de fructosa se
han asociado a la aparicién de sintomas gastrointesti-
nales en relacidn a una alteracién de su capacidad de
absorcion. Al parecer, existe una respuesta dosis de-
pendiente entre la fructosa y sintomas gastrointestina-
les, que podria generar a largo plazo una adaptacién
intestinal a la fructosa dietaria, como se ha visto en
modelos animales’™. Hasta el momento, no se conoce
la capacidad de absorcién normal para la fructosa en
sujetos sanos, lo cual limita el uso de la metodologia
del THE como método de diagnéstico para la MAF.
Sin embargo, no se debe desconocer que estamos fren-
te a un problema real de sintomatologia gastrointesti-
nal frente a altas ingestas de fructosa en la poblacién
general. Al parecer, su tratamiento seria restringir la
fructosa de la dieta, principalmente de alimentos pro-
cesados con fructosa agregada, debido a su alto aporte
de este monosacdrido.

El HGNA es la enfermedad crénica hepatica mas
frecuente en adultos y nifios. Ciertos azicares en la
dieta, y en particular la fructosa, contribuyen al de-
sarrollo de alteraciones hepaticas, siendo esto pro-
porcional a la cantidad y tiempo de exposicién a la
fructosa consumida demostrado en modelos animales.
Sin embargo, sigue siendo controversial, si la ingesta
de fructosa por si sola puede causar HGNA o si solo
contribuye cuando se consume en exceso al producir
balance energético positivo y resistencia a la insulina™.

En Chile, la ley de etiquetado nutricional no obliga
al productor a informar la cantidad de fructosa agrega-
da, siendo incluido su aporte calérico a la clasificacién
en “azucares afadidos”, sin diferenciarla con la saca-
rosa utilizada en la industria alimentaria. No existe
una metodologia que permita determinar la cantidad
de fructosa agregada o aquella incluida en su forma
natural (ej. Néctar de frutas), por lo tanto, se dificulta
la fiscalizacidn de la adicién de éste monosacarido.

Junto a lo anterior y debido a los cambios en los
patrones de consumo alimentario, los organismos in-
ternacionales sugieren que los azicares libres deben
limitarse a menos del 10% del total de la energia dia-
ria; dando preferencias a bebidas sin azicar agregada
y restringir los azicares afadidos, azticares de la miel,
jarabes y jugos de fruta con aztcar agregada’®’®,

Finalmente, es necesario reglamentar en base a la
evidencia, la cantidad de fructosa agregada a los pro-
ductos alimentarios procesados, de manera tal de evi-

tar la aparicién de alteraciones hepaticas y gastroin-
testinales.
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Abstract

Introduction: The pathophysiologic mechanisms that
account for the development and persistence of anorexia
nervosa (AN) remain unclear. With respect to the
neuropsychological functioning, the executive functions
have been reported to be altered, especially cognitive
flexibility and decision-making processes.

Objectives: The aim of this study was to review the
current state of the neuropsychological studies focused
on anorexia nervosa, especially those highlighting the
executive functions.

Methods: This was done by means of a searching process
covering three relevant electronic databases, as well as an
additional search on references included in the analysed
papers. Eventually we have to mention other published
reviews and a hand-search.

Results and discussion: Comparing AN patients and
healthy controls the results remain controversial and so
remains the comparison of different eating disorders with
respect to the neuropsychological dysfunction. The role of
variables such as depression, anxiety and obsessionality
needs to be clarified. There seems to be some base to state
that some commonalities exist in the so-called extreme
weight conditions (anorexia, obesity). The link between
neuropsychological dysfunction in AN and biomarkers
remains unclear. The role of neuropsychological deficits
in AN, as initial factors or simply as mere consequences,
remains unclear too. The link between the body image
disturbances and the neuropsychological dysfunction
needs to be clarified. The similarities between the AN
neuropsychological dysfunction and that found in other
mental disorders may be considered up to date as a mere
approach. The same applies to the relationship between
the AN patients’ neuropsychological performance and
personality or gender.
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FUNCIONES EJECUTIVAS EN LA ANOREXIA
NERVIOSA

Resumen

Introduccion: Los mecanismos fisiopatologicos que ex-
plican el desarrollo y la persistencia de la anorexia ner-
viosa (AN) siguen sin estar claros. Con respecto al funcio-
namiento neuropsicolégico, se han seiialado alteraciones
en las funciones ejecutivas, especialmente en la flexibi-
lidad cognitiva y en los procesos de toma de decisiones.

Objetivos: El objetivo de este trabajo fue revisar el es-
tado actual de los estudios neuropsicologicos sobre ano-
rexia nerviosa, especialmente los centrados en las funcio-
nes ejecutivas.

Meétodos: Se realizé un proceso de bisqueda con tres
relevantes bases de datos electréonicas, asi como una bus-
queda adicional con las referencias incluidas en los docu-
mentos analizados. Finalmente hay que mencionar otras
revisiones ya publicadas y una biisqueda manual de otras
fuentes.

Resultados y discusion: Los datos de comparacion de
pacientes y controles sanos siguen siendo controvertidos,
asi como la comparacion entre los diferentes trastornos
de la alimentacion con respecto a la disfuncion
neuropsicologica. El papel de variables como depresion,
ansiedad y obsesividad necesita ser aclarado. Parece
que hay alguna base para afirmar que existen algunos
puntos en comin entre los llamados trastornos de
peso extremo (anorexia, obesidad). El vinculo entre la
disfuncion neuropsicologica en AN y biomarcadores ain
no esta claro. El papel de los déficits neuropsicologicos
en la AN, como factores iniciales o simplemente como
meras consecuencias, tampoco esta aclarado. La
relacion entre los trastornos de imagen corporal y la
disfuncién neuropsicologica debe asimismo aclararse.
Los datos sobre las similitudes, en cuanto a la disfunciéon
neuropsicologica, entre AN y otros trastornos mentales
pueden ser considerados, hasta la fecha, como una mera
aproximacion. Lo mismo ocurre con la relacion entre el
rendimiento neuropsicolégico de los pacientes con AN y
la personalidad o el género.

(Nutr Hosp. 2014;29:500-507)
DOI:10.3305/NH.2014.29.3.7149

Palabras clave: Anorexia nerviosa. Neuropsicologia. Ren-
dimiento cognitivo. Flexibilidad cognitiva. Set shifting. Toma
de decisiones. Planificacion.



List of abbreviations

AN-p: Anorexia Nervosa-purging type.

AN-1: Anorexia Nervosa-restrictive type.

AN: Anorexia Nervosa.

BMI: Body Mass Index.

BN: Bulimia Nervosa.

CNS: Central Nervous System.

ED. Eating Disorders.

EDNOS: Eating Disorders Not Otherwise Specified.
EWC: Extreme Weight Conditions.

Introduction

Anorexia nervosa (AN) is a severe mental patholo-
gy being characterized by a pathological concern with
body shape and weight above all. The possibility that
there is a dysfunction of the Central Nervous System
(CNS) in patients with AN has been explored in sever-
al ways, including neuropsychological studies. Thus,
several studies assessing the relationship between cog-
nitive processing and certain eating behaviours have
been conducted, aiming to achieve a better understand-
ing of the pathophysiology of AN."?

The specific pathophysiology of AN is not com-
pletely known, taking into account that different fac-
tors seem to be involved.? Up to the date AN has been
described on the basis of clinical phenotypes (for ex-
ample restrictive- vs. purging-type). As far as the aeti-
ology is concerned that description seems to be not ef-
fective enough.® As a consequence, new ways of study
seem to be necessary.* In this regard, some authors
have suggested these potential new focuses, thus men-
tioning the study of endophenotypes, the disease-asso-
ciated traits more useful to determine the relationship
with underlying genes and neuropsychological func-
tions.>3 It has been said that neuropsychology might
lead to an explanatory model of AN.°

Neuropsychological studies in AN have support-
ed the hypothesis of a disturbance on the inhibitory
control-emotional regulation—executive function cir-
cuit.” In AN, a relevant cognitive trait appears to be
executive dysfunction, which includes three specific
neurocognitive elements: decision-making, response
inhibition and cognitive flexibility.®'" Thus, AN has
been consistently associated to alterations on atten-
tional and executive functioning (mainly set shifting
and decision-making).' In addition some facets of ex-
ecutive functioning, such as cognitive flexibility, have
been considered as a risk indicator and are believed to
be a possible endophenotype in AN.'?

Alterations in decision-making, response inhibition
and cognitive flexibility in AN highlight the impor-
tance of an adequate executive functioning to maintain
an proper control of eating behaviour.” Executive func-
tions have a biological base (prefrontal brain circuits),
which involves different cortical areas such as dorso-
lateral prefrontal, anterior cingulated and orbitofron-

tal.'’> A question raised is if differences in these areas
could imply different degree of vulnerability.

May be that the most important question is if the
neuropsychological findings reported in AN are re-
versible with an appropriate treatment, so are cognitive
deficits an expression of traits or a mere consequence
emerged during the course of the disorders?' Besides
some studies, which have reported that cognitive defi-
cits diminish after weight restoration,'*'” others '82° have
not observed such an improvement. As a consequence,
a repeated question emerges: What do neuropsycho-
logical deficits represent in AN? Are there state-related
deficits and trait-related deficits?

The aim of this study was to review the current state
of the neuropsychological studies focused on the exec-
utive functions in AN.

Methods

Searching process

The searching process covered three relevant elec-
tronic databases (Medline, EMBASE and PsycINFO).
The general strategy included terms related to anorexia
nervosa and neuropsychology. Then some key words
and the Medical Subjects Headings were used as well as
the Boolean operators AND/OR. The shared terms were
(“Anorexia nervosa”’[Mesh]) AND (“Decision mak-
ing”’[Mesh]) OR (“Response inhibition”) OR (“‘Cogni-
tive flexibility”’) OR (“Executive function”’[Mesh]) OR
(“Planning”) OR (“Working memory”’[Mesh]).

Additional search was carried out on references in-
cluded in the papers, published reviews and via hand
searching. Literature search was not limited to particu-
lar years.

Studies meeting the following criteria were includ-
ed in the review: (1) studies focused on anorexia ner-
vosa and executive functions; (2) controlled trials and
randomized controlled trials as well as cross-sectional
studies. Applied exclusion criteria included: (1) case
reports; (2) interventions targeting populations with
other eating disorders; (3) participants with severe
comorbidities; (4) neuroimaging- and neurophysiolo-
gy-based studies; (5) not available full text. Reviews
and meta-analysis were considered as other source of
articles, which fitted the inclusion criteria.

The initial search yielded 189 references. These were
combined in an EndNote 9 library and screened on the
basis of title and abstract; those clearly not meeting
the review criteria were excluded as well as duplicates.
Thereafter, selected references were screened based on
full text. Reasons for exclusion were applied and sev-
enty studies were finally included.

Procedure

Taking into account the most used neuropsychologi-
cal tests focused on the explored functions, those stud-
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ies including the Wisconsin Card Sorting Test (plan-
ning, cognitive flexibility, ability of shifting among
stimuli and control of impulsive responses not aimed at
achieving and objective), the Stroop Colour and Word
Test (inhibition and switching skills) and the Iowa
Gambling Task (decision making, risk and reward and
punishment value) were specially considered.

A thematic analysis was used to analyse the papers.
The six-step framework of Braun and Clarke®! were
followed for this proposal: becoming familiar with the
data; creating initial codes; searching for themes; re-
viewing themes; defining and naming themes and pro-
ducing the report. Fragments of data that identify a sig-
nificant feature of such data were acknowledged and
grouped together into related themes.?'* As a result,
the following different topics were obtained: a) Cogni-
tive deficits in AN: Are they generally confirmed? ; b)
Are there any differences between the cognitive defi-
cits in AN and those found out in other ED? ; ¢) Vari-
ables usually associated to cognitive deficits in AN; d)
Is there any support for the continuum spectrum of ED
based on the findings of cognitive disturbances-related
studies?; e) Biological bases of cognitive alterations in
AN; f) Do cognitive deficits precede the onset of AN
or are they a mere consequence (e.g. of starvation)?;
2) Is there any relationship between cognitive deficits
and body image disturbances in AN?; h) Are cognitive
deficits in AN similar to those found out in other men-
tal disorders?; i) Personality and gender.

Results

Cognitive deficits in AN: Are they
generally confirmed?

Despite cognitive functions such as decision-making
have been reported to be reduced in ED, some authors*
have found out no significant differences in the Towa
Gambling Test when compared ED patients (including
AN, n = 49) and healthy controls. These authors sug-
gest that previous reported alterations could be related
to other clinical characteristics. It must be noted that pa-
tients included in this study were euthymic and free of
psychotropic medication. Similarly, Kingston et al. did
not find differences between AN patients and controls
by means of cognitive flexibility tasks.'

Other studies have found out that AN patients per-
form worse than healthy controls, for example in
set-shifting tasks,*** visuospatial memory and central
coherence,’ visual constructional ability?” and ability
to master a conflict situation over time.?

Are there any differences between the cognitive
deficits in AN and those found out in other ED?

In the case of bulimia nervosa (BN), decision-mak-
ing abnormalities and executive reductions can be

demonstrated and might be neuropsychological cor-
relates of the patients’ dysfunctional everyday-life
decision-making behaviour.” By means of the Iowa
Gambling Test, AN patients, BN patients and obese
patients have shown significant impairment comparing
to healthy controls, the three groups not being signif-
icant different from each other.*® Recently, by means
of the concept of “extreme weight conditions” (EWC)
executive functions have been explored with the Towa
Gambling Test, the Wisconsin Card Sorting Test and
the Stroop and Word Test. As a result, authors conclude
that EWC (AN and obesity) have similar dysfunction-
al executive profile.” In a recent review, both AN pa-
tients and BN patients are reported to show cognitive
deficits. Nevertheless it seems that cognitive rigidity is
more frequent in AN patients and alterations in deci-
sion-making or central coherence are more often found
out in BN.*! Within the group of patients with AN, the
cognitive profiles of restrictive (AN-r) and purging
(AN-p) types seem to be different. By means of the
Block Design and Object Assembly, AN-r perform sig-
nificantly worse than AN-p. In addition no differences
were found between AN-p and healthy controls. Ex-
ploring set shifting there were not differences among
the three groups.*” Including AN-r, AN-p, BN and
healthy controls, cognitive flexibility and motor inhi-
bition have been shown to be unaltered in BN patient
while AN patients showed a deficient motor inhibition
compared to healthy controls.* Others, studying four
groups of patients (AN-r, AN-p, BN and Eating Dis-
orders Not Otherwise Specified -EDNOS-), have not
observed differences in executive functions among
them.** It must be noted that only 30% of the patients
showed impaired performance in executive functions.

Variables usually associated to
cognitive deficits in AN

Different variables have shown to be associated to
cognitive rigidity and decision-making impairments in
AN patients. In this regard, illness duration is associ-
ated to the score on the Hayling Sentence Completion
Task. It seems to be a partial effect of years of educa-
tion and body mass index (BMI) on neuropsycholog-
ical performance as a whole (including Trail Making
Test, Wisconsin Card Sorting Test, Iowa Gambling
Test and the Hayling Sentence Completion Task). In
addition, response inhibition processes and verbal
fluency impairment were not associated to BMI and
years of education but were associated to depression
severity.* With respect to the depression symptoms,
Giel et al. have found out that set-shifting ability was
intact in AN patients without comorbid depression. On
the contrary, patients with depression performed sig-
nificantly poorer in the three tasks (Trail Making Test,
Wisconsin Card Sorting Test and a Parametric Go/No-
Go Test). The authors concluded that impairments of
set-shifting ability in AN patients may partly be due
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to comorbid depression disorders.* Another variable
to consider, which have shown to be associated to the
impairment in executive functions, is state anxiety.*
In the study of Wilsdon et al., three groups were ex-
amined (AN patients, women who were high in obses-
sionality and women who were low in obsessionality)
with no significant differences among the groups in
executive functions (as measured with the Wisconsin
Card Sorting Test). When controlling for depression
and obsessionality, AN patients and the high-obses-
sional group showed significantly more persevera-
tions. Depression appeared to supress variance that
was irrelevant to the prediction of perseverance thus
enhancing the importance of group membership.*’ Fi-
nally, the concept of metacognition has been related to
the neuropsychological basis of insight into illness in
AN patients, suggesting that metacognition might be
an important mediator between basic cognitive deficits
and poor insight.?®

Is there any support for the continuum spectrum
of ED based on the findings of cognitive
disturbances-related studies?

A continuum model has been proposed for ED, this
model comprising of from anorexia nervosa to stable
obesity. In this continuum the different subtypes of eat-
ing disorders are included, so AN-r, AN-p and BN along
with obesity frame the continuum spectrum. According
with this theory, all patients included in the spectrum
may share certain neuropsychological features, for ex-
ample those relate to executive functions. In this regard
it has been shown that different ED patients have re-
duced ability on tasks such as the Rey-Osterrieth Com-
plex Figure or the Tower of London Task.”” In the case
of BN and obesity, decision-making disturbances and
executive reductions have also been demonstrated.”-
Cserjési reported a common deficit in attention capacity
in both AN and obesity, specifically when considered
shifting capacity and mental rigidity (associated to fron-
tal lobe based executive functions).* The recent study
of Fagundo et al. highlights a similar dysfunctional ex-
ecutive profile with respect to the extreme weight con-
ditions (AN and obesity).” Despite considering similar-
ities, the review of Idini et al. concludes that cognitive
rigidity would be more frequent in AN while alterations
in decision-making or central coherence are more often
found out in BN.%

Biological bases of cognitive alterations in AN

A sort of meeting point has been established be-
tween overeating and under eating, which would be
the dopamine brain reward system. To sum up, impair-
ments on decision-making, response inhibition and
cognitive flexibility lead to unsatisfactory control of
eating behaviour.” In this regard, different studies have

reported some biological bases of the neuropsycholog-
ical impairment thus leading to a research of biomark-
ers. In this field of study, Dmitrzak-Weglarz et al. have
found out significant correlations between neurotro-
phin factor 4 and glial cell line-derived neurotrophic
factor serum levels and executive function as measured
by the Wisconsin Card Sorting Test.*! Seeking those
biomarkers, the effect of a functional polymorphism
(Vall58Met) in the catechol-O-methyltransferase gene
on the set-shifting abilities in AN have been explored.
In this regard, only in the underweight AN patients that
polymorphism affected cognitive performance. More-
over underweight AN patients who were Met homozy-
gotes had significantly higher levels of perseveration.*?

The suggested substantial genetic influence for AN
are based on works with results mainly inconsistent.
Trying to investigate the neurocognitive endopheno-
types approach of AN, Galimberti el at. analysed func-
tions such as decision-making, set-shifting and plan-
ning in AN patients. Impaired performance on the lowa
Gambling Test and the Wisconsin Card Sorting Test
were found out in AN patients and their relatives. Nev-
ertheless planning kept preserved. Applying a heritabil-
ity index, the results suggest a genetic effect influencing
the performance in the case of the lowa Gambling Test
but not in the case of the Wisconsin test. The authors
concluded the presence of a shared dysfunctional execu-
tive profile in AN patients and their unaffected relatives.
This dysfunction is shown by way of deficient deci-
sion-making and set-shifting, suggesting that these im-
pairments might constitute biological markers for AN.*

The link between neuropsychological dysfunction
in AN and biomarkers remains unclear. Considering
that animal studies have established that glutamater-
gic pathways in the prefrontal cortex play an important
role in set-shifting ability, Nakazato et al. tried to deter-
mine whether serum concentrations of glutamatergic
neurotransmission-related amino acids were associat-
ed to set-shifting ability un both acute and recovered
AN patients. As a result the authors did not found cor-
relation between serum glutamine concentration and
set-shifting performance.* In other study, Nakazato et
al. measured serum brain-derived neurotrophic factor
and set-shifting again in both current and recovered
AN patients. In the same line, there was no significant
correlation between serum brain-derived neurotrophic
factor concentrations and performance on the Wiscon-
sin Card Sorting Test.*

Do cognitive deficits precede the onset of AN or are
they a mere consequence (e.g. of starvation)?

There are studies, which have reported that as a re-
sult of treatment patients did not improve their cog-
nitive performance.'® Other studies have reported the
impaired cognitive functions to be improved but with
an absence of association between cognitive and clin-
ical rectifications, leading the authors to suggest the
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existence of mediating factors.?* In the same line that
improvement seems not to be associated with changes
in BML* In other cases a persistence of some altered
cognitive functions has been observed after weight
restoration.*” With respect to set-shifting tasks in AN,
Tchanturia et al.*® have concluded that difficulties
in these tasks did not show any improvement follow
re-testing after weight recovery.

Recent studies try to direct the attention to the neu-
ropsychological impairments as predisposing factors and/
or specific eating disorder-related findings. An example
of these efforts to search endophenotypes of ED is the
several articles of Lopez et al. about the concept of central
coherence.*>! Nevertheless, the potential confounding
factors, comorbid pathologies, use of different medica-
tions, etc. make difficult to ascertain conclusions.?

Aimed to summarize these controversial results,
Duchesne et al. conclude that some cognitive dysfunc-
tion tend to disappear after treatment, thus supporting
the hypothesis that these are functional deficits. Nev-
ertheless, other deficits tend to persist, so they might
precede the development of ED or even contribute to
their development or to a worse prognosis.> In this
line, the study of Favaro et al. shows that starvation
affects dopamine release in the prefrontal cortex of AN
patients with different effects on executive functions
according to the catechol-O-methyltransferase geno-
type.*> Respecting set-shifting performance, some find-
ings suggest that this function may be a consequence
of AN.>? On the contrary, Tchanturia et al. suggest that
impaired executive function in terms of set-shifting tasks
could represent a vulnerability factor.” Similarly, Ten-
coni et al. did not find any differences among long-term
recovered individuals, weight restored AN patients and
those in acute phase with respect to set-shifting tasks
with poor performance in the three groups. The authors
suggest that set-shifting and central coherence seem to
be promising cognitive endophenotypes of AN.>* In the
follow-up study of Gillberg et al. AN seems to be asso-
ciated to a range of neuropsychological alterations that
remain present long after the AN per se is no longer an
important feature!” Another longitudinal study showed
that ten years after the AN onset, patients had poor re-
sults on the Object Assembly Test, thus indicating weak
central coherence with a tendency to focus on details at
the expense of configural information.> With respect to
planning, it has been shown that this function remains
impaired even after full recovery from AN.%

On the contrary Hatch et al. concluded that cogni-
tive impairments in AN patients appear to normalize
with refeeding and weight gain.>®

Is there any relationship between cognitive deficits
and body image disturbances in AN?

There is a shortage of studies based on the relation-
ship between neurocognitive deficits and neurological
bases of body image disturbances. Studying the body

schema, it has been reported that AN patients may have
subtle cognitive dysfunctions which could interact with
processing of body-schema-related information. In ad-
dition it is suggested that body image distortion may not
be secondary to bottom-up perceptual disturbances.”’
Body image disturbances in AN patients have been
shown to be related to frontal alterations, specifically these
disturbances might be linked to the alterations of abstrac-
tion and critical abilities and with an obsessive frontal
functioning. Pathological preoccupation with body shape
would lead to intensive focus on the body and the search of
perfection, which is typical of rigid personalities.*®

Are cognitive deficits in AN similar to those
found out in other mental disorders?

Gillberg et al. studied a group of AN patients in
which there was a subgroup of participants with au-
tism spectrum disorders. In that subgroup there were
cases with test profiles similar to those observed in
autism and Asperger syndrome.” The study of Older-
shaw et al. adds similar data. In this case, by means of
Wisconsin Card Sorting Task to assess executive func-
tion, cognitive profiles of the two groups (AN patients
and published data about autism spectrum disorders)
were similar with respect to executive functions.*
Considering AN-r, it has been reported that theses pa-
tients have several common features (shifting capacity,
mental rigidity) with anxiety disorders.** The deficient
motor inhibition found out in AN patients has been
considered to be similar to the cognitive profile of ob-
sessive-compulsive spectrum disorders.*

Personality and gender

Pignatti et al. have indicated that there exists a rela-
tionship between cognitive rigidity and fixed psycho-
logical traits in AN patients. Specifically perfectionist
stable traits support this idea as excessive cognitive
control can either improve or damage set-shifting and
decision-making procedures.®

As far as we know, the study of Tchanturia et al.
is the only one devoted to clarify the role of gender
in this field of study. Concretely they studied deci-
sion-making by means of the lowa Gambling Test and
they found out that both male and female AN patients
performed significantly worse than healthy controls.
Despite male had higher impulsive scores, that im-
pulsivity did not predict poor decision-making per-
formance. The authors concluded that both males and
females had a similar decision-making performance.®!

Discussion

Many studies have reported deficits in executive
functions in AN patients®386¢* generally related to
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fronto striatal systems. In two previous reviews, it has
been shown that the most repeated results about these
deficits seem to involve the dorsolateral prefrontal cor-
tex and the orbitofrontal cortex.’>%

Despite being lots the studies in this regard, the fact
of finding different results between AN patients and
healthy controls remains not to be completely agreed.?
Patients’ characteristics have been an explanation for
those who do not find out a worse performance in
AN patients. In fact, it has been said that serotoner-
gic drugs might influence the cognitive performances
and in many cases patients enrolled in different studies
were taking such a type of drugs.

Comorbidity is another factor potentially capable
to lead to different results. It is known that depressive
symptoms can affect decision-making performance®
and in many cases this variable has not been taken
into account. Moreover there are authors who consider
that depressive symptoms do not influence executive
functions such as decision-making.®’” Do depressive
symptoms affect the decision-making process in AN
patients or the eating-related symptomatology? That
point seems to remain unclear.

Based of the above-mentioned results it is difficult
to catch a general idea about the specificity of the ex-
ecutive dysfunction in AN when comparing with oth-
er ED. As a result of the studies of several authors,
ED could share a general deficit in executive func-
tions”?3%3* while for others it would have some dif-
ferences among subgroups of ED.**“" Finally, it must
be noted that some findings point out that both simi-
lar dysfunctions and different dysfunctions might be
observed in AN patients compared to other ED.??> One
more time another point in this field of study is not
completely consensual.

With respect to the possible variables associated to
the cognitive deficits, medications, depressive symp-
toms, anxiety trait or obsessionality have been involved
in the results of different studies. Not always the stud-
ies have controlled for these variables adequately®® or
these variables have not been considered simultaneously.**
May be that the main controversial factor to analyse is
the one referred to the role of starvation in the cognitive
performance. Some authors have found out a correla-
tion between decision-making skills and BMI while
others did not report that correlation.?*® In this regard,
Hatch et al. conclude that cognitive impairments AN
patients appear to normalize with refeeding and weight
gain.’® In view of the controversial results in this topic,
we agree with Duchesne et al. considering that it might
be concluded that some cognitive dysfunctions tend to
disappear after treatment while other deficits tend to
persist, so they might precede the development of ED
or even contribute to their development or to a worse
prognosis.>

The continuum spectrum of ED is a theory which re-
main as object of debate. It is not something new. In fact,
the notion of a common psychopathology in ED was
established in 1982.% The concept of extreme weight

conditions adds a new element to support that to some
extent all ED share psychological, psychopathological
and neuropsychological features. In this regard, the
study of Fagundo el al.” represents a summary about this
topic. This study hypothesizes with the idea that cogni-
tive deficits observed in AN and obese patients might
partially be an expression of their incapacity to success-
fully regulate reward and punishment which might be
affect the planning every day functioning. Their cog-
nitive performance and their eating behaviour seem to
have similarities. Seeking for biomarkers, perhaps the
cognitive mechanism underlying the decision-making
process in different ED would be different. Impulsivity
(obesity) and rigidity (AN) could be the two extremes in
which would be possible to place all ED. Summarizing,
individuals with either excessive food intake or food re-
striction show a similar dysfunctional executive profile.
Nevertheless, the need to find specific biomarkers has
not been followed by successful findings up to date de-
spite having obtained some promising results.*#?

Being a core of the AN symptomatology, the short-
age of studies focuses on the relationship between
neuropsychological functioning and body image dis-
turbances may be the most relevant conclusion. Body
image disturbances in AN patients have been related
to frontal alterations (abstraction and critical abilities)
and with an obsessive frontal functioning. In this re-
gard, morbid concerns about body shape would lead to
intensive focus on the body and the search of perfec-
tion. It must be noted that a linear correlation has been
found out between body image disturbances and the
greater rigidity of frontal functioning.*®

With respect to the neuropsychological findings in
AN, several studies have reported similarities with oth-
er pathologies such as autism,> anxiety disorders®
and obsessive-compulsive disorders.* In other cases,
the cognitive alterations observed in AN have been re-
lated to different levels of depression and anxiety*%
as well as to obsessive traits.* Considering the obses-
sive-compulsive spectrum, Cavedani et al. and Liao et
al. have suggested that obsessive-compulsive symp-
tomatology would be behind of the Iowa Gambling
Test performances while in another study of Cavedani
et al. this was not confirmed.*>% As a result of these
finding it might be said that there are some similar
findings in other mental disorders, thus is very difficult
to state that the neuropsychological findings in AN are
strictly specific of this disorder.

The neuropsychological functions in AN have been
accompanied by studies based on neuroimaging and
neurophysiology in order to correlate structural and
functional brain changes with neuropsychological
findings.%>" Having the enormous amount of involved
variables (weight, duration of illness, medications, etc.)
in mind, it has been strongly difficult to demonstrate
the correlation between brain changes and functional
changes. In order to establish a cause-effect relation it
would be necessary to develop longitudinal neuroim-
aging studies as well as more neuropsychological lon-
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gitudinal designs. Studies about the cognitive function
in AN not only are relevant in order to seek biomarkers,
biological traits laying the clinical expression, but just
to implement new forms of treatment to specifically
focus on the neuropsychological impairment of these
patients.! The proposed dysfunction in prefrontal cir-
cuitry that mediates executive functions, reward and
behavioural regulation (not only in AN but also in obe-
sity) could be a starting point to be considered in future
treatments.’

Conclusions

Different neuropsychological alterations have been
described in AN. Nevertheless there are many incon-
sistencies among studies mainly due to methodological
biases. Comparing AN patients and healthy controls the
results remain controversial. Bearing in mind different
ED, some authors consider several common disturbanc-
es while others have reported some differences among
them. The role of different variables such as depression,
anxiety, obsessionality, etc. needs to be more clarified.
There seems to be some base to state that some com-
monalities exist in the so-called extreme weight condi-
tions (from AN to obesity). With respect to the biolog-
ical basis of executive functioning alterations, the link
between neuropsychological dysfunction and biomark-
ers remains unclear. The role of neuropsychological
deficits in AN, as initial factors or simply as mere con-
sequences, remains unclear too. Another topic, which
needs to be clearly improved, is that which refer to the
link between the body image disturbances in AN and
the neuropsychological dysfunction. The similarities
between the neuropsychological dysfunction in AN and
that found in other mental disorders may be considered
up to date as a mere approach. The same applies to the
relationship between the AN patients’ neuropsychologi-
cal performance and personality or gender.
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Resumen

Objetivos: Determinar la prevalencia de las principa-
les comorbilidades asociadas a la obesidad mérbida y
evaluar el efecto del bypass gastrico sobre el estado pon-
deral, riesgo cardiovascular y calidad de vida en estos
pacientes.

Meétodos: Estudio descriptivo con medidas del cambio
intrasujeto (antes-después) en una muestra de 162 pa-
cientes de los resultados del bypass gastrico sobre la evo-
lucién ponderal, comorbilidades asociadas, riesgo car-
diovascular a 10 anos (estimado mediante las tablas de
Framingham) y calidad de vida mediante el test BAROS
(Bariatric Analysis and Reporting Outcome System).

Resultados: El indice de masa corporal (IMC) se redu-
ce de 51,12 + 7,22 kg/m? a 29,94 + 4,86 kg/m? (72,85% de
sobrepeso perdido) y se resuelven la hipertension arterial
(HTA), la dislipemia y la diabetes mellitus tipo 2 (DMT2)
en el 71,93%, 91,38% y 82,93% respectivamente (p <
0,001). El riesgo cardiovascular mayor del 10% se reduce
del 25,91% al 4,32% (p < 0,001). Segtin la escala BAROS,
el resultado de la cirugia fue favorable en el 95% de los
€asos.

Conclusiones: La cirugia bariatrica mediante bypass
gastrico demuestra ser muy efectiva para la reduccion
ponderal y comorbilidades asociadas, mejorando nota-
blemente la calidad de vida.

(Nutr Hosp. 2014;29:508-512)
DOI1:10.3305/NH.2014.29.3.7163

Palabras clave: Obesidad morbida. Bypass gdstrico. Riesgo
cardiovascular. Calidad de vida.

Introduccion

La obesidad es una enfermedad crénica multifacto-
rial fruto de la interaccién entre genotipo y ambiente,
asociada a importantes complicaciones fisicas y psi-
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EFFECT OF GASTRIC BYPASS ON THE
CARDIOVASCULAR RISK AND QUALITY
OF LIFE IN MORBID OBESE PATIENTS

Abstract

Objectives: To determine the prevalence of major
comorbidities of morbidity obese patients and to
evaluate the gastric bypass effect on the weight status,
cardiovascular risk and quality of life in these patients.

Methods: The evolution of weight, comorbidity, 10-
year follow-up of cardiovascular risk (estimated by the
Framingham risk score) and quality of life using the test
BAROS (Bariatric Analysis and Reporting Outcome
System) was analyzed in 162 patients with morbid obesity
before and 2 years after gastric bypass.

Results: Body mass index (BMI) was reduced from 51.12
+7.22 t0 29.94 + 4.86 kg/m? (72.85 % loss of excess weight).
Hypertension (HT), dyslipidemia and type 2 diabetes
mellitus (T2DM) were resolved in 71.93%, 91.38% and
82.93% respectively (p < 0.001). Cardiovascular risk
greater than 10% was reduced from 25.91% to 4.32% (p
<0.001). According to BAROS scale, surgery was positive
in 95% of cases.

Conclusions: Gastric bypass is very effective in weight
loss; benefits in comorbidities, cardiovascular risk and
quality of life.

(Nutr Hosp. 2014;29:508-512)
DOI1:10.3305/NH.2014.29.3.7163

Keywords: Morbid obesity. Gastric bypass. Cardiovascu-
lar risk. Quality of life.

colégicas que contribuyen a deteriorar la calidad y
esperanza de vida de los pacientes que la padecen. Su-
pone un importante impacto sociosanitario por su alta
frecuencia, las complicaciones derivadas y su elevada
mortalidad. Se estima que el 54.7% de la poblacién
adulta espafiola presenta exceso ponderal' y su preva-
lencia ha aumentado de forma alarmante en nuestra
sociedad adquiriendo proporciones epidémicas?.

El abordaje terapéutico de la obesidad estd dirigi-
do a mejorar o eliminar las comorbilidades asociadas
y disminuir el impacto de las futuras complicaciones
relacionadas con el exceso de peso. Se basa, funda-
mentalmente, en cambios en el estilo de vida (ali-



mentacion, ejercicio y modificaciéon de habitos de
conducta) y, ocasionalmente, farmacoterapia. Sin
embargo, en muchos casos, estas herramientas no son
suficientes para alcanzar una pérdida ponderal signi-
ficativa y mantenerla a largo plazo. En pacientes con
obesidad morbida refractaria al tratamiento médico,
la cirugia bariatrica, aunque no exenta de riesgos, se
postula como un tratamiento eficaz en la consecucién
de una importante pérdida ponderal, y en la remision
o reduccion de la mayor parte de las comorbilidades
asociadas®. Actualmente, las indicaciones segun las
directrices del Nacional Institute of Health (NIH) que-
dan limitadas a sujetos con IMC > 40 kg/m* o IMC
> 35 kg/m? en presencia de comorbilidades mayores,
asumiendo la estabilidad psicoldgica y el compromiso
para el seguimiento por parte del paciente para garan-
tizar el éxito a largo plazo*.

Objetivos

Determinar la prevalencia de las principales comor-
bilidades asociadas a la obesidad mérbida y evaluar
el efecto del bypass géstrico sobre el estado ponderal,
riesgo cardiovascular estimado a los 10 afios y calidad
de vida de estos pacientes.

Métodos

Estudio descriptivo con medidas del cambio intra-
sujeto (antes-después) en una muestra de 162 sujetos
con IMC > 40 kg/m? o IMC > 35 kg/m? en presencia
de comorbilidades mayores, a los que se les practicé
un bypass gastrico en el Hospital Universitario Puerta
del Mar de Cadiz desde enero de 2005 a diciembre de
2010. Se excluyeron aquellos pacientes intervenidos
mediante otras técnicas de cirugia baridtrica y se anali-
zaron variables demogréficas, pardmetros antropomé-
tricos y presencia de factores de riesgo cardiovascular
clasicos basales y a los 2 afios de la intervencion.

Se definieron las alteraciones del metabolismo hi-
drocarbonado segun los criterios propuestos por la
American Diabetes Association (ADA) e hipertensién
arterial (HTA) cuando los valores de presion arterial
excedfan de 140/90 mmHg o los pacientes tenian pres-
crito tratamiento hipotensor. Se identific6 como pa-
cientes dislipémicos a aquellos que presentaban cifras
de colesterol total > 200 mg/dl 6 cLDL > 160 mg/dl 6
triglicéridos > 150 mg/dl 6 cHDL < 40 mg/dl o cuando
recibian tratamiento hipolipemiante.

La estimacion del riesgo de enfermedad cardiovas-
cular a los 10 afios se determiné de acuerdo con las
tablas de Framingham®, que incluyen los siguientes
factores de riesgo: edad, sexo, colesterol total, cHDL,
tension arterial sist6lica, tratamiento hipotensor, dia-
betes mellitus y tabaquismo, y con la adaptaciéon de
REGICOR? para la poblacion mediterrdnea. En fun-
cion de los resultados, fueron clasificados en 3 catego-

rias: riesgo bajo (< 10%), intermedio (10-20%) y alto
(> 20%).

Las complicaciones derivadas de la intervencion
quirdrgica se clasificaron en precoces (cuando apare-
cieron en el primer mes) y tardias (detectadas después
del primer mes). En las precoces se incluyen infeccién
de herida operatoria, absceso intraabdominal, dehis-
cencia de la sutura, oclusién intestinal, hemorragia
digestiva, rotura de bazo, neumonia, infeccién urina-
ria, fistula, embolismo pulmonar y defuncién. En las
tardias: estenosis de la anastomosis, comunicacién
gastro-gdstrica, ulcera de la boca anastomética, cole-
litiasis, eventracion, vomitos, diarreas, sindrome de
Dumping, malabsorcién y desnutricion.

La calidad de vida se midi6 mediante el test BA-
ROS?, que ademas de medir la repercusion sobre la
autoestima, actividad fisica, social, laboral y las rela-
ciones sexuales mediante una escala cualitativa, evalda
la evolucion de las comorbilidades mayores (DMT2,
HTA, dislipemia, SAOS u artropatia), de la siguien-
te forma: a) “actualmente presente”, b) “mejoria” de
la comorbilidad, pero que atin necesita tratamiento y
c) “resuelta”, en la que el paciente ha normalizado o
remitido completamente su patologia asociada. Como
criterios de remision se establecieron: tensién arterial
< 140/90 mmHg sin tratamiento antihipertensivo y
glucemia < 126 mg/dl con hemoglobina glicosilada
(HbAlc) < 6% sin tratamiento farmacolégico

La codificacion y el andlisis de los datos se reali-
zaron mediante el programa estadistico SPSS version
15.0 para Windows. Las variables cuantitativas que se
ajustan a la normalidad se expresaron mediante media
y desviacion estdndar, y las que no siguen una distri-
bucién normal mediante mediana y rango. La norma-
lidad de las variables continuas se estudié mediante
la prueba de Kolmogorov-Smirnov, aplicindose para
las comparaciones entre grupos la prueba de la t de
Student para muestras relacionadas o la prueba de Wil-
coxon para el contraste no paramétrico. Las variables
cualitativas se expresaron mediante porcentajes y se
compararon mediante la prueba de la Chi cuadrado.
La significacion estadistica se consider6 en todos los
casos para valores de p < 0,05.

Resultados

Se incluyeron 162 pacientes, 121 (74,3%) mujeres,
con una edad media al momento de la intervencion
de 38,87 + 10,11 afios. A todos los pacientes se les
practicé un bypass gastrico: en Y de Roux distal (con
asa comun de 50 a 100 cm) en 107 pacientes (66,1%),
proximal (o derivacién gastro-yeyunal) en 34 (21%) y
de una anastomosis (BAGUA) en 21 (13%). La cirugia
fue abierta en 132 casos (81,48%) y por via laparoscé-
picaen 30 (18,51%). El 14,9% de los pacientes presen-
taron complicaciones precoces, siendo la infeccion de
herida quirtrgica (9,5%) la complicacién mas frecuen-
te. Hubo un caso de defuncién (0,7%). E1 27,2% desa-
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Tabla I
Evolucion de los pardametros antropométricos, analiticos, comorbilidades y del riesgo cardiovascular estimado a los 10 aiios

Pardmetros Previo a la cirugia 2 afios tras la cirugia Reduccion (%) Significacion estadistica
Pardmetros antropométricos
Peso (kg) 136,55 +20,95 79,17 £ 14,02 57,38 (42,02) p<0,001
IMC (kg/m?) 51,12+7,22 29,94 +4.86 21,18 (41,43) p<0,001
Pardmetros analiticos
Glucemia (mg/dl) 113,82 (67-239) 88,31 (63-185) 25,51 (22,41) p<0,001
Colesterol total (mg/dl) 198, 59 + 39,84 142,27 + 32,36 56,32 (28,36) p<0,001
C-LDL (mg/dl) 125,75 + 33,81 73,30 + 28,00 52,45 (41,70) p<0,001
C-HDL (mg/dl) 4471 £ 10,33 50,89 + 12,76 -6,18 (13,82) p <0,005
Triglicéridos (mg/dl) 155,88 + 87,23 88,59 + 42,09 67,29 (43,16) p<0,001
Acido trico (mg/dl) 6,10+ 1,73 442 +1.55 1,66 (27,30) p<0,001
Comorbilidades asociadas
a la obesidad
Hipertension [n (%)] 57(35.4) 16 (10,1) 41(71,93) p<0,001
Dislipemia [n (%)] 58 (36,0) 5(3,2) 53(91,37) p <0,001
Diabetes tipo 2 [n (%)] 41(25,5) 7(4.4) 34(82,92) p<0,001
Hiperuricemia [n (%)] 42 (28,6) 7(4,7) 32 (83,33) p <0,001
Estimacion del riesgo cardiovascular
(Framingham)
Riesgo bajo (< 10%) 120 (74,07) 155 (95,6) -35(29,16) p<0,001
Riesgo intermedio (10-20%) 26 (16,04) 7(4,32) 19 (73,07) p <0,001
Riesgo alto (= 20%) 16 (9,87) 0(0) 16 (100) p<0,001

rrollaron complicaciones tardias, siendo la eventracién
(12,2%) 1a mds frecuente seguida de la desnutricién
caldrico-proteica grave (6,8%).

Previo a la cirugia, los pacientes presentaban un
IMC medio de 51,12 + 7,22 kg/m? y a los dos afios de
la intervencidn el porcentaje de sobrepeso perdido fue
del 72,85%, siendo el IMC medio 29,94 + 4,86 kg/m?
(porcentaje de reduccién del IMC del 41,27 + 9,07%).
La evolucién de los pardmetros antropométricos y ana-
liticos se presenta en la tabla I.

Al inicio, 57 pacientes (35,4%) presentaban HTA,
58 (36%) dislipemia, 41 (25,5%) DMT2 y 42 (28,6%)
hiperuricemia. De los 41 pacientes con DMT?2, en tan
s6lo 11 (26,82%) persistia el diagndstico a los 4 meses
de la intervencién. En la mayoria de los casos la dura-
cion de la diabetes era menor de 10 afios, 34 de ellos
(82,92%) se encontraba bajo tratamiento con agentes
orales y el resto con tratamiento dietético, y no presen-
taban complicaciones crénicas conocidas. La media de
HbAlc previa a la cirugia fue 7,55 + 1,18% y 5,33 =
0,59% (p < 0,005) a los dos afios. En cuanto a la re-
solucion de la HTA, la dislipemia y la DM2 a los dos
afios, tuvo lugaren el 71,93%, 91,38% y 82,93% de los
casos, respectivamente (p < 0,001).

Segtn la escala BAROS realizada a los 2 afios de la in-
tervencion, el resultado de la cirugia fue excelente en 56

pacientes (36,8%), muy bueno en 56 (36,8%) y bueno en
32 (21,1%). Respecto a la calidad de vida, en los aspectos
evaluados por el test, la mayor ganancia fue en bienestar
fisico (“mucho mejor” en 146 pacientes, 90,12%) y la
menor en la normalizacién de la actividad sexual (“mu-
cho mejor” en 120 pacientes, 74,07%) (fig. 1).

Segtn las tablas de riesgo cardiovascular de Framin-
gham, en 42 (25,92%) de los pacientes se categorizd
un nivel de riesgo cardiovascular > 10% en el momen-
to de la cirugia y en, su conjunto, el riesgo cardiovas-
cular medio estimado disminuy6 de forma significati-
va desde un 5,82 + 7,4% al inicio del estudio hasta un
2,21 £2,02% (p < 0,001) a los dos afios tras la cirugia
(p < 0,001). En el subgrupo de pacientes con DMT2,
esta reduccidn es ain mas marcada, desde el 15,84 +
9,32% previo a la intervencién hasta el 4,32 +2.81% a
los dos aiios (p < 0,001). Segtin el método REGICOR,
el riesgo cardiovascular medio estimado previo a la ci-
rugia fue del 3,36 + 3,01 y a los dos afios del 1,61 +
0,98% (p < 0,001) (tabla I).

Discusion

La prevalencia de la obesidad moérbida en nuestro
pais se ha multiplicado por 3 en los dltimos 15 afios?,
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Fig. 1.—Test BAROS.

con el gran impacto que ello supone para la mayor
parte de las enfermedades crénicas, como las cardio-
vasculares, la DMT?2, la artrosis o la salud mental. La
cirugia baridtrica es el tratamiento mas efectivo a largo
plazo en el tratamiento de la obesidad mérbida, per-
mitiendo mantener la pérdida ponderal en el tiempo,
y mejorar o resolver las comorbilidades asociadas.
En Espafia, como en el resto de paises desarrollados,
el nimero de intervenciones de cirugia baridtrica ha
aumentado exponencialmente en los dltimos afios por
el aumento progresivo de la prevalencia de obesidad
morbida, el fracaso de los tratamientos médicos y el
desarrollo de la cirugia laparoscépica, que ha reducido
la morbimortalidad.

En nuestro estudio, los sujetos intervenidos pre-
sentan un IMC muy elevado y se obtiene un porcen-
taje de sobrepeso perdido (72,85%) atin mayor que el
descrito en otras series’, probablemente en relacién
con la frecuente realizacién de bypass géstrico dis-
tal con un mayor componente malabsortivo, cercano
al obtenido con la derivacién biliopancreatica. La
prevalencia de los factores de riesgo cardiovascular
asociados a la obesidad, como la DMT?2, HTA o dis-
lipemia, presentan tasas similares a las descritas por
otros autores*!°.

Recientemente se han publicado dos nuevos ensayos
clinicos aleatorizados y controlados que proporcionan
una prueba mds de que la cirugia puede ser mds efi-
caz que el tratamiento médico estandar o intensivo'!'2.
Estos datos de remisidn, superiores a los de cualquier
abordaje terapéutico intentado hasta la actualidad,
plantean la posibilidad de considerar la cirugia como
alternativa terapéutica en pacientes con DMT2 y un
IMC inferior al considerado hasta el momento'’.

En la evaluacién inicial, en el 26% de pacientes se
detect6 un riesgo de presentar un evento cardiovascu-
lar en los préximos 10 afios mayor del 10%, reducién-
dose a menos del 5% a los 2 afios de la intervencion,
similar a lo detectado en otras series'*!>. La mayoria
de estudios publicados al respecto hacen referencia
al método de estimacion de riesgo cardiovascular de

Framingham; si asumimos que el modelo de REGI-
COR es el que mejor se adapta a nuestra poblacién
sin sobreestimar el riesgo, utilizdndolo en nuestra serie
se observa que el riesgo cardiovascular se reduce a la
mitad.

En cuanto al analisis del cuestionario BAROS, los
resultados son mejores que los publicados por algunos
autores'®!’, aunque algo inferiores a lo reportado por
otros '3.

Las tasas de complicaciones son similares a lo pu-
blicado en otras series, con una tasa de mortalidad < 1%.
Por el contrario, la incidencia de complicaciones es
relativamente inferior en las series en las que predomi-
nan las técnicas por via laparoscépica’®.

Entre las limitaciones de nuestro estudio destaca el
diseflo observacional, llevado a cabo en un tnico cen-
tro, con un limitado tamafio muestral. Al incluir solo
pacientes intervenidos mediante bypass gdstrico, no
podemos extrapolar los resultados al resto de técnicas
quirdrgicas.

En conclusién, en nuestro medio el bypass géstrico
se muestra muy eficaz en la pérdida de peso a corto y
medio plazo en pacientes con obesidad mérbida, con
una franca mejorfa en su calidad de vida. Ademas, re-
duce notablemente el riesgo cardiovascular estimado,
observandose de forma muy precoz los efectos benefi-
ciosos sobre las alteraciones metabdlicas.
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Abstract

Objective: To assess the adequacy of predictive equations
for estimation of energy expenditure (EE), compared
with the EE using indirect calorimetry in a sample of
Brazilian and Spanish women with excess body weight

Methods: It is a cross-sectional study with 92 obese
adult women [26 Brazilian —G1— and 66 Spanish —
G2— (aged 20-50)]. Weight and height were evaluated
during fasting for the calculation of body mass index and
predictive equations. EE was evaluated using the open-
circuit indirect calorimetry with respiratory hood.

Results: In G1 and G2, it was found that the estimates
obtained by Harris-Benedict, Shofield, FAO/WHO/
ONU and Henry & Rees did not differ from EE using
indirect calorimetry, which presented higher values than
the equations proposed by Owen, Mifflin-St Jeor and
Oxford. For G1 and G2 the predictive equation closest
to the value obtained by the indirect calorimetry was the
FAO/WHO/ONU (7.9% and 0.46% underestimation,
respectively), followed by Harris-Benedict (8.6% and
1.5% underestimation, respectively).

Conclusion: The equations proposed by FAO/WHO/
ONU, Harris-Benedict, Shofield and Henry & Rees were
adequate to estimate the EE in a sample of Brazilian
and Spanish women with excess body weight. The other
equations underestimated the EE.
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EFICACIA DE LAS ECUACIONES DE PREDICCION
PARA LA ESTIMACION DEL GASTO ENERGETICO
EN UNA MUESTRA DE MUJERES BRASILENAS Y
ESPANOLAS CON EXCESO DE PESO CORPORAL

Resumen

Objetivo: Evaluar la adecuacion de las ecuaciones de
prediccion para la estimacion del gasto energético (GE),
en comparacién con el GE medido por calorimetria indi-
recta en una muestra de mujeres brasilefias y espaiolas
con exceso de peso corporal.

Meétodos: Se trata de un estudio transversal con 92 mu-
jeres adultas obesas [26 brasilefias —G1— y 66 espafiolas
—G2— (20-50 aios)]. Se evalué el peso y la talla durante
el ayuno para el calculo del indice de masa corporal y
las ecuaciones de prediccién. Se evalué el GE usando la
calorimetria indirecta de circuito abierto con campana
respiratoria.

Resultados: En G1y G2, se encontré que las estimacio-
nes obtenidas por Harris-Benedict, Shofield, FAO/OMS/
ONU y Henry y Rees no difieren del GE estimado por
calorimetria indirecta, la cual present6 valores mas altos
que las ecuaciones propuestas por Owen Mifflin -St Jeor
y Oxford. Para G1 y G2 la ecuacién predictiva que pre-
sent6 valores mas cercanos al valor obtenido por la calo-
rimetria indirecta fue la FAO/OMS/ONU (7,9% y 0,46 %
subestimacion, respectivamente), seguido por Harris-Be-
nedict (8,6% y 1,5% subestimacion, respectivamente).

Conclusion: Las ecuaciones propuestas por la FAQ/
OMS/ONU, Harris-Benedict, Shofield y Henry & Rees
fueron adecuadas para estimar el GE en una muestra de
mujeres brasilefias y espafiolas con exceso de peso corpo-
ral. Las otras ecuaciones subestimaron el GE.

(Nutr Hosp. 2014;29:513-518)
DOI:10.3305/NH.2014.29.3.7170

Palabras clave: Gasto energético. Ecuaciones de predic-
cion. Calorimetria indirecta. Obesidad.
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Introduction

Obesity is a multifactorial disease characterized by
excessive deposition of fat in adipose tissue, which
may be due to excessive energy intake, and or changes
in body energy expenditure, resulting in positive ener-
gy balance.!

Ahmadi et al.> demonstrated that obese people had
higher total energy expenditure (TEE), compared with
normal weight. However, this increase may be due to
increased basal metabolic rate (BMR) due to higher fat-
free mass (FFM) and energy demand during physical
activity. Mela and Rogers,* found higher TEE in obese
compared with normal weight, but the BMR that corre-
sponds to the energy expenditure per kilogram of body
weight at a given time, is lower in obese individuals.

The low metabolic rate (MR), expressed relative
to FFM seems to be a risk factor for weight gain.* In
a prospective study in Pima Indians, Ravussin et al.’
showed that both the low resting metabolic rate (RMR)
and low TEE increased risk of weight gain. The basal
energy expenditure (BEE) and resting (REE) can be
obtained through BMR and RMR, respectively, multi-
plied by 24 hours (1,440 minutes).

There are several methods for the assessment of EE
with different levels of precision, including indirect
calorimetry, which measures the MR by the determi-
nation of oxygen consumption (O2) (with a spirom-
eter), the production of carbon dioxide (CO2) and
excretion of urinary nitrogen, for a given period of
time.® This technique relies on the fact that all the O2
consumed and CO2 produced is due to the oxidation
of the three major energy substrates, which are lipids,
carbohydrates and proteins.” In practice, an estimated
value is used for the production of CO2, measuring
only the entrance of O2.%°

Recognizing the need to estimate energy expendi-
ture in institutions that have no indirect calorimetry,
researchers have proposed the use of specific equa-
tions, developed from calorimetry studies in groups of
individuals with similar clinical characteristics.!” Al-
though the estimate of EE is the most common meth-
od, the predictive equations might generate errors.'
Shetty'? considers that the equations used to estimate
the BEE in normal weight adults have reasonable pre-
cision (coefficient of variation 8%). By using predic-
tive equation is important to know whether it predicts
the spending baseline, resting or total, the population
from which the equation was obtained and the factors
that affect the predictive capability.!

In clinical practice it is impracticable to measure the
calorimetric methods for EE, so the international use
of the equations was recommended, modified from a
compilation of data carried out by Schofield.'* Studies
conducted in different ethnic groups found that these
equations provide high BEE estimates, particularly for
residents in the tropics.'>!%17 Wahrlich and Angels"’
confer these differences to the fact that equations have
been developed mostly from population samples of

North America and Europe which show differences in
body composition, and live in different environmental
conditions.

It is known that in populations with severe obesity
is actually more difficult to fit the equations, because
there is the difficulty in choosing the weight to be ap-
plied in the equation, which may influence a lot the
results.!® The use of current weight leads to the overes-
timation of the results independent of the equation to
be applied, and the use of ideal or adjusted weight can
result in the underestimation of energy needs."

This present study proposes to assess the adequa-
cy of predictive equations for estimation of EE, using
actual weight, based on the estimate of EE using indi-
rect calorimetry in a sample of Brazilian and Spanish
women with excess body weight.

It is expected that the equations obtained in tropical
populations®®?! are more appropriate to estimate the
EE of Brazilian women, and the equations proposed
by FAO/WHO/ONU? and Schofield'* are more appro-
priate for the estimation of EE in Spanish women. It
is suggested that the prediction equations overestimate
the EE, in a greater proportion among the women with
overweight, compared with normal weight women.

Methods
Methodological course

All utilized data (indirect calorimetry and anthro-
pometry) were obtained from two studies entitled:
“Study of body composition and energy metabolism
in normal weight, overweight and obese post-stable
women” and “Effect of the association of diet with the
polymorphism of genes PPARY2 and beta2-adrenergic
receptor in energy metabolism and body composition
in obese women.” These studies were approved by the
Ethics Committee on human research at the Federal
University of Vicosa (UFV) (No 059/2008) and Uni-
versity of Navarra (N° 24 (2)/2004), respectively.

All women signed a formal informed consent. The
data were supplemented by estimates of the EE cal-
culations based on the equations of Harris Benedict,*
Schofield,"* FAO/WHO/ONU,? Henry and Rees,?
Mifflin-St Jeor,>* Owen? and Oxford.?!

It is a cross-sectional study with 92 obese adult
(aged between 20 and 50 years) women, counting 26
Brazilian (G1) and 66 Spanish (G2).

Casuistic

The data presented are derived from two studies. In
the first study, 26 overweight women were selecting
[body mass index (BMI) > 25 kg/m?)], at the Health
Division of the Federal University of Vicosa (UFV). In
the second study, 66 overweight women were select-
ing (BMI > 25 kg/m?) in the Physiology and Nutrition
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Department of the Faculty of Pharmacy and in the Uni-
versity Clinic of Navarra’s University, Spain.

In both studies, the eligibility criteria were: absence
of weight loss over 3 kg in the last 3 months, absence
of chronic diseases (diabetes mellitus type 2, cardio-
vascular disease, kidney disease, thyroid disorders or
cancer), nonsmoking, without using prescription drugs
and not menopausal. Women who did not meet the
above criteria or who did not meet the protocol provid-
ed were excluded.

In the selection, to prove the healthiness of the vol-
unteers laboratory evaluations were held (blood count,
fasting glucose, urinary nitrogen balance, urea, creati-
nine, total proteins and fractions, total cholesterol and
its fractions and triglycerides) and urine (creatinine,
albumin and total proteins) in specialized laboratories.

Anthropometric evaluation

Weight and height were the parameters evaluat-
ed, during fasting, for the calculation of BMIL.* The
women were weighed using electronic microdigital
scale (Seca®) with the capacity of 150 kg and 100 g
precision, wearing a lightweight fabric aprons. Height
was determined using milimetric vertical anthropom-
eter graph attached to scale, with 0.5 cm range.”” The
women remained upright, firm, with arms relaxed and
head in the horizontal plane.

Evaluation of energy expenditure
by indirect calorimetry

The women presented themselves at the metabolic
unit by 07:00 o’clock, after fasting for 12 hours with-
out performing strenuous physical activity in the last
24 hours and with minimal effort. The evaluation was
performed using the open-circuit indirect calorime-
try with respiratory hood (Metabolic Monitor Delta-
trac-R3D).°

For the calculation of EE, it was used the values of
the following volumes; inspired O2 (VO2), expired
CO2 (VCO2) (ml/min) and urinary nitrogen.>* ob-
tained by the calorimeter.

Evaluation of energy expenditure
using prediction equations

The equations for predicting EE (kcal/24 hours)
used in the study were the following:

e Harris & Benedict (1919): BEE = 655.0955 +
(9.5634 x BM, kg) + (1.8496 x H, cm) - (4.6756
X age, years).

e Schofield (1985): BEE = [(0.062 x BM, kg) +
2.036] x 239 (18-30 years) [(0.034 x BM, kg) +
3.538] x 239 (30-60 years).

« FAO/WHO/ONU (1985): BEE = (14.7 x BM, kg)
+ 496 (18-30 years) (8.7 x BM, kg) + 829 (30-60
years).

e Owen (1986): BEE =795 + (7.18 x BM, kg).

* Mifflin-St Jeor (1990): BEE = (9.99 x BM, kg) +
(6.25 x H, cm) - (4.92 x age, years) — 161.

e Henry & Rees (1991): BEE =[(0.048 x BM, kg) +
2.562] x 239 (18-30), RMR = [(0.048 x BM, kg) +
2.448] x 239 (30-60 years).

e Oxford (Henry, 2005): BEE = (10.4 x BM, kg) +
(615 x H, m) - 282 (18-30 years) BEE = (8.18 x
BM, kg) + (502 x H, m) - 11.6 (30-60 years).

Note: BEE: Basal energy expenditure, BM: body
mass (kg), H: height (m).

Statistical analysis

The data were evaluated as an average and stand-
ard deviation. To check the distribution of continuous
variables was conducted adherence test of Kolmogo-
rov-Smirnov.

For parametric variables, it was used the ANOVA
test and Tukey test for comparison of the measured
metabolic data with those obtained by each prediction
equation. The unpaired test was used to compare meta-
bolic and anthropometric data between groups.

It was used the computer program SPSS version
16.0, considering p < 0.05.

Results

The women’s age in G1 and G2 was 36.62 + 7.76
and 34.59 + 7.56 years, respectively. These women’s
BMI was 31.16 + 3.18 and 37.66 + 6.24 kg/m?, respec-
tively. The age and BMI of the two groups G1 and G2
did not differ (p > 0.05). Of the total of 92 women with
excess body weight, 17% were overweight, 39% grade
1 obesity, 25% were grade 2 obese and 19% grade 3
obesity. G1 were composed predominantly of over-
weight and obesity grade 1, while G2 were composed
predominantly of obesities grade 1 and 2.

The REE obtained by indirect calorimetry (REE_ )
was higher in G2. Differences were found between the
groups as proposed by the equations: Harris-Benedict,
Shofield, FAO/WHO/ONU, Owen, Mifflin-St Jeor and
Henry & Rees, being all the higher EE values in G2
(table I).

In G1, it was found that the estimates obtained by
Harris-Benedict, Shofield, FAO/WHO/ONU and Hen-
ry & Rees did not differ from REEcal, which presented
higher values than the equations proposed by Owen,
Mifflin-St Jeor and Oxford (table II).

In G2, only the equations proposed by Owen, Mif-
flin-St Jeor and Oxford presented EE lower than the
indirect calorimetry, while the other equations did not
differ from the indirect calorimetry (table II).

Prediction euations and energy
expenditure in obesity
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Table I
Comparison of energy expenditure by indirect calorimetry and prediction equations between groups

Variables Gl(n=26) G2 (n=66) p-value
Mean SD Mean SD

GER , (kcal.) 1680 139 1730 253 <0,01
Harris-Benedict (kcal.) 1535 103 1705 161 <0,01
Schofield (kcal.) 1524 113 1687 195 <0,01
FAO/WHO/ONU (kcal.) 1547 108 1722 199 <0,01
Owen (kcal.) 1363 61 1483 116 <0,01
Mifflin-St Jeor (kcal.) 1445 131 1626 181 <0,01
Henry & Rees (kcal.) 1498 99 1691 186 <0,01
Oxford (kcal.) 1392 301 1606 166 <0,01
G1: Brazilian obese; G2: Spanish obese.

SD: Standard deviation.

For G1 the prediction equation that was closest to Table II

the value obtained by the indirect calorimetry was the
FAO/WHO/ONU (7.9% underestimation), followed
by Harris-Benedict (8.6% underestimation), Shofield
(9.2% underestimation) and Henry & Rees (10,8% un-
derestimation), respectively.

For G2, the equation of the FAO/WHO/ONU
(0.46% underestimation) also showed the most similar
values to the calorimetry, then by order of approxima-
tion Harris-Benedict (1.5% underestimation), Henry &
Rees (2.3% underestimation) and Schofield (2.5%un-
derestimation).

For both G1 and G2 for the best equations were
FAO/WHO/ONU, Harris-Benedict, Shofield and Hen-
ry & Rees.

Discussion

Indirect calorimetry is considered a standard meth-
od, after validation by comparison with the direct calo-
rimetry,?® however, its use is restricted to research due
to the demanding cost and time for its conclusion,!”
requiring the use of prediction equations in clinical
practice.

The present study has shown that some equations
were able to estimate the EE from a sample of over-
weight women in Brazil and Spain. In obese individ-
uals, the accuracy of all prediction equations was re-
duced compared with non-obese individuals and the
range of individual errors increases.!!

G2 showed greater REEcal compared with G1, which
is expected, since Spanish women had higher total body
mass and fat-free mass. The standardization of REE, as
suggested by Cercato et al.,* divides the population ac-
cording to quintiles of weight, demonstrating that the
higher the body weight, the higher is the REE.

Weg et al.'” state that the degree of overweight is
a major factor influencing the result of the predictive

Comparison of the energy expenditure prediction
equations in relation to indirect calorimetry, for group

Variables GI (n=26) G2 (n=66)
Mean SD Mean SD
REE | 1680 139 1730 253
Harris-Benedict 1535 103 1705 161
Schofield 1524 113 1687 195
FAO/WHO/ONU 1547 108 1722 199
Owen 1363* 61 1483 116
Mifflin-St Jeor 1445 131 1626 181
Henry & Rees 1498 99 1691 186
Oxford 1392 301 1606 166

G1: Brazilian obese; G2: Spanish obese; REE_: resting energy expenditure for
calorimetry indirect; SD: Standard deviation.
p < 0,005 vs calorimetry.

equations, however, most of the equations used was
applied to normal weight individuals, which makes it
very difficult to choose the most appropriate equation
to determine the BEE of these individuals.

According to Rodrigues et al.,'® the Harris-Bene-
dict equation tends to overestimate the values of BEE
(around 7%) in obese Brazilian women. This overesti-
mation may result in 20% less of the body weight loss
than estimated value per month. Studies report that this
equation when used in obese patients for evaluation
of the BEE has mixed results, reaching 33% of varia-
tion.*!2 Wahrlich & Angels,* studying 60 women (20
to 40 years old) in Porto Alegre-Brasil, with a BMI of
21.7 £ 2.7 kg/m?, observed that the equations of Harris
& Benedict, FAO/WHO/ONU (only weight), Schof-
ield and Henry & Rees, were not adequate to estimate
the BEE, overestimating the results obtained by meas-
urement in calorimetry.
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Abstract

Objective: The aim was to assess the effect of dietary
patterns on postpartum body weight change (BWC).

Methods: A Food Frequency Questionnaire (FFQ)
with 81 items was applied in 278 women having the first
six months after delivery as the time frame. Body weight
(BW) was measured at 15 days (baseline) and at 2.6 and
9 months postpartum. Principal components analysis
was used to extract the dietary patterns. Linear mixed
models were performed having BWC as the outcome and
the dietary patterns as independent variables.

Results: Two major dietary patterns were identified:
healthy and mixed. Energy intake was 2,838 kcal (DP
= 624) and 2,233 kcal (DP = 455), for women classified
in the highest quartiles of mixed and healthy dietary
patterns, respectively. Mean BWC declined -0.151 kg/
month (SE = 0.02) independently of the dietary pattern.
Predicted values of BWC among women that have adhered
to mixed dietary pattern indicated a lower BWC of 0.830
kg/month (SE = 0.24; p < 0.001) at 6 months and 0.938
kg/month (SE = 0.24; p < 0.001) at 9 months postpartum.

Conclusion: The mixed dietary pattern was associated
with a slower rate of BWC during postpartum, compared
the healthy dietary pattern.

(Nutr Hosp. 2014;29:519-525)

DOI:10.3305/NH.2014.29.3.7155

Keywords: Dietary parttern. Postpartum. Body weight
change. Cohort studies.

Correspondence: Maria Beatriz Trindade de Castro.
Universidade Federal do Rio de Janeiro.

Av. Carlos Chagas Filho, 373.

2191-590 Rio de Janeiro. Brazil.

E-mail: mbtcastro@gmail.com

Recibido: 12-XI-2013.
1.* Revision: 18-XI-2013.
Aceptado: 19-X1-2013.

UN PATRON DIETETICO MIXTO SE ASOCIA
CON UN MENOR DECLIVE EN EL CAMBIO
DEL PESO CORPORAL DURANTE EL PUERPERIO
EN UNA COHORTE DE MUJERES BRASILENAS

Resumen

Objetivo: El proposito de este estudio fue evaluar el
efecto del patréon dietético sobre el cambio de peso corpo-
ral (CPC) en el puerperio.

Meétodos: Se aplicé una Cuestionario de frecuencia de
alimentos (CFA) con 81 itemes a 278 mujeres en el marco
temporal de los siguientes 6 meses después del parto. El
peso corporal (PC) se midié a los 15 dias (basal) y a los
2,6 y 9 meses posparto. Se utilizé el analisis de los com-
ponentes principales para extraer los patrones dietéticos.
Se realizaron modelos lineares mixtos, siendo el CPC el
resultado y los patrones dietéticos las variables indepen-
dientes.

Resultados: Se identificaron dos patrones dietéticos
principales: saludable y mixto. El consumo de energia
fue de 2.838 kcal (DP = 624) y 2.233 kcal (DP = 455), para
las mujeres clasificadas en los cuartiles mas altos de los
patrones dietéticos mixto y saludable, respectivamente.
El decremento promedio del CPC fue de -0,151 kg/mes
(EE = 0,02) independientemente del patrén dietético. Los
valores predictivos del CPC en las mujeres con un patron
dietético mixto indicaron un menor CPC de 0,830 kg/mes
(EE =0,24; p < 0,001) a los 6 meses y de 0,938 kg/mes (EE
=0,24; p < 0,001) a los 9 meses posparto.

Conclusion: El patron dietético mixto se asocié con un
ritmo de pérdida de peso mas lento durante el puerperio
en comparaciéon con el patrén dietético saludable.

(Nutr Hosp. 2014;29:519-525)
DOI:10.3305/NH.2014.29.3.7155

Palabras clave: Patron dietético. Puerperio. Cambio en el
peso corporal. Estudios de cohortes.
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Introduction

The dietary pattern, energy intake and the large in-
tra-individuals dietary intake variation during pregnan-
cy may increase gestational weight gain (GWG).!? Exces-
sive GWG has been identified as a critical determinant
of postpartum weight retention,*> which is the main
expression of maternal obesity and may affect up to
20% of the women.b

Factor analysis considers the complex nature of di-
etary intake and has been used in epidemiologic stud-
ies to test the association of dietary patterns with health
outcomes.”® This approach is considered an important
toll and has been used to access the effect of dietary
pattern on body weight composition and obesity.’ !

Perceived role of the food and selection of a safe
dietary pattern to ensure fetus health and improve
breastfeeding are common concern among wom-
en during the reproductive period."® These concerns
may increase the number of food items consumed, and
consequently total energy intake.'* The eating habit in-
cludes the diet quality and quantity and is modulated
by many factors such as socio-economic variables.!>1¢

The literature regarding dietary pattern during post-
partum is scarce and most studies have been performed
during pregnancy.'!*® The few studies concerning di-
etary changes during the reproductive cycle are still
inconclusive.”? Castro et al. (2006)*! reported a de-
creased intake of carbohydrates, cereals, fruits, milk
and dairy products during postpartum, when compared
to pregnancy in Brazilian women. These authors have
observed that an increase in protein intake during post-
partum facilitated body weight loss.??

The aim of this study was to describe dietary pat-
terns in a cohort of Brazilian women and to exam-
ine the effect of these patterns on body weight change
(BWC) over nine months of postpartum follow-up.

Materials and methods
Study design and participants

Data for the present study was collected using a pro-
spective cohort design conducted from May 1999 to
April 2001 at the Marcolino Candau Municipal Health
Center and from the main maternity hospital in the
study catchment area, in Rio de Janeiro municipality,
Brazil. Participants were recruited at prenatal routine
care and during the newborn routine immunization,
and immediately after birth in the maternity hospital.

The study design involved 15 months of recruit-
ment and nine months of follow-up after delivery, in
which data was collected approximately at 15 days, 2,
6 and 9 months postpartum. A Food Frequency Ques-
tionnaire (FFQ) was applied at 6 months postpartum
and was used to analyze the effect of dietary pattern
on BWC during the first nine months postpartum. In-
formation was based on 278 (65%) women aged 18-45

years of 430 (100%) that were recruited at baseline.
Previous analyses have shown non-random losses of fol-
low-up.® We have demonstrated that the losses to fol-
low-up were random with respect to all variables.?>?
Body weight at baseline (P = 0.30) and pre-pregnancy
weight (P = 0.27) were not different between those
who were followed and those who dropped out. Final
model were adjusted for age women, because except to
this variable, younger women have dropped out from
the study. Analysis showed a random pattern of losses
of dietary intake.

The ethic committee from the Institutional Review
Board of the Institute for Studies in Collective Health
(IESC) at the Federal University of Rio de Janeiro
(UFRJ) approved the study. All the study’s stages were
announced to the participants, which provided written
informed consent prior to participation in the study.
Details of the study design and participation rates were
presented elsewhere.?>*

Anthropometric assessment

Body weight (BW) was collected at baseline (15 days
after delivery) and on 3 waves of follow-up (2, 6, and
9 months postpartum). Women were weighted without
shoes and wearing light clothes on a digital scale, with
a capacity of 150 kg and a precision of 0.1 kg (PL 150
Model, Filizzola Ltda., Sao Paulo, Brazil). The assess-
ment of the anthropometric variables was performed in
accordance with Lohman’s protocol.” Body mass index
(BMI) was calculated using weight measured at base-
line. Pre-pregnancy BMI (PPBMI) was calculated using
self-reported pre-pregnancy weight (PPW) or BW reg-
istered until the 13" gestational week; stature was meas-
ured using a stadiometer with precision of 0.1 cm (Hol-
tain-Harpeden, UK). Percent of body fat (%BF) was
calculated using an electrical impedance technique with
equations provided by RJL Inc (RJL, USA). Other
methodological details were previously described.®

Body weight change

BWC was considered the outcome. This variable
was obtained taking into account body weight (kg)
measured at baseline (15 days after delivery) and in
the three follow-up visits: 2, 6, and 9 months post-
partum. Negative BWC refers to a body weight loss
during follow up and positive BWC refers to a body
weight gain during postpartum. The outcome was de-
fined as a time dependent variable because assumes
different values in each point of observation.

Assessment of dietary intake

Usual dietary intake was obtained through a FFQ,
that was administered by nutritionist at 6 mo postpartum
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Table I
Factor loading of rotated factor matrix for major dietary patterns for woman at 6 months postpartum.
Rio de Janeiro, Brazil (1999-2001)

Dietary pattern®

Pryor communality

Food items
Mixed Healthy Estimates

Rice 0.41426 -0.12478 0.57042714
Beans 0.42550 -0.02192 0.60614407
Breads 0.65657 -0.07005 0.61415965
Pasta and wheat 0.31926 0.07747 0.62629893
Eggs 0.25629 0.13733 0.79610512
Sausages 0.32738 0.21164 0.80643141
High-fat products 0.51255 0.10439 0.59599470
Fruit juices and soda 0.33729 0.21859 0.63169993
Cake and biscuits 0.19987 0.05757 0.65326564
Sugar and suits 0.37545 0.06228 0.62579956
Coffee and tea 0.18739 0.07582 0.47363270
Fruits 0.14372 0.59588 0.67459767
Green leafy vegetables -0.13465 0.52131 0.55826530
Legumes/other vegetables -0.01646 0.57011 0.59313859
Potato, roots and corn 0.19401 0.30700 0.66827487
Meat and poultry 0.06848 0.23962 0.60507685
Fish 0.04122 0.30957 0.67487103
Milk and dairy products 0.09510 0.27600 0.63928841

Standardized Cronbach’s alpha coefficient was 0.64 from Mixed and 0.57 from Healthy dietary pattern.

and has the first six months after delivery as the time
frame. FFQ was composed by 81 food and beverag-
es items and 8 answer options (never or almost never;
1-3 times/month, 1 time/week, 2-4 times/weeks, 5-6
times/weeks, 1 time/day, 2-3 times/day, or more than
3 times/day). The FFQ was developed and previously
validated by Sichieri & Everharth (1998).% Standard
portions sizes were given from each food item.?® Es-
timates of total energy intake and gramature of nutri-
ents, foods and foods groups were calculated with a
program previously developed using Statistical Anal-
yses System (SAS) 8.2.% This program considered the
food composition database created by the Escola Pau-
lista de Medicina.”® Foods compositions that were not
included in this database were assessed from a national
family-budget study.”

To identify the dietary patterns, the 81 items list-
ed in the FFQ were grouped into eighteen food
groups, based on their nutritional characteristics: 1)
Rice; 2) Beans; 3) Breads; 4) Cake and biscuits; 5)
Meat and poultry; 6) Eggs; 7) Fish; 8) Green leafy veg-
etables; 9) Legumes and other vegetables; 10) Fruits;
11) Pasta and wheat; 12) Potato, roots and corn; 13)
Sweetened beverages (Fruit juices and soda); 14) Sug-
ar and suits (sugar, sweets and desserts); 15) Milk and
dairy products; 16) High-fat products (processed meat,
pizza, snacks, chips fries, butter, bacon and maiones);
17) Sausages (sausages, hamburger, viscous and ham);
and 18) Coffee and tea.

Dietary patterns were extracted using principal
component analysis (PCA). Firstly, Kaiser-Mey-
er-Olkin (KMO) was used to measure sampling ade-
quacy. Two commonly applied criteria were used to
identify the number of patterns to be retained: (a)
the eigenvalues > 1.50 and (b) the Cattell’s scree
test plot. Factor loading of 0.25 was used as crite-
ria to limit low inter-correlations between dietary
variables in a factor.’® Orthogonal varimax rotation
of the factors was applied to improve the interpre-
tation. Cronbach’s alpha coefficient was used to
evaluate internal consistency for each component
retained. After all, the dietary patterns were named
according to the nature of the food groups and the
factors load (table I).

Assessment of co-variables

Breastfeeding, smoking and socio-demographic
variables were investigated from structured question-
naires that were applied at the baseline, the first and
second waves of follow-up. Family income (dollar),
parity (number of children), age (years), schooling
(years) and breastfeeding (days of predominant breast-
feeding)?' were treated as continuous variables. Skin
color was categorized in white and non-white (black
or brown), and marital status was classified as single
or married/living with a partner.

Dietary pattern and postpartum
weight change
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Table IT
High dietary pattern quartile score by selected variables
for Brazilian women at 6 months postpartum.
Rio de Janeiro, Brazil (1999-2001)

Dietary pattern
Variables p-value'
Mixed Healthy
Mean (SD)
Intake:
Energy (kcal) 2,838 (624)  2,233(455)  <0.001
Anthropometric:
Body weight 62.7(14.9) 60.6 (9.6) 0.398
BMI 24.5(5.6) 23.8 (3.6) 0.454
BMI Pre-Pregnancy 22.7(5.0) 22.52.7) 0.756
Body fat (%) 29.4(7.9) 29.6(5.2) 0.779
Retention 3.2(5.6) 2.8(4.4) 0.679
Socio-demographic:
Age (years) 25.0(6.2) 27.0 (5.3) 0.080
Income (dollars) 255 (146) 450 (341) <0.001
Schooling (years) 6.8 (3.1) 8.5(3.1) 0.006
Parity 2.2(1.36) 1.9(1.2) 0.333
Breastfeeding (days) 103 (57.7) 102 (60.7) 0.940
N (%)
Socio-demographic:
Skin color
White 18 (26.1) 15(33.3) 0.404
No White 51(73.9) 30 (66.7)
Marital Status
Married 51(73.9) 40 (88.9) 0.051
Single 18 (26.1) 05 (11.1)

'P-value refers to ANOVA for continuous variables and chi-square for proportions.

Statistics

To verify the mother’s characteristics at higher score
pattern adherence, energy intake, anthropometric and
socio-demographic characteristics were evaluated
across the forth quartile of mixed and healthy dietary
patterns (table II) using means and standard deviations
(SD) and prevalence (%). Women with high score on
quartiles of both mixed and healthy were kept at first
dietary pattern (factor 1). Analysis of variance was
used for the comparison of continuous variables be-
tween higher quartiles of mixed and healthy dietary
patterns, and chi-square test was used for categorical
variables.

The effect of dietary patterns on BWC among 278
women was evaluated with linear mixed effect mod-
els.? The factor loading were standardized (mean
equal to 0 and SD equal to 1) in order to make the
multiple linear regression models comparables. En-
ergy intake, family income and schooling that were
associated were considered confounders (p =< 0.05)
as were associated with quartiles of both dietary pat-
terns and with the outcome. %BF, age, skin color
and marital status were also considered as potential
confounding factors as were related with one of the

dietary quartiles (p =< 0.05). A final model was also
adjusted for PPW.

Linear mixed effect models were fitted in four
steps. The outcome and postpartum time elapsed since
delivery was considered as random effects and all oth-
er variables as fixed effects. First, the unconditional
growth model that included time variable was fitted and
named model A. Then, the unadjusted model B was fit-
ted and included the interaction between time and the
predictor variables (score of mixed and healthy pat-
terns). Adjusted conditional models were fitted includ-
ing the following co-variables: energy intake, %BF,
age, family income, schooling, skin color and marital
status (model C) and model D (all variables from mod-
el C plus PPW). All models were nested from an un-
conditional mean model that describes partition of
the outcome variation (table III). Analyses were per-
formed using SAS version 9.1.

Results

Two different dietary patterns were identified and
were named mixed and healthy. The eigenvalues were
2.73 and 1.96, respectively. The cumulative variance
was 26.1%. The mixed pattern explained 15.2% of the
total variance and was composed of rice (0.41426),
beans (0.42550), breads (0.65657), pasta and wheat
(0.31926), eggs (0.25629), sausages (0.32738), high-
fat products (0.51255), fruit juices and soda (0.33729),
and sugar and suits (0.37545). The healthy pattern
explained 10.9% of the variance and was composed
of fruits (0.59588), green leafy vegetables (0.52131),
legumes and other vegetables (0.57011), potato, roots
and corn (0.30700), fish (0.30957), and milk and dairy
products (0.27600). Standardized Cronbach’s alpha
coefficient was 0.64 for mixed and 0.57 for healthy
dietary pattern. The pryor communality estimates and
the lower communality were 0.47363 for coffee and
tea (table I).

Energy intake was statistically (p < 0.001) differ-
ent among highest quartiles of the mixed and healthy
patterns (table IT). Women situated on the highest quar-
tile of the healthy dietary pattern had higher family in-
come (255 versus 450 dollars, p = 0.001) and higher
schooling (8.5 versus 6.8 years, p = 0.006) than women
that had adhered to the highest quartile of mixed dietary
pattern. Results showed that higher proportion of mar-
ried’s women adhered to the highest quartile of healthy
dietary pattern (88.9 versus 73.9 years, p = 0.051).

According to Model A, BWC declined -0.151 kg/
month (SE = 0.02), independently of the dietary pat-
tern. Unadjusted mean BWC (model B) was -0.534 kg/
month (SE =0.20; p < 0.01) at 2 months; -1.101 kg/
month (SE = 0.20; p < 0.001) at 6 months and -1.420
kg/month (SE = 0.21; p < 0.001) at 9 months postpar-
tum. Adjusted mean BWC was -1.409 kg/month (SE =
0.21; p < 0.01) at 9 months (model C) and -1.597 kg/
month (SE = 0.20; p < 0.001) in model D.
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Table III

Regression coefficients estimates for postpartum predicting body weight change (2, 6, and 9 months) according to

women’s dietary pattern at six months postpartum. Rio de Janeiro, Brazil (1999-2001)

Parameter Model A* Model B¥ Model C# Model D¥
B(SE) B(SE) B(SE) B(SE)
Fixed effects
Intercept
Weight 63.1(0.76)** 63.2 (0.77)* 59.9 (1.58)** 62.5 (0.795)*
Mixed Pattern - -0.122 (0.92) -0.281 (0.95) 0.378 (0.50
Healthy Pattern - 0.356 (0.95) -0.409 (0.70) 0.562 (0.38)
Rate of change
Months -0.151 (0.02)** - - -
Weight* 2 months - -0.534 (0.20)* -0.534 (0.20)* -0.593 (0.19)*
Weight* 6 months - 1.101 (0.20)** -1.101 (0.20)** -1.297 (0.20)**
Weight* 9 months - -1.420 (0.21)** -1.409 (0.21)** -1.597 (0.20)**
Mixed pattern
Weight* 2 months - 0.269 (0.24) 0.269 (0.24) 0.235(0.23)
Weight* 6 months - 0.933 (0.24)** 0.933 (0.24)** 0.830 (0.24)**
Weight* 9 months - 1.043 (0.25)** 1.403 (0.25)** 0.938 (0.24)**
Healthy pattern
Weight* 2 months - 0.055 (0.25) 0.055 (0.25) 0.043 (0.24)
Weight* 6 months - 0.221 (0.25) 0.221 (0.25) 0.056 (0.25)
Weight* 9 months - 0.086 (0.25) 0.080 (0.25) -0.091 (0.25)
Variance components
Level 1 (Within) 5.74 (0.29)** 5.59 (0.28)** 5.59 (0.28)** 5.01 (0.26)**
Level 2 (Between) 156.7 (13.4)%** 157.6 (13.6)** 473 (4.21)** 10.6 (1.05)**
Goodness-of-fit
-2 Res Log Likelihood 6,277.4 6,250.5 5,951.5 5,232.2
AIC** 6,281.4 6,254.5 5,955.5 5,236.2
“Unadjusted model.
#Adjusted model.

*p < 0.01; #*p < 0.001; ***Akayke Information Criterion. Models were fitted using a random intercept. Model A was the unconditional growth model that included time
variable. Model B added the interaction between linear time and predictor variable (score of Mixed and Healthy). Model C is a conditional model with the controlled effect of
the predictor variable adjusted by energy intake, percent of body fat, age, schooling, family income, skin color and marital status. Model D is a conditional model with the con-
trolled effect of the predictor variable adjusted by energy intake, percent of body fat, age, schooling, family income, skin color, marital status and pre-pregnancy body weight.

Model D showed that women that adhered to healthy
dietary pattern had a non-significant higher increase in
mean BWC (higher body weight loss) of -0.091 kg/
month (SE = 0.25) at 9 months postpartum. On the oth-
er hand, the final multivariate model (model D) point-
ed a significant decreased on mean BWC (lower body
weight loss) of 0.830 kg/month (SE = 0.24; p < 0.001)
at 6 months and 0.938 kg/month (SE = 0.24; p < 0.001)
at 9 months postpartum (table III).

Discussion

The main findings of this study showed that the di-
etary patterns among Brazilian women during postpar-
tum were classified as mixed and healthy. The mixed pat-
tern was composed mainly of breads, high fat products,
rice and beans, while the healthy pattern was composed
of fruits, legumes and vegetables, roots and fish. BW
has decreased approximately 1.6 kg over a nine months
period independently of the dietary pattern. However,
women with mixed dietary pattern presented a slower
BWC during the first nine months postpartum when

compared with women that adhered to a healthy dietary
pattern. BWC was categorized on time intervals and it
was observed that women with mixed dietary pattern
lost 0.830 kg less at 6 and 0.938 kg at 9 months postpar-
tum compared with women that have adhered to healthy
dietary pattern. To our knowledge, this is the first study
that have investigated an association between dietary
patterns and BWC during postpartum in the Brazilian
population. Only one longitudinal study have comprised
the whole reproductive cycle, however has analyzed
the association of dietary patterns with lifestyle but
not with BWC over time, as ours study did."

Uusitalo et al. (2009)' has investigated the associ-
ation of dietary patterns and GWG rate among 3,360
Finish women. The authors identified seven dis-
tinct dietary patterns: healthy, fast food, traditional
bread, traditional meat, low fat, coffee and alcohol
and butter. The results revealed a positive associa-
tion between fast-food pattern and higher gestational
GWG (kg/week). Other studies have evaluated the
relationship between dietary patterns and obesity
or body weight change (BWC), but were based only
on cross-sectional or baseline data.**3* The two avail-

Dietary pattern and postpartum
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able longitudinal studies did not include postpartum
women.'*% Schulze et al. (2006)* examined the as-
sociation between dietary pattern and BWC among
57,670 North-Americans female nurses and observed
that those who increased their western pattern score
over time presented a greater weight gain from 1991
to 1999. Murtaugh et al. (2007)"" found a positive as-
sociation between western pattern and higher prev-
alence of excess of BW, in a cross-sectional dietary
analysis, from a case-control study of breast cancer
with 2,470 North-American women. On the other
hand a prudent or healthy dietary pattern seemed to
be associated with a lower risk of overweight or obe-
sity.!!! Newby et al. (2006)'° studied 33,840 women
from the Swedish Mammography Cohort and showed
that obese women who increase the score for the
healthy dietary pattern, presented larger decreases in
BMI over 9 years of follow-up.

In Brazil, results from a survey conducted in 1996
in Rio de Janeiro, Brazil with a probabilistic sample of
2,040 households described the effect of a traditional
diet comprised of rice and bean, and a lower risk of
overweight.’ Sichieri et al. (2003)* based on food intake
of 5,121 adults aged 20 to 50 years, from the North-
east and Southeast geographical regions, have shown a
positive association between a pattern labeled mixed
and higher BMI. The mixed pattern was comprised by
industrialized foods such as sugar, cake, biscuits and
dairy products.

Beyond the scarce scientific literature about di-
etary patterns in the postpartum period, there is a lack
of evidence to understand how social and cultural
factors could determine food intake change. Arija et
al. (2004)*" have verified a slight change in food con-
sumption from pre-pregnancy to postpartum period
between 80 recruited Spanish women and an increase
in energy intake at 6 weeks postpartum coinciding
with lactation. The study performed by Cucé et al.
(2006)" with 80 healthy women volunteers planning
to get pregnant, described two stable dietary patterns
over the reproductive cycle named sweetened bever-
ages and sugars and vegetables and meat. In the same
line, Crozier et al. (2009),° have shown two stable
dietary patterns labeled prudent and high-energy with
2,270 United Kingdom pregnant women.

In the present study, only two patterns were retained
based on the eigenvalues and the Cattell’s scree plot
test, the two adopted criteria. It seems that women tend
to include different kinds of foods to improve dietary
intake during reproductive cycle.

Appropriate nutrition is an important toll of public
health nutrition that aims guarantee health for wom-
en during reproductive cycle and to prevent excessive
GWG.* Excessive GWG may represent in the fu-
ture greater postpartum weight retention and obesi-
ty.%3® A diet that includes safe food during pregnancy
or lactation that assures the health of both mother and
child, and helps the breastfeeding process is a concern
of most women. Arija et al. (2004)*” has shown that

women tend to increase consumption of fruits, vege-
tables and milk, and decrease the intake of sugar and
alcoholic drinks during pregnancy.

During postpartum, it is important to assure that
a healthy diet is followed with an increase on por-
tion size. Some studies have shown that an adher-
ence to exclusive breastfeeding could be associated
with a higher energy intake*“° and, consequently,
lower body weight loss. Chou et al. (1999)*° have
verified that although energy expenditure was simi-
lar between lactating mothers and the non-lactating
group, the daily energy intake and fat consumption
were higher among lactating women. Durham et
al. (2011)* investigated 450 overweight and obese
women between 6 and 9 weeks postpartum and com-
pared food consumption according to breastfeeding
status (exclusive or mixed/only formula feeding).
Women that fully breastfeed their children had higher
energy intake and consumed snacks more frequently
than the others.*

It is important to highlight the women’s abilities
to improve their diet during pregnancy and post-
partum. Improvements need to be qualitative. Cro-
zier et al. (2009)* have observed a small decrease
in the prudent diet from pre-pregnancy and a small
increase in high-energy score of dietary pattern in
late pregnancy. Women should not restrict food in-
take during pregnancy, but during postpartum, after
lactation has been established, it is acceptable that
a prudent and moderate body weight loss attained
through a caloric restriction helping to return to
pre-pregnancy BW.?>4! An increase on the intake of
safe foods like vegetables, legumes, fruits, low-fat
dairy, beans and whole grains and a decreased of
soda and sweetened beverages, fast-food, high sug-
ar, fat foods and desserts, would prevent a higher
weight gain during pregnancy and a lower postpar-
tum weight retention.

In conclusion, authors signalize that dietary inves-
tigations about BWC during postpartum should con-
sider lifestyle and socio-demographics factors in
order to propose effective nutritional guidelines to
prevent non-expected alterations on postpartum body
weight. Was observed that women that have adhered to
a mixed dietary pattern had a greater intake of energy,
fat and industrialized products beyond beans and rice,
and presented a slower rate of BWC during postpar-
tum, compared to those with a healthy dietary pattern.
The results presented here and in others studies should
be accounted in this way.
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Abstract

Introduction: To evaluate the treatment of obesity it is
necessary to understand the weight changes, to improve
intervention strategies.

Objective: To assess the progression of weight and body
parameters in overweight women along a diet therapy.

Methods: 163 women participated in this study. They
were evaluated for weight, circumferences (waist and
hip), and body composition (lean mass and body fat)
along the three treatment phases.

Results and Discussion: The weight loss percentage was
higher in the first treatment phase than in the second one
(-6.8 + 4.8% vs. -4.0 £ 2.7%, p < 0.0001). In the two first
phases the circumferences and the lean mass decreased
among women with weight loss. Body fat reduction
occurred (-2.6 %) during the first phase only.

Conclusion: Weightloss and reduction in body parameters
occurred mainly in the first treatment phase, showing that it
is necessary to rethink intervention strategies.
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EVOLUCION DEL PESO Y DE LA COMPOSICION
CORPORAL EN MUJERES CON EXCESO DE PESO
EN TRATAMIENTO NUTRICIONAL
EN AMBULATORIO

Resumen

Introduccion: Para evaluar el tratamiento de la obe-
sidad es necesario entender el curso de los cambios del
peso para mejorar las estrategias de intervencion.

Objetivo: Evaluar el peso y las medidas corporales de
mujeres con exceso de peso durante un tratamiento nu-
tricional.

Meétodos: Fueron evaluadas 163 mujeres, con medicion
del peso, de las circunferencias (cintura y cadera) y de la
composicion corporal (masa magra y grasa corporal) en
tres fases del tratamiento.

Resultados y discusion: El porcentaje de la pérdida de
peso fue mayor en la primera que en la segunda fase del
tratamiento (-6,8 + 4,8% vs -4,0 = 2,7%, p < 0,0001). En
las dos primeras fases hubo disminucion de las circun-
ferencias y de la masa corporal magra entre las mujeres
que perdieron peso. La reduccion de la grasa corporal
(-2,6 %) se produjo solo en la primera fase.

Conclusion: La reduccion del peso y de las medidas
corporales ocurren principalmente en la primera fase del
tratamiento, alertando para la necesidad de una revision
de las estrategias de intervencion.

(Nutr Hosp. 2014;29:526-530)
DOI:10.3305/NH.2014.29.3.7193

Palabras clave: Cambios en el peso corporal. Pérdida de
peso. Obesidad. Composicion corporal.



Abbreviations

BMI: Body Mass Index.

C1: First visit.

WC: Waist Circumference.

HC: Hip Circumference.

C5: Fifth visit.

C10: Tenth visit.

C15: Fifteenth visit.

WHO: World Health Organization.

BEI: Bioelectrical Impedance.

C1-C5: Participants who attended at least five visits.

C6-C10: Participants who attended at least ten visits.

C11-C15: Participants who attended at least fifteen
visits.

Subgroup WL: Participants that lost weight.

Subgroup WG: Participants that gained weight.

BF: Body Fat.

Introduction

The high prevalence of obesity and the adverse
effects of excess weight call for treatments that take
the specificities of the assisted group into account.'
The female population is the most affected by excess
weight and obesity;?> in women, these conditions cul-
minate in gender-specific complications such as higher
incidence of cervical, endometrial, ovarian, and breast
neoplasms; higher prevalence of amenorrhea and in-
fertility; and complications during pregnancy.’

Weight loss improves the patient’s metabolic profile
and the aforementioned comorbidities. From a clinical
standpoint, between 5.0 and 10.0% weight loss at the
beginning of the treatment provides positive results.!
However, patients undergoing the treatment usually
wish to achieve much larger weight loss.* Apart from
losing weight, maintaining the weight loss is acommon
difficulty among obese patients, because this requires
permanent changes in their eating habits and lifestyle.
Studies have shown that 50.0% of the patients regain
the lost weight within the first post-treatment year.
After three to five years, approximately 85.0% of the
subjects return to or even exceed the weight they had
at the start of the treatment.’

Maintaining the eating habits acquired along diet
therapy requires continuous motivation, which many
times is difficult to sustain due to intrinsic and extrin-
sic factors. Short-term goals, like allowing patients
to consume sweets and other food, may overlap with
long-term aims, such as weight loss.°

The strategies that bring about essential behavioral
changes to achieve successful weight loss are not neces-
sarily the same strategies that are crucial to maintaining
weight loss. To obtain sustained weight loss, it is vital to
promote the following conditions: reduced food intake
due to emotional reasons and flexible, non-conflicting
self-control of food intake associated with intrinsic mo-
tivation for practising physical activities.’

Literature studies have highlighted the health bene-
fits arising from weight loss; they have also discussed
the difficulty that patients have in maintaining weight
loss in the long term, which many times results in re-
turn to the initial weight."> However, little has been
said about patients’ progression, weight loss milestones
along the diet therapy, and the way in which these
milestones could help develop strategies that translate
into more effective weight loss and maintenance. In
this context, the present study aims to evaluate how the
weight and body composition of overweight women
assisted at an outpatient clinic vary during the weight
loss and maintenance phases of a diet therapy.

Materials and methods

This study evaluated 163 women admitted to an out-
patient clinic between September 2005 and October
2009 and who underwent diet therapy to lose weight.
The clinic specialized in obesity among women of re-
productive age. All the participants were overweight or
obese (Body Mass Index-BMI = 25 kg/m?).

The nutritional treatment directed to reduce energy
intake while preserving the recommended macronutri-
ent composition for a “balanced diet”.?

On the first visit (C1), the participants had their
height, weight, waist circumference (WC), and hip cir-
cumference (HC) measured; their body composition
(body fat and lean mass) was also evaluated. Accord-
ing to the protocol followed at the clinic, patients were
re-evaluated every five visits (C1, C5, C10, and C15);
all the measurements, except height, were repeated.
The mean time between the visits varied between one
and two months.

Body weight (kg) and height (m) were recorded on
a Filizola digital scale (Personal Line) with a capacity
of 150 kg and sensitivity of 0.1 kg, coupled to a stadi-
ometer. The BMI was classified according to the cutoff
points advocated by the World Health Organization
(WHO)!. WC and HC were measured using previous-
ly standardized techniques.” Body composition (lean
mass, in kg, and body fat, in %) was assessed by bioe-
lectrical impedance (BEI) conducted on the equipment
Biodynamics model 450.

To analyze the data, the women were divided into
groups according to the number of visits. Participants
who attended at least five, ten, and fifteen visits were
included in groups C1-C5, C6-C10, and C11-15 (first,
second, and third phases), respectively. Therefore, data
analysis included 75, 20, and 6 women in phases 1, 2,
and 3, respectively.

Within each group, participants were subdivided
into subjects that lost weight (subgroup WL) and sub-
jects that gained weight (subgroup WG). Weight loss
and gain corresponded to a negative and positive vari-
ation higher than 0.5 kg, respectively.

The project was approved by the Research Ethics
Committee of Hospital das Clinicas da Faculdade de

Weight and body composition along
overweight nutritional treatment
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Table I
Weight and body composition changes in overweight women that lost (WL) and gained (WG) weight along the diet
therapy. Ribeirdo Preto (SP), Brazil, 2005-2009

WL WG
CI-C5 (n=51) C6-C10(n = 13) CI-C5 (n=16) C6-Cl0(n=7)
Weight (kg) 6.8+5.3% 35225 24+19% 57+5.1%
Weight (%) 6.8+ 4.8 40£2.7 24416 56455
WC (cm) 78+7.1% 66+ 111 07+64 0.9+3.4
HC (cm) 6.1£55% 48£52% 0732 0437
BF (%) 26+89* L1£3.0% 43+6.4* 43+93%
LM (kg) 42+94 1.0£52 06+19 01436

Data presented as the mean + standard deviation.

Note. C-C: Time between visits; WC: Waist circumference; HC: Hip circumference; BF: Body fat percentage; LM: Lean mass.

# < 0.03.

Medicina de Ribeirdo Preto-University of Sdao Paulo,
Brazil (protocol number 10137/ 2010).

The data were processed and analyzed in a descrip-
tive way (mean values-A and standard deviation-SD)
and in percentage. To analyze and compare the mean
weight, circumferences, and body weight values
among the groups, the nonparametric Wilcoxon test
was used for paired samples. To analyze and compare
the mean lean mass among groups, the ANOVA meth-
od followed by the Kruskal-Wallis test was employed.
The significance level was set at 95% (p < 0.05).

Results

The age of the participants varied between 19 and
54 years (A = 30.2 years, SD = 6.6 years); the BMI
ranged from 25.4 to 57.3 kg/m? (A = 37.5 kg/m?, SD
= 6.1 kg/m?). The patients had other conditions asso-
ciated with excess weight or obesity: polycystic ovary
syndrome, insulin resistance, diabetes mellitus, infer-
tility, endometriosis, dyslipidemia, arterial hyperten-
sion, and metabolic syndrome.

The mean weight loss was 6.8 (SD 4.8%), within the
first five treatment months among the patients included
in the subgroup WL; weight loss decreased gradually
thereafter. In this subgroup, weight loss was significant-
ly higher (p = 0.0105) in the first phase as compared
with the second phase. The women who continued the
treatment and maintained weight loss after the first visit
achieved a mean weight loss of 4.0 (SD 2.7%), between
C6 and C10 (table I) and 3.6 (SD 4.9%), between C11
and C15, without significant differences.

As for the subgroup WG, the mean weight gain was
2.4 (SD 1.6%), in the initial phase. Among the wom-
en who continued the treatment, the mean weight gain
was 5.6 (SD 5.5%). Considering the initial weight,
the weight gain was significant both in the first (p =
0.0012) and second (p = 0.0008) treatment phases.

Concerning body measurements, the patients belong-
ing to the subgroup WL had significantly lower WC and

HC in both the first (p < 0.0001) and second treatment
phases (WC: p = 0.01 and HC: p < 0.001). The body
fat percentage also varied significantly in both phases
(C1-C5: p < 0.0001 and C6-C10: p = 0.0004), but the
amount of lean mass did not change significantly.

Of the total number of patients, 8.6, 73.4, and 70.0% (n
= 14, 88, and 55) quit between visits C1 and C2, C6 and
C10, and C11 and C15, respectively. Nevertheless, in all
the phases the percentage of patients that lost weight was
higher (C1-C5: 68.0%, C6-C10: 65.0%, and C11-C15:
66.7%) than the percentage of patients that gained weight
(C1-C5: 21.3%, C6-C10: 35.0%, and C11-C15: 33.3%).
On average, the WC, HC, and body fat (BF) values de-
creased progressively along the first ten visits.

Only six women reached the third treatment phase.
The mean weight and BMI varied from 109.3 kg (SD
= 31.0 kg), and 43.7 kg/m? (SD = 9.2 kg/m?), at the
start of the treatment (C1) to 95.8 kg (SD = 23.6 kg),
and 36.5 kg/m? (SD = 6.2 kg/m?), at the fifteenth vis-
it (C15), respectively. In the third phase, four women
presented weight loss (A =3.6 kg, SD =4.9%), where-
as two women gained weight (A = 1.4 kg, SD =0.2%)
(table II).

Table IT
Weight and body parameters recorded for the patients
assisted at the clinic on visits number 1, 5, and 10.
Ribeirdo Preto (SP), Brazil, 2005-2009

Cl(n=163) CS(n=75 CI0(n=20)
Weight (kg) 973+187  925+178 942233
BMI (kg/m?) 37.5+£6.1 359£59 31.0+134
WC (cm) 1138+145  1092+13.6 1048+ 144
HC (cm) 1201131 1180=115  1145+93
BF (%) 409 4.1 403£5.0 39.0+3.7
LM (kg) 573+83 549 +9.4 543 +6.0

Data presented as the mean + standard deviation.

Note. C1: First visit; C5: Fifth visit; C10: Tenth visit; BMI: Body Mass Index;
WC: Waist circumference; HC: Hip circumference; BF: Body fat percentage;
LM: Lean mass.
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Discussion

Results revealed larger weight loss during the first
treatment phase (first five visits), which corresponded
to the first seven months of diet therapy on average.
Thereafter, patients’ weight stabilized, but some pa-
tients even returned to their initial weight. High and
progressive dropout rates along the treatment was yet
another finding of the present study.

The aforementioned results stem from the difficul-
ty that overweight patients have in maintaining food
restrictions—these individuals can tolerate restrictions
in the short and medium term, but not in the long term.
Therefore, these patients require social support to
maintain the new eating habits and ensure long-term
changes in the pattern of food intake.'® Another point
to consider is the patient’s expectations with respect
to weight loss. Obese female patients start the treat-
ment wishing to lose a large amount of weight,* pref-
erably over a short period. When the patients begin to
encounter difficulty in achieving the weight loss they
consider satisfactory, they become frustrated. The feel-
ing that their effort is not being paid off diminishes
their motivation to comply with the treatment.

The high dropout rates attested to the situation de-
scribed above. Even the patients that continued at-
tending the visits often presented reduced weight loss
or gained the weight they lost, because they did not
have the same motivation or did not make the same
effort as compared with their commitment at the be-
ginning of the treatment. A study investigating a group
of patients under diet therapy reported a dropout rate
of 50.0% during a 10-week follow-up.!' West et al.!?
described that although many individuals were highly
motivated at the start of the treatment, this motivation
diminished along time. This finding might justify why
two practices—rewarding for compliance with the diet or
physical activity plan and remembering the reason why
it is necessary to control weight—are associated with
maintenance of weight loss and not with the loss itself.

Cooper & Fairburn!® proposed that when obese pa-
tients feel frustrated about not reaching the desired
weight, they do not maintain the behavior they had
while they were attempting to lose weight; i.e., they
stop consuming food with low fat content, practising
physical activities regularly, and monitoring weight
constantly. The patients also neglect the need to use
strategies to maintain weight. Consequently, they re-
turn to their previous eating habits and gain the weight
they had lost.

Various psychological factors seem to be involved in
regaining weight, such as inability to reach goals, dis-
satisfaction with the amount of lost weight, self-con-
sciousness about body weight and physical shape, low
self-esteem, lack of surveillance of weight control,
dichotomous thinking, and tendency to use food as a
way to compensate for mood swings and adversities.'*

Bearing in mind possible explanations for the
change in the pace of weight loss and the reasons for

patient dropout, it is necessary to adopt strategies that
prevent treatment cessation and lack of motivation, to
maintain compliance with the new eating habits. The
WC, HC, and body fat percentage values decreased
along the treatment, showing that the adoption of new
patterns of food intake improved health.

Nevertheless, except for weight loss, many patients
disregard the positive changes arising from the treat-
ment of obesity. Many women are dissatisfied with the
weight loss rate and underestimate the meaning of the
weight loss they achieved. Patients that gain the lost
weight usually express dissatisfaction.*!* Therefore, it
is important to highlight that the treatment of obesity
does not focus on weight loss only; it should also tar-
get improved eating habits and quality of life.

Patients that can maintain weight loss for two years
reduce the risk of gaining weight by 50.0%.'> Some
strategies that help maintain effective weight loss in
the long term exist: engaging in high-level physical
activity, maintaining constant eating habits that in-
clude food with low fat and energy content, having
breakfast on a daily basis, and self-monitoring the
body weight.!’> However, it is necessary to analyze
how these strategies should be adopted along the
treatment. Assessing weight progression is a nec-
essary task if one wishes to implement intervention
strategies at each therapeutic stage, mainly after the
first six months of diet therapy, so that treatment be-
comes more effective in terms of improved eating
habits, weight loss, and weight maintenance in the
long term. During exploratory qualitative studies, it
might be necessary to know the difficulties patients
encounter in these stages; it might also be crucial to
investigate what triggers weight gain after the start of
the treatment.

Conclusion

Weight loss occurs mainly during the first months
of diet therapy treatment. Therefore, it is necessary
to implement periodic assessments and to change
strategies along the treatment, because the process of
weight loss is long and demands constant motivation.
Modifications made to the eating habits and lifestyle
may be difficult to maintain along the treatment. New
diagnostic studies on the problems and difficulties re-
lated to diet therapy must be conducted, to improve
our understanding of the treatment phases and to im-
plement more effective strategies toward weight loss
and maintenance.
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Abstract

Introduction: The development of chronic-degenerative
diseases secondary to obesity in early infancy has alerted health
providers to the importance of identifying the risk factors for
obesity and assessing preventive treatment to reduce risks.
Studies performed on a pediatric population have examined
the role of inflammatory biomarkers (specifically CRP and
TNF-a) and adiposity with inconsistent results.

Objective: To assess the relationship between the serum
levels of C-reactive protein and tumor necrosis factor-
alfa with adiposity measured by bioimpedance analysis in
schoolchildren.

Methods: Cross sectional design. Data were collected from
74 schoolchildren randomly selected in a local primary school
in the city of Colima, Mexico. The mean age was 9.4 years
(1.5, SD); 33 (44.6%) were girls. The adiposity (percentage
of fat mass) was measured using bioimpedance analysis and
anthropometric measurements. Serum C-reactive protein and
tumor necrosis factor alpha were determined with enzyme-
linked immunosorbent assay. The association between
adiposity and serum inflammatory biomarkers was assessed
with non parametric tests (Mann Whitney and Kruskall
Wallis tests), and parametric tests (Pearson’s correlation).

Results: Children with obesity had a significantly higher
level of C-reactive protein [2.90 mg/L (0.07-9.37)] compared
with children with a normal percentage of fat mass [0.71 mg/L
(0.07-5.75)] (p < 0.001). No differences between groups were
identified regarding serum levels of tumor necrosis factor-
alfa. Modest correlations were identified between serum levels
of C-reactive protein, adiposity determined by bioimpedance
analysis (r = 0.453, p < 0.001); body mass index (r = 0.398, p =
0.001); triceps skinfold (r = 0.369, p = 0.002); and subescapular
skinfold (r = 0.405, p < 0.001). No correlation was found
between adiposity and serum tumor necrosis factor-alfa.

Conclusion: Subclinical inflammation manifested by higher
serum levels of C-reactive protein was identified in schoolchildren
with higher percentage of fat mass as determined by
bioimpedance analysis and other anthropometric measurements.
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LOS NIVELES ELEVADOS DE PROTEINA C
REACTIVA SE ASOCIAN A UNA MAYOR
ADIPOSIDAD EN ESCOLARES MEXICANOS

Resumen

Introduccion: Las enfermedades crénico-degenerativas,
secundarias a la obesidad en nifios, ha alertado a los profesio-
nales de la salud sobre la importancia de identificar los fac-
tores de riesgo asociados a obesidad y establecer un enfoque
preventivo para reducir el riesgo de complicaciones. Algunos
estudios realizados en poblacion pediatrica han estudiado el
papel de los biomarcadores inflamatorios [especificamente
proteina C-reactiva (PCR) y factor de necrosis tumoral alfa
(TNF-0,)] asociado a adiposidad con resultados inconsistentes.

Objetivo: Evaluar la relacion entre los niveles séricos de
PCR y TNF-o. con adiposidad determinada mediante impe-
dancia bioeléctrica en nifios en edad escolar.

Métodos: Diseiio transversal analitico. Se recopilaron los
datos de 74 alumnos seleccionados al azar en una escuela pri-
maria local en la ciudad de Colima, México. La edad media
fue de 9,4 afios (1.5 DE), treinta y tres (44.6%) fueron nifias.
La adiposidad (porcentaje de grasa) se midié6 mediante impe-
dancia bioeléctrica y antropometria. La PCR y TNF-a séricos
se determinaron con el ensayo por inmunoabsorcion ligado a
enzimas (ELISA). Las comparaciones de las variables entre
los grupos se analizaron con pruebas no paramétricas (U de
Mann Whitney y Kruskall Wallis) y la correlacion de Pearson.

Resultados: Los nifios con obesidad presentaron un nivel
sérico [2,90 mg/L (0,07-9,37)] significativamente mas alto de
PCR en comparacion con los nifios con un porcentaje normal
de grasa [0,71 mg/L (0,07-5,75)] (p < 0,001). Con respecto a los
niveles séricos de TNF-a. no se identificaron diferencias entre
los grupos estudiados. Se obtuvieron correlaciones modestas
entre los niveles séricos de PCR con la adiposidad determina-
do por impedancia bioeléctrica (r = 0,453, p < 0,001); indice
de masa corporal (r = 0,398, p = 0,001); pliegue cutaneo trici-
pital (r = 0,369, p = 0,002), y pliegue cutaneo subescapular (r
= 0,405, p < 0,001). No se encontro correlacion entre la adipo-
sidad y el nivel sérico de TNF-o..

Conclusion: La inflamacion subclinica determinada por
elevacion de los niveles séricos de proteina C-reactiva fue
identificada en nifios en edad escolar con mayor porcentaje
de grasa determinado por impedancia bioeléctrica y antropo-
metria.

(Nutr Hosp. 2014;29:531-536)
DOI:10.3305/NH.2014.29.3.7158

Palabras clave: Adiposidad en escolares. Adiposidad. Pro-
teina C reactiva. Factor de necrosis tumoral alfa. Impendan-
cia bioeléctrica.
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Abbreviations

BIA: Bioimpedance analysis.

BF: Body fat.

BMI: Body mass index.

CDD: Chronic-degenerative diseases.
CRP: C-reactive protein.

CVD: Cardiovascular disease.

NW: Normal weight.

SSF: Subscapular skin fold.

TNF-o:: Tumor necrosis factor alpha.
TSF: Triceps skin fold.

OB: Obese.

OF: Overfat.

ST: Skinfold thickness.

STE: Slaughter equation.

UF: Underfat.

WC: Waist circumference.

Introduction

The development of chronic-degenerative diseases
(CDD) such as type 2 diabetes mellitus, hypertension,
dyslipidemia, and carotid-artery atherosclerosis sec-
ondary to obesity in early infancy has alerted health
providers to the importance of identifying the risk
factors for obesity and assessing preventive treatment
to reduce cardiovascular disease(CVD). It has been
reported that an obese adult who was an overweight
or obese child, has an increased risk for developing
CDD.! Also, several studies have described the asso-
ciation between low grade chronic inflammation man-
ifested by the elevation of inflammatory biomarkers
including c-reactive protein (CRP) or inflammatory
cytokines such as interleukin-6 and tumor necrosis
factor alpha (TNF-o) with obesity, insulin resistance,
and CVD.*%,

Studies performed on a pediatric population have
examined the role of inflammatory biomarkers (spe-
cifically CRP and TNF-a) and adiposity with in-
consistent results. Some of them have identified an
association between higher serum concentrations of
inflammatory biomarkers with higher measures of adi-
posity, but others have identified higher concentrations
in children with a normal nutritional status compared
with those that are obese.>*”!! In other respects, these
studies have measured adiposity mainly by body mass
index (BMI) or waist circumference (WC) and there
are only a few that have measured adiposity with direct
methods.>?

The primary aim of this study was to assess the
relationship between the serum levels of CRP and
TNF-o with adiposity measured by bioimpedance
analysis (BIA) in schoolchildren. The secondary aim
was to correlate the percentage of fat by BIA, BMI,
WC, triceps skin fold (TSF), and subscapular skin
fold (SSF) with the serum concentrations of CRP and
TNF-a.

Materials and methods
Patients and study design

Seventy-four schoolchildren randomly selected in a
local primary school in Colima, Mexico were recruited
in the study between november 2011-march 2012. The
mean age was 9.4 years (1.5, SD); thirty-three (44.6%)
were girls. A cross-sectional design was used in the
study. Children with genetic, chronic, and systemic
diseases, or current or recent infection were excluded.
The dependent variables were serum concentrations of
CRP and TNF-a and the independent variable was the
adiposity determined by BIA.

Anthropometric assessment

Standardization: Before the data were collected,
the main author and two collaborators performed an
anthropometrical standardization trial evaluating con-
sistency (intra-group individual measurements) and
validity (inter-group comparison with a gold standard)
through Pearson’s bivariate correlations; when the “r”
was below 0.8, the anthropometrical technique was
reviewed and corrected until the desired intra and in-
ter-group correlations were achieved.'>!

Weight: Study subjects were weighed on a balance
beam scale, without shoes and a minimum of clothing.
Weight was recorded to the nearest 100 g.'*!3

Height: Height was measured and recorded to the
nearest 0.1 cm using a standiometer with a movable
block. The subjects were measured while standing,
without shoes, heels together, back as straight as possi-
ble, and arms hanging freely; the head was positioned
in the Frankfort horizontal plane and the movable
block was brought down until touching the head.'"

Body mass index (BMI). Was calculated as weight
(kg) divided by height squared (m?)."?

Triceps skinfold (TSF). The right arm was previous-
ly positioned bent at the elbow at a 90° angle, with
the upper arm held parallel to the side of the body.
The distance between the acromion and the olecranon
was measured with a fiberglass tape and the midpoint
between these two points was marked. The TSF was
measured with a Lange skinfold caliper at the previ-
ously marked midpoint with the arm hanging loosely
at the side of the body. The examiner grasped a ver-
tical pinch of skin and subcutaneous fat between the
thumb and forefinger about 1 cm above the previously
marked midpoint, gently pulling the skin away from
the underlying muscle. The skinfold caliper was placed
at the marked midpoint while maintaining the skinfold
grasp. Readings were taken in millimeters as soon as
the caliper came in contact with the skin and the dial
reading stabilized. The average of the three readings
was recorded in mm. '3

Subscapular skinfold (SSF). The SSF was lifted on
a diagonal and inclined infero-laterally approximately
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45 degrees to the horizontal plane of the natural cleav-
age lines of the skin. The site was just below the inferi-
or angle of the scapula. The subject stood comfortably
erect with the hands relaxed at the sides of the body.
The examiner palpated the subject’s scapula to locate
the inferior border of the scapula, grasping a horizon-
tal pinch of skinfold at about 1 cm below the inferior
angle of the right scapula. The jaws of the caliper were
applied 1 cm infero-lateral to the thumb and finger lift-
ing the skinfold, and three readings were taken. The
average of the three readings was recorded in mm."

Waist circumference (WC). The WC was measured
using a fiberglass tape above the uppermost lateral
border of the right ilium, at the end of a normal ex-
piration, and was recorded at the nearest millimeter.
The measurement was made while the subject stood
upright, with feet together and arms hanging freely at
the sides. The WC was classified in the percentiles ac-
cording to the pattern published by Fernandez, et al. in
Mexican-American children.!”

Bioimpedance analysis

All subjects that underwent BIA were asked not to
eat, drink, or exercise 8 hrs before testing. The subjects
were placed in the supine position with arms and legs
abducted from the body. Shoes, socks, belts and oth-
er metallic pieces were removed and the areas where
the electrodes were placed were previously cleaned
with alcohol. Source electrodes were placed proxi-
mal to the phalangeal-metacarpal joint on the dorsal
surface of the right hand and distal to the transverse
arch on the superior surface of the right foot. Sensor
electrodes were placed at the midpoint between the
distal prominence of the radius and ulna of the right
wrist and between the medial and lateral malleoli of
the right ankle.'®! The BIA was performed using the
QuadScand 4000 (Bodystat Limited, Great Britain);
resistance and reactance values were provided by BIA
and the percentage of fat mass was derived using the
available BIA software.

The results of the percentage of fat were classified
in four groups (underweight, normal, overweight, and
obese) based on the body fat curves published by Mc-
Carthy et al.?

Measurement of CRP and TNF-o.

Five milliliters of venous blood samples were col-
lected in tubes without additives after fasting (8 h).
The samples were stored on wet ice and the serum was
separated by centrifugation. The separated serum was
kept frozen at -75° C until assayed for biomarkers of
inflammation.

An ultra-sensitive enzyme-linked immunosorbent
assay (ELISA) kit was used to determine TNF-a se-
rum concentrations (Invitrogen Corporation, Califor-

nia USA) with standards assayed in duplicate. The cy-
tokine determination sensitivity limit was 0.09 pg/mL.
For the analysis of CRP, an ELISA kit was used (Cell
Biolabs Inc. California USA) with a sensitivity limit
of 1 ng/mL.

The serum levels of CRP were classified in the cut-
points of low risk (< 1.0 mg/L), average risk (1.0-3.0
mg/L) and high risk (> 3 mg/L).*! The cases with se-
rum levels of CRP > 10 mg/L were excluded.

Statistical analysis

The data were analyzed with the SPSS version 20.
The variables studied were described as frequencies,
percentages and median (interquartile range); infer-
ential statistics were performed with non parametric
tests (Mann Whitney and Kruskall Wallis tests), and
parametric tests (Pearson’s correlation). Statistical sig-
nificance was set at a p value < 0.05.

Ethics

The study protocol was approved by the local ethics
committee of the University of Colima, Mexico and
was performed in accordance with the ethical stand-
ards laid down in the 1964 Declaration of Helsinki and
its later amendments. Signed informed consent was
obtained from the parents or guardians before the chil-
dren were enrolled in the study.

Results

The percentage of fat determined by BIA and based on
body fat curves was classified into underweight (5.3%),
normal (44.6%), overweight (13.5%), and obese (36.5%).

The anthropometric parameters (weight, height,
BMI, WC, TSF, SSF) according to the percentage of
fat mass determined by BIA are described in table I.

The serum levels of CRP and TNF-a are presented in
table II. Children with obesity had a significantly high-
er level of CRP compared with children with a normal
percentage of fat (p< 0.001). However, no differences
were identified between groups regarding serum levels
of TNF-a (p > 0.05).

The levels of CRP were in the low risk range (CRP
< 1mg/L)in 41.9 % of the children, in the average risk
(1-3 mg/L) in 28.4% and in the high risk (> 3 mg/L)
in 29.7%. Higher levels of CRP were associated with
higher percentage of fat by BIA, BMI, WC, TSF, SSF
(table III).

The median levels of CRP and TNF-a in girls were
1.4 mg/L (0.15-8.3 mg/L) and 4.1 mg/L (1-6-8.4
mg/L), respectively; in boys were 1.0 mg/L (0.07-9.4
mg/L) and 3.8 (0.58-12.0), respectively. No differenc-
es were found in the levels of CRP and TNF-o. among
girls and boys (p = 0.228 and p = 0.794).

Levels of CRP associated with adiposity
in Mexican schoolchildren
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Table I
Anthropometrical measures according to the percentage of fat mass determined by BIA. Dara are reported
as median and interquartile ranges

Anthropometrical Underweight Normal Overweight Obesity
measures (n=4) (n=33) (n=10) (n=27)
Height (cm) 137.8 (128.0-153.0) 132.0(107.0-157.0) 145.3 (130.5-155.0) 139.6 (120.5-169.0)
Weight (kg) 29.5 (23.3-40.8) 28.2 (17.1-58.7) 424 (26.2-63.1) 45.5 (28.2-80.2)
BMI' (kg/m?) 15.6 (14.2-17.4) 15.9 (13.7-25.7) 20.2 (15.5-27.0) 23.9(19.6-32.8)
WC* (cm) 57.7 (54.5-63.5) 57.0 (46.0-85.0) 73.0 (60.5-88.0) 80.0 (65.0-101.0)
TSF* (mm) 10.3 (9.6-11.6) 13.6 (7.6-26.6) 21.2 (12.0-25.6) 243 (15.3-34.3)
SSF! (mm) 8.3 (6.0-10.3) 10.0 (4.6-27.6) 21.0(10.3-32.0) 27.0 (18.0-35.0)

"Body mass index; *Waist circumference; *Triceps skinfold; ‘SSF subescapular skinfold.

Table IT
Biomarkers of inflammation according to the percentage of fat mass determined by BIA. Data are reported
as median and interquartile range

Biomarkers of Underweight Normal Overweight Obesity
inflammation (n=4) (n=33) (n=10) (n=27)
CRP' (mg/L) 0.31(0.15-0.99)* 0.71 (0.07-5.75)** 1.11 (0.46-4.60)*** 2.90(0.07-9.37)
TNFa (pg/mL) 5.29 (2.80-6.44) 3.88 (0.64-12.0) 4.03 (0.98-6.00) 3.88 (0.58-6.74)

C-reactive protein, & tumor necrosis factor-c.
*p =0.003 (underweight vs. obesity); **p =< 0.001 (normal vs. obesity); ***p = 0.046 (overweight vs. obesity) with Mann-Whitney U test.

Table III
Anthropometric data according to the classification of risk of CRP. Data are reported as median and interquartile range
i Low risk Average risk High risk
Anthropometry (n=31) (n=21) (n=22) p*
% of fat by BIA' 20.6 (6.0-34.0) 30.4 (14.0-46.0) 33.8 (15.0-43.0) <0.001
BMIF (kg/m?) 16.5 (13.7-29.0) 20.3 (15.5-31.0) 23.2(14.9-32.8) <0.001
WCF (cm) 58.3(51.0-94.0) 70.5 (55.5-101.0) 76.9 (46.0-101.0) 0.001
TSF! (mm) 13.5(7.6-34.3) 21.0 (8.6-32.0) 21.5 (8.6-32.0) 0.001
SSF# (mm) 10.8 (4.6-28.3) 21.0(6.0-33.3) 25.8 (5.0-35.0) <0.001

"Bioimpedance analysis BIA; “BMI body mass index; YWC waist circumference; 'TSF triceps skinfold; *SSF subescapular skinfold.

*p determined by Kruskall-Wallis test.

Serum levels of CRP correlated with measures of
adiposity (BMI, TSF, and SSF) (table IV) and with the
percentage of fat mass determined by BIA (fig. 1).

The WC was not correlated positively with CRP, but
when comparing the mean levels between the children
with WC > percentile 90" vs. percentile 10-90%, the
CRP levels were significantly higher in the group of
children with WC > percentile 90™ vs. percentile 10-
90" (p = 0.001) (table V).

Discussion

In the present series, adiposity was determined by BIA
since this method has shown a positive correlation be-
tween BMI and TSE.'*!"® However, BMI is used to make
a diagnosis based on the weight and size of individuals,
but does not calculate an exact fat percentage. BIA allows

for the body fat percentage to be assessed and is relative-
ly simple, quick, although requires technical skill. Some
studies have reported the BIA as an alternative approach
to dual-energy X ray-absorptiometry, the gold standard
method for body composition assessment in children and
adults.?>**To the best of our knowledge, this is one of the
few studies performed on children that determines body
fat percentage with BIA and correlates the serum levels
of inflammatory biomarkers.

No correlation was found between the percentage of
fat mass and serum TNF-o concentration. This finding
is similar to results reported in other published studies.
In a study on 109 Mexican-American children, McFar-
lin et al.* found no statistical difference in the levels of
TNF-a and IL-6 in children presenting with normal
nutritional status, overweight, and obesity. In Bulgaria,
a study including 137 pre-puberal children that deter-
mined abdominal obesity by WC measurement did not
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Table IV
Correlation of anthropometric variables with serum levels of TNF-o and CRP

) Serum levels of TNF-«a Serum levels of CRP
Anthropometrical measures
r p* r p*

Weight (kg) -0.060 0.612 0.207 0.083
% fat mass (BIA) -0.014 0.904 0.453 <0.001
BMI* (kg/m?) -0.030 0.800 0.398 0.001
WCF (cm) -0.025 0.833 0313 0.008
TSF! (mm) 0.038 0.748 0.369 0.002
SSF# (mm) -0.074 0.529 0.405 <0.001

"Bioimpedance analysis; ‘BMI body mass index; ‘WC waist circumference; "'TSF triceps skinfold; *SSF subescapular skinfold.

*p determined by Pearson’s correlation coefficient.

109 r=0453 p=<0.001
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Fig. 1.—Correlation between serum levels of CRP (mg/L) and
percentage of fat measured by bioimpedance analysis.

find cytokine elevation, including TNF-a., in the chil-
dren that presented with abdominal obesity.” A study
published by Dixon et al.,'!" conducted on 112 Latino
schoolchildren, found a higher circulating TNF-o. level in
thinner girls, and no differences for boys. These findings
clearly differ from other authors that have identified sig-
nificantly higher serum levels of TNF-a and IL-6 in
obese children compared with non-obese children.>®°
This discrepancy in the relationship between TNF-a
concentrations and adiposity has been explained by
differences in age, sex, body fat mass, mixed pubertal
stages, mixed ethnic groups, and physical fitness level

Table V
Serum levels of CRP according to WC in percentiles

Serum levels of CRP (mg/L)

WC (percentiles)

Median Interquartile range
Percentile < 10" 0.69 (0.078-5.75
Percentile 10-90™ 0.82 (0.122-7.99
Percentile > 90" 2.90 (0.070-9.37)

Comparing the levels between percentile > 90™ vs. percentile 10-90™, p = 0.001
(Mann-Whitney U test).

among the studies.”!"8 In the present study we asked
the children not to exercise 8 hours before BIA body
fat determination and venous blood extraction, and the
children were at school when these were carried out;
the ethnicities of the children were similar and they
were school-aged children (less than 12 years old), al-
though the Tanner-stage was not assessed.

Another important fact regarding TNF-a is the lack
of a reference value in healthy children, which has al-
ready been reported by several authors.>!!

Regarding CRP, the present study identified a modest
correlation with the percentage of fat mass determined
by BIA and levels of CRP. These results are consistent
with other studies performed in pediatric populations. In
2007, McFarlin et al.* determined the effect of weight
on inflammatory biomarkers in Mexican-American
children. They found significantly higher concentra-
tions of plasma CRP in overweight children compared
with children at risk for overweight (p = 0,003). In 2003,
Wu, et al.!® evaluated the relationship of serum levels
of CRP with anthropometrics in 835 children (12-16
years of age), and they found significantly higher con-
centrations of CRP in children with higher BMIs. In the
study done by Galcheva’ on 137 pre-puberal children
(6-10 years of age), they reported that CRP concentra-
tions increased in proportion to the degree of abdominal
obesity. Retnakaran et al, also performed a study in 228
children in Canada, aged 10-19 years identifying higher
levels of CRP in subjects with greater adiposity meas-
ured by BMI, WC and % of body fat.> Other studies
performed on children and adolescents have described
relationships between inflammatory biomarkers with
insulin resistance (measured by fasting insulin and the
homeostasis model of insulin resistance), abnormal li-
pid profile (higher levels of LDL and lower levels of
HDL), and hypertension and arterial changes.>>71%% It
is even thought to be a relatively moderate predictor of
CVD risk in adults.*® And although data regarding high
CRP and obesity are correlated, there is currently no
consensus that high serum levels of CRP can be regard-
ed as a CVD risk marker in children and adolescents
since there are not sufficient data linking increased CRP
levels in childhood to adult disease outcomes.*'*

Levels of CRP associated with adiposity
in Mexican schoolchildren
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Conclusion

Subclinical inflammation manifested by higher
serum levels of C-reactive protein was identified in
schoolchildren with higher percentage of fat mass de-
termined by BIA and other anthropometric measure-
ments. No relationship between the serum levels of
TNF-a with adiposity measured by BIA and anthro-
pometry was identified.
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Abstract

Objectives: Exclusive enteral nutrition (EEN) is one of the
therapeutic strategies used to induce remission in pediatric
Crohn’s disease (CD). Although its use is recommended in
clinical practice guidelines and consensus documents, the
frequency of this practice in Spain is unknown.

Methods: A 70-item questionnaire (PRESENT:
PREScription of Enteral Nutrition in pediaTric Crohn’s
disease in Spain) was drafted and distributed through the
SEGHNP (Spanish Society for Pediatric Gastroenterology,
Hepatology and Nutrition) e-mail list.

Results: We received information from 51 Pediatric
Gastroenterology Units. Of the 287 patients newly
diagnosed with CD in 2011-2012 at these centres (139 in
2011, 148 in 2012), 182 (63 %) received EEN (58% in 2011
and 68 % in 2012). 26% of the patients who received EEN
in the period studied (64/246) did so during relapses. All
the physicians (100% ) who responded to the questionnaire
believe that EEN is effective in inducing clinical remission
in mild to moderate CD. However, 24.5% of respondents
never use EEN during relapses. The enteral formulas used
most often used were polymeric formulas specific for CD
(70.6%) and the preferred administration route was oral,
with 60.8% using flavouring and 9.3 % allowing a variable
percentage of calories in the form of other foods. 65% use
5-ASA together with EEN, 69 % use antibiotics and 95%
immunomodulators (thiopurines). The duration of EEN
tends to be 8 weeks (47.1%), and transition to regular
diet was achieved sequentially over a variable period
of time. Regarding barriers and limiting factors for the
use of EEN, those most frequently reported include lack
of acceptance by the patient and/or family (71%), lack
of time and/or ancillary staff (69%) and difficulty in
convincing the patient and/or family of the suitability of
treatment (43%).
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PRESENT; PRESCRIPCION DE NUTRICION
ENTERAL EN LA ENFERMEDAD DE CROHN
PEDIATRICA EN ESPANA

Resumen

Objetivos: La nutricion enteral exclusiva (NEE) es una
de las estrategias terapéuticas empleadas para inducir la
remision en nifios con enfermedad de Crohn (EC). Pese a
que la NEE se recomienda en las guias de practica clinica
y en los documentos de consenso, la frecuencia real de su
empleo en Espaia es desconocida.

Meétodos: Encuesta compuesta por 70-items (PRES-
ENT: PREScription of Enteral Nutrition in pediaTric
Crohn’s disease in Spain) que se distribuyo a través de la
lista de distribucion de Sociedad Espaiiola de Gastroente-
rologia, Hepatologia y Nutricion Pediatrica (SEGHNP).

Resultados: Se recibieron los datos de 51 unidades de
Gastroenterologia Pediatrica del territorio espafiol. De
los 287 pacientes recién diagnosticados de EC durante
los aios 2011-12 en esos centros (139 en 2011 y 148 en
20212), 182 (63 %) recibieron NEE (58% en 2011 y 68 %
en 2012). El 26% de los pacientes que recibieron NEE
estaban en recaida. Todos los facultativos que respon-
dieron pensaban que la NEE es efectiva para inducir la
remision clinica en los brotes leves-moderados. El 24,5 %
no emplean la NEE durante las recaidas. Las formulas
enterales empleadas mas frecuentemente fueron las es-
pecificas para EC (70,6%), la via oral fue la mas utili-
zada, el 60,8% utilizaron saborizantes y el 9,8% de las
unidades permitian un porcentaje variable de calorias en
forma de otros alimentos durante el periodo de NEE. El
65% emplearon 5-ASA junto con la NEE, el 69 % antibio-
ticos y hasta un 95% inmunomoduladores. La duracién
de la NEE fue de 8 semanas en el 47,1% de los casos,
la transicion hacia una dieta normal se realizé de forma
secuencial. En relacion a las barreras y factores limitan-
tes encontrados por los respondedores para instaurar la
NEE destacaban la falta de aceptacion por el paciente y/o
la familia (71%), falta de tiempo o de personal auxiliar
(69%) y la dificultad para convencer al paciente o su fa-
milia de la idoneidad del tratamiento (43%).

Conclusiones: La frecuencia de empleo de la NEE en
pacientes con EC es similar a la de otros cuestionarios eu-
ropeos. Se precisan herramientas y recursos que faciliten
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Conclusions: EEN use rates are similar to those of other
European questionnaires. Tools that facilitate acceptance
by the patient and family are needed. Increasing the
time dedicated to this therapeutic modality is likewise
important. Given the disparity of criteria for indicating
treatment with EEN, it would be useful to have widely
accepted clinical practice guidelines or protocols that
facilitate the decision to use it.

(Nutr Hosp. 2014;29:537-546)
DOI1:10.3305/NH.2014.29.3.7184

Keywords: Exclusive enteral nutrition. Pediatric Chron’s
disease. Pediatric inflammatory bowel disease. Survey. Pres-
cription.

Introduction

Exclusive enteral nutrition (EEN) has been shown
to be more effective than corticosteroids inducing mu-
cosal healing in children with Crohn’s disease (CD),
without the side effects.!* Although its use in pediatric
CD is recommended in clinical practice guidelines* and
consensus documents, the frequency of this practice
in Spain, where the incidence of inflammatory bow-
el disease (IBD) has been on the rise in recent years,’
is unknown. The aim of this study was to investigate
the frequency and characteristics of the use of EEN in
pediatric gastroenterology units in Spain through the
use of a questionnaire prepared for this purpose.

Materials and methods

The questionnaire was based on other published®’
studies, together with other previously unpublished
items. The study was conducted by the IBD working
group of the Spanish Society for Pediatric Gastroenter-
ology, Hepatology and Nutrition (SEGHNP) and sup-
ported by the SEGHNP. All Pediatric Gastroenterology
Units in Spain were contacted but participation was, of
course, voluntary. Although not all Pediatric Gastroen-
terology Units have included their patients, all of the
reference hospitals across Spain have participated.

The questionnaire (PRESENT: PREScription of
Enteral Nutrition in pediaTric Crohn’s disease in
Spain) sent out consisted of 70 items that include gen-
eral aspects of IBD and specific aspects of EEN for
pediatric CD (Appendix II). The period for receiving
the questionnaires was from May 2012 until January
2013. All questionnaires were reviewed and the au-
thors were contacted personally if any errors were de-
tected or if any items were not completed in order to
request the pertinent clarifications.

Statistical analysis

The qualitative variables are expressed as a percent-
age. The chi-square test was used to contrast variables.

la aceptacion por parte del paciente y de su familia asi
como disponer de mas tiempo a dedicar para instaurar
esta modalidad terapéutica. Dada la disparidad de crite-
rios para la indicacion de la EEN, seria util disponer de
guias de practica clinica ampliamente aceptadas o proto-
colos que facilitan la decision de utilizarla.

(Nutr Hosp. 2014;29:537-546)
DOI1:10.3305/NH.2014.29.3.7184

Palabras clave: Nutricion enteral exclusiva. Enfermedad de

Crohn pedidtrica. Enfermedad inflamatoria intestinal pedid-
trica. Encuesta. Prescripcion.

Values of p < 0.05 were considered to be statistically
significant.

Ethical considerations

The study was approved by the Ethic’s Committee of
the first author’s center, as representative of the rest of the
hospitals. The authors do not have conflicts of interest.

Results

Data were received from 51 Pediatric Gastroen-
terology Units distributed across Spain. During the
2011-2012 period, 287 cases of CD were newly diag-
nosed (139 in 2011 and 148 in 2012) at these units;
246 received treatment with EEN in these two years,
182 (63.4%) patients as first-line therapy and 64 dur-
ing relapses. All the patients who received EEN during
relapses had responded previously to EEN at the onset
of the disease. The frequency of EEN use as first-line
therapy increased from 58% (81/139) in 2011 to 68%
(101/148) in 2012 (p = 0.08).

Efficacy of EEN to induce remission

With regard to newly diagnosed CD, all those
polled believe that EEN is effective in inducing
clinical remission, having likewise verified such ef-
ficacy at some point. Ninety-six point one per cent
(96.1%) maintained that it enables mucosal healing
and 84.3%, histological remission. Of the 36 units
that had performed endoscopy after EEN, 17 (47.2%)
reported mucosal healing and 15 (41.6%) histological
remission in some case. In response to whether EEN
is effective in relapses, 83.4% contended that it in-
duces clinical remission, 80.4% mucosal healing and
74.5% histological remission. Seventy-six point five
per cent (76.5%) use or have used EEN in relapses,
having confirmed clinical remission and endoscopic
and histological remission in up to 69.2% and 36% of
patients, respectively.
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Table I
Indications for EEN according to disease characteristics

Newly diagnosed vs. exacerbations

76.5% only use EEN in newly diagnosed CD patients, not during relapses. 66.7% of those who use

EEN in relapses only do so if the patient responded previously to EEN.

Behaviour* 43% indicate EEN only in cases of inflammatory phenotype (B1, non-stricturing, non-penentrating).

Location* 37.3% only use EEN when only the ileum (L1) or ileum and colon (L3) are affected. 62.7% use EEN
regardless of disease location and 31.4% do not use EEN when upper gastrointestinal tract (L4a or L4b)
is affected.
50% do not use it in cases with extraintestinal manifestations.

PCDAI" 6% only in mild disease, 41.1% in mild to moderate disease and 52.9% regardless of disease severity.

Perianal disease

70.6% use EEN to induce remission in cases of mild perianal manifestations (fissures or skin tags) or

in cases of previously drained abscess.

Age 70.6% use it regardless of age and 16.7% do not use it in patients under the age of 3.

Other factors

62.7% only indicate EEN if the patient and their family are collaborative. 25.5% indicate it as the only

therapeutic option. Delayed growth contributes to the prescription of EEN in 96.1% of subjects polled.

*According to Paris classification of IBD'°.
“Pediatric Crohn’s Disease Activity Index'".

Indications for EEN

Table I shows the results for EEN indications.

Comparative analysis of the indications for EEN
according to patient treated in units that providing fol-
low-up to a high number of patients (> 50 patients/
year) or a small number (< 50) revealed no significant
differences.

Specific aspects of EEN

The most common response with regard to the du-
ration of EEN was 8 weeks, chosen by 47.1% of the
respondents, followed by 6-8 weeks (22.5%), 6 weeks
(19.6%) and others (7.8%). None of those polled use
it for periods under 6 weeks or greater than 12 weeks.
The oral administration route was preferred in all cas-
es, with nasogastric-feeding only being used when
taking enteral formula by mouth was not possible. The
response time to assess the efficacy of EEN was 2-3

weeks in 21.6%, 2-4 weeks in 18.4%, 3-4 weeks in
17.6% and 2 weeks in 15.7% of subjects polled.

Regarding which enteral formula was used, in 70.6%
of the cases (36/51) polymeric formulas specific for
IBD were used, enriched with TGF-f3 (Modulen IBD®
or Resource IBD®); 29.4% indicated other formulas
different from the specific ones (flavoured normal- or
hypercaloric polymeric formulas or flavoured elemental
formulas). The choice of formula was mainly influenced
by factors such as taste, cost, availability, nutritional
composition, evidence and experience. Table II shows
that the most frequent reason for indicating specific for-
mulas was their composition, with particular reference
to TGF-f. In the group that used other formulas, 100%
declared that there was no evidence that formulas made
specifically for IBD were superior to standard polymer-
ic formulas, and that the EEN itself is responsible for
the patients’ improvement; such effect cannot be specif-
ically attributed to any of the ingredients.

Another aspect we wished to enquire about in-
volved liquids, foods and amount of calories the pa-

Table IT
Reasons for choosing the enteral formula

Reason(s) IBD-specific enteral formulas (n = 36) Other enteral formulas (n = 15) p
Composition 58% 7% 0.0001
Availability 50% 0% 0.0001
Evidence 42% 100% 0.0001
Experience 28% 7% 0.079
Taste 17% 53% 0.012
Compliance 14% 53% 0.006
Specificity of the formula 8% 0% 0.234
Use of flavouring 6% 0% 0.336
Cost 3% 20% 0.046
PRESENT survey Nutr Hosp. 2014;29(3):537-546 539



Table I1I
Combination of EEN with pharmacological treatment

Drug Always Sometimes Never I don’t know No answered
Oral 5-ASA preparations 20% 45% 31% 2% 2%
Topical 5-ASA preparations 0% 27% 67% 4% 2%
Antibiotics 2% 67% 27% 2% 2%
Thiopurines % 24% 4% 0% 1%
Steroids 2% 18% 8% 0% 2%
anti-TNF 0% 35% 59% 4% 2%
tients were allowed to eat during the EEN treatment Table IV
period; 90.2% answered only water and the remain- Professionals involved in the indication of EEN
ing 9.8% indicated between 5-20% of all the calories
estimated in the day. At all the centres, the physician Always Sometimes Never
in charge of the patient participates in the decision Nurse 47% 2% 31%
about the formula to be administered: Of subjects Dietician 2% 16% 2%
polled, 60.8% allow the use of ﬁavoprmg; of these, Psychologist 4% 7% 59%
48.4% mention the flavouring provided by Nestlé

Physician 100% 0% 0%

Nutrition (with banana or strawberry flavour), 22.6%
cocoa powder, 3.2% syrups of different flavours and
25.8% a variety of the aforementioned. Once the in-
duction period has been completed, 94.2% progress
to a normal diet in the following 2-4 weeks (7.6%
follow their own protocol and the remaining 92.4%
do not follow any protocols) and 5.8% change to a
normal diet quickly, with no specific order when in-
troducing the food groups.

After the induction period, 88.4% provides system-
atic enteral formula supplementation to all patients
during a variable time period that depends on sever-
al factors (adherence, nutritional state, etc.). The ma-
jority of units opt to supplement with 20-30% of the
total calories, which tend to range from 500-750 ml,
depending on the patient. The remaining 11.6% only
supplement if required for nutritional recovery.

Combination of EEN with pharmacological
treatment

Regarding the drugs used concomitantly during the
induction of remission with EEN, the results reported
by respondents are found in table III.

Professionals involved in the administration
of EEN and follow-up

The professionals involved in assessing and indi-
cating therapeutic support via EEN vary according to
centre (table IV).

The physician is solely responsible for the follow-up
of these patients in 80.4% of the cases. In 9.8% the
physician works with a dietician, in 5.8% with a nurse,
in 2% with a nurse and psychologist and in the remain-
ing 2% with a nurse, dietician and psychologist. Fol-

low-up is primarily done via telephone and outpatient
visits (74.6%) or exclusively by visits (25.4%). The
frequency with which the patient is contacted during
nutritional treatment is weekly in 56.3% of the centres,
fortnightly in 33.3%, monthly in 6.3% and variable in
the remaining 4.1%.

Assessment of response to EEN

The PCDAI was the most frequent index used (98%)
followed by the wPCDAI'"? Regarding the biochemi-
cal parameters to assess response after EEN, 100% use
complete blood count (CBC) and albumin, 98% eryth-
rocyte sedimentation rate (ESR), 78% faecal calpro-
tectin, 35% C-reactive protein (CRP), 22% iron me-
tabolism, and 8% fibrinogen and procalcitonin (PCT);
70.6% use endoscopy and 66.7% use radiological tests
to assess the response to treatment.

Advantages and disadvantages of EEN

The results regarding advantages and disadvantages
with EEN are shown in table V.

Difficulties

Multiple choice questions were used to explore the
objections or difficulties reported by the professionals
for establishing EEN; 14% of the respondents reported
no difficulties, 36% only one difficulty, another 36%
reported two difficulties and up to 14%, more than
three difficulties (table VI).
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Table V
Advantages and disadvantages of EEN

Advantages Disadvantages

Absence of side effects 80%  Maintenance and compliance difficulties. Motivation 80%
Clinical and histological remission (mucosal healing) 75%  Dietary considerations (monotonous, high volume to ingest, flavour)  30%
Improvement of nutritional parameters, growth and sexual maturity ~ 61%  Requires closer follow-up than other treatments. Frequent check-ups ~ 22%
Prevents the use of corticosteroids 29%  Slow improvement of symptoms 12%
Safety 10%  Altered quality of life (QoL) 12%
Outpatient setting 4%  Prolonged time period 10%
Update vaccination schedule 4%  Price 10%
Easy prescription 4%  Not useful in exclusively colonic or perianal disease 4%

Table VI
Difficulties found for establishing EEN

Lack of acceptance by the patient and/or family %
Lack of time and/or ancillary staff (dieticians, nutritionists, psychologists, etc.) to collaborate in the follow-up and support of these patients 69%
Difficulty convincing the patient and/or family of treatment suitability 43%
Budgetary limitations 10%
Difficulty using alternatives to the oral route at my centre (NG tube, gastrostomy) 8%
Difficulties in prescription and administration of the nutrition by the hospital (logistics) 2%
I do not believe in the benefits of mono-therapy EEN to induce remission 0%

Discussion

Although EEN has been proven to be beneficial in
the treatment of pediatric CD, there are some questions
that remain unanswered. We had access to data from
different surveys regarding the use of this therapeutic
modality in the United States, Canada, Europe, Israel
and Australia,®®!3 (table VII) but we did not know the
real situation regarding EEN use in Spain.

The use of EEN is widespread in Spain, since all
of the respondents confirm regular use of EEN, at a
rate much higher than that published by other authors
(table VII). Although the studies shown in table 7 have
been published recently, much of the data were collected
before a meta-analysis regarding the efficacy of EEN
was published. Nevertheless, it is true that series with
the greater number of patients and better design are
subsequent to 2005, when the best evidence for EEN

in the treatment of CD was published. One of the pos-
sible reasons for this difference in use may be related
to the fact that the Spanish National Healthcare Sys-
tem subsidizes enteral formulas for the treatment of
CD. This is a key factor, since EEN has been shown
to be superior to steroids in achieving mucosal heal-
ing,'">!* a situation that determines better prognosis in
the following years, lower hospitalisation rate and less
use of biological drugs.'

Despite the fact that the efficacy of EEN for con-
trolling CD relapses is 50%,'*'¢ and even if there is not
remission, there is a decrease in inflammatory activity
and an improvement in nutritional state, only 24.5%
use EEN in this scenario, which is likely conditioned
by the difficulty for re-establishing and maintaining
the EEN again for another 6-8 week period.

Initial studies revealed that EEN was less effective
than steroids in exclusively colonic CD,! although this

Table VII

Published surveys about use of EEN in CD
Study USA Europe Canada Israel Australia Asia-Pacific All data
Levine et al® 4.3% 61.8% 36% 19.2% - - -
Steward et al’ 9% - 32% - - - -
Gréfors et al® - 65%"* - - - - -
Whitten et al’® 100% 92% - - - 5% 89%
Day et al' - - - - 38% - -
*Only data from Sweden.
BUSA 2 units; Asia-Pacific 8 units; UK 16 units; Europe 9 units.
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was not corroborated by later studies.'®!” This is an im-
portant issue because 37.3% of the respondents do not
use EEN in this clinical setting on the basis of their
own previous experience. In our opinion, more studies
along these lines are needed to clarify the real response
according to disease extension.

Regarding the enteral formula used, there are two
clearly differentiated groups: those who use specific
formulas for IBD (Resource IBD® or Modulen IBD®)
as it contains TGF-f3 and due to the motivating effect
of taking a formula adapted to a specific disease, and
another group that sustains, as made clear by the studies
published, that there are no differences between for-
mulas,?? attributing the improvement experienced by
patients to the EEN and the administration conditions
and not to any of their components. Another factor is
compliance, which seems to be superior in the case of
flavoured polymeric formulas. One reason for the 3%
of survey respondents who used specific formulas for
IBD patients was the price although the average price
of a specific formula for IBD in Spain is 17 €/1,000
kcal, similar to non-specific pediatric normocaloric for-
mulas; slightly more expensive than pediatric hyperca-
loric formulas (14,6 €/1,000 kcal) and more expensive
than adults hypercaloric (9.3 €/1,000 kcal) and nor-
mocaloric (9,7 €/1,000 kcal) formulas.

The optimal method for introducing normal diet af-
ter EEN has not been established, and there is no data
to suggest that progressing to a hypoallergenic diet,
gradual or sudden introduction of diet following EEN
influence the maintenance of remission.>**

The majority of respondents identified various diffi-
culties in re-establishing diet, despite having no doubts
about the efficacy of EEN. Almost three-quarters of
those polled consider the lack of acceptance by the
patient and/or family to be the main difficulty in es-
tablishing EEN. A more proactive attitude in the pro-
fessional involved might have led to higher acceptance
rates; not initially offering any other therapeutic option
could also be considered a valid approach.

Added to this preliminary difficulty is the second
most frequent barrier: lack of time and/or ancillary
staff (dieticians, nutritionists, psychologists, etc.) to
help in the follow-up and support of these patients. In
our opinion, this greatly conditions prescription since,
unlike steroids, EEN patients require a lot of motiva-
tion to achieve their goals and must be followed-up
more frequently and closely.

Our study is the first of its kind to be conducted in
Spain. The data were collected over a short period of
time, at a time when the evidence regarding the benefi-
cial effects of EEN is on the rise.

A limitation of all surveys is the fact that results re-
flect the opinions of a selected population, pediatric
gastroenterologists, who usually use EEN, willing to
participate in the study.

To summarize, 8 weeks of EEN is the most frequent
therapeutic option in newly diagnosed CD children in
Spain. Formulas made specifically for IBD are used

the most. The advantages of EEN compared to other
therapeutic modalities are mucosal healing without
side effects. The difficulties most frequently found
were lack of acceptance by the patient and/or family
and lack of time and/or ancillary staff to help in the
follow-up and support of these patients.

Tools to facilitate acceptance by the patient and
family are needed. Increasing the time dedicated to
this therapeutic modality is likewise important. Given
the disparity of criteria for indicating treatment with
EEN, it would be useful to have widely accepted clin-
ical practice guidelines or protocols that facilitate the
decision to start with EEN.

Appendix I

The following investigators participated in the PRE-
SENT study:

Masiques Mas ML(Hospital General de Granollers
Barcelona), Guallarte Alias MP (Corporacié Sanita-
ria Universitaria Parc Tauli Sabadell), Donat Aliaga
E (Hospital Universitario La Fe Valencia), Sdnchez
Sanchez C(Hospital General Universitario Gregorio
Maraiién), Martinez Gémez MJ (Hospital Universita-
rio Nifio Jesus de Madrid), Pociello Almifiana N (Hos-
pital Arnau de Vilanova de Lleida), Barrio Torres J
(Hospital Universitario de Fuenlabrada Madrid), Pérez
Parras MA (Complejo Hospitalario de Jaén), Argiie-
lles Martin F (Hospital Universitario Virgen Macarena
Sevilla), Garcia Martin M (Hospital Universitario Vir-
gen Macarena Sevilla), Rivero de la Rosa MC (Hos-
pital Universitario Virgen Macarena Sevilla), Arévalo
Garrido A (Complejo Hospitalario de Jaén), Sdnchez
Valverde-Visus F (Complejo Hospitalario de Navarra,
Pamplona), Lépez Ruzafa E (Hospital Universitario
Torrecardenas, Almeria), Rodriguez Salas M (Hospital
Universitario Reina Sofia, Cérdoba), Garcia Blanca JA
(Hospital Universitario Puerta del Mar Cadiz), Galera
Martinez R (Hospital Universitario Torrecardenas, Al-
meria), Suarez Cortina L (Hospital Ramén y Cajal de
Madrid), Cortes Mora P (Hospital Universitario Santa
Lucia de Cartagena), Rosell Camps A (Hospital Uni-
versitario Son Espases, Mallorca), Navalon Rubio M
(Hospital Universitario Virgen de la Arrixaca, Murcia),
Irastorza Terradillos I (Hospital Universitario Cruces,
Bilbao), Ros Arnal I (Hospital Infantil Miguel Servet,
Zaragoza), Ramos Boluda E (Hospital Universitario
La Paz, Madrid), Gutiérrez Junquera C (Hospital Uni-
versitario Puerta de Hierro-Majadahonda, Madrid),
Leis Trabazo R (Hospital Clinico Universitario de
Santiago, Santiago de Compostela), Bartolomé Porro
JM (Complejo Asistencial de Palencia), Pefia Quinta-
na L (Hospital Materno-Infantil. Las Palmas de Gran
Canaria), Balmaseda Serrano E (Hospital General
Universitario de Albacete), Solar Boga A (Complejo
Hospitalario Universitario A Corufia), Moreno Al-
varez A (Complejo Hospitalario Universitario A Co-
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rufia), Eizaguirre Arocena FJ (Hospital Universitario
Donostia, San Sebastian), Botija Arcos G (Hospital
Universitario Fundacién Alcorcén, Madrid), Loren-
zo Garrido H (Hospital Universitario de Basurto),
Armas Ramos H (Hospital Universitario de Canarias,
Tenerife), Reyes Abreu G (Hospital Universitario de
Canarias, Tenerife), Lépez Casado MA (Hospital Ma-
terno Infantil Virgen de las Nieves, Granada), Salcedo
Lobato E (Hospital Universitario de Getafe, Madrid),
Rodriguez Martinez C (Hospital Vega Baja, Orihuela,
Alicante), Ortigosa del Castillo L (Hospital Universi-
tario Nuestra Sefora de la Candelaria, Tenerife), Al-
berto R (Hospital Universitario Nuestra Sefiora de la

Candelaria, Tenerife), Torres Peral R (Hospital Uni-
versitario de Salamanca), Martin Martinez B (Hospital
de Terrasa), Lépez MJ (Hospital de Terrasa), Garcia
Casales Z (Hospital de Txangorritxu, Araba), Chicano
Marin FJ (Hospital Universitario Los Arcos del Mar
Menor, Murcia), Pérez-Moneo Agapito B (Hospital In-
fanta Leonor, Madrid), Barros Garcia P (Hospital San
Pedro de Alcantara, Caceres), Marugan de Miguelsanz
JM (Hospital Clinico Universitario de Valladolid),
Calvo Romero C (Hospital Clinico Universitario de
Valladolid), Manzano Infante MJ (Instituto Hispalense
de Pediatria Sevilla), Rodriguez Herrera A (Instituto
Hispalense de Pediatria Sevilla).

Appendix 1T
Questionnaire on the use of exclusive enteral nutrition as treatment in Crohn’s disease

A. General information about patients with IBD on follow-up in your Unit

. How many were diagnosed in 2011?

A o R

How many of these were recently diagnosed?

. How many patients with inflammatory bowel disease (IBD) do you currently have on follow-up in your unit?
. How many of them are diagnosed with Crohn’s disease (CD)?

. How many of the patients with CD were treated in 2011 with EEN?

B. Exclusive Enteral Nutrition (EEN) in newly diagnosed CD patients

6. Do you think that EEN is effective in inducing clinical remission in CD patients?
7. Do you think that EEN is effective in inducing endoscopic remission in CD patients?
8. Do you think that EEN is effective in inducing histological remission in CD patients?

9. Do you use EEN in newly diagnosed CD patients?

10. Have you verified whether EEN is effective in inducing clinical remission in CD patients?
11. Have you verified whether EEN is effective in inducing endoscopic remission in CD patients?
12. Have you verified whether EEN is effective in inducing histological remission in CD patients?

C. Exclusive Enteral Nutrition (EEN) during CD relapses

13. Do you think that EEN is effective in inducing clinical remission in CD patients?
14. Do you think that EEN is effective in inducing endoscopic remission in CD patients?
15. Do you think that EEN is effective in inducing histological remission in CD patients?

16. Do you use EEN during relapses?

17. Have you verified whether EEN is effective in inducing clinical remission in CD patients?
18. Have you verified whether EEN is effective in inducing endoscopic remission in CD patients?
19. Have you verified whether EEN is effective in inducing histological remission in CD patients?

D. Indications and contraindications of EEN in CD

Question

20. I only use EEN in newly diagnosed patients, not in relapses

21. Tuse EEN in relapses only if there was a previous response to EEN

22. The location of the disease influences my indication for EEN.

23. T only use it in cases when the ileum (L1) or ileum and colon (L3) are affected.

24. T do not use EEN in exclusively colonic disease (L2).

25. I do not use EEN if the upper digestive tract (duodenum, oesophagus) is affected (L4).
26. I do not use EEN in perianal disease regardless of the perianal manifestations (fissures, fistulas, tags,

abscesses, etc.).

27. 1do use EEN if the perianal disease is in the form of fissures or tags or if there is a correctly drained

abscess

28. I do not use EEN if the perianal disease is in the form of fistulas or abscesses even if correctly drained.
29. T use EEN regardless of the phenotype (inflammatory, stricturing or penetrating)

30. I only use EEN in inflammatory phenotypes

31. T only use EEN in inflammatory and penetrating phenotypes
32. T only use EEN in inflammatory and stricturing phenotypes

33. T use the PCDALI to estimate the severity
34. Tuse EEN in all CD patients, regardless of severity

PRESENT survey
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Appendix II (cont.)
Questionnaire on the use of exclusive enteral nutrition as treatment in Crohn’s disease

Question T F

42.

44.
45.
46.
47.
48.
49.

. T only indicate EEN in mild disease

. T only indicate EEN in moderate disease

. T only indicate EEN in severe disease

. Tonly indicate EEN in mild to moderate disease

. I only indicate EEN in moderate to severe disease

. For severe disease, in addition to the PCDAI, I consider other factors when deciding whether or not to use
EEN, such as: general status is affected, significant weight loss, prolonged symptoms, diagnostic delay,
significant puberty delay, and also if there is upper digestive tract involvement.

. If the patient has a severe disease and presents one or several of the factors from the previous question

I DO NOT indicate EEN.

I consider age as a factor when indicating EEN.

. Tuse EEN regardless of patient age.

I do not use EEN in children under the age of 2-3 years.

I only use EEN starting at a determined age.

I only use EEN if I observe that the patient and their family are collaborative.

Iindicate EEN and “make them” collaborative, providing no other options.

I do not use EEN in cases of extraintestinal manifestation.

Delay in weight or growth contributes to whether I indicate EEN.

E.

Specific aspects of EEN

50

51.

52.

53.

54.

55.

56.

57.

. What is the standard duration of EEN at your unit? (days, weeks, months)

Do you ever prolong EEN more than 12 weeks? Specify.

Which type of formula do you tend to use for EEN?

a) Modulen IBD

b) Resource IBD

¢) Other Polymeric Formula. Specity:

d) Semi-elemental Formula. Specify:

e) Elemental Formula. Specify:

What are your reasons for using this type of formula? (cost, taste, composition, availability, scientific evidence, etc.).

Does the physician participate in the decision on which formula to administer as EEN for Crohn’s disease?

What is the most frequent route of administration? Rate as 1, 2 or 3, with 1 being the most frequent:
Oral NG tube Gastrostomy

What do you allow the patients to eat or drink during the EEN period? Specify the % of daily calories.

Do you use flavouring? Specify the type (cocoa powder, syrups, etc.)

F.

EEN as maintenance therapy

58.

59.

How do you effect progression from EEN to normal diet? Do you follow any clinical practice guidelines or protocols?

Once the EEN period has been completed, do you prescribe the formula as a supplement? If so, how much do you prescribe
and for how long? The quantity can be expressed in ml or in % of daily calories.

G.

Drugs used during EEN in newly diagnosed CD patients

60.

If you tend to use adjuvant therapy with EEN in newly diagnosed CD patients, specify which, and the frequency of use.
Mark with an X

Always Sometimes Never 1 don’t know

Oral 5-ASA
Topical 5-ASA
Steroids
Antibiotics

Immunomodulators
Anti-TNF
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Appendix II (cont.)
Questionnaire on the use of exclusive enteral nutrition as treatment in Crohn’s disease

H. Professionals involved in the administration of EEN

61. Which of these healthcare professionals is routinely involved in the administration of EEN at your centre?

Always Sometimes Never I don’t know

Nurse

Dietician

Psichologist

Physician

1. Follow-up protocol

62. Who performs the follow-up of these patients at your centre? (physician, nurse, dietician, other):
63. Which method do you use for the follow-up of these patients? (telephone, email, visit to clinic, etc.)
64. With what frequency do you contact the patient?

J. Assesment of response to treatment

65. How to you assess response to treatment?

Always Sometimes Never 1 don’t know

Symptoms
Lab tests
Endoscopy

Radiology

— Symptoms: do you use any scores? Which?
Tests: specify the parameters you use (CRP, PCT, Calprotectin, Lactoferrin, orosomucoid, others)
Endoscopy
— Radiology (mark those that correspond)
- Ultrasound
- MR
- Barium enema transit time

K. Advantages and disadvantages of EEN

66. Advantages 67. Disadvantages

L. Limiting factors for the use of EEN

68. Which of the following factors do you consider to be limiting at your Unit for an improved/greater use of EEN. Circle:
a) Lack of time and/or ancillary staff (dieticians, nutritionists, psychologists, etc.) to help in the follow-up and support of
these patients.
b) Difficulties in prescription and administration of the nutrition by the hospital (logistics).
¢) Budgetary limitations.
d) Difficulty convincing the patient and/or family of the treatment suitability.
e) Lack of acceptance by the patient and/or family.
f) Difficulty using alternatives to the oral route at my centre (NG tube, gastrostomy).
g) 1 do not believe in the benefits of mono-therapy EEN to induce remission.
h) Others:

M. Greather use of EEN

69. What type of information or material would you like to have available in order to use EEN more regularly?

N. Comments (70)
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Abstract

Objective: To compare the glycemic control and lipid
profile of children and adolescents undergoing two
different dietetic treatments for type 1 Diabetes Mellitus
assisted at the Children and Adolescent’s Diabetes
Mellitus Health Center-UFRJ.

Methods: A retrospective longitudinal study conducted
between 2002 and 2006. We evaluated the same subjects in
two different periods: after 1 year in TD and subsequently
after 1 year in CCHQO. The evolution of the nutritional
status during the dietary treatments was evaluated using
Body Mass Index (BMI) for age. The lipid panel was
evaluated according to the 1st Guideline for Prevention
of Atherosclerosis in Childhood and Adolescence, used
in Brazil, and the glycemic control was evaluated by
measuring glycated hemoglobin (HbA1c).

Results: We evaluated 93 individuals, 38.7% children
and 61.3% adolescents. The mean age at study entry was
11.1 (= 2.66) years and the mean disease duration was 6.1
(= 3.2) years. A significant difference in the percentage of
adequacy of HbAlc (p = 0.000) and in the values of total
plasma cholesterol (p = 0.043) was found after 1 year of
CCHO diet, which did not happen during the observation
time of TD. The evolution of anthropometric nutritional
status showed no significant difference between the
beginning and the end of both dietary treatments.

Conclusion: The results of this study suggest that a
more flexible food orientation program can contribute to
the improvement of blood glucose levels without causing
deterioration of the lipid profile when compared to TD.
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CONTROL GLUCEMICO Y PERFIL LIPIDICO
DE NINOS Y ADOLESCENTES SOMETIDOS
A DOS TRATAMIENTOS DIETETICOS DISTINTOS
PARA LA DIABETES MELLITUS TIPO 1

Resumen

Objetivo: Comparar el control glucémico y el perfil
lipidico de nifios y adolescentes sometidos a dos trata-
mientos dietéticos distintos para la diabetes mellitus tipo
1 atendidos en el Centro de Salud para Niifios y Adoles-
centes con Diabetes Mellitus-UFRJ.

Meétodos: Estudio longitudinal retrospectivo realizado
entre 2002 y 2006. Evaluamos a los mismos individuos en
dos momentos distintos: tras un afio en tratamiento para
diabetes (TD) y posteriormente tras un afio con conteo de
hidratos de carbono (CHC). La evolucion del estado nu-
tricional durante los tratamientos dietéticos se evalu6 em-
pleando el indice de masa corporal (IMC) para la edad.
El panel de lipidos se evalué de acuerdo con la 1* Guia
para la prevencion de la aterosclerosis en la infancia y
adolescencia, empleada en Brasil, y el control glucémico
se evalué midiendo la hemoglobina glucosilada (HbAlc).

Resultados: Evaluamos a 93 individuos, 38,7 % ninos
y 61,3 % adolescentes. La edad promedio en el momento
de entrada en el estudio fue de 11,1 (= 2,66) afios y la el
promedio de duracion de la enfermedad fue de 6,1 (+ 3,2)
aios. Se encontro una diferencia significativa en el porcen-
taje de adecuacion de la HbAlc (p = 0,000) y en los valores
del colesterol plasmatico total (p = 0,043) tras un afio de
dieta con CHC, lo cual no ocurrié durante el periodo de
observacion de TD. La evolucién del estado nutricional an-
tropométrico no mostré diferencias significativas entre el
inicio y el final de ninguno de los tratamientos dietéticos.

Conclusion: Los resultados de este estudio sugieren
que un programa de orientacion alimentaria mas flexible
puede contribuir a la mejora de la glucemia sin producir
un deterioro del perfil lipidico en comparacion con el TD.

(Nutr Hosp. 2014;29:547-552)
DOI:10.3305/NH.2014.29.3.7116

Palabras clave: Diabetes tipo 1. Dieta. Conteo de hidratos
de carbono.
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Introduction

Significant advances occurred in the recent decades'?
to improve the treatment of Diabetes Mellitus (DM).
The American Diabetes Association (ADA) recom-
mends as its main objective for the Medical Nutrition
Therapy (MNT) prevention of the development of
chronic complications through an adequate nutrient in-
take and lifestyle modification.! The maintenance of a
proper anthropometric nutritional status by the patient
is necessary, as well as, knowledge about nutrition and
healthy eating practices at any stage of the lifecycle.’*

The possibility of having food items limited in the
daily diet is a great concern of the diabetic patient and
their families. For this reason, the possibility of re-
moving these prohibitions should be strongly consid-
ered even if some adjustments become necessary, such
as an increased frequency of glucose monitoring and/
or further intensification of insulin scheme.>¢

During the 20" century, the recommended diet for
DM patients underwent several changes, especially
regarding the use of CHO. The first dietary recom-
mendations advocated an increased consumption of
CHO in order to replace the loss of sugar in the urine.
Later, this practice changed and CHO started being
avoided.” In 1912, Frederick M. Allen, developed
the “Therapeutic hunger Allen”, in which he offered
1,000 kcal/ day and 10 g CHO/day, with the goal of
keeping individuals alive until, supposedly, insulin
began to be produced again. Thus, until the emer-
gence of exogenous insulin in 1921, patients with
DM were treated with diets very low in CHO and in a
semistarvation state.®

In this sense, the carbohydrate count (CCHO), used
since the mid-1920s, was one of the dietary planning
strategies recommended by the Diabetes Control and
Complications Trial (DCCT).? Since ADA’s report in
1994, CCHO started being recommended, aiming to
optimize glycemic control avoiding even the smallest
variations in postprandial glycemia.>!?

Even after the advent of insulin therapy, scholars
continued recommending a diet low in CHO and rich
in lipids. However, over the decades, ADA’s nutrition-
al recommendations suffered some modifications due
to new discovery in the scientific literature.'' In the
past, it was believed that the restriction of several food
items would be the best form of treatment, as it would
prevent glycemic elevation. Such procedure, however,
caused severe malnutrition, leading individuals to ear-
ly death. Recent published guidelines reflect a more
flexible approach in relation to nutritional interven-
tions and the carbohydrate content of the diet, allowing
the patients to adjust their own insulin based on the
content of nutrient intake. This is the basic principle of
carbohydrate counting.'

Mehta et al.'* found that CCHO accuracy and appro-
priate glucose monitoring were associated with lower
levels of HbAlc in studies with children and adoles-
cents between 4 and 12 years old.

In the context of CCHO, modern therapies, including
insulin pump and flexible insulin regimens, resulted in
less restrictive diets.'* However, young patients with
DM 1 should be advised about the importance of being
totally conscious about the method being adopted and
that the consumption of a healthy diet should also be
an integral part of nutrition education in diabetes.'*!?

This study aims to compare the glycemic control
and lipid profile of children and adolescents undergo-
ing two different dietetic treatments for type 1 Diabe-
tes Mellitus assisted at the Children and Adolescent’s
Diabetes Mellitus Health Center-Pediatrics Institute
Martagdo Gesteira ( IPPMG), Federal University of
Rio de Janeiro (UFRJ).

Materials and methods

This is a retrospective longitudinal study, based on
database produced by a Reference Center in the treat-
ment of juvenile diabetes, in its medical charts of pa-
tients attended from 2002 to 2006.

This Hospital is a reference in the treatment of type
1 diabetes in children and adolescents in Rio de Janei-
ro, and is characterized by the presence of a multidis-
ciplinary team, which consists of doctors, nutritionists,
psychologists and nurses.

This study evaluated the same subjects in two dif-
ferent periods: 1 year follow-up of traditional diet for
diabetes (TD) and, subsequently, 1 year follow-up of
CCHO diet.

We included in the study all the patients with DM1
who started dietary guidance for CCHO between the
years 2003 and 2005 (n = 147), excluding those with
less than 2 or more than 15 years of disease duration,
and those with any other endocrine disease with pos-
sible effects on nutritional status and metabolic con-
trol. Thus, 54 patients were eliminated for not meeting
the criteria for inclusion in the study. The final sample
comprised 93 patients.

It was named in this study as TD the dietary coun-
seling based on caloric distribution of food. TD was
calculated based on the total energy value of the diet
(VET) according to FAO/OMS!'¢ recommendations,
which was distributed into 5 to 6 daily meals. Patients
received an individualized dietary plan and a list of
food substitution which was based on food groups,
with similar energy values. The exchanges allowed
were only those among the same food group. Patients
were also instructed to restrict the use of sweet food
items.

This method of exchanging food items, divides food
into groups in which each portion of food contains ap-
proximately 15 g of CHO, enabling the exchange be-
tween them. In the counting method used, the lists of
substitutions were based on portions of the food pyra-
mid and its main groups were defined as: cereal, pasta
and vegetables; breads and crackers; fruit; salad vege-
tables; dairy products; meat and sweets. Groups could
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Table I
Sample characterisics af baseline observation (TDO). Brazil, Rio de Janeiro

Children Adolescents Total
Variables
n % n % n %

Gender

Male 22 61.1 24 42.1 46 494

Female 14 389 33 57.9 47 50.6

Total 36 100.0 57 100.0 93 100.0

Variables Mean SD Mean SD Mean SD
Age (years) 74 247 14,8 2,86 11,1 2,66
Time of disease (years) 45 1,94 73 34 6,1 32

SD: Standard deviation.

be measured considering 15 grams of carbohydrate if
they contained CHO, and the possibility of measuring
this amount in kitchen utensils."” It was defined as the
beginning of this dietary method the observation period
of 12 months prior to the beginning of CCHO (TDO0)
diet. From this baseline, patients were evaluated after
6 months (TD1) and after 12 months (TD2) following
TD, when it was introduced CCHO (CCHOO) dietary
counseling. Therefore, the period TD2 corresponds to
the period CCHOO (TD2 = CCHOO).

CCHO dietary treatment was calculated using VET
and adding the daily requirement of carbohydrate
(CHO). The patients received an individualized di-
etary plan which had its meals distributed as in TD
and the amount of CHO was predetermined for each
meal. The patient received a list of substitution, based
on food groups, in which the exchange was allowed
even between different groups, provided that the total
amount of CHO was respected at every meal. There
was no restriction of any food item. Once introduced
to the CCHO dietary orientation, patients were eval-
uated after 6 months (CCHO1), and after 12 months
(CCHO2).

Patients were classified as prepubertal (children)
or pubescent (adolescent) according to the degree of
sexual maturation, despite the chronological age. We
considered prepubertal, girls and boys in stage 1 for
breasts (M1) and genitals (G1), respectively, and pu-
bertal those in stage 2 or more.'®°

The classification of the anthropometric nutritional
status was based on BMI/age, and classified according
to the recommendation of the Health Ministry.® The
collected data were cholesterol, LDL-C, HDL-C and
triglyceride levels in TDO, TD2 and CCHO?2. The lipid
profile was evaluated according to the First Guideline
for Prevention of Atherosclerosis in Childhood and
Adolescence?" which considers as suitable values: total
cholesterol < 150 mg/dl, LDL-C < 100 mg/dl, HDL-C
= 45 mg/dL, and triglycerides < 100 mg/dl.

Glycemic control was assessed by measuring gly-
cated hemoglobin (HbAlc), which was classified as
percentage of adequacy of laboratory reference val-

ues, according to age, alternative analysis endorsed by
ADA.? It was considered as suitable any value up to
30% of the maximum reference for the age group of
2-5 years old, up to 25% for those between 5 and 13
years old, and < 20% for patients over 13 years old.
The level of HbAlc was measured using high perfor-
mance liquid chromatography (HPLC).

Statistical analysis was performed using the program
Statistical Package for the Social Sciences (SPSS) ver-
sion 17.0 for Windows.

The dependent variables average value was calculat-
ed at each time interval of observation. Once verified
the normality of the data, analysis of variance (ANO-
VA) for repeated measures was applied to the mean
values of the proportion of appropriate HbAlc and an-
thropometric indices in 3 different times (start, 6 and
12 months) for each dietary method, and changes in
lipid profile in 2 different times (start and 12 months.
The Bonferroni test was used for statistical compari-
son between the mean values obtained.

For the analysis of categorical variables we used the
chi-square and Fisher’s exact test. It was considered
statistically significant values of p < 0.05.

This project was approved by the Research Ethics
Committee-IPPMG/UFRJ, under the registration num-
ber 21/06.

Results

The final sample consisted of 93 children and adolescents,
50.5% male (n=47) and 49.5% female (n =46). Time of di-
abetes diagnosis was of 6.18 + 3.22 years, and most of them
were attending elementary school (100%, n = 89) (table I).
According to the anthropometric nutritional status
classification, 76.7% (n = 56) were categorized as nor-
mal weight, 6.8% (n = 5) as underweight and 16.4%
(n = 12) as overweight before CCHO. There was an
increase in the percentage of children with overweight
in the first period of observation during CCHO, which
was reduced during the second period of observation.
Such a change was not significant (table II).
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Table IT
Nutritional status at different timepoints. Brazil, Rio de Janeiro

Children Adolescents
Timepoints Normal Low Weight 0veereight Nor.mal Low Weight 0verweight
weight risk risk weight risk risk
n % n % n % n % n % n %
TD, 27 69.2 4 10.3 8 20.5 44 9.8 0 0.0 5 10.2
D, 28 71.8 3 7.1 8 20.5 44 9.8 1 2.0 4 8.2
TD, = CCHO, 31 79.5 4 10.3 4 10.3 43 6.0 1 2.0 6 12.0
CCHO, 13 3.3 3 7.1 23 59.0° 46 8.5 1 1.9 5 9.6
CCHO, 30 76.9¢ 2 5.1 7 17.9¢ 45 8.2 1 2.0 5 9.8

TD: Traditional diet inicial observation; TD;: 6 months observation of traditional diet; TD,: 1 year observation of traditional diet; CCHOU: Carbohidrates counting diet
(CCHO) initial observation; CCHO : 6 months observation of CCHO diet; CCHO,;: 1 year observation of CCHO diet.
“Percentage lower than CCHO (p < 0.05); *Percentage higher than CCHO, (p < 0.05); Percentage higher than CCHO, (p < 0.05); ‘Percentage lower than CCHO, (p < 0.05).

The comparison of the differences between BMI
was not significant in any observation period, and
there were also no differences between gender.

It was observed an adequacy of HbAlc in 63.3%
of patients on TDO, 59.4% on TDI, 62.5% on TD2,
72.6% on CCHO1 and 75.9% on CCHO2. Mean val-
ues of HbAlc adequacy underwent significant reduc-
tion during the first semester of CCHO observation (p
= 0,007) and during the whole year of the study (p =
0,000), not observing any significant change during
TD. There was significant reduction in these averag-
es for both pubertal stages at the end of the first year
of CCHO observation (p = 0.004 for children and p =
0.015 for adolescents).

Inadequate levels of total cholesterol and LDL-C
were found respectively in 64.9% and 41.9% of pa-
tients on TDO, 62.8% and 41% on TD2 and 58%
36.4% on CCHO2. When analyzing the influence of
the dietary method on the adequacy of lipoproteins,
there were no significant differences at the end of 1
year of nutritional counseling, as well as no differenc-
es according to the different sexual maturation stages.

Table III shows the comparison between the mean
values of the variables related to glycemic control and
lipid profile. Regarding insulin dose, there was no

significant change in the mean values of insulin/kg in
both study periods (TD and CCHO).

Discussion

Due to the fact that nutritional therapy is a key com-
ponent in maintaining adequate metabolic control, it
has been discussed over and over, aiming a better ad-
hesion to this therapy and consequent reduction in the
onset and severity of acute and chronic disease com-
plications.” Studies show that compliance with the
prescribed nutrition plan improves the level of HbAlc
in adults®* and has been correlated with better blood
glucose control in children.??¢ The adequacy of the
dietary guidance to the lifestyle of each patient should
be considered at the time of prescribing each individu-
alized eating plan and it should also be able to follow
the changes that occur throughout life.

High glycated hemoglobin is associated with the
development of microvascular and macrovascu-
lar complications of the disease. Thus, maintaining
satisfactory levels of HbAlc throughout the pa-
tient’s life should be one of the treatments goals.
The improvement of the HbAlc adequacy means of

Table III
Biochemical variables mean values at all observation periods of patient treated at the Diabetes Mellitus Center -
IPPMG-UFRJ. Brazil, Rio de Janeiro

Variable 1D, D, 1D, (= CCHO,) CCHO, CCHO,
HbAlc (Adequacy %) 122.09 £ 26.24 123.20 £ 28.74 123.02 £ 30.99 113.83 £23.51 108.55 +22.05*
Colesterol (mg/dl) 172.59 +40.42 - 170.05 + 44.64 - 163.72 + 40.48"
Tryglicerides (mg/dl) 66.72 +28.25 - 7431 £38.01¢ - 66.10 +32.24
HDLc (mg/dl) 53.46 + 14.41 - 55.55£15.92 - 54.57 + 11.68
LDLc (mg/dl) 103.60 + 37.32 - 96.40 + 34.82 - 95.01+37.52

TD,: Traditional diet inicial observation; TD,: 6 months observation of traditional diet; TD,;: 1 year observation of traditional diet; CCHO: Carbohidrates counting diet
(CCHO) initial observation; CCHOX: 6 months observation of CCHO diet; CCHOZ: 1 year observation of CCHO diet.

HbA lc: Glycated hemoglobin; HDLc: High density lipoprotein; LDLc: Low density lipoprotein.

“Mean value lower than CCHO, (p < 0.05); "Mean value lower than CCHO, (p < 0.05); ‘Mean value higher than CCHO, (p < 0.05); dMean value higher than TD, (p<0.05).
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the CCHO diet demonstrated in this study is consistent
with the results of the Diabetes Control and Compli-
cations Trial."® A study conducted in Sdo Paulo, in-
volving adolescents with DM1, in which it was evalu-
ated the effect of CCHO technique in a single meal for
4 months, showed a significant reduction in HbAlc,
accompanied by maintenance of total cholesterol and
triglycerides.?” These results point to the possibility of
a more flexible dietary therapy that promotes a much
better quality of life, since it has been demonstrated
that 1% reduction in HbAlc levels, corresponds to a
44% reduction in the risk of chronic complications of
the disease.’

Although we found among our patients a high preva-
lence of dyslipidemia in comparison to other studies, we
can observe that the average values of LDLc described
in our study were much lower than the values found
in the scientific literature.®*° Such differences can be
attributable to the use of different reference values. It
should be noted that the cutoff values used in this study
were based on new guidelines for children and adoles-
centes,!” in which most of the normal values for total
cholesterol and LDLc suffered significant reduction
compared to previous existing guidelines.?'

Clinical practice experience has shown that, in
childhood, treatment of the disease is directly related
to the levels of understanding and adherence by the
children’s parents/guardians. Dietary and behavioral
changes in children only become viable if there are
changes in the family’s eating habits and lifestyle.*
When the disease appears during adolescence, essen-
tial attitudes to control the disease may be overlooked
by the young patients. At this life stage, the need of
the so called “diabetes education”, together with the
establishment of more flexible routines, are essential
for an adequate adherence to the treatment.

The weight deviation found in children during the
first half of the CCHO period may have occurred be-
cause of the greater variety of food allowed. The initial
adaptation to a more flexible nutritional plan contain-
ing a variety of food choices can initially lead to an in-
creased energy consumption. These findings highlight
the importance of a close attention and monitoring of
the nutritional status of diabetic patients, with the aim
of detecting very early any possible nutritional prob-
lems to implement a necessary diet plan intervention.
Patton et al.** emphasizes that dietary planning should
not only prioritize CCHO.

The successful implementation of flexible schemes
requires the ability to count carbohydrates and calcu-
late the insulin dose correctly. Measures to assess ad-
herence to the diabetes treatment have been developed,
but they do not assess knowledge and ability to imple-
ment a plan, which are prerequisites for the therapy
adhesion.?3%

In this context, diabetes education is crucial to allow
individuals to effectively control diabetes. Moreover,
there is also the need for a continuous assessment of
the patient’s disease and treatment knowledge.*’

In this study there was no difference in weight gain
at the end of the monitoring period on CCHO diet.
This fact can be explained by the presence of an
individualized guidance suitable for each stage of
development and nutritional continuous monitoring
throughout the treatment of the disease.

All the patients received proportional doses of in-
sulin throughout the observation period of the study,
regardless of the dietary method adopted. This finding
demonstrates that despite the relationship between
CHO intake and insulin dose administered on CCHO
diet, it is possible to administrate insulin doses according
to the recommendations for each age group. It must be
noted that apart from the fear that an eating plan with
greater freedom of choice may compromise the meta-
bolic control of diabetes, resistance to a more flexible
feeding behavior is due to a concern about the risk of
excessive weight gain, which would associate in turn,
the greater insulin need. The observed results do not
justify such concern and suggest that the CCHO diet is
a positive alternative nutritional intervention for chil-
dren and adolescents with diabetes.

This study indicates that CCHO diet contributed to
a significant improvement on glycemic control without
promoting significant changes on other biochemical
parameters. In addition, it highlights the importance of
a clinical-nutrition monitoring, strengthening the ne-
cessity of a multidisciplinary team approach in treating
diabetic children and adolescents.
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Abstract

Background: Diabetes mellitus is a global epidemic
affecting 346 million people in the world. The glycemic
control is the key for diabetes prevention and management.
Some proteins can stimulate insulin release and modulate
glycemic response.

Objectives: To assess the effect of the consumption of
different types of protein (whey protein, soy protein and
egg white) on a second meal postprandial glycaemia in
normal weight and normoglycemic subjects.

Methodology: Randomized crossover clinical trial.
After an overnight fast of 12-hours, ten subjects attended
the laboratory to drink one of the protein shakes (whey,
soy or egg white) or the control drink. Thirty minutes
later, the subjects consumed a glucose solution (25 g
glucose). Glycemic response was monitored at times 0
(before glucose solution) and 15, 30, 45, 60, 90 and 120
min (after glucose solution consumption). Incremental
area under the glycemic curve (iIAUC) was calculated by
the trapezoidal method. Furthermore, glycemic response
was assessed by a new method using iG equation.

Results: Compared with control, whey and soy protein
drinks reduced postprandial iAUC in 56.5% (p = 0.004)
and 44.4% (p = 0.029), respectively. Whey protein was
the only protein capable of avoiding great fluctuations
and a peak in postprandial glycemia. The assessment
of glycemic response by iG equation showed positive
correlation with iAUC (Pearson 0.985, p < 0.05).

Conclusion: The consumption of whey and soy protein
30 minutes before a glucose load resulted in lower iAUC
compared with control drink. Whey protein maintained
postprandial glycemia more stable.
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EFECTO DE DIFERENTES TIPOS DE PROTEINA
EN LA GLICEMIA POSTPRANDIAL DE LA
SEGUNDA COMIDA EN INDIVIDUOS DE PESO
NORMAL Y NORMOGLICEMICOS

Resumen

Introduccion: La diabetes mellitus es una enfermedad
epidémica que afecta a 346 millones de personas en el mun-
do. El control glicémico es la clave para la prevencion y el
control de la diabetes. Algunas proteinas pueden estimular
la liberacion de insulina y modular la respuesta glicémica.

Objetivos: Evaluar el efecto del consumo de diferentes
tipos de proteinas (proteina de suero de leche, proteina
de soja y la clara de huevo) de la glicemia postprandial
en una segunda comida en individuos de peso normal y
normoglicémicos.

Metodologia: Este fue un ensayo clinico aleatorizado
cruzado. Después de un ayuno nocturno de 12 horas, diez
individuos asistieron al laboratorio para beber uno de
los batidos de proteinas (suero de leche, soja o clara de
huevo) o la bebida control. Treinta minutos mas tarde,
los individuos consumieron una solucién de glucosa (25 g
de glucosa). La respuesta glicémica fue monitorizada en
los tiempos 0 (antes de solucion de glucosa) y 15, 30, 45,
60, 90 y 120 min (después del consumo de la solucion de
glucosa). El drea incrementada bajo la curva de glicemia
(iAUC) fue calculada por el método trapezoidal. Por otra
parte, la respuesta glicémica se evalué mediante un nue-
vo método que utiliza la ecuacion de iG.

Resultados: En comparacion con el control, las bebidas
de suero de leche y de proteina de soja reducen iAUC
postprandial en 56,5% (p = 0,004) y 44,4% (p = 0,029),
respectivamente. La proteina de suero es la tinica pro-
teina capaz de evitar grandes fluctuaciones y un pico
de glicemia postprandial. La evaluacion de la respuesta
glicémica por la ecuacion iG mostroé correlacion positiva
con iAUC (Pearson 0,985, p < 0,05).

Conclusion: El consumo de suero de leche y proteina
de soja 30 minutos antes de una carga de glucosa resulto
en menor iAUC en comparacion con la bebida control.
La proteina del suero mantiene la glucemia postprandial
mas estable.

(Nutr Hosp. 2014;29:553-558)
DOI:10.3305/NH.2014.29.3.7065
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Abbreviations

B: Beta.

BMI: Body mass index.

CCK: Cholecystokinin.

DPP-4: Dipeptidyl-peptidase 4.

FAO: Food and Agriculture Organization of United
Nations.

GIP: Glucose-dependent insulinotropic polypeptide.

GLP-1: Glucagon like peptide-1.

iAUC: Incremental area under the curve.

iG: Equation of incremental glycemia.

IPA: Peptide sequence Ile-Pro-Ala, called 3-lactosin
A.

T2DM: Type 2 diabetes mellitus.

Introduction

Diabetes mellitus is one of most worldwide epi-
demic morbidity. It affects 346 million of people in the
world.! The key for type 2 diabetes (T2DM) preven-
tion and management is glycemic control,> which in
turn can prevent microvascular complications related
to the disease.’ Beside that, great variabilities in pre
and postprandial glycemia increase oxidative stress
leading to deleterious effects on health.* Therefore, it
is recommended the consumption of foods capable to
reduce great glycemic fluctuations.’

Protein present in foods can stimulate insulin se-
cretion.® However, not all protein types are capable to
stimulate enough insulin secretion to decrease glyce-
mic response.” Proteins are constituted by amino acids
and it has been shown that the serum level of isoleu-
cine, leucine, valine and lysine have a strong correla-
tion with insulinemic response.® This effect has been
linked to an increase in incretins release,*!' such as
GIP (glucose-dependent insulinotropic polypeptide)
and GLP-1 (glucagon like peptide-1).>1° In addition,
the rate of protein digestion alters GIP levels, which is
an insulinotropic peptide.'' Thereby, the effects of pro-
teins on glycemia depends on its source, amino acids
profile and digestion rate."

Whey protein it is rapidly digested and contains
high amounts of isoleucine, leucine, valine and lysine,
which are potential modulators of glycemia.®!315
Apparently, whey protein exerts a greater effect on
glycemia than do other protein derived from animal or
plant sources.

Even though the effect of protein on immediate
postprandial glycemia has been well investigated,
its impact on glycemia after the consumption of a
subsequent meal is not clear.® Hence, the aim of the
present study was assess the effect of the consump-
tion of different types of protein (whey protein, soy
protein and egg white) on a second meal postprandi-
al glycaemia in normal weight and normoglycemic
subjects.

Methods
Subjects

Eligibility criteria included normal body weight
(Body Mass Index 18,5-24,9 kg/m?),'¢ and normal fast-
ing glucose (glycemia: 70-99 mg/dL). Smokers, preg-
nant women, people with diabetes, impaired glucose,
family history of diabetes and lactose malabsorption,
besides the ones using drugs that affects metabolism
were excluded from the study. Volunteers were recruit-
ed by advertising on university campus. During re-
cruitment subjects filled out a form containing person-
al information, data related to inclusion criteria, life
style, familiar and individual medical history. Sample
size was calculated'” considering the incremental area
under the curve of glycemic response’* (1IAUC). A sta-
tistical power of 90% and an expected difference of
10% in the baseline values were adopted.

The protocol of the study was in agreement with
Declaration of Helsinki and approved by the Human
Ethical Committee in Scientific Research (protocol
number 067/2012) of Universidade Federal de Vicosa,
Brazil. All participants were informed about benefits
of the study and signed the informed consent before
testing began.

Protocol

This is a crossover study in which after a 12 h over-
night fasting, subjects reported to the laboratory to
participate of four experimental sessions in a random
order. In each session, one of the protein drinks or the
control drink was consumed within 15 minutes. There
was a wash out period of at least one day between
sessions. Thirty minutes after consuming one of the
previously mentioned drinks, the subjects consumed
a 25 g of anhydrous glucose solution and stayed in
the laboratory for the next 2 hours for postprandial
glycemic response assessment. At the end of exper-
imental session all subjects received a standardized
meal and then dismissed to do their daily activities.
The experimental design of our study is illustrated in
figure 1.

Anthropometric data and
Body Composition Assessment

Height and weight were respectively measured'¢
using a stadiometer fixed to the wall (SECA 206°,
graduation of 0.1 cm) and a platform digital scale
(Toledo Brasil 2096PP®, graduation of 50 g). Body
composition was assessed by skinfold thickness'®
using a Lange skinfold caliper (accuracy of 0.1
cm). The sum of bicipital, tricipital, subscapular
and suprailiac skinfolds was used to estimate body
fat percentages.
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Fig. 1.—Experimental design of the study. After a 12 h overnight fasting subjects consumed the control or one of the protein drinks (whey
protein, egg white or soy protein). Thirty minutes later subjects consumed a glucose solution (25 g of glucose). Finger-stick blood sam-
ples were collected in the fasting state (0 min), and 15, 30, 45, 60, 90, 120 min. after the start of glucose solution.

Table I
Energy content, macronutrient composition and amino
acids profile of protein concentrates (100 g of product)
tested in the study

Whey protein ~ Egg white Soy protein
Energy (kJ) 1,548.09 1,464.24 1,464.41
Carbohydrate (g) 3.0 9.37 0
Fat (g) 0.87 0 0
Protein (g) 88.5 78.12 90
Amino acids profile (g/100 g)
Ala 5.3 4.6 42
Arg 22 44 8.0
Asp 11.9 8.2 12.1
Cys 2.7 2.1 14
Glu 18.9 1.0 204
Gly 1.7 2.8 42
His 2.1 1.8 2.7
Ile 72 45 43
Leu 112 6.8 7.8
Lys 8.8 54 6.5
Met 22 2.7 14
Phe 3.1 4.7 54
Pro 7.8 3.1 53
Ser 53 5.5 5.7
Thr 8.0 3.6 3.6
Trp 1.9 1.0 1.0
Tyr 32 3.1 4.1
Val 6.3 5.1 4.5
Test drinks

The test drinks were a glucose solution, control drink
and three protein drinks. The glucose solution was
prepared diluting 25 g of anhydrous glucose (Vetec/
Rio de Janeiro) into 200 mL of spring water. Control
drink was prepared blending 200 mL of spring water,
2 g of calories-free blackberry powder juice (Clight®).
Protein drinks were prepared by adding one of the fol-
lowing protein concentrates (0.5 g-kg! of subject body
weight) to control drink: whey protein (Diacom®, Belo
Horizonte), egg white (Nutryclin®, Vigosa) or soy pro-

tein (Nutrysoy®, Parand). The nutritional composition
of the drinks is presented in table 1.

Postprandial glycemia assessment

Capillary finger-stick blood samples were taken in
the fasting state (0 min) and at 15, 30, 45, 60, 90 and
120 min after the consumption of the glucose solution.
Glucose levels were measured using a glucometer
(One Touch Ultra 1I®, LifeScan Inc., Milpitas, CA).
The incremental area under the glycemic response curve
(i1AUC) was calculated by the trapezoidal method® using
the software SlideWrite 7.0°.

Glycemic response was also assessed by the mean
incremental glycemia using the equation iG = X incre-
ment of postprandial glycemia (0-2 h)/n, in which n is
the number of subjects.

Statistical analysis

Statistical analyses were conducted using SPSS 17
for Windows (SPSS, Inc., Chicago, IL, USA). Data are
expressed as mean and standard error of mean (SEM).
Data normality and homoscedasticity were assessed
by Kolmogorov-Smirnov and Levene tests, respec-
tively. One-Way ANOVA was used to assess signifi-
cant differences in iAUC an iG. Two-Way Repeated
Measures ANOVA was applied to verify the interac-
tion of time and treatment factors, followed by post
hoc comparisons using Tukey’s tests when necessary.
The criterion for statistical significance was p < 0.05
(a.level of 5%). The association between iAUC and iG
was assessed by Pearson’s correlation.

Results

A total of ten subjects (4 men and 6 women), mean
fasting glycemia 4.78 + 0.05 mmol/L, BMI 22.0 + 0.82
kg/m?, and 25.6 = 1.86% body fat participated in the
study (table II).

Proteins in second meal postprandial
glicemia
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Table IT
Mean + SE characteristics presented by subjects
at baseline (n = 10)

Means SEM
Age (years) 249 0.58
Weight (kg) 61.35 3.05
Height (m) 1.7 0.02
BMI (kg/m?) 220 0.82
Body fat (%) 25.6 1.86
Fasting Glucose (mmol/L) 478 0.05

BMI: Body Mass Index.

Fasting glycemia did not differ between study ses-
sions (p < 0.05). There was an effect of time (p <0.001)
and treatments (p < 0.004), and an interaction of time
and treatment (p < 0.001) in postprandial glycemia.
Glycemia thirty minutes after the consumption of the
protein drinks or the control drink (0 min) did not dif-
fer (fig. 2A). However, whey protein drink resulted in
lower glycemic response compared with soy and egg
white drinks at 15 minutes (p = 0.007). At 30 minutes,
whey protein led to lower glycemic values than soy,
control and egg white (p = 0.001) drinks. Lower gly-
cemic values for whey protein was also observed at 45
minutes compared with control (p < 0.001) and egg
white (p = 0.02) drinks. Whey and soy protein drinks
resulted in lower glycemic response (p = 0.02 and p
= 0.001, respectively) than the control, at 60 minutes.
No differences were detected at times 90 and 120
minutes (p > 0.05) (fig. 2A). Whey protein resulted in
a more stable response during the 120 min in which
glycemia was assessed (fig. 2A).

Whey and soy protein drinks reduced postprandial
iAUC in 56.5% (p = 0.004) and 44.4% (p = 0.029) re-
spectively, compared with control. However, postpran-
dial iAUC did not differ between the protein drinks
(whey, soy and egg white) (p > 0.05) (fig. 2B).

There was a positive correlation between the gly-
cemic response assessed by the iG equation and by
the iAUC (0.985, p < 0.05). Furthermore, whey (3.97
mmol/L) and soy (5.52 mmol/L) proteins mean incre-
mental glycemias were significant lower (p < 0,04)
than the ones obtained for egg white (5.89mmol/L)
and control (9.85 mmol/L).

Discussion

Glycemic control is the main objectives of nutrition-
al intervention in diabetics and pre diabetics. There-
fore, glycemia should be as close as possible to normal
levels to avoid the manifestation of diabetes in predis-
posed subjects and the development of comorbidities
related to T2DM.?! Thus, it has been recommended the
adoption of therapeutic strategies capable to prevent
the occurrence of glycemic peaks.’

In the present study, the protein drinks and control
drink was consumed 30 minutes before assessing the
glycemic response to the glucose solution. This proce-
dure is necessary to ensure that the observed response
reflects the production and release of insulin stimulat-
ed by protein load.! Monitoring glycemic response in
shorter time period (less than 30 minutes) would re-
flect the effect of stimulus of previous meal, not of the
protein load.*

The impact of consuming 50 g of protein (whey
protein, tuna, turkey or egg white) for 12 weeks 30
minutes before two daily main meals on postprandial
glycemia and insulinemia was assessed in 22 healthy
men.'* Whey protein decreased iAUC compared to
turkey and egg white, and increased insulinemic re-
sponse compared with all the other protein tested.' It
has been proposed that the reduction of glycemia is
due to increase of insulin releasing and of incretins
production and also a reduction in gastric emptying
rate.6’7'12’14

Amino acids exert different stimulus on postpran-
dial insulinemia.**** Leucine, isoleucine, lysine and
valine are in high concentrations in whey protein.
Due to their insulinotropic properties, these amino
acids can increase insulinic release and sensitivi-
ty, contributing to reduce glycemic response.”* We
observed that whey protein has approximately 62%
more of those amino acids than soy protein and egg
white, and may have favored our results. However, in
our study, we did not monitor the postprandial insu-
linemic responses.

The stimulus for insulin release mediated by whey
protein is complex. Its mechanisms may reflect a syn-
ergistic effect of amino acids (such leucine, isoleu-
cine, lysine and valine and threonine) and also the
activation of incretins (ex: GIP) effect on pancreatic
B-cells.'>*

It has been proposed that whey protein stimulates
incretins release due to the presence of Ile-Pro-Ala a
peptide sequence, called B-lactosin A, identified from
hydrolyzed of p-lactoglobulin®. The results of studies
have shown the inhibitory role of IPA over dipepti-
dyl-peptidase 4 (DPP-4) activity, an enzyme responsi-
ble of GIP and GLP-1 degradation, extending the half-
life of these incretins in the bloodstream.®?¢ Moreover,
GIP level in the blood could increase concomitantly
with an increase in insulin levels, after consuming
meals containing whey protein.”®!> Whey protein in-
take can slow gastric emptying rate, reducing glycemic
response of the next meals. This effect increases the
postprandial release of cholecystokinin (CCK), GLP-1
and GIP".

The mean incremental glycemia (iG) we used showed
to be a good method to assess the glycemic response be-
cause it presented a good correlation with the tradition-
al method recommended by FAO.? The assessment of
the effect of each protein shake on glycemia by iG was
easier and faster than the traditional methodology and it
does not require the use of specific software.
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p = 0.02, respectively) (A).
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Conclusion

The consumption of whey and soy protein 30 min-
utes before a glucose load resulted in lower iAUC
compared with control drink. Furthermore, whey pro-
tein maintained postprandial glycemia more constant.
The effects of whey protein chronic consumption on
T2DM prevention and management of T2DM should
be assessed in long-term feeding trials.
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gastrostomy tube removal in children with congenital craniofacial
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Abstract

Percutaneous endoscopic gastrostomy (PEG) is
a widely used method for tube feeding with enteral
nutrition. Both PEG’s insertion and PEG’s removal
are usually easy and uncomplicated. The latter can
be, however, of substantial difficulty in children with
distorted anatomy, such as pharyngeal stenosis or
endured craniofacial trauma, when regular endoscopy is
contraindicated. The aim of the study was to assess the
very simple, but rarely used method for percutaneous
removal of the tube by pulling the thread. Four children
(4 males, mean age 4.1 year) were analyzed. In all of them
the procedure was successful, quick and uncomplicated.
To conclude, the thread method should be recommend in
case the endoscopic removal is impossible.

(Nutr Hosp. 2014;29:559-562)
DOI1:10.3305/NH.2014.29.3.7150

Keywords: PEG. Pull technique. Craniofacial anomalies.

Introduction

Percutaneous endoscopic gastrostomy (PEG) is a
widely used method for insertion of a gastrostomy tube
in patients who are unable to swallow and who require
the administration of enteral nutrition.! The procedure
is safe, the incidence of complications related to PEG
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UN METODO SEGURO PARA “CORTAR, ATARY TIRAR
DEL HILO” PARA RETIRADA DE SONDA MEDIANTE
GASTROSTOMIA ENDOSCOPICA PERCUTANEA
EN NINOS CON ANOMALIAS CRANEQFACIALES
Y ESTENOSIS FARINGEA CONGENITAS

Resumen

La gastrostomia endoscopica percutinea (GEP) es
un método muy utilizado para alimentaciéon por sonda
con nutricién enteral. Habitualmente tanto la insercién
como la retirada de la sonda mediante GEP es facil y sin
complicaciones. Sin embargo, la segunda puede ser sus-
tancialmente dificil en nifios con una anatomia alterada
como la estenosis faringea o que haya sufrido un trauma-
tismo craneofacial, en donde la endoscopia rutinaria esta
contraindicada. El proposito de este estudio fue evaluar
un método muy sencillo pero rara vez usado como es la
retirada percutanea de la sonda con el hilo. Se analizaron
4 ninos (4 varones, edad media 4,1 afios). En todos ellos
el procedimiento fue exitoso, rapido y sin complicaciones.
Para concluir, el método del hilo deberia recomendarse
en el caso de que la retirada endoscopica no sea posible.

(Nutr Hosp. 2014;29:559-562)
DOI:10.3305/NH.2014.29.3.7150

Palabras clave: GEP. Técnica de tirar. Anomalias craneo-
Jaciales.

and further enteral nutrition is low, while the surgical
gastrostomy is usually associated with a higher rate of
complications.'?

The PEG’s removal represent rarely discussed pro-
cedure as it poses no difficulties in most of patients. It
can be, however, of substantial difficulty in children
with distorted anatomy, such as pharyngeal stenosis or
endured craniofacial trauma, when regular endoscopy
is contraindicated.

In those patients, the surgical procedure under gen-
eral anesthesia is usually required, which increases the
risk and number of possible complications. It would
be useful to develop a new method, less invasive and
safer.
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Fig. 1.—Placement of the thread though the stump.

The aim of the study was to assess the very simple,
but rarely used method, which was the percutaneous
removal with the thread.

Method

Four children (4 males, mean age 4.1 year) were
analyzed. The indication was the tube blockage and
unsuccessful provision of nutrients. The underlying
diseases were as follow: Pierre-Robin syndrome in
one, malformation syndrome in three of them.

PEG removal’s necessity was due to the inability to
infuse feeding solution through the tube-blockage (n
= 2) and peritubular leakage (n = 2). In one patient
in addition to aforementioned symptoms inability to
push in and rotate the tube was noticed - the buried
bumper syndrome was diagnosed. Mean time before
tube removal was 8 months (range 5-21 months). PEG
devices were 10 Ch to 16 Ch.

In all cases it was impossible to insert a regular
endoscope with a channel for the loop, it was only
possible to insert an infant tool with a probe channel.
Mean number of preceding endoscopic attempts was
2/child.

Informed consent was obtained in all patients.
The method was approved by a local ethical com-
mittee.

The PEG removal procedure was performed un-
der general anesthesia. The prophylactic antibiotic

Fig. 2—Cutting off the PEG.

Fig. 3.—PEG’s insertion in the stomach.

shot was administered. At first the cutting needle
was passed through the external end of the PEG
tube, and the integrity of the tube was checked with
a traction. The PEG tube was cut approximately 2,5
cm above skin level, and a needle was passed 1 cm
over the skin through the PEG tube and tied after-
wards (figs. 1, 2). The distal end of the thick, nonab-
sorbable suture was inserted into the stomach along
with the shortened PEG stump (fig. 3). The thread
was then grabbed with an endoscopic forceps inside
the stomach after lubrication with gel (fig. 4). The
thread and the endoscope was brought out through
the mouth. The surgeon was able to remove short-
ened PEG stump orally by pulling the thread (figs.
5, 6). In one case PEG stump was blocked in the
proximal pharynx, and Magill’s forceps were used
to extract it.
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Fig. 4. —Intraluminal view.

Fig. 5.—Insertion of the endoscope.

Results

In all of four patients the procedure was successful.
There were not any postoperative complications. Mean
duration of the procedure was 6.6 minutes (range: 4.5-
11.2 min.)

After the removal, the enteral feeding via nasogas-
tric tube was performed for 4-5 weeks and another
PEG was reinserted subsequently.

Discussion

Several methods of PEG removal are described in
the literature, e.g. the “cut-and-push” technique for
PEG removal was described in 1991. The “cut-and-
push” technique is cutting the tube at the skin level
and allowing the tube and internal flange to pass spon-
taneously.’ This technique is used in patients who are
thought to have no risk of distal adhesions or strictures
— so patients with previous abdominal surgery should
be excluded for this type of PEG removal.”!* Still the

Fig. 6.—Removed PEG’s stump.

remnant can become blocked in the bowel, and result
in perforation and even a death of the patient.®!>!! The
PEG flange may be retrieved endoscopically but this
may become technically challenging in children with
pharyngeal stenosis, for example with Pierre-Robin
Syndrome, with innate craniofacial anomalies, gothic
palate or acquired pharyngeal stenosis e.g. after trau-
ma, as was the case in our patients. External traction
causes tissue disruption, the patients do not tolerate
the procedure well, and retrieval of the PEG is often
unsuccessful. The grasp with endoscopic forceps is of-
ten not so assured and the cut PEG fragment can be
blocked in the esophagus.

In case the infusion of feeding solution via the tube
due to its blockage and peritubular leakage, there are
indications for the PEG removal. When aforemen-
tioned symptoms are accompanied by the inability to
push in and out and to rotate the tube and abdominal
pain - buried bumper syndrome should be considered.’
Klein et al first described the latter in 1990."> Usually
patient is referred for emergency endoscopy or surgi-
cal removal of the bumper. In some cases removing the
PEG tube is achievable by external traction, without
an abdominal incision, especially in cases in whom
retrieval-type PEG tubes have been used.”* The only
migrated bumper we had was removed using an open
surgical technique (minilaparotomy) after the endo-
scopic attempt of the retrieval failed, and a new tube
was placed. Although some authors advocate leaving
the internal bumper in situ as a relatively safe treat-
ment option,' it is in our opinion risky, because it may
result in serious complications including gastrointes-
tinal bleeding, perforation of the stomach, peritonitis
and death."”

To conclude, it should be emphasized that the cut,
tie and pull method is safe and quick and not technical-
ly challenging in children with congenital or acquired

A thread method for removal
of PEG tube
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pharyngeal stenosis. It can reduce the mean time of the
PEG tube removal and moreover can be performed by
a single endoscopist.
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Abstract

Enteral nutrition therapy (ENT) is an essential part
in the management of critically ill patients, having a
significant impact on these patients’ clinical results. It
can be administered on a continuous or intermittent
basis using an infusion pump. There is a discussion on
which of these techniques has the best performance,
involving a number of factors such as nausea, diarrhea,
and particularly the relationship between diet volume
and the ratio of programed calories to calories effectively
supplied to the critical patients.

Objectives: To compare the forms of continuous or
intermittent infusion of enteral nutrition, using as primary
outcome the level of estimated caloric needs daily supplied.

Methods: Observational prospective randomized clinical
study carried out in an intensive care unit on 41 patients
divided into two groups, of intermittent (ENT during
18 hours with a 6-hour nocturnal pause), or continuous
(ENT during 24 hours continuously) administration. The
secondary outcome variables measured in this study were
bowel evacuation, distension, emesis, with the primary
outcome variable being the relationship between infusion
volume and the estimated-to-supplied ratio of caloric
needs. The rejection index of the null hypothesis was
established at 5% for all the tests.

Results: Most of the patients received more than 60 %
infusion of enteral diet over the 5 days of study (p = 1.0),
with no difference regarding the provision of caloric
needs. No statistically significant difference between
groups was found in the variables vomiting, abdominal
distension or diarrhea.

Conclusion: The administration modalities of continuous
or intermittent enteral nutrition are similar in which
regards the comparison of the variables included in this
study.
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NUTRICION ENTERAL EN PACIENTES CRITICOS;
¢SUADMINISTRACION DEBERIA SER CONTINUA
O INTERMITENTE?

Resumen

La terapia con nutricién enteral (TNE), una parte
esencial del manejo de los pacientes criticos, tiene un im-
pacto significativo en los resultados clinicos de estos pa-
cientes. La TNE puede administrarse de forma continua
o intermitente utilizando una bomba de infusion. Existe
una discusion sobre cuil de estas dos técnicas tiene un
mejor rendimiento, lo que implica una serie de factores
como nauseas, diarrea y especialmente la relacién entre
el volumen de la dieta y la proporcion entre calorias que
se programan y las que realmente se proporcionan efecti-
vamente a los pacientes criticos.

Objetivos: Comparar las formas continua e intermi-
tente de infusion de nutricion enteral, utilizando un nivel
de necesidades caldricas estimadas suministradas diaria-
mente como resultado principal.

Métodos: Estudio clinico prospectivo y observacional,
de distribucion aleatoria, de 41 pacientes en una unidad
de cuidados intensivos (UCI), divididos en dos grupos,
intermitente (TNE durante 18 horas con una pausa noc-
turna de 6 horas) o continua (TNE durante 24 horas de
forma continua). Evaluamos como variables secundarias
de resultados la evacuacion, distencién, emesis y como
variable principal de resultado la relacion entre el volu-
men de infusion y el cociente entre necesidades caléricas
estimadas a suministradas. Se establecié el indice de re-
chazo de la hipétesis nula en el 5% para todos los tests.

Resultados: La mayoria de los pacientes recibieron >
60% de la infusion de la dieta enteral a lo largo de los 5
dias del estudio (p = 1,0), sin observarse diferencias en
la provision de las necesidades caléricas. No se observa-
ron diferencias estadisticamente significativas entre los
grupos con respecto a las variables vomitos, distension
abdominal o diarrea.

Conclusion: Las modalidades intermitente o continua
de administracion de la nutricién enteral son similares
en lo que respecta a la comparacion de las variables de
este estudio.

(Nutr Hosp. 2014;29:563-567)
DOI:10.3305/NH.2014.29.3.7169

Palabras clave: Nutricion enteral. Administracion continua
e intermitente.
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Introduction

Nutrition therapy is essential among the health care
practices for critically ill patients. It is an adjuvant
therapy which main objective is to attenuate the de-
velopment of malnourishment.' Its efficiency depends
on a number of factors, such as metabolic status of the
patient and his/her response and behavior during the
treatment.

Enteral nutrition therapy (ENT) has presented good
results for a critically ill patient, therefore this is gen-
erally preferred to a total parenteral nutrition whenever
the patient’s gastrointestinal tract allows for it.> The use
of enteral nutritional support is linked to reduced infec-
tive complications, maintenance of intestinal mucosal
barrier integrity, and reduced bacterial translocation.!

However, the clinical behavior of this group of pa-
tients may interfere with ENT, thus affecting its ad-
ministration and, as a consequence, its efficiency. This
clinical characteristic may be directly linked to sever-
ity of the disease or to its treatment, with the require-
ment for sedatives, mechanical ventilation and therapy
with antibiotics or vasoactive drugs.

The clinical manifestations of these alterations gen-
erally occur through the presence of intercurrent dis-
orders such as abdominal distension, vomiting, and
diarrhea.** Pulmonary infection caused by bronchial
aspiration due to the increased volume of gastric res-
idue between feeding steps, which has high morbidi-
ty and mortality, is one of the most feared complica-
tions.”® Such complications may interfere with one
of the basic concepts of the objective of this therapy,
which is to supply calories to the patient; additionally,
they may determine a decrease in the total caloric infu-
sion goal prescribed to the patient.

Therefore, the modality of ENT infusion, either
continuous or intermittent, may influence such com-
plications.

However, few studies can be found in the literature
with conclusive results on this subject, mainly in crit-
ical patients. The purpose of this study is to compare
two methods of ENT infusion (continuous or intermit-
tent), and the way in which they can contribute toward
complications which impair the efficacy of the therapy.

Methods

Observational, prospective, randomized clinical
study, carried out on patients under clinical treatment,
over 18 years of age, of both genders, candidates to
receive enteral nutrition therapy exclusively. The na-
soenteral feeding tube was placed in gastric location
and data were collected during the first five days in
hospital. Patients with diabetes, hypothyroidism or any
surgery in the upper gastrointestinal tract were excluded.
The project was approved by the Research Ethical
Committee of Julio Muller University Hospital (CEP
637/09).

On admission to the ICU, patients were randomly
assorted to Group I-intermittent (ENT for 18 hours,
with one 6-hour nocturnal pause), or Group II-con-
tinuous (ENT for 24 hours uninterruptedly). In both
groups enteral nutrition therapy was delivered through
an infusion pump.

In addition, on admission to the ICU patients had
their nutritional status assessed using the Global Sub-
jective Evaluation-GSE; severity of their condition and
metabolic stress was assessed using APACHE 1II (acute
physiology and chronic health evaluation) score (< 10
indicates mild disease). Caloric and protein needs were
estimated by the following rules: a) 25-30 calories/kg
of body weight, and b) 1.5 g of protein/kg of body
weight. The estimated caloric needs were gradually
delivered during the first three days of hospital stay
(30%, 60% and 100%, respectively). A commercially
available processed enteral formula (Peptamen®), nu-
tritionally complete, was used for both groups, con-
taining 100% whey protein, with 1.5 cal/ml caloric
density.

Patients underwent bedside gastric residue volume
assessment by manual aspiration performed before in-
stallation of any new step of enteral diet. The cutpoint
level of 250 ml was established to continue or suspend
ENT administration, which is in agreement with the
protocol followed in our medical service.

The level of caloric needs was determined by ob-
serving the quantity of ENT infusion collected by the
nursery report and annotations made on the fluid balance
form, continuously monitored during 24 hours. Inher-
ent complications due to the use of ENT were also
monitored, with the following study variables being
chosen: incidence of diarrhea, bowel constipation, dis-
tension and vomit.

Sample calculation was based on the variable gas-
tric residue; considering an 80% beta error (type II)
the sufficient number of patients was calculated to be
16. The Chi-square and Fisher’s Exact tests were used
to compare categorical data and to test the association
between independent variables. Student’s ¢ or Mann
Whitney’s tests were used to compared two continuous
variables. Comparison between variables was made
using Relative Risk (RR) with a 95% Confidence In-
terval. The rejection index of the null hypothesis was
established at 0.05 or 5% (o. = 5%).

Results

After randomization 41 patients were included in
the study, 18 (44%) in Group I (intermittent) and 23
(56%) in Group II (continuous).

Demographics and clinical data are displayed in ta-
ble I, where no difference between the groups could
be identified.

The percentage of nutritional intake received along
the study days was described. During the five study
days it could be noticed that 17 patients (74%) in

564 Nutr Hosp. 2014;29(3):563-567

Viviane Maeve Tavares de Araujo et al.



Table I
Demographics and clinical data of the study sample

) GI(18h) G2 (24 h)
Variable
Mean SD Mean SD p
Estimated weight (kg) 70.2 +152 60.5 +14.7 0.08*
Height (cm) 1.7 +0.2 1.6 +0.1 0.66*
Age (years) 68.9 +194 61.3 +20.8 0.23*
BMI (kg/m?) 24.6 +5.0 223 +43 0.13*
Gender (M/F) 0.76%*
Male 10 14
Female 08 09
ASG (n%) 0.59%#*
A 01 (06) 03 (13)
B 11 (61) 11 (48)
C 06 (33) 09 (39)
Apache 20.7 495 224 6.05 (.33 k%
*Student t — Data as mean + SD.
**Fisher’s Exact Test.
*#*Chi-square Test.
*FxEMann Witney’s Test.
ASG Avaliacao Subjetiva Global.
Table I1
Achievement of caloric needs along the study days
Day when CN* GI (18 h) G2 (24 h)
was achieved Freq % % Acum Freq % % Acum prE
Did not achieve 08 44 - 06 26 - -
Day in-hospital 0 0 01 04 04 1.00
First day 01 06 06 01 04 09 1.00
Second day 04 22 28 07 30 39 0,52
Third day 03 17 44 06 26 65 0.22
Fourth day 0 44 01 04 70 0.12
Fifth day 02 11 56 01 04 74 0.32
Overall total 18 100 - 23 100 - -

*CN: Caloric needs.
**Fisher’s Exact Test.

Group II, but only 10 patients (56%) in Group I re-
ceived adequate caloric intake. Although the needs in
Group II were achieved more quickly and in a high-
er percentage, no statistically significant difference
could be found in this study (p = 0.32), as shown in
table II.

Complementing table II, figure 1 demonstrates the
gradual increase of ENT acceptance as length of hos-
pital stay advanced.

The study patients were evaluated according to the
complications they showed along the days of data col-
lection. Table III displays the results obtained after ex-
ploring the variables bowel evacuation, distension, and
emesis. Both groups were similar in this regard, with
no statistically significant difference (p < 0.05 for the
three items above described).

At the end of data collection only 3 (7%) patients
died, and 38 (93%) patients who remained in the study
until the fifth day were considered as being discharged
from the project. There was no significant difference
between the two groups (p = 0.57).

Discussion

A mandatory discussion when using ENT relates to
what administration method is chosen, whether inter-
mittent or continuous.

A global analysis of our data demonstrated that both
study groups had similar results, with no significant
differences relating to the method of ENT administra-
tion to the critical patients.

Enteral nutrition in critical patients
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80% 7
70%
60% -
50% 7
40% 7 TGl (8h
HG2(24h)
30% 1
20% 1
10% -
0% m
]?ay‘of. First Second Third Fourth Fifth Fig. 1.—Days of hospitali-
hospitalization day day day day day zation to achieve the caloric
needs.
Table III hours. This difference was maintained until the fifth

Results of bowel evacuation, distension and
emesis assessments

Evacuation Gl (18h) G2 (24 h) p
Normal 10 (56%) 10 (44%)
Diarrhea 05 (28%) 06 (26%) 0.57*
Constipated 03 (17%) 07 (30%)
Distension
No 06 (33%) 09 (39%) 0,70
Yes 12 (67%) 14 (61%) '
Emesis
No 14 (78%) 16 (70%) 0725+
Yes 04 (22%) 07 (30%) '

*Chi-square Test.
**Fisher’s Exact Test.

Intermittent infusion resembles more the usual,
regular feeding process, which follows the physiolog-
ical cycles. Interruption of the administration is pro-
grammed, thus allowing for a temporary rest from the
nutrition therapy of the patient.

Continuous infusion has the typical feature of pro-
viding a constant and slow flow, as required by patients
who do not tolerate any type of more rapid or volumi-
nous infusion.’

In this study we consider that the regularity of infu-
sion was maintained in both forms of administration
by programming the pump drip, the only difference
laying in the planned drip interruption in the intermit-
tent form.

After determining the amount of caloric needs, we
observed during the five days of the study that neither
group achieved the supply of total estimated caloric
needs, according to table II.

Patients in Group II achieved the prescribed caloric
needs more rapidly, especially during the first 48 to 72

day, yet no statistically significant difference was seen
in the comparison with Group I. A study showing re-
sults similar to ours found that a high percentage of
critical patients received less than 50% of the initially
prescribed caloric needs during the first days of ENT.

A study conducted at the Julio Muller University
Hospital of UFMT involving critical patients in the
intensive care unit showed that 75.6% of patients us-
ing ENT took up to six days to fulfill their nutritional
needs.” Their data are similar to the ones in this study.
It is worth noticing that an early achievement of the
programmed target of nutritional needs in fact inter-
feres positively with the critical patient’s treatment.

Both methods presented advantages and disadvan-
tages, since the differences they showed may interfere
with several physiological processes, consequently
with clinical processes as well.

As an example of such advantages, Vanessa Fujino
et al.® suggest, in a revision of the literature, that a noc-
turnal interruption of six hours should be programmed
aiming to reduce the intragastric bacterial population.
During the nocturnal pause the gastric pH that was not
blocked by the diet falls down to a bactericidal lev-
el in the stomach, thus decreasing the gastrointestinal
tract bacterial population. This in turn will favor the
decrease in levels of nosocomial pneumonia due to
bacterial increase.

The variables we chose to represent complications
of using ENT in the study patients are often comment-
ed in studies about this subject.** One of the most
discussed complications in this setting is the presence
of diarrhea, which often may become a factor to deter-
mine suspension of ENT in critical patients.

In a prospective study comparing the continuous
and intermittent methods of infusion, a higher inci-
dence of diarrhea, tube displacement and aspiration
pneumonia was evidenced by the intermittent method
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of administration without the use of infusion pump. In
the group receiving continuous ENT there was greater
occurrence of pump obstruction, however they had as
advantage a higher percentage of infusion of the daily
prescribed diet.’

Ciocon et al.!” showed results where diarrhea was
significantly more frequent in the intermittent than in
the continuous group.

In our study the variables diarrhea and constipation
were equally frequent in both groups. After analyzing
the variables, no statistically significant difference was
found, thus asserting the groups parity.

Decrease in the incidence of this complication in the
ICU is considered a positive aspect, in addition to the
fact that in both surveys it was not a cause for interrup-
tion of ENT administration.**!' It may be associated
to medications or infections rather than ENT. Addi-
tionally, diarrhea may adversely affect absorption of
nutrients and the nutritional status itself. These factors
lead to additional stress for the patient and to increased
healthcare costs.*!?

Whenever the patient presents with diarrhea, ENT
administration modality in critical patients is also a
very important point, which should be analyzed along
with the type of formula employed. Evidence exists
that the continuous use through infusion pump is a
strong ally in the treatment of diarrhea, since a de-
crease to small doses of the volume infused may en-
hance the patient’s tolerance to the enteral formula.>’

In relation to the variable constipation, although the
comparison of the groups yielded no significant dif-
ference in our results, there is still controversy in the
literature on constipation in critical patients, so that no
specific definitions are available on this matter. Some
studies suggest that there is an association between
the critical status of a patient, who usually takes many
drugs, and the incidence of bowel constipation.'*'*

The variables abdominal distension and emesis
were evaluated as well, however results were equi-
poise between the two groups, showing no statistically
significant difference.

Even if we consider the difficulties of collecting
data in critical patients, some remarks must be made to
our study. The reduced number of study days made it
impossible to evaluate the patients over longer periods,
which might likely yield different results.

Based on the present results, besides a mere adop-
tion of ENT administration protocols for critical pa-
tients, we believe we can give a contribution to the
clinical practices followed nowadays in the ICU. The
scientific demonstration that no difference exists in
results of using continuous or intermittent administra-

tion enables us to choose more freely which ENT form
of delivery will best fit the clinical status of the patient
and the procedures adopted at any given moment re-
garding its propaedeutics and therapeutic options.

Therefore, if needed, we can decide to submit the
patient to a programmed pause in his diet (intermittent
infusion). During this period a number of activities can
be scheduled which interfere with the infusion, espe-
cially for the ICU routine procedures, with no damage
to the enteral nutrition therapy.
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Abstract

Introduction: There is an increasing use of enteral
therapy at home, which reduces costs and improves
patients’ quality of life. Homemade food diets are being
commonly used in the households of undeveloped countries,
but those diets vary in composition and characteristics
depending on the ingredients and preparation procedures
adopted in its preparation, which influences the quality of
the diet to satisfy the nutritional needs of patients.

Objective: This study aimed to formulate and determine
the quality of homemade enteral diets.

Methods: An enteral diet plan was prepared by using
conventional food, consisting of 6 meals, totalizing 2 liters
per day, and it was adopted a proportion of 25% of solid
food. The diets were analyzed for stability, viscosity, flow,
pH, chemical and nutritional composition.

Results and discussion: The enteral diet plan was
adequate in its physical-chemical aspects, however, it
presented low percentages of adequacy, 20-53 %, between
the estimated and real content of macronutrients in the
soup, formula used for lunch and dinner, which impaired
the nutritional quality of the enteral diet plan.

Conclusions: The results showed the difficulty of
establishing the nutritional content of these diets,
especially when made of meat and vegetables. Therefore,
it is suggested a mixed enteral therapy by using commercial
diets to achieve part of the nutritional needs of the
patient together with enteral diets of homemade food to
supplement it and also to redeem the psychosocial values
of the feeding process.
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CARACTERISTICAS FISICO-QUIMICAS Y
NUTRICIONALES DE LAS DIETAS ENTERALES
CASERAS

Resumen

Introduccion: Existe un creciente uso de la terapia en-
teral domiciliaria, lo que reduce los costes y mejora la
calidad de vida para los pacientes. Las dietas elaboradas
con alimentos caseros estan siendo usadas cominmente
en los domicilios de los paises subdesarrollados, pero es-
tos varian en composicion y caracteristicas dependiendo
de los ingredientes y procedimientos adoptados en su
preparacion, lo que influye la calidad de estas dietas para
satisfacer las necesidades nutricionales de los pacientes.

Objetivo: Desarrollar y determinar la calidad de las
dietas enterales caseras.

Métodos: Se elabor6 un plan de dieta enteral casera,
con alimentos naturales, consistente en 6 comidas, con
un total de 2 litros por dia, utilizando una proporcién de
25% de solidos. Las dietas se analizaron para determinar
la estabilidad de su composicion, viscosidad, flujo, pH,
composicion quimica y nutricional.

Resultados y discusion: Las dietas eran adecuadas en
sus aspectos fisico-quimicos, sin embargo, presentaron
bajos porcentajes de adecuacion, 20 a 53 %, entre el con-
tenido estimado y real de macronutrientes en la sopa,
formula usada en el almuerzo y la cena, que afecté a la
calidad nutricional del plan de dieta enteral.

Conclusiones: Los resultados muestran las dificulta-
des de establecer el contenido nutricional de estas dietas,
sobre todo cuando son a base de carne y verduras. Por
lo tanto, se sugiere una mezcla de terapia enteral casera
e industrial, mediante el uso de dietas comerciales para
lograr parte de las necesidades nutricionales del pacien-
te, junto con dietas caseras para complementar y com-
pensar también los valores psicosociales del proceso de
alimentacion.

(Nutr Hosp. 2014;29:568-574)
DOI:10.3305/NH.2014.29.3.7083

Palabras clave: Nutricion enteral. Formula enteral. Cali-
dad de los alimentos. Andlisis de los alimentos.



Introduction

The enteral nutritional therapy aims to maintain or
restore the nutritional status of individuals who fail
to maintain a sufficient oral intake, although having a
gastrointestinal tract fully or partially functioning. Its
administration is related to the reduction of infectious
complications and maintenance of the integrity of in-
testinal flora.!? Lesions of jaw and central nervous sys-
tem, anorexia, cancer, and hypermetabolic conditions
such as burns and severe infections are examples for
nutrition enteral indication.'?

As feeding is not exclusively related to the physio-
logical aspects, but also to psychosocial needs, enteral
nutrition, likewise, is surrounded by symbolisms. For
patients on enteral feeding, food may lose its social as-
pect, as family integration and expression of affection,
which is intensified in hospitalization.* The practice of
home enteral therapy, which is increasing in several
countries,>>! tends to rescue the psychosocial values of
food, making possible a family life for the patient, in
addition to prevent contamination and reduce hospital
costs for the health system in general.>**

There are several industrialized enteral diets in the
market, chemically defined in labels, safely storage
during reasonable time.®”® Such diets also have the
advantage of reduced need for handling, which helps
to preserve a higher hygienic quality, due to its pro-
cess of production and packaging, as well as reduces
the risk of complications from diet contamination it-
self.>® However, the industrialized formulas are expen-
sive, so their continued use is basically impractical for
low-income families and even by health institutions
with reduced budget.*® This leads to the use of enteral
food made formulas, also known as non-industrial or
handmade diet prepared with food, mixed or not with
industrial products and nutrient modules.'*!

In North America and Europe the prevalence use of
industrialized enteral diets is common.'>!> But in un-
derdeveloped or developing countries, like Brazil, there
has been a considerable prevalence on handmade diets
in home therapy, and even in hospitals located in the
poorest regions such as the Valle Jequitinhonha.>*!?
The quality aspects that influence the effectiveness of
treatment, such as pH, fluidity, stability and nutritional
composition of handmade diets may vary depending on
the ingredients that are used and the procedures which
are adopted in its preparation and storage process.®!14
Another factor that limitates the quality of these diets
is the indirect estimation of its nutritional composition,
based on food composition tables, which also show
great variability and scarcity of data.'"'> Besides, there
is still little knowledge about the actual loss of nutrients
during the preparation of handmade enteral diets, which
also turns its nutritional quality questionable.'*!

The Human Rights to Adequate Food is recognized
in various international standards, such as in article 25
of the Universal Declaration of Human Rights and ar-
ticle 11 of the International Covenant on Economic,

Social and Cultural Rights.'*!'” Since 2003 there have
been many achievements towards the institutional-
ization of this right by Latin America countries, the
Caribbean, including Argentina, Brazil, Guatemala,
Ecuador and Venezuela, which has already established
Food Safety Laws, based in the Human Rights to Ad-
equate Food warranty.'®!'” Nevertheless, individuals in
enteral therapy with low purchasing power still have
not guaranteed any access, availability or adequacy in
this diet.*® For the use of enteral diets made of food is
necessary to monitor their nutritional content, as well
as their physical and chemical characteristics because
of the direct influence they have on its fluidity, which
is a determining factor for a correct passage through
the catheter.!"181% Several studies have shown that
handmade diets have reached ideals physicochemical
parameters, however, most of the time, its nutrition-
al quality was based only on the estimated calculation
from food composition tables.*"-2021.22

To provide subsidies that assist the prescriptions for
handmade enteral formulas, in order to ensure food
and nutritional safety for patients on enteral therapy,
the present study aimed to formulate and determine
the characteristics of physicochemical and nutritional
quality of homemade enteral diets.

Methods
Raw material

To elaborate these enteral diets low-cost food was
chosen: beef (lean meat with no fat or aponeurosis),
carrot, soybean oil (Liza®), iodized salt (Swan®),
maltodextrin (Lowgucar®), whole milk (Lider®), Mu-
cilon Rice (Nestle®), banana (in stage 7 of ripening,
yellow with brown areas), mango and orange (in stage
C5 of maturation).”® The ingredients were selected
based on their nutritional value, according to food
composition tables,* industrialized product labels,
also osmolality and solubility characteristics previous-
ly tested by other authors.?*

Food plan

The diet plan was based on the nutritional needs of
an adult’” and had the purpose of adding the psycho-
social aspects of food to the home nutritional enteral
therapy, divided into 6 meals a day, whose preparation
process were similar to the standard fare. The concepts
of the meals were: fruit shakes for breakfast and after-
noon snack; natural fruit juice for morning snack, soup
for lunch and dinner; milk with Mucilon® for supper
(table I). The proportion of solids consisted of 25%
solute (w/v) established according to the osmolality
parameters already tested in other studies. "

The enteral feeding plan was characterized as nor-
mocaloric and normoproteic, according to the esti-

Physicochemical and nutrional
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Table I

Enteral diet plan
Formulation of the diets
Meals and volume Diets Ingredients Weight/volume Homemade measure
Whole milk 200 mL 1 tea cup
Breakfast Banana Banana 60 g 1 small unit
350 mL Shake Maltodextrin 2lg 3 tablespoons
Water - Until complete volume
Morning snack . -
250 mlL Juice Orange juice 250 mL 1 cup
Beef 75¢ 4 tablespoons
Carrot 24¢ 2 tablespoons
Lunch and dinner Whole mllk 200 mL 1 tea cup
350 ml/each Soup Maltodextrin 36¢ 4 tablespoons
Soybean oil 8 mL 1 tablespoons
Broth cooking - Until complete volume
lodized salt 2¢g 1 coffee spoon
Whole milk 200 mL 1 tea cup
Afternoon snack Mango Mango 60 g Half unit
350 mL Shake Maltodextrin 27¢ 3 tablespoons
Water - Until complete volume
Whole milk 200 mL 1 tea cup
Supper Milk with Mucilon® 21g 3 tablespoons
350 mL Mucilon® Maltodextrin 27¢ 3 tablespoons
Water - Until complete volume

mated nutrients® in a volume of 2 liters per day. The
percentage of caloric distribution among the macronu-
trients was established as: proteins, up to 20%, lipids
30-35%, 50-60% carbohydrates.'!!°

Formulas preparation process

The diets were developed in laboratory under sim-
ilar conditions to home. For the soup preparation,
carrots, previously cleaned, together with meat were
cooked in small pieces, for 40 minutes in a pressure
cooker (12psi, ch. 4.5 L, Colck®, Brazil) with 800 mL
water. After cooking, the ingredients were liquefied
(Britania®, Diamente, Sdo Paulo, Brazil) with whole
milk, iodized salt and maltodextrin. The contents were
then sieved on nylon mesh with openings of 1 mm in
diameter, until undissolved solids were retained. After
sieving, soybean oil was added together with the broth
left up to complete 350 ml and then homogenized for
2 minutes. For each feeding formula another one was
identically performed without adding soybean oil in
order to determinate the pH.

To prepare the shakes, the fruits were previously
cleaned, peeled and cut into pieces, and then liquefied
(Britania®, Diamente, Sdo Paulo, Brazil) for 5 min-
utes with whole milk and maltodextrin. The formula
was then screened following the procedure used for
the soup, and added water up to reach 350 ml. The
fruits were sanitized beforehand and the juice extract-
ed with the aid of a manual orange juicer (Plasvale®,

Brazil). The suspension obtained was sieved on nylon
mesh with opening of 1 mm in diameter. For supper,
milk and Mucilon® were liquefied (Britania®, Diamente,
Sao Paulo, Brazil) for 4 minutes and then also screened.
The preparations were placed in sterile glass containers,
sealed and left to stand for 3 hours at room temperature,
approximately 22 + 2° C for further analysis.

Physical chemistry quality analysis

To test the stability of the diets they were subjected to a
visual inspection of phases separation process, after being
homogenized and tightly packed, then rested for 3 hours.?
The viscosity of the formulas was considered adequate if
it did not cause obstruction when administered through a
10-French catheter (1 French = 0.33 mm), by the gravi-
tational method.”® Fluidity evaluation was carried out by
means of drip test, gravitational method, using 200 mL
of the diet in plastic bottles (Darrow®) connected to the
equip (B. Braun Laboratory®) to check the number of
drops by minute.® To determine the pH we used 12 mL
of non oil diets at room temperature by means of pH me-
ter (Analyser®, Sdo Paulo, Brazil), according to Menezes
and Aratjo protocol.

Nutritional quality analysis

The nutritional value of the enteral food plan was
previously estimated by food composition tables*
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Table IT
Nutritional quality and physical chemistry of the homemade enteral diets

Nutrients BSa hnaézle “ Juice Soup A;f;’]‘feo %ﬁfﬁllﬁ%
Solids (g/%) 18.79 £0.02 9.08 +0.01 11.59 £0.01 16.64 £0.02 17.91 £0.01
Ashes (g/%) 0.50 £0.01 0.03 £0.02 0.17 £0.01 0.40 £0.03 0.40 £0.01
Protein (g/%) 2.02+0.13 0.60 £ 0.01 1.42£0.01 2.03£0.15 2.16+0.23
Lipids (g/%) 1.90 £0.07 0.11 £0.06 3.06 +0.10 1.68 +0.38 1.83 £0.01
Carbohydrate* 14.36 8.33 6.93 12.53 14.41
Real caloric density” 0.83 kcal/mL 0.37 keal/mL 0.61 kcal/mL 0.73 kecal/mL (.83 kcal/mL
Estimated caloric density* 0.82 keal/mL 0.27 keal/mL 1.32 keal/mL 0.77 keal/mL 0.87 kcal/mL
Drops per minute 97103 1182120 95102 95a103 7580
pH 6.04£0.0 55+0.0 6.15£0.0 6.32+0.0 6.9+0.0

*Calculated by difference: Carbohydrate = 100 - (protein + lipids + ashes).
Values obtained by chemical analyzes.

#Values estimated by food composition tables.

+ Standard deviation.

and information on the labels of processed products.
Sequentially, it was also analyzed the real nutritional
content in the formulas.

Moisture was determined by drying process in hot-
house,” ashes by incineration in a muffle furnace at
550° C* and total lipid content according to Blight and
Dyer method.” Protein content was quantified through
the determination of total nitrogen by Kjeldah method®
using the 6.25 factor for total conversion of nitrogen in
crude protein. Total carbohydrates were estimated by
difference and the results were expressed in g/100 mL
diet on a wet basis. Those analyzes were conducted
in triplicates, the results presented in arithmetic mean
and standard deviation. For the metabolizable energy
calculation the Atwater Factors were applied, which
determines 4 kcal per gram of carbohydrate and pro-
tein, and 9 kcal per gram of lipids.*

To obtain the nutritional quality of the diets, the per-
centage of match between the nutritional content of
estimated macronutrients and the results of chemical
analyzes of composition was calculated. According
to the 360 Resolution of December 23th of 2003,3! a
difference up to 20% for more or for less is tolerat-
ed in the nutritional content information presented on
feeding products. Based on this Reference,’ a range of
at least 80% of match between the results obtained in
laboratory tests and nutritional contents estimated was
adopted as a quality parameter.

Results

On subjective analysis, all diets showed beige color,
appearance and smell just fine. The stability test did not
show phase separation after 3 hours after preparation
when at rest and at room temperature. None of the for-
mulas caused obstruction when administrated trough a
10-Frech catheter, by gravity method, which indicates
the adequacy of their viscosity.?® It was also expected,

since the formulas were sieved on a 1 mm nylon mesh,
before been administrated trough the catheter.

In the aspect of fluidity, the formulations passed
through the 10-French catheter without clogging, with
dripping from 78 to 120 drops/minute (table II), not
depending on the opening of the equip for retarding or
accelerating its passage, which indicates that it is pos-
sible its administration by gravity method. The orange
juice had a pH of 5.5 and the milk with Mucilon® diet
recorded the highest pH-value of 6.9. The other diets
ranged between 6.04 and 6.32 (table II) which sug-
gests that they showed good physicochemical quality.

The results of the chemical analyzes, of the diets
composition, as well as the estimated energy value by
food composition tables** are shown in table II. The
comparison between real and estimated nutritional
content of the diets showed low percentages of ade-
quacy for soup (table IIT). With the exception of the
soup, the percentage of adequacy for the other prepa-
rations were adequate, 86-122%, however, the pres-
ence of the soup in both main meals (lunch and dinner)
has limited the eating plan to achieve good nutritional
quality, with low percentages of suitability for proteins
and lipids (table III).

The chemical analyzes showed that the diet plan re-
sulted in a low-fat diet, with a considerable decrease
in the proportion of protein and total energy intake
compared to estimated values for the distribution of
macronutrients and total energy intake (fig. 1).

Discussion

As for physical and chemical characteristics, the re-
sults were similar to those found by other authors,!!-226
who demonstrated that a concentration of 25% solids
allows proper drainage through the equip. The regis-
tered times were similar to those at 120 drops/minute
in pre-pyloric position and 60 to 120 drops per minute

Physicochemical and nutrional
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Table I1I
Percentage adequacy of macronutrient diets

Protein (g) Carbohydrate (g) Lipids (g)
Diets Real* Estimated' . Real Estimated Real Estimated
%* % %

(8) (8) (8) (8) (g) (8)
Banana
Shake 7.07 7.22 98 50.26 48.75 103 6.66 6.93 96
350 mL
Juice
250 mL 1.21 1.40 86 16.66 15.20 109 0.22 0.20 110
Soup

4.99 22.76 20k 24.25 45.51 53 10.71 21.20 50
350 mL
Mango
Shake 7.08 6.91 102 43.84 44.92 122 5.90 6.77 88
350 mL
Milk with
Mucilon® 7.55 7.99 94 50.45 52.99 95 6.41 6.77 95
350 mL
Enteral
diet plan 32.88 69.04 44 185.4 252.88 82 40.62 63.07 60%*
2,000 mL

*Values obtained by chemical analyzes.

Values estimated by food composition tables.

‘Percentage of matching the real nutritional content and the estimated one.
**Values below the parameterized nutritional quality.

post-pyloric, as suggested by Baxter.>> Smaller calibers
provide greater comfort to the patient, but they increase
the chances of catheter obstruction.”® For administra-
tion by gravity, which is generally used in households,
it is recommended to use catheters with an internal di-
ameter of 10-French or more.?® Formulas with high vis-
cosity can cause obstruction when administrated trough
small catheters, but none of the formulas of this study
caused obstruction in 10-French calibers.?

Most diets made by food showed slightly acidic or
neutral pH, which favors the growth of microorganisms,
so that the person responsible for its preparation must
be instructed about the proper hygiene practices to be
followed in the handling, preparation, storage and ad-
ministration of the diet.>!*?® On the other hand, the pH
found in the formulations promotes the gastric motility;
since this can be reduced by using solutions with pH
lower than 3.5. As well as in formulas with pH less than
4.6 this can cause obstruction in the catheters.*!** All
diets in this study had pH values greater than 4.6.

Regarding nutritional quality, unlike other formu-
lations, the soup had adequacy percentages below
80% considering the soil nutrients found by chemical
analyzes and those calculated by food composition
tables.?* The protein content showed the greatest dis-
crepancy among these values, with only 22% in corre-
lation to the soup, which led to an adequacy percentage
of 44% of the total protein content of the diet plan. The
soup was the only preparation with flesh meat content.
During its screening an accumulation of meat fibers

was observed on the sieves, which were discarded by
the inability to pass through the catheter. Low percent-
age of match between the levels of real and estimated
nutrients, especially protein content, were also found
in other studies®®!"131833 being justified by the signifi-
cant amount of waste disposed in sifting.

Felicio et al." has also found a low percentage of suit-
ability, about 40% to the total caloric value of the food
plan, consisting of 4 handmade enteral diets used in a
hospital in Valle Jequitinhonha-MG, when comparing
the their chemical analyzes results with nutritional val-
ues estimated by the food composition tables.!?

According to these authors,'? in order to be able to
flow through the catheter it is necessary to perform a
hiperdiluition on non-industrialized diets, which dif-
ficult to reach the desired caloric density for the diet.

Mitne et al.** have analyzed the nutritional quality
of non-industrial enteral diets in three Brazilian hos-
pitals, and they found significant differences between
the real and the estimated content in food composition
tables. In a study conducted in a public hospital in Jodo
Pessoa city-Estate of Paraiba, values chemical analyz-
es were performed on four different non-industrialized
enteral diets and they found that none of them reached
the macronutrient and total energy estimated in the
food composition tables.®!!

Santos and Moraes’ also found similar results when
they analyzed the adequacy percentage of macronutri-
ents and total energy for non-industrial enteral formu-
las of soup type and milk-based preparations. In this
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distribution of macronutrients
of enteral diet plan.

study,’ the preparations on milk basis obtained about
70% of adequacy between macronutrient content and
total energy, compared to the estimated values, and
the soups reached percentage below than 50% for pro-
teins, lipids and total energy. Of the macronutrients
analyzed in food plan, the carbohydrates obtained the
highest suitability content estimated, 82%, which can
be explained by the high solubility of the maltodextrin,
main source used in the diets.

The utilization of nutrients is also conditioned upon
a proper distribution of macronutrients in the diet.® The
low correlation between the estimated and the real ma-
cronutrients in the soup impaired the nutritional balance
of the diet plan, as shown in figure 1. The administration
of a diet that does not reach the estimated energy value,
as well as balance in the proportion of its macronutri-
ents, may result in loss of lean body mass and adipose
tissue, hindering the maintenance and/or recovery of the
individual nutritional status, which directly reflects in
the control of health-disease process.®*

The preparation of enteral diets with food of high
physical, chemistry and nutritional qualities has as
limiting factors: physical and chemistry instability of
formulations, the difficulty of achieving an adequate
flow in the catheter, the risk of contamination during
handling and preparation processes, the inaccuracy
of previous estimates for nutritional content and the
relative loss of nutrients during the whole process of
preparation, which also can lead to imbalance in the
distribution of macronutrients in the diet.*!!

Due to these obstacles, the exclusive use of enteral
diets madden by food may hinder the achievement of
the goal of enteral nutrition. Thus, a mixed enteral ther-
apy that provides part of the patient’s nutritional needs
by handmade enteral diets, based on juices and fruit
shakes, and complemented with industrialized enteral
diets seems to be indicated as best alternative to avoid
damages to the health of individuals in enteral nutrition.

The use of diets made with food, besides contributing
to the nutritional support, tends to recover psychosocial
values of feeding process, since the meals can be pre-
pared by the family using conventional food.

Despite the higher cost of mixed enteral therapy due
to the use of industrial diets, the Human Right to Ad-
equate Food predicts the responsibility of the State to
guarantee to all citizens permanent access to adequate
food in quantity, health and nutrition quality, according
to the special needs of each one.'® And thus, individu-
als who have this right violated, as in case of necessity
and lack of access to industrialized enteral formulations,
may require their provision to the State, in other words,
they may seek for the enforceability of this right by pub-
lic power.'” In this context, health professionals should
have their actions aimed at ensuring rights of health and
nutrition to the population, going beyond compliance
and nutritional prescription, but promoting empower-
ment and awareness, guiding their patients about their
guarantees of access to especial formulas.'”*

The knowledge of the nutritional composition of en-
teral diets is critical to the effectiveness of enteral ther-
apy.> However, there is still a paucity of data regarding
health and nutritional quality, based on chemical anal-
ysis, of handmade enteral diets. Thus, more studies
are needed that seek to establish quality standards for
nutritional analyzes in these diets, besides seeking for
food formulas that meet those parameters.

Conclusions

The handmade enteral diets have good physicochemi-
cal quality. Regarding nutritional quality, the fruit shakes,
fruit juices and milk mixtures with Mucilon® have good
adequacy in its contents of estimated and analyzed ma-
cronutrients, reaching the expected quality. However, the
soup presents significant losses in nutritional composi-
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tion, possibly occurring during the screening, which leads
to low percentages of adequacy, which is determining for
a nutritional quality expected from the food plan.

Given to the difficulty of determining the nutritional
composition in handmade enteral diets, especially the
ones that have meats and vegetables, a mixed enteral
therapy, using industrialized and handmade diets, is
suggested to meet the nutritional needs of the patients
and to add the psychosocial values to the treatment.
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Abstract

Introduction: Calcium deficiency is considered a risk
factor for the development of osteoporosis in inflammatory
bowel disease (IBD) patients. Various dietary restrictions,
including milk products are reported by these patients.

Objective: To evaluate dairy product and dietary calcium
intake by IBD patients.

Methods: This cross-sectional study enrolled 65 outpatients
with IBD recruited from one reference center for IBD. A
semi-structured questionnaire (to collect demographic,
socioeconomic and clinical data) and a quantitative food
frequency questionnaire were administered. With regard to
clinical data, we evaluated the anthropometric nutritional
status, the disease classification, the disease activity index
and the presence of gastrointestinal symptoms. Self-
reported modifications in the use of dairy products were
evaluated.

Results: The IBD patients’ ages ranged from 20-75
years and 67.0% were diagnosed with ulcerative colitis.
The majority (64.7 % ) reported restricting dairy products.
The frequency of gastrointestinal symptoms was higher
among the Crohn’s disease patients who restricted dairy
products than among those with no restrictions (100%
vs 42.9%; p = 0.013); this result was not observed among
the UC (ulcerative colitis) patients. Disease activity was
also more frequent in the IBD patients who restricted
dairy products than in those with no restrictions (23.8%
vs 4.5%; p = 0.031), and among the UC patients, extensive
disease was more common in the patients who restricted
dairy products than in those with no restrictions (42.9%
vs 20.0%; p = 0.03).

Conclusion: Restricting dairy products is common
among IBD patients, possibly due to disease activity, the
presence of gastrointestinal symptoms and the extension
of the disease.
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RESTRICCION DE PRODUCTOS LACTEOS;
UNA REALIDAD EN PACIENTES CON
ENFERMEDAD INFLAMATORIA INTESTINAL

Resumen

Introduccion: Se considera que la deficiencia de calcio
es un factor de riesgo para el desarrollo de osteoporo-
sis en pacientes con enfermedad inflamatoria intestinal
(EII). En estos pacientes se han notificado diversas res-
tricciones dietéticas.

Objetivo: Evaluar la ingesta de productos lacteos y cal-
cio de la dieta en pacientes con EII.

Meétodos: En este estudio cruzado se reclutaron 65 pa-
cientes ambulatorios con EII procedentes de un centro
de referencia para EII. Se administraron un cuestionario
semi-estructurado (que recogia datos demograficos, so-
cio-econémicos y clinicos) y un cuestionario de frecuen-
cia de consumo de alimento. Con respecto a los datos cli-
nicos, evaluamos el estado nutricional antropométrico, la
clasificacion de la enfermedad, el indice de actividad de
la enfermedad y la presencia de sintomas gastrointestina-
les. Se evaluaron las modificaciones auto-notificadas en el
uso de los productos lacteos.

Resultados: Las edades de los pacientes con EII variaban
entre los 20 y 75 aiios y el 67,0% fueron diagnosticados de
colitis ulcerosa. La mayoria (64,7 %) notificaban una res-
triccion de los productos lacteos. La frecuencia de sintomas
gastrointestinales fue mayor en los pacientes con enferme-
dad de Crohn que restringian los productos lacteos que en
aquellos que no lo hacian (100% frente a 42,9%; p = 0,013);
este resultado no se observé en los pacientes con colitis ul-
cerosa CU. La actividad de la enfermedad también fue mas
frecuente en los pacientes con EIl que restringian los pro-
ductos lacteos que en aquellos sin restriccion (23,8 % frente
a4,5%;p=0,031)y, en los pacientes con CU, la enfermedad
extensa fue mas habitual en pacientes que restringian los
productos lacteos que en aquellos que no lo hacian (42,9 %
frente a 20,0%; p = 0,03).

Conclusion: La restriccion de productos lacteos es
habitual en pacientes con EII, posiblemente debido a la
actividad de la enfermedad, la presencia de sintomas gas-
trointestinales y la extension de la enfermedad.

(Nutr Hosp. 2014;29:575-581)
DOI:10.3305/NH.2014.29.3.7124

Palabras clave: Enfermedad inflamatoria intestinal. Colitis
ulcerosa. Enfermedad de Crohn. Productos ldcteos. Calcio de
la dieta.
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Abbreviations

IBD: Inflammatory bowel disease.
CD: Crohn’s disease.

UC: Ulcerative colitis.

BMI: Body Mass Index.

FFQ: food frequency questionnaire.

Introduction

Inflammatory bowel disease (IBD), mainly repre-
sented by Crohn’s disease (CD) and ulcerative colitis
(UC), is a chronic inflammatory disorder associated
with gastrointestinal and systemic complications.'
IBD has been a major gastroenterological problem in
the Westernized world.?

Calcium deficiency, mainly as a result of steroid use,
has been reported in both CD and UC patients.® The
development of osteoporosis and an increased risk of
fractures are increasingly common in these patients.*
These problems become more severe when patients re-
duce the amount of calcium-rich foods they consume.
This behavior is perpetuated by food beliefs in an at-
tempt to control symptoms or to prevent the recurrence
of the disease. Health professionals who advise restric-
tive diets also contribute to this deficiency.’

Between 1960 and 1970, some studies reported an
improvement in symptoms and a lower likelihood of
the recurrence of disease activity in UC patients who
excluded dairy products from their diet. These results
suggested that milk could be an important factor in the
onset or exacerbation of UC,*’ although the studies
had methodological limitations.®

Considering the significant impact of calcium defi-
ciency on bone health and patients’ quality of life, the
objective of this study was to evaluate the intake of
dairy products and dietary calcium by inflammatory
bowel disease patients.

Materials and methods

Patients

This is a cross-sectional study conducted between
September 2011 and March 2012 in the outpatient
Gastroenterology and Nutrition Unit at Professor Ed-
gar Santos University Hospital, Salvador, Bahia, Bra-
zil. Sixty-five consecutive patients were included in
this study. Informed consent was obtained from all the
patients, and the Ethics Committee and the Institutional
Review Board of the Professor Edgar Santos Universi-
ty Hospital approved the protocol of this study.

Inclusion and exclusion criteria

Patients were invited to participate in the study ac-
cording to the following inclusion criteria: age over 18

years and a UC or CD diagnosis according to clini-
cal, endoscopic, radiological and/or pathological study
findings.” The exclusion criteria were pregnancy, in-
testinal resection, malignant diseases, celiac disease,
lactose intolerance, chronic renal failure and severe
liver disease.

Demographic, socioeconomic, clinical
and dietary data

The demographic and socioeconomic data includ-
ed gender, age and education level. With regard to
clinical data, we evaluated anthropometric nutritional
status, the disease classification, the disease activity
index and the presence of gastrointestinal symptoms
(abdominal pain, bloating, nausea, vomiting, diarrhea,
bloating and bloody stools). The dietary data com-
prised self-reported information about changes in the
current consumption of dairy products (cow’s milk and
derivatives) as well as the reasons for such changes.

For the CD patients, we applied the Harvey and
Bradshaw index (1980),'° considering disease activity
as a score = 5 points. The Lichtiger index (1994)"! was
used for UC patients, and active disease was defined as
an index value = 10 points. We applied the Montreal
Classification for both CD and UC patients.'?

The Body Mass Index (BMI) was used to describe
the patients’ anthropometric nutritional status.'>!* The
anthropometric measurements were taken by profes-
sionals who were experienced in taking these meas-
urements. Body weight (kg) was measured twice with
the patients wearing light clothes and no shoes. Weight
was evaluated using a digital scale accurate to 100 g,
and height (in centimeters) was measured with a stadi-
ometer accurate to 0.5 cm."

Evaluation of dietary data

The food frequency questionnaire (FFQ) was used
in combination with a photo album for the assessment
of the portions and average daily intake of dairy prod-
ucts and calcium (dietary calcium). This FFQ was vali-
dated for use in studies of interventions and/or preven-
tion programs for chronic diseases.'

The consumption of dairy products was transformed
into daily portions for the statistical analysis, and one
serving or more per day was considered adequate
intake.'® We analyzed information concerning the
self-reported changes in the most recent consumption
of dairy products (cow’s milk and derivatives) as well
as the justifications for these changes. The reduction or
exclusion of cow’s milk and derivatives or substitution
with soy milk was considered dairy product restriction.

The average daily dietary calcium intake was calculat-
ed using the Personal Nutrition software (DietWin-Porto
Alegre, Rio Grande do Sul, Brazil). Adequate calcium
intake was defined as the equivalent of 800 mg per day
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Table I
Description of the demographic, anthropometric
and clinical characteristics of the Crohn’s disease
and ulcerative colitis patients

Variables CD(n=21) UC(n=44)
Age (years) (mean + SD) 39.99.9) 47.1(14.4)
Gender [n (%))

Male 9(42.9) 16 (36.4)

Female 12 (57.1) 28 (63.6)
Anthropometric status' [ (%)]

Underweight 3(144) 4(9.1)

Normal 9(42,8) 28 (63.6)

Overweight 9(42,8) 11(25.0)
Disease duration (years) (mean + SD) 6.8(3.2) 7.5(4.9)
Extension of ulcerative colitis (1 (%))

Distal - 22 (50.0

Left-sided - 10 (22.7

Extensive - 12(27.3)
Location of Crohn’s disease [1 (%)]

Terminal ileum 4(19.0) -

Colon 9(42.9) -

Ileocolon 8 (38.1) -

Upper GI 0(0.0) -
Behavior of Crohn’s disease (1 (%))

Nonstricturing, nonpenetrating 13 (61.9) -

Stricturing 3(14.3) -

Penetrating 3(143) -

Stricturing + perianal 1(4.8) -

Penetrating + perianal 2(9.5) -
Disease activity index [1 (%)]

Remission 17 (81.0) 41(93.2

Activity 4(19.0) 368
Gastrointestinal symptoms [1 (%)]

No 8 (38.1) 28 (63.6)

Yes 13 (61.9) 16 (36.4)

CD: Crohn’s disease; UC: ulcerative colitis.
'n=43 UC patients.

for individuals from 19 to 50 years old of both genders,
800 mg per day for males 51 to 70 years old and 1000
mg per day for female subjects 51 to 70 years old."” The
calcium present in beverages, nutritional supplements
and medications was not recorded in this study.

Statistical analysis

For the descriptive analysis, we calculated the means
with standard deviations (mean = SD) and medians with
ranges for the continuous variables; we calculated the
absolute and relative frequencies for the categorical
variables. The differences between CD and UC patients
with regard to calcium and dairy product intake, the
restriction of dairy products and disease duration were
analyzed with the Mann-Whitney test. The chi-square
test or Fisher’s exact test was calculated to determine
the strength of the association between two categori-
cal variables. SPSS 15.0 software (SPSS, Chicago, IL,

United States) was used for the statistical analyses. P <
0.05 was considered statistically significant.

Results

The patients’ mean age was 44.8 + 13.5 years, and
the mean disease duration was 7.2 + 4.4 years. The age
ranges of the men and the women were 20-61 years and
23-75 years, respectively. The majority were female
(61.5%), and 72.0% had at least a high school education.
Among the women, 45.0% were older than 50 years.

Of the IBD patients, 56.9% had adequate anthropo-
metric nutritional status, and 30.8% were overweight.
Of the patients evaluated, 89.2% were clinically in
remission. Gastrointestinal symptoms were reported
by 44.6% of the IBD patients. Bloating and bleeding
were the main symptoms, reported by 20.5% (9/44) and
18.2% (8/44) of the UC patients, respectively. However,
abdominal distension and abdominal pain were reported
by 57.1% (12/21) and 33.3% (7/21) of the CD patients,
respectively (data not shown). The demographic and
medical characteristics of the Crohn’s disease and ul-
cerative colitis patients are shown in table I.

Modifications to the consumption
of dairy products

Regarding the patients’ dietary characteristics, 52.3%
of the patients reported some change in their consump-
tion of dairy products after being diagnosed with IBD.
The majority of the patients (64.7%) reported restricting
cow’s milk and its derivatives (reducing or excluding
these foods and substituting soy milk). The most com-
mon reason for this behavior was the exacerbation or
onset of symptoms (45.5%), followed by guidance by
health professionals (36.4%). Approximately 80.0% of
the CD patients had seen a nutritionist (table II).

Consumption of dairy products
and dietary calcium

The majority of IBD patients had low dairy product
intake (52.0%) and inadequate dietary calcium intake
(90.8%) (table II). Only three patients reported taking
calcium supplements (data not shown).

There was no statistically significant difference in
the intake of dairy products or dietary calcium be-
tween the CD and UC patients (P =0.37 and P = (.28,
respectively) (table II).

Consumption of dairy products and demographic,
anthropometric and clinical characteristics

No association was observed between the reported
restriction of dairy products and age, gender, anthro-

Dairy products in inflammatory
bowel disease
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Table IT
Frequency of modifications in dairy product and dietary calcium intake by inflammatory bowel disease patients

Variables IBD (n = 65) CD(n=2I) UC (n=44)
Modifying the consumption of dairy products [n (%)]
No 31(47.7) 11(52.4) 20 (45.5)
Yes 34(52.3) 10 (47.6) 24 (54.5)
Types of modifications [n (%)]
Exclusion/Reduction 17 (50.0) 6(28.6) 11(25.0
Substitution for nonfat milk 9(26.5) 2(9.5) 7(15.9
Substitution for soy milk 5(14.7) 1(4.8) 4(9.1)
Increased intake 3(8.8) 1(4.8) 2(4.5)
Justifications for restrictions' [1 (%))
Exacerbation or onset of symptoms 10 (45.5) 5(23.8) 5(11.4)
Advice for healthcare professionals 8(36.4) 1(4.8) 7(15.9)
Fear of eating 1 (4.5) 0(0.0) 1(2.3)
Magazines/Brochures/Books 1(4.5) 1(4.8) 0(0.0)
Others 29.1) 0(0.0) 2 (4.5)
Counseling with nutritionist® [n (%)] 36 (55.4) 15 (78.9) 21 (48.8)
Steroid use (1 (%)) 6(9.2) 2(9.52) 4(9.09)
Daily intake of dairy product (servings) [median (range)] 0.90 (0.0-5.9) 0.90 (0.0-4.8) 0.88 (0-5.9)
Daily intake of dietary calcium (mg) (mean + SD) 564.7 £348.9 625.8 £361.2 5355+
3432
Inadequate dairy product intake [1 (%)] 34 (52.0) 11(52.4) 23 (52.3)
Inadequate dietary calcium intake 1 (%)] 59 (90.8) 18 (85.7) 41 (93.2)

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis.

'n =22 to IBD patients, n = 7 to CD patients, n = 15 to UC patients who reported reducing or excluding and substituting soy milk.

*n'=19 CD patients because of the absence of data.

pometric status, disease duration or counseling from
a nutritionist (P > 0.05). Among the CD patients, no
association was found between the restriction of dairy
products and the location and behavior of Crohn’s disease
(P > 0.05). However, the frequency of gastrointestinal
symptoms was higher among the CD patients who re-
stricted dairy products compared with those with no
restrictions (100% vs 42.9%; P = 0.013); the same re-
sult was not observed in UC patients (table III).

Disease activity was more frequent in the IBD pa-
tients who restricted dairy products than in those with
no restrictions (23.8% vs 4.5%; P = 0.031). Among
the UC patients, extensive disease was more frequent
among the patients who restricted dairy products than
among those with no restrictions (42.9% vs 20.0%;
P =0.03) (table III).

Discussion

In our study, the majority of IBD patients reported
having changed their dairy product intake after being
diagnosed with IBD, and the majority had low dairy
product intake and inadequate dietary calcium intake.
The restriction of dairy products seems to be associat-
ed with gastrointestinal symptoms and the activity and
extension of the disease in these patients.

During active disease, the restriction of dairy prod-
ucts is common among IBD patients.'”® Among the fac-

tors associated with the restriction of dairy products,
the presence of gastrointestinal symptoms, the desire
to relieve symptoms, food beliefs and dietary advice
are most strongly related.>'®!° However, in prospec-
tive studies, no association was found between dairy
product intake and an increased frequency of disease
relapse.>?

In this study, the extensive form of the disease in UC
patients seems to be associated with the restriction of
dairy products. However, Jowett and colleagues (2004)
found the same association in a group of UC patients.’
One possible explanation for our findings is that gas-
trointestinal symptoms are related to active disease
and the extensive form of the disease in UC patients.
Thus, the restriction of dairy products could be attrib-
utable to the spread of information among patients and
health professionals about the occurrence of lactose
intolerance in IBD patients.

Although no association was found between dairy
product restriction and counseling from a nutritionist,
the recommendation of a health professional is another
factor that has encouraged these individuals to restrict
their dairy product intake.’ The fact that some IBD pa-
tients, most commonly CD patients, may develop lac-
tose intolerance contributes to the prescription of this
nutritional restriction. Some factors must be evaluated
before the patient restricts dairy products, such as the
fat present in these foods,*'?? the amount of lactose
consumed, the residual activity of intestinal lactase,
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inflammatory bowel disease patients

Table I1I
Modifications in dairy product intake and the demographic, anthropometric and clinical characteristics of the

IBD (n = 65) CD (n=2I) UC(n=44)
Variables
Restriction No restriction Restriction No restriction Restriction No restriction

Age (years) (mean + SD) 434 £129 454+ 138 413+77 393+11.1 445+ 15.1 483+ 142
Sex [1n (%)]

Male 11(52.4) 14 (31.8) 5(71.4) 4(28.6) 6 (42.9) 10 (33.3)

Female 10 (47.6) 30 (68.2) 2(28.6) 10 (71.4) 8 (57.1) 20 (66.7
Anthropometric status' [1 (%)]

Underweight 2 (10.0) 5(11.4) 1(14.3) 2(14.3) 1(7.7) 3(10.0)

Normal 13 (65.0) 24 (54.5) 3(42.9) 6(42.9) 10(76.9) 18 (60.0)

Overweight 5(25.0) 15 (34.1) 3(42.9) 6(42.9) 2(15.4) 9 (30.0)
Disease duration (years) (mean + SD) 8.0+4.5 69+44 83+33 6.0+3.0 73+49 79+5.1
Extension of ulcerative colitis [n (%)]*

Distal 3(21.4) 19 (63.3)

Left-sided 5(35.7) 5(16.7)

Extensive 6(42.9) 6 (20.0)
Location of Crohn’s disease [ (%)]

Terminal ileum 2(28.6) 2(14.3)

Colon 1(14.3) 8(57.1)

Ileocolon 4(57.1) 4 (28.6)

Upper GI 0(0.0) 0(0.0)
Behavior of Crohn’s disease [n (%)]

Nonstricturing, nonpenetrating

Stricturing 0(0.0) 2(14.3)

Penetrating 1(14.3) 2(14.3)

Stricturing + perianal 5(71.4) 8 (57.1)

Penetrating + perianal 0(0.0) 1(7.1)
Disease activity index [n (%)]* 1(14.3) 1(7.1)

Remission 16 (76.2) 42 (95.5) 4(57.1) 13(92.9) 12 (85.7) 29 (96.7)

Activity 5(23.8) 2(4.5) 3(42.9) 1(7.1) 2(14.3) 1(3.3)
Gastrointestinal symptoms [n (%)]*

No 7(33.3) 29 (65.9) 0(0.0) 8(57.1) 7 (50.0) 21 (70.0)

Yes 14 (66.7) 15 (34.1) 7 (100) 6 (42.9) 7 (50.0) 9 (30.0)
Counseling with nutritionist?

No 7(35.0) 19 (45.2) 1(14.3) 3(25.0) 6(46.2) 16 (53.3)

Yes 13 (65.0) 23 (54.8) 6(85.7) 9(75.0) 7(53.8) 14 (46.7)

IBD: Inflammatory bowel disease.

'n =43 UC patients.

’n =19 CD patients because of the absence of data.
“P<0.05.

the ability of the colonic flora to ferment lactose and
individual sensitivity to the products of lactose fer-
mentation.”

Some patients have replaced dairy products with
soy milk. However, it is known that soy milk products
are usually enriched with tricalcium phosphate. This
fortificant has the best sensory characteristics, howev-
er, the calcium bioavailability is lower compared with
cow’s milk and other fortificants such as calcium car-
bonate.?*?” Therefore, soy milk does not seem to be
a good option as a rich source of bioavailable calci-
um, and recommendations for the intake of foods rich
in calcium need to be part of the treatment for IBD
patients if dairy product restriction is recommended
for some reason. In addition, dairy products are poor

sources of lactose and can be consumed by patients
with lactose intolerance. They are not only rich sourc-
es of calcium but also sources of other micronutrients
such as B complex vitamins.

Low dietary calcium intake is already common
among the Brazilian population.”> The mean daily
dietary calcium intake among adults is 476.4 mg for
females and 546.4 mg for males, and the prevalence
of inadequacy among females and males is 90.7%
and 83.8%, respectively.”® The decrease in dietary
calcium intake is clinically important in IBD pa-
tients, particularly those treated with steroids, post-
menopausal women and the elderly because they
have a higher risk of developing osteoporosis® and
fractures.’**! Adequate dietary calcium intake is one

Dairy products in inflammatory
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of the preventive measures to reduce osteoporosis in
IBD patients.*? The minimum recommended daily in-
take of calcium for the prevention of fractures in IBD
patients is 1,000 mg and for postmenopausal women
and men over the age of 55 years, the recommenda-
tion is 1,200 mg.*

This study has some limitations, such as the sample
size, the absence of a control group and the fact that
patients who agree to participate in this type of study
may have different eating habits. In addition, dietary
restrictions could be associated with other medical
conditions not evaluated in this study. Nevertheless,
some of the results were similar to other studies, but
prospective studies are still necessary to confirm the
findings.

In summary, the restriction of dairy products and
reduced dietary calcium intake are evident in IBD
patients. These restrictions are mainly influenced by
gastrointestinal symptoms and the activity and exten-
sion of the disease. Even in the absence of conclusive
data on the frequency of lactose intolerance in these
patients and the advancements in the knowledge about
the absence of an association between diet and the ex-
acerbation of symptoms or disease activity, restrictive
diets are still a reality and may contribute to the com-
promised nutritional status of IBD patients. However,
we must investigate other possible diagnoses that can
cause gastrointestinal symptoms and address the com-
plaints of the patients more thoroughly.
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Abstract

Introduction: Patients with chronic kidney disease
(CKD) show an increase in bowel aerobic bacteria that
produce uremic toxins and decreased anaerobic bacteria
as bifidobacteria and lactobacillus. The latter can be used
as probiotics. The probiotic with greater availability in
Mexico, is the lactobacillus casei shirota (LcS), currently
there is no known LcS specified dose that produces a
benefit to the patient with CKD.

Objective: To determine the effectiveness of two
different LcS doses in achieving a decrease in urea
concentrations of at least 10% in patients with KDOQI
stage 3 and stage 4 CKD.

Metodology: A simple randomized, controlled clinical
trial. Outpatients treated at the National Institute of
Medical Sciences and Nutrition Salvador Zubiran in
México D.F. Patients were provided the LcS, as follows:
Group A: 8 x 10° colony-forming units (CFU) and Group
B: 16 x 10° CFU. Patients were followed-up for eight weeks,
and baseline and final samples were obtained to calculate
the basal and final concentrations, respectively, of blood
urea and serum creatinine (CrS). During the follow-up,
both groups consumed a diet of 30 kcal/kg/weight and 0.8
g/kg/weight of protein, and a food diary was made to assess
both the adherence to the diet and LcS.

Results: Thirty patients with CKD were evaluated.
When analyzing the percentage change between the
different doses, a decrease > 10% was found in the blood
urea concentrations for patients treated with the 16 x 10°
dose, which was significant with respect to the baseline
measurement.

Conclusion: There was a > 10% decrease in the serum
urea concentrations with L¢S in patients with stage 3 and
4 CRF.
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EFECTO DE LACTOBACILLUS CASEI SHIROTA
SOBRE CONCENTRACIONES DE UREA EN LA
ENFERMEDAD RENAL CRONICA

Resumen

Introduccion: Los pacientes con enfermedad renal cro-
nica (ERC) muestran un aumento a nivel intestinal de
bacterias aerébicas que generan toxinas urémicas y dis-
minucién de bacterias anaerébicas como bifidobacterias
y lactobacilos. Estas tltimas se pueden utilizar como pro-
biéticos. El probidtico con mayor disponibilidad en Mé-
xico, es el lactobacillus casei shirota (LcS), actualmente
no se conoce que dosis de LcS puede generar un beneficio
para el paciente con ERC.

Objetivo: Determinar el efecto de 2 dosis diferentes de
LcS para disminuir al menos 10% las concentraciones de
urea en pacientes con ERC estadios KDOQI 3y 4.

Meétodos: Ensayo clinico controlado con asignacion
aleatoria en el cual se incluyeron pacientes ambulatorios
con ERC del Instituto Nacional de Ciencias Médica y Nu-
tricion Salvador Zubiran. Se asigno a los pacientes a uno
de los dos grupos, grupo A: 8 x 10° unidades formadoras
de colonias (UFC) y grupo B: 16 x 10° UFC. El seguimien-
to fue de ocho semanas, obteniendose una muestra de
sangre basal y otra final para conocer concentraciones de
urea y creatinina. Ambos grupos consumieron una dieta
de 30 kcal/kg/peso y 0,8 g/kg/peso de proteina, se realizo
un diario de alimentacién para evaluar el cumplimiento
de la dieta y del tratamiento del LcS.

Resultados: Se evaluaron 30 pacientes. Al analizar el
porcentaje de cambio entre las diferentes dosis se encon-
tr6 una disminucion mayor al 10% en urea sanguinea en
pacientes con la dosis de 16 x 10° con respecto a su me-
dicion basal.

Conclusion: Existe una disminucion > 10% de la con-
centracion sérica de urea con el LcS en pacientes con
ERC3y4.

(Nutr Hosp. 2014;29:582-590)
DOI:10.3305/NH.2014.29.3.7179

Palabras clave: Urea. Toxinas urémicas. Dosis. Probioti-
cos. Lactobacillus casei Shirota.



Introduction
Background

Currently, rising evidence exists that certain food
can exert a beneficial effect on specific functions of
humans in addition to their beneficial nutritional val-
ue. This benefit may lead to a positive impact on hu-
man health by preventing or treating diseases.' Thus,
the concept of “functional food” has arisen, and it is
defined as a product, modified food or nutritional in-
gredient that can exert beneficial health effects other
than its traditional nutritional value.? Probiotics, preb-
iotics and symbiotics have obtained a relevant role in
the field of functional foods.

The concept of probiotics was introduced at the be-
ginning of XX century with Metchnikoff’s studies.?
Now the Food and Agriculture Organization of the
United Nations (FAO) and the World Health Organiza-
tion (WHO) define probiotics as “the living organisms
that provide health benefits in the host when consumed
in the appropriate quantity.”

The attributed protective effect of probiotic microor-
ganisms in improving the host resistance to pathogens.>”’

Various in vitro and in vivo studies of different
pathological states suggest numerous health effects
promoted by probiotics.>”!* For a beneficial effect in
the host, it is necessary to ingest appropriate quanti-
ties of probiotic microorganisms or sufficient colo-
ny-forming units (CFU).!® This approach achieves
a modification and equilibrium in the ecosystem of
billions of microorganisms residing in the human gut,
which reflects a good healthy state.

To understand the probiotics’ effect on renal dis-
ease better, it is necessary to take into consideration
that patients with renal disease usually have impaired
intestinal microbiome. It is suggested that almost two
thirds of individuals with uremia have abnormalities in
the gastrointestinal mucosa and a disequilibrium in the
intestinal ecosystem.'” The majority of these changes
happen at the ileum level and in the colon, where the
microbiome plays an important role. The increase in
aerobic bacteria, such as Escherichia coli, results in an
intestinal microbiome disequilibrium. These bacteria
generate toxic substances, called uremic toxins, and
decrease the anaerobic bacteria, such as bifidobacteria
and lactobacillus.'®

In chronic renal disease (CRD), there are higher urea
concentrations and, consequently, increased ammoni-
um. Thus, there is an increase in pH that promotes the
growth of aerobic bacteria in the gastrointestinal tract
and the subsequent production of uremic toxins. Con-
versely, bifidobacteria ferment carbohydrates and pro-
duce acetic and lactic acid to acidify the intestine. In
that way, these bacteria prevent the growth of aerobic
microorganisms and normalize the altered intestinal
microbiome in CRF patients."”

Evidence exists that patients with uremia have a de-
teriorated intestinal barrier that is mainly due to the

disequilibrium of intestinal microbiome caused by the
increase of pathogens.?-

One of the requirements for the use of probiotics as
adjuvants to remove urea or uremic toxins is the capac-
ity of microorganisms to use metabolites as substrates.
Thus, probiotics help intestinal microbiome decrease
the bacteria producing uremic toxins. Urease is the
enzyme responsible for hydrolyzing urea into ammo-
nium and carbon dioxide, but only certain microorgan-
isms can synthesize urease. In uremic patients, it has
been shown that at high plasma urea concentrations,
the fecal urease activity is increased. Thus, the in-
crease in colon bacterial urease is considered a benefi-
cial factor for uremic patients.”* However, ammonium
can be converted into nitrates by other microorganisms
or return to the liver by diffusion, where it can be me-
tabolized again into urea.

Probiotic dose in CRF

There have been several studies performed on CRF
patients using different types of probiotics at differ-
ent doses with the aim to reduce some uremic tox-
ins. Simenhoff et al.>* and Dunn et al.* have shown a
decrease in dimethylamine (DMA) and nitrodimeth-
ylamine (NDMA) concentrations after using L. aci-
dophilus in CRF patients with dialysis. Simenhoff’s
study was a double-blind trial with 30 patients on he-
modialysis.? This researcher showed that 8 patients
who were supplemented with lactobacillus acidophi-
lus had lower dimethylamine and nitrodimethylamine
concentrations, which are two of the uremic toxins
produced in the small intestine. In the case of DMA,
concentrations decreased from 224 + 47 to 154 + 47
ug/dL, while NDMA decreased approximately 31%
(p < 0.001). Dunn et al. observed a significant de-
crease of 42% in the mean concentrations of DMA
for patients supplemented with the probiotic (p =
0.001).%

Among the most relevant clinical studies, which
are used as background for the present work, are the
studies by Takayama® and Taki.'” Both studies tested
the probiotic Bifidobacterium longum in hemodialysis
patients and reported a decrease in the toxin indoxyl
sulfate. Takayama® observed a decrease in indox-
yl sulfate from 4.9 mg/dL to 3.5 mg/dL (p < 0.005).
Two years later, Taki et al."” studied 27 patients over 12
weeks using different probiotic doses. From the first
to the fourth week, these researchers supplemented a
dose of 3 x 10° CFU, while from the fifth to the eighth
week, a dose of 6 x 10° CFU was used, and from the
ninth to the twelfth week, a 12 x 10° CFU dose was
provided. These authors found that the most effective
bifidobacteria dose was a 6 x 10° CFU dose and that
these microorganisms were able to reduce the indox-
yl sulfate concentrations from 164.4 + 15 mmol/L to
149.6 + 15.5 mmol/L (p < 0.05). These studies were
performed in hemodialysis patients, which is a situa-
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tion that could imply an important bias in the results,
as it is unknown whether the decrease in uremic tox-
ins was due to the dialysis process itself or due to the
significant effect of the probiotics on the decreased
urea.

Lactobacillus casei Shirota (LcS)

In the traditional classification system, Lactoba-
cillus casei is a gram (+) bacteria, and it belongs to
the subgenus Streptobacterium. This subgenus in-
cludes homofermentative organisms that can grow at
15° C and up to a maximum temperature of 41° C.
This strain’s guanine-cytosine content is 45-47%,
and it produces L-lactic acid as its principal metabol-
ic product from glucose, sucrose, lactose, fructose
and maltose. In Mexico LsC is one of the probiotics
with the greatest economic and material availability,
and it is used for the production of fermented dairy
products.

Human and animal studies have shown that adminis-
tering LcS has beneficial effects, such as the following:

In humans:

¢ Beneficial modulation of intestinal flora;*’

e Improved fecal consistency;”’

* Infection protection;”’

e Immune activity modulation;?”’

* Prophylactic effects on cancer development;*

e Immunomodulatory effects;*

¢ Salmonella typhimurium inhibition;*

* Normal maintenance of ammonia concentrations
and intestinal microbiome changes in patients
with hepatocellular damage at stage Child-Pugh
B, with or without ascites.?!

In animals:

e Immune and cellular response modifications of type
II collagen, thereby reducing arthritis development
in rats;*?

e Decreased action of triglycerides and plasmatic
cholesterol in rats;>

* Growth inhibition of tumor cells in the thoracic
cavity of mice.**

Methods

The present study is a controlled, simple randomized
clinical trial without blinding.
Farticipants

CRF patients were recruited through the external

consultation of the Nephrology Department at the
National Institute of Medical Sciences and Nutrition

Salvador Zubiran (Instituto Nacional de Ciencias
Meédicas y Nutricién Salvador Zubiran; INCMNSZ).
Before the consultation, the records of the candidate
patients were reviewed, and an invitation to partici-
pate in the study was made on the consultation day.
To fulfill the study’s objectives, CRF patients in stage
3 or stage 4, as reflected by the glomerular filtration
rate (GFR) based on the MDRD (modification of diet
in renal disease) formula, were considered. These pa-
tients were selected because stages 3 and 4 have more
metabolic alterations without taking into account re-
placement therapy. Therefore, outpatients who ful-
filled the inclusion criteria were invited to participate
in this study.

Inclusion criteria

— Nephrology outpatients with stage 3 or 4 CRF
(glomerular filtration rate from 59 to 15 mL/
min/1.73 m? calculated by MDRD).

Age between 18 and 65 years.

Either sex.

— Literate patients.

Mexico City residents.

— Signed informed consent.

Exclusion criteria

Patients under replacement therapy.

Patients with a diagnosis of diabetes mellitus.
— Patients with lupus erythematosus.

Patients who had a renal transplant.

— Intolerance to whole milk and dairy products.

The evaluated interventions were two different dos-
es of LcS that were included in a fermented dairy drink
product. Two groups were formed as follows: group A
received a fermented dairy drink in an 80-mL bottle
with 8 x 10° CFU of LcS, and group B received two
80-mL bottles of the fermented dairy drink for a total
of 16 x 10° CFU of LcS. The size, color, flavor and
physical aspects of the bottles were the same for both
groups. Patients visited INCMNSZ every 15 days to
obtain 15 or 30 bottles of LcS (depending on the as-
signed group) during the two months.

Objectives

The objective was to determine the LcS dose need-
ed to achieve a greater than 10% decrease in the
blood urea concentration in stage 3 and stage 4 CRF
patients. Therefore, the hypothesis was that the ad-
ministration of a fermented dairy product containing
16 x 10° CFU of LcS could decrease the blood urea
concentrations by at least in 10% in stage 3 and stage
4 CREF patients.
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Measurements

All patients were attended at the Metabolic Unit of
INCMNSZ.

This study was conducted according to the princi-
ples of the Declaration of Helsinki of the World Med-
ical Association and was approved by The Ethical
Committee of the INCMNSZ.

All participants gave written informed consent Once
a potential patient was identified, the patient and a rel-
ative received an explanation of the nature and objec-
tives of the present study. The patients had the oppor-
tunity to read the informed consent and resolve all of
their doubts. A free decision to enter the study and the
policy of no reprisal against the patient for a denial of
participation were highlighted. Once agreeing to enter
the study, the patient was asked to sign the informed
consent. The informed consent was also signed by a
responsible relative of the patient, by the researcher
and by two witnesses. After the consent was received,
the intervention, evaluation and biochemical measure-
ment components of the study were started.

In the first visit, general information was obtained
about the patient’s underlying disease, comorbidi-
ties and type and dose of the medications taken. All
patients gave a baseline blood sample in the fasting
state for a determination of the serum creatinine and
urea concentrations. After the blood draw, the patients
were randomized to received a LcS dose. The subjects
participated in a follow-up at two weeks to monitor
their adherence to the diet and the consumption of the
LcS dairy drink and the final evaluation after the two
months of treatment. Blood samples were obtained at
the end of the intervention period to determine the final
blood creatinine and urea concentrations.

All patients followed an isocaloric (30 kcal/kg ide-
al weight) and isoproteic (0.8 g/kg ideal weight) diet
during the two-month intervention. These diets were
designed to ensure a good protein and energetic supply
that would not directly affect the biochemical concen-
trations under study. A nutritionist specialized in renal
disease calculated and explained these diets to each
patient.

Each patient had previously received a daily food
consumption diary to record food and lactobacillus
(dairy drink) consumption during the 15 days before
the follow-up visit. The dietary record aimed to moni-
tor the adherence of each patient to the LcS and dietet-
ic treatment. The specialized nutritionist trained each
patient to correctly report the food and its quantity in
the diary. The nutritionist explained how to record the
day, the timetable of each meal, the dish name for each
meal, the ingredients of each dish and the quantities
to maintain a record that was as accurate as possible.

Nutripac 1.5¢ software was used to analyze the food
diaries. The software assessed the quantity of the ma-
cronutrients consumed daily for each patient and cal-
culated their mean during the 60 days of the LcS con-
sumption. This approach allowed for the obtainment of

their mean energy, protein, carbohydrate and lipid con-
sumption. Adherence was assessed by the percentage
of overall adequacy. A good diet and LcS consump-
tion adherence was considered when the percentage
was not outside the + 10% (meaning between 90 and
110%) of the recommended diet for energy and each
macronutrient in grams. Similarly, a low adherence to
the fermented dairy drink was considered when the
consumption of the total number of bottles was outside
the £ 10% of the recommended consumption (depend-
ing on the assigned dose).

Sample

Given that this was an exploratory study, the sample
size was obtained at convenience. A total of 34 INC-
MNSZ outpatients who fulfilled the inclusion criteria
were assessed.

A simple randomization was performed by using a
table with random numbers and assigning even num-
bers to group A (8 x 10° CFU of LcS) and odd numbers
to group B (16 x 10° CFU of LcS).

Statistical methods

Descriptive statistics based on the measurement
levels of the variables was used, supporting the pro-
portion measures, central tendency and dispersion. A
paired t-test was used to compare dependent samples
(baseline and final), and a t-test was used to compare
independent samples (group A vs. group B). For cat-
egorical variables, a x* test was used. A p < 0.05 was
considered significant. The SPSS 16 statistical pro-
gram was used to perform the data analysis.

Results
Participant flow diagram

A total of 36 patients were invited to participate in
the study. Three of them did not fulfill the inclusion
criteria, two of them refused to participate, one did not
tolerate the fermented dairy product and one claimed
personal reasons for not being able to attend the fol-
low-up. A total of 32 patients were included and begun
the protocol (fig. 1).

Baseline samples were obtained from a total of 30
patients, which included 14 women and 16 men. Table |
shows the assessed variables. A medications registry
was evaluated based on each drug’s activity, thereby
allowing the grouping of them into seven different
types of medications, as follows: lipid lowering, in
which only statins and fibrates were registered; antihy-
pertensives (calcium channel blockers, beta-blockers
and angiotensin-converting enzyme inhibitors were
registered); diuretics; calcium carbonate; xanthines in-
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hibitors; and supplements, among which only iron and
complex B vitamin was registered. Table I also shows
the number of patients who used these medications at
baseline.

During the follow-up, the adherence to the lac-
tobacillus supplementation and the nutritional plan
provided to the patients was evaluated. Sixty nu-
trition diaries per patient were analyzed. The data
were used to estimate the mean energy, protein, car-
bohydrate and lipid consumption for each patient.
From these data, a population mean was obtained,
and it was compared with the mean recommended
by the nutritionist to obtain the percentage of ad-
equacy. The differences between the recommended
energy quantity and the consumed energy during the
follow-up were 2,058 + 197.1 kcal. vs 2,071 £ 230.4
kcal. respectively. No statistically significant differ-
ences were found, and an adequacy percentage of
101% was observed, reflecting a good adherence to
the consumed calories.

When the macronutrient consumption during the
follow-up was compared in all patients, no significant
differences were found between the recommended
quantities in grams and ingested grams. The adequacy
percentage between the recommendation and the real
consumption was 106% (56.3 g vs. 60.14 g, respective-
ly), 102% and 100.1% for proteins, lipids and carbo-
hydrates, respectively. Although these percentages are
greater than the recommended values, they are within

the range of + 10% and are thereby considered to indi-
cate good adherence.

No significant differences were found between
groups A and B for energy and macronutrient con-
sumption after an eight-week follow-up. Energy (kcal):
2,087 +£62.92 vs 2,057 + 58.87 grams of protein: 61.97
+6.29 vs 58.31 +4.38 grams of carbohydrates: 333.5 +
8.03 vs 325.3 + 8.31 and grams of lipids: 58.18 £ 2.52
vs 58.74 £ 1.74, respectively.

The mean adherence to the LcS treatment was 97%
for group A and 98% for group B with an overall ad-
herence of 98%.

When the final data were obtained from all patients
who fulfilled the eight-week follow-up, the baseline
and final measurements for the variables under study
were compared in the entire population. No significant
differences were obtained with the exception of weight
and BMI (body mass index) and blood urea (table II).

The effects of LcS on the urea concentrations (fig. 2)
and on different variables (table III) were analyzed in
groups A and B.

An analysis of the percentage change obtained dur-
ing the eight-week follow-up was performed. Patients
who consumed a dose of 16 x 10° CFU showed a great-
er percentage change when compared with those who
consumed only a dose of 8 x 10° CFU, which was a
difference of -10.98% vs. -3.37%, respectively (p =
0.309). Table IV shows the percentage change of the
different studied variables.

Elegibility
assessment
(n=136)

Excluded for not fulfilling inclusion
criteria (n = 3)

Refused to participate (n = 2)

Randomized
(n=31)

Assigned to the intervention 8 x 10° (n = 16)
Received the assigned intervention (n = 16)
Did not receive the assigned intervention (n = 0)

Assigned to the intervention 16 x 10° (n = 15)
Received the assigned intervention (n = 15)
Did not receive the assigned intervention (n = 0)

Lost in follow-up (n = 1 reason:

hospitalized for urinary tract infection)

Suspended intervention (n = 0)

Analyzed (n=15)
Excluded from the analysis (n = 0)

Lost in follow-up (n = 0)

Suspended intervention (n = 0)

Analyzed (n=15)

Excluded from the
analysis (n = 0)

Fig. 1.—Subjects flow dia-
gram through follow-up.
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Table I
Baseline characterisics of the population according to the assigned dose

Total sample Group A dose 8 x 10° CFU Group B dose 16 x 10° CFU
n=30 n=15 n=15 p
x+ 8D x+ 8D x+ 8D
Age (years) 41.47+15.35 43.8 £ 14.44 39.13+£16.36 n.s.
Weight (kg) 70.68 + 12.11 09.66 + 12.8 71.7+12.39 n.s.
BMI (kg/m?) 26.23 +3.36 25.52+3.15 26.93 +3.51 n.s.
Height (cm) 163 +0.94 164 +0.99 162 +£0.92 n.s.
Sex (F/M) 14/16 718 718 n.s.
Urea (mg/dL) 81.66 +26.39 82.13 +£32.96 81.20 = 18.86 n.s.
Creatinine (mg/dL) 248 £0.89 244 +£0.79 2.52+1.01 n.s.
GFR MDRD (mL/min/1.73 m?) 307+ 11.77 30.66 = 12.18 30.74 £ 11.71 n.s.
Medications n.s.
Statins n (%) 18 (60%) 8 (50%) 10 (71%) n.s.
Fibrates n (%) 17 (56%) 9 (56%) 8 (57%) n.s.
Antihypertensives n (%) 27 (90%) 15 (93%) 12 (85%) n.s.
Diuretics n (%) 22 (73%) 10 (62%) 12 (85%) n.s.
Calcium carbonate n (%) 12 (40%) 5(33%) 7 (11%) n.s.
Xanthines inhibitors n (%) 13 (43%) 7 (43%) 6 (42%) n.s.
Vitamin and mineral supplements n (%) 19 (63%) 9 (56%) 10 (71%) n.s.

Table IT
Variables measured at baseline and at the end
of the follow-up

Baseline Final
3 ’ measurement measurement
arameters =30 =30 P
X+8D X+8D
Weight (kg) 7038 + 12.11 69.81£12.01 0013
BMI (kg/m?) 2623 +3.36 25.90+3.36 0.008
Sex (FIM) 14/16 14/16 n.s.
Urea (mg/dL) 81.66 +26.39 73231949 0.031
Creatinine (mg/dL) 248+0.89 247+ 1.04 n.s.
GFR MDRD (mL/min/1.73 m?) 3071177 3186+ 12.34 n.s.

Discussion

It has been shown that patients with renal diseases
have intestinal microbiome alterations. Approximately
two thirds of uremic individuals show abnormalities in
the gastrointestinal mucosa and a disequilibrium in the
intestinal ecosystem.® The majority of these changes
occur at the level of the ileum and in the colon, where
microbiome play an important role. An intestinal mi-
crobiome disequilibrium is due to an increase of aer-
obic bacteria, such as Escherichia coli. These bacteria
are able to generate toxic substances, known as uremic
toxins, that subsequently decrease anaerobic bacteria,
such as bifidobacteria and lactobacillus.” The majority
of the produced fecal ammonium comes from urea hy-
drolysis by intestinal bacteria. In CRF, there are great-
er urea concentrations and, consequently, increased

ammonium. Thus, there is an increase in pH that pro-
motes the growth of aerobic bacteria in the gastroin-
testinal tract and the subsequent production of uremic
toxins. Bifidobacteria (used as probiotics) ferment
carbohydrates and produce acetic and lactic acids to
acidify the intestine. Hence, these bacteria prevent the
growth of aerobic microorganisms, and they normalize
the altered intestinal microbiome in CRF patients.'>
In the present study, an eight-week intervention
with LcS was evaluated in 30 patients with stage 3 or
4 CREF. This study is one of the few in this new field
of research concerning probiotics and their effect on
renal diseases, specifically in patients without replace-
ment therapy. The problem of previous studies,¢-17:2526
where dialysis also occurred, is the difficulty in
evaluating the actual probiotic effect without the dial-
ysis interference. However, the importance of this type
of study in CRF patients lies in the benefits that could
be obtained if symptoms promoted by the increase of
uremic toxins were decreased. Notably, the present
study is an exploratory study based on the previous
studies by Simenhoff,** Taki,'” Takayama,” Dunn®
and, specifically, Torre and Vargas.’! The latter study
evaluated the effect of LcS on the ammonium concen-
trations in patients with chronic liver disease. These
researchers demonstrated that LcS had a positive effect
on decreasing ammonium levels in these patients be-
cause ammonium is a urea precursor for which intes-
tinal bacteria are notably involved. LcS was chosen
as a good probiotic to be tested in CRF patients with
the main objective of establishing a recommended
dose for these patients. In fact, only a few reports ex-
ist concerning an acceptable dose for each case. This
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‘ ‘ ‘ ‘ Fig. 2.—The effect of the LcS
Before LcS After LeS Before LcS After LeS trearment on the serum urea
concentrations.
Table I1I
Variables assessed at baseline and at the end of the intervention for each group
Group A dose 8 x 10° CFU Group B dose 16 x 10° CFU
Baseline Final Baseline Final
Parameters measurement measurement measurement measurement
n=15 n=15 4 n=15 n=15 4
X+SD X+SD X+SD X+SD
Weight (kg) 69.6 +12.18 68.64 + 12.44 0.038 T1.7+12.39 70.98 £ 12.51 n.s.
BMI (kg/m?) 25.52+3.15 25.13+3.03 0.19 2693+3.52 26.66 +3.41 n.s.
Sex (F/M) /8 /8 18 /8
Urea (mg/dL) 82.13 £32.96 75.52+23.06 n.s. 81.20 £ 18.86 70.95 £ 15.62 0.003
Creatinine (mg/dL) 244 +0.79 2.40+0.76 n.s. 2.52+1.01 253+1.29 n.s.
GFR MDRD (mL/min/1.73 m?) 30.66 + 12.18 3122+ 12.44 n.s. 30.74 £ 11.77 31.86 £ 12.34 n.s.
Table IV studies where the effect of LcS on clinical and bio-
Percentage change according to the assigned dose chemical parameters and on different toxins will be as-
sessed in CRF patients. The fermented dairy LcS prod-
GVOL;P A Groqu B uct contains an important quantity of carbohydrates,
Variables (8x1 ? ]CF vy (16x ]_0 JCF v) P and the majority of people with CRF also suffer from
(n=15) (n=15) diabetes mellitus. For these reasons, it was suggested
X+8D X+8D . s .
that larger doses could affect the patients’ glycemic
Weight % -1.53£2.27 -1.04 £2.86 n.s. control. Moreover, the objective was to have a great-
BMI % -1.51+224 0.91+2.76 n.s. er external validation in future studies. In the present
Urea % 33742243 -10.98 + 16.45 ILs. study, patients with diabetes mellitus were not includ-
Creatinine % 051£1262  205+1076  ns. zfl'bﬂtle Smdl{,tPOP“{['f‘f“OI; was small, and patients \Zl’llﬂill
GFR MDRD % 328 + 15.90 434+ 1301 s iabetes mellitus suffer from major comorbidities tha

scarcity is observed because the effects of these mi-
croorganisms still require further study. Additionally,
each strain can function differently, which also hinders
the research on dose determinations and the effects of
probiotic bacteria.

In the present study, the evaluated doses were the
following: 8 x 10° and 16 x 10° CFU. Although a dose
of 24 x 10° CFU was used in the study performed by
Torre and Vargas,!” it is important to consider that the
results of the present study are the first part of future

could introduce possible confounders when evaluating
the dose effect specifically on CRF patients.

When all the population under study was used to as-
sess the LcS effect on the serum urea concentrations,
the decrease in this toxin was confirmed. This result
coincides with the one reported by Torre and Vargas,’!
where a decrease in serum ammonium concentrations
was observed in patients with hepatic cirrhosis. The
main difference was the level of decrease. In the case of
hepatic patients, the level of decrease was 45%, while
the decrease for the renal patients was only 10.98%.
This finding could be due to the dose used because, as
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mentioned before, Torre and Vargas®' used a dose of 24
x 10° CFU in all patients.

The greatest decrease, of almost 11%, in the pa-
tients’ serum urea concentrations was observed af-
ter the 16 x 10° dose. Comparing these results with
other corresponding studies that used different types
of probiotics, the present LcS results do not seem
encouraging. In a study performed by Simenhoff,
lactobacillus acidophilus was used, and a 67% de-
crease in the dimethylamine (DMA) concentra-
tions and a 31% decrease in the nitrodimethylamine
(NDMA) concentrations (toxins generated in CRF)
was achieved for dialysis patients. Nevertheless, it is
important to emphasize two points that are directly
involved in the decrease of DMA and NDMA. First,
both toxins are directly produced in the intestine in a
way that the lactobacillus used can have a direct ef-
fect on the toxin. Urea is a toxin that comes not only
from amino acid oxidation by intestinal bacteria but
also from various reactions in the urea cycle where
intestinal bacteria are not present. Second, hemodi-
alysis patients receive an additional intervention for
the elimination of toxins generated by the CRF. The
present study evaluated only patients in stage 3 and
4 such that replacement therapy would not cause any
confounding effect.

A tool that could provide a greater credibility to the
effect of any probiotic microorganism under study in
not only the present study but also in the previous stud-
ies is the intestinal bacteria count by fecal microbiol-
ogy. In this way, the change in intestinal microbiome
during the intervention could be assessed, verifying
the bacterial overgrowth of the intervention micro-
organism. This approach could ensure that the effect
corresponds to the concrete microorganism and not to
another mechanism. This method could serve as a tool
in future research.

In other studies, the reduction in uremic toxins
with the use of probiotic bacteria was greater than the
reduction observed in the present LcS study. These
studies with lower doses have found a decrease per-
centage similar to the one observed by Simenhoff
in dialysis patients.** Similar to Simenhoff, Dunn®
used lactobacillus acidophilus at a dose of 3 x 10°
CFU and obtained a 42% decrease in the DMA toxin.
Alternatively, Taki'® and Takayama® used bifidobac-
terium longum, and they found a decrease in the in-
doxyl sulfate toxin, which has also the advantage of
being produced directly in the intestine. Takayama?
observed a 28% reduction using a dose of 3 x 10°
CFU. Taki'is the only investigator who obtained re-
sults similar to the ones obtained in this study with
LcS. This researcher used three different doses over
12 weeks and observed that a dose of 6 x 10° CFU
had a greater effect on indoxyl sulfate, achieving a
reduction of 9.2%. The variance found in the doses
used and the differences in the percentage decrease
of toxins suggest the need for further investigation on
the effects of probiotic bacteria, their adequate dose

and the time by which they must be used. To date,
there has been little consistency among the studies
with renal patients, which might suggest that each
probiotic bacteria is different and specific.

Concerning the evaluated nutritional treatment, we
observed a great adherence from all participants in our
study, which positively influenced the results. A good
diet adherence from all patients in both the 8 x 10° and
16 x 10° CFU groups permitted a greater homogeneity
in variables that could influence the results, mainly in-
cluding the serum urea concentration, which is signifi-
cantly affected by protein consumption.

Adherence to the LcS treatment was high, reaching
98%. However, the applied methodology in the pres-
ent clinical trial was not the best possible. For future
studies, an intestinal bacteria quantification to verify
the adherence to the probiotic consumption is recom-
mended.

Based on the results obtained to date, it can be con-
cluded that a further investigation on the effects and
adequate doses is necessary to prevent and help mini-
mize the production of uremic toxins in CRF patients.
In the present study, the 16 x 10° CFU dose showed
better results, reaching a decrease of almost 11%
for the serum urea concentration. This decrease was
significant with respect to the baseline value for the
urea concentrations. However, it is necessary to assess
larger doses to determine whether they have a great-
er effect on the reduction of urea. Additionally, it is
necessary to assess different toxins to determine if a
greater reduction could be obtained that could yield a
positive impact on uremic symptoms and on compli-
cations caused by CRF-generated toxins. The study’s
sample size was also small, which could account for
the lack of differences between the baseline and final
values with the evaluated doses.

Conclusions

In patients with stage 3 and stage 4 CRE, there is
a greater than 10% decrease in the serum urea con-
centrations after a conventional dietetic treatment with
LcS. A LcS dose of 6 x 10° CFU resulted in a greater
decrease of the blood urea level.
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Abstract

Introduction: Evidences suggest that commercial and
natural conjugated linoleic acids (CLA) differentially
affect nutritional status and lipid metabolism.

Objective: To investigate the differential effect of two
types of CLA preparations supplemented to dietary fats
containing different proportions of n-9, n-6 and n-3 fatty
acids (FA) on body composition, triacylglycerol (TG)
levels and lipid metabolism in mice.

Methods: Growing mice were fed diets containing
olive, maize and rapeseed oils supplemented with an
equimolecular mixture of CLA (mix-CLA) or a rumenic
acid (RA)-rich oil for 30 days. Body weight gain, carcass
composition, tissue weights, plasma and tissue TG levels,
and lipid regulation parameters were evaluated.

Results: Independently of the dietary fats, mix-CLA
decreased body weight gain and fat depots related to lower
energy efficiency, hepatomegaly, increase of serum TG and
decrease of muscle TG. Rapeseed oil prevented the hepatic
steatosis observed with mix-CLA supplementation to olive
and maize oils by increasing TG secretion. RA-rich oil
supplementation decreased fat depots without hepatomegaly,
hepatic steatosis and hypertriglyceridemia. Olive oil, by an
equilibrium between FA uptake/oxidation, prevented the
increase of muscle TG induced by the RA-rich oil
supplementation to maize and rapeseed oils.

Discussion and conclusion: The proportions of dietary
unsaturated FA modulated the different mix-CLA and
RA-rich oil response to lipid metabolism in mice. Finally,
rapeseed oil prevented the hepatic steatosis induced by
mix-CLA, and the most beneficial effects of RA-rich oil
were observed when supplemented to olive oil, due to the
reduced lipid accretion without changes in TG levels.

(Nutr Hosp. 2014;29:591-601)
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Keywords: Conjugated linoleic acid. Rumenic acid. Nutri-
tional status. Lipid metabolism.

Correspondence: Claudio Bernal.

Cétedra Bromatologia y Nutricion.

Facultad de Bioquimica y Ciencias Biol6gicas.
Universidad Nacional del Litoral. C. C. 242.
3000 Santa Fe. Argentina.

E-mail: cbernal@fbcb.unl.edu.ar

Recibido: 30-XI1-2013.
Aceptado: 1-XI1-2013.

EFECTOS DE MEZCLAS DE CONJUGADOS DEL
ACIDO LINOLEICO Y DIFERENTES ACEITES
COMESTIBLES SOBRE LA COMPOSICION
CORPORAL Y REGULACION DE LIPIDOS EN
RATONES

Resumen

Introduccion: Las evidencias sugieren que las mezclas
de Acido Linoleico Conjugado (ALC) de origen comercial
o natural diferencialmente afectan diferencialment al
estado nutricional y al metabolismo lipidico.

Objetivo: Investigar el efecto de dos preparaciones de
ALC como complemento de grasas dietarias con diferen-
tes proporciones de acidos grasos (AG) n-9, n-6 y n-3
sobre composicion corporal, niveles de triacilglicéridos
(TG) y metabolismo lipidico en ratones.

Meétodos: Se alimento a ratones en crecimiento con die-
tas con aceite de oliva, maiz y canola, o colza suplementa-
das con una mezcla equimolecular de ALC (mezcla-ALC)
o aceites ricos en acido ruménico (AR) por 30 dias. Se eva-
lué: ganancia de peso, composicion corporal, peso de teji-
dos, niveles de TG plasmaticos y séricos, y parametros de
regulacion lipidica.

Resultados: Independientemente de las grasas dietarias,
la mezcla-ALC redujo el peso corporal y depdsitos grasos
relacionados con hepatomegalia, incremento de TG séricos
y descenso de TG musculares. El aceite de canola previno
la esteatosis hepatica producida por la mezcla-ALC a acei-
tes de oliva y maiz por incremento de la secrecion de TG.
AR decrecié los depdsitos grasos sin hepatomegalia, estea-
tosis hepatica e hipertrigliceridemia. Aceite de oliva pre-
vino el incremento de TG musculares inducidos por suple-
mentacion con AR al aceite de maiz y canola.

Discusion y conclusion: Las proporciones de AG insa-
turados dietarios modularon la respuesta de mezcla-ALC
y AR al metabolismo lipidico en ratones. Finalmente,
aceite de canola previno la esteatosis hepatica inducida
por mezcla-ALC, y los efectos benéficos mas notorios fue-
ron observados cuando aceite de oliva fue suplementado
con AR, debido a la reducida acrecion de lipidos sin cam-
bios en los niveles de TG.

(Nutr Hosp. 2014;29:591-601)
DOI:10.3305/nh.2014.29.3.7180

Palabras clave: Acido linoléico conjugado. Acido rumé-
nico. Estado nutricional. Metabolismo de lipidos.
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Abbreviations

AIN: American Institute of Nutrition.

ALA: a-linolenic acid.

ALP: alkaline phosphatase.

ALT: alanine transaminase.

ARA: arachidonic acid.

AST: aspartate transaminase.

BW: body weight.

c9,t11: cis-9,trans-11.

CLA: conjugated linoleic acid.

CPT-I: carnitine palmitoyltranferase-I.

DHA: docosahexaenoic acid.

EE: energetic efficiency.

EI: energy intake.

EPA: eicosapentaenoic acid.

EWAT: epididymal white adipose tissue.

FA: fatty acids.

FAS: fatty acid synthase.

G6PDH: glucose-6-phosphate dehydrogenase.

LA: linoleic acid.

LPL: lipoprotein lipase.

M: maize.

ME: malic enzyme.

O: olive.

OA: oleic acid.

PPARY: peroxisomal proliferator activated receptor-y.

PUFA: polyunsaturated fatty acid.

R: rapeseed.

RA: rumenic acid.

SREBP-1c: transcription factor sterol regulatory ele-
ment binding protein-1c.

t10,c12: trans-10,cis-12.

TG: triacylglycerol.

TG-SR: triacylglycerol-secretion rate.

U: units.

Introduction

Conjugated linoleic acid (CLA) is a group of posi-
tional and geometrical isomers of linoleic acid (LA) that
are interesting due to their functional properties'2. The
major contribution of natural CLA is supplied by dairy
products and meats where cis-9,trans-11 (¢9,t11)-CLA,
known as rumenic acid (RA), represents 80-90% of
total CLA. On the other hand, industrially synthesized
commercial CLA mainly contains a mixture of
equimolecular amounts of ¢9,711-CLA and 710,c12-
CLA (mix-CLA) (approximately 37-40% each).

Many investigations'? have shown that CLA may
have beneficial effects on cancer, obesity, inflamma-
tory response, atherosclerosis and glucose and lipid
metabolism. However, controversial and detrimental
health effects have also been reported®*. In addition, it
has been demonstrated that RA has a mechanism of
action on lipid metabolism different from trans-10,cis-12
(t10,c12)-CLA(mix-CLA), resulting in dissimilar body
fat accretion®s. The conflicting results may be related to

several factors such as comparison of humans with
studies of experimental animals, species of animals,
physiological conditions, type and level of CLA and
dietary fat, and time of feeding. A number of studies
have shown that a-linolenic acid (ALA)®, y-linolenic
acid’, docosahexaenoic acid (DHA)® and arachidonic
acid (ARA)’ rich oils might attenuate or prevent insulin
resistance and fatty liver induced by #10,c12-CLA or
mix-CLA in mice. These effects might be related to the
incorporation of specific fatty acids (FA) into the biolog-
ical membranes and eicosanoid production derived from
the different FA. Therefore, we hypothesized that the
extension and type of the beneficial or negative effects
of oils containing different relative amounts of the indi-
vidual CLA on lipid metabolism are related not only to
the presence of certain FA, but also to the proportion of
the n-9, n-6 and n-3 FA present in the diet. Specifically,
at least to our knowledge, there are no systematic studies
dealing with the effects on nutritional parameters and
lipid metabolism of commercial and natural-like CLA
added to diets containing different proportions of unsat-
urated FA. Thus, the aim of this work was to investigate
the differential effect of mix-CLA and RA-rich oil
supplemented to dietary fats containing different
proportions of n-9, n-6 and n-3 FA on body composition,
TG levels and some regulatory mechanisms involved
lipid metabolism in mice.

Methods
Materials

Most nutrients were chemical grade or better, with
the exception of olive (O) oil (Nucete, La Rioja,
Argentina), maize (M) oil (Arcor, Cérdoba, Argentina),
rapeseed (R) oil (Krol, Entre Rios, Argentina), sucrose,
cellulose, and maize starch, which were obtained from
local sources. Mix-CLA and RA-rich oils were kindly
provided by Lipid Nutrition B.V. (Wormerveer, The
Netherlands). Standard chow for the adaptation period
of animals was from Grupo Pilar® (Pilar, Cérdoba,
Argentina). FA standards were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). All solvents and
reagents used for the FA quantification were chro-
matography grade, and all the other chemicals used
were at least ACS degree. Plasma TG, alanine transami-
nase (ALT), aspartate transaminase (AST) and alkaline
phosphatase (ALP) kits were purchased from Wiener
Co. (Rosario, Argentina).

Diets

The diet compositions (table I) were based on the
American Institute of Nutrition ad hoc writing
committee recommendation (AIN-93G diet)". All diets
were isoenergetic (16.5 MJ/kg), exceeded the essential
FA recommendations, and differed either in 1) dietary
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Table I
Composition of experimental diets (g/kg of dry diet)

Ingredient o O+RA  O+mix-CLA M M+RA  M+mix-CLA R R+RA  R+mix-CLA
Maize starch 529.5 529.5 529.5 529.5 529.5 529.5 529.5 5295 529.5
Casein 200.0 200.0 200.0 200.0 200.0 200.0 200.0  200.0 200.0
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0
Olive oil 70.0 60.0 60.0 - - - - - -
Maize oil - - - 70.0 60.0 60.0 - - -
Rapeseed oil - - - - - 70.0 60.0 60.0
RA-rich oil - 10.0 - 10.0 - - 10.0 -
Mix-CLA oil - - 10.0 - - 10.0 - - 10.0
Fibre 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Mineral mixture* 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0
Vitamin mixture* 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
L-cystine-L-metionine 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Choline 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Total energy (MJ/kg) 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5

*Vitamin and mineral mixtures were formulated according to Reeves et al."

O, olive; RA, rumenic acid; mix-CLA, ¢9,11-CLA and 710,c12-CLA in equimolecular amounts; CLA, conjugated linoleic acid; M, maize; R,

rapeseed.

fat source: O, M or R oils, and 2) absence or presence
of 1 g of mix-CLA or RA-rich 0il/100 g diet. The
combination of these 2 variables allowed us to create
the following diets: O; O+RA; O+mix-CLA; M;
M+RA; M+mix-CLA; R; R+RA and R+mix-CLA
containing 7 g of total fat/100 g diet. The FA composi-
tion of dietary fats, as well as the OA/LA/ALA propor-
tions are shown in table II. These FA compositions as
methyl esters were determined by gas chromatography
using the equipment and conditions previously
reported!".

Animals and treatments

The experimental procedures were approved by the
Ethics Committee of our School of Biochemistry and
compiled according to the Guide for the Care and Use of
Laboratory Animals'>. Male CF1 mice were obtained at
the age of three weeks from the facilities at our Univer-
sity. The mice were housed in animal quarters under
controlled conditions (23 + 2°C and 12 h light-dark
cycle) in individual stainless steel metabolic cages.
After two weeks of adaptation period, mice (~22 g)

Table IT

Fatty acid composition of dietary fats*

Fatty acid Olive oil Maize oil Rapeseed oil RA-rich oil mix-CLA oil
14:0 0.0 0.0 0.1 0.0 0.0
16:0 17.1 12.2 4.0 39 5.9
c9-16:1 2.0 0.1 0.2 0.0 0.0
17:0 0.1 0.0 0.0 0.0 0.0
18:0 1.6 1.9 2.2 1.0 1.2
9-18:1 55.2 32.0 61.1 13.4 9.1
cl1-18:1 4.8 0.5 3.5 0.5 0.4
9,c12-18:2 17.2 51.3 18.4 1.5 1.1
9,¢11-18:2 0.0 0.0 0.0 60.5 39.0
110,c12-18:2 0.0 0.0 0.0 17.8 38.8
20:0 0.3 0.5 0.5 0.0 0.0
c11-20:1 0.2 0.3 0.9 0.0 0.0
9,c12,c15-18:3 0.7 0.9 8.6 0.0 0.0
22:0 0.1 0.2 0.2 0.1 0.0
24:0 0.0 0.2 0.0 0.0 0.0
Others 0.7 0.0 0.2 1.2 4.7
OA/LA/ALA proportions 55.2/17.2/0.7 32.0/51.3/0.9 61.1/18.4/8.6

* All values are means as weight percentages of total fatty acid methyl esters.

RA, rumenic acid; mix-CLA, ¢9,711-CLA and ¢10,c-12-CLA in equimolecular amounts; CLA, conjugated linoleic acid; OA, oleic acid; LA,

linoleic acid; ALA, a-linolenic acid.

CLA and dietary fats on lipid metabolism
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were randomly divided into ten weight-matched
groups (n=6 per group). One group was killed at the
start of the experiment with the purpose of deter-
mining initial composition and energetic content of
carcass. The remaining animals had free access to
water and were fed ad libitum during 30 d with one of
the following diets: O; O+RA; O+mix-CLA; M;
M+RA; M+mix-CLA; R; R+RA or R+mix-CLA.
Mice were weighed, food intakes were recorded, and
total faeces were collected daily during the whole
dietary treatment. On day 30 (9.00-11.00 AM), mice
were anaesthetized with azepromazine (1 mg/kg) and
ketamine (100 mg/kg), their bodies were shaved, the
abdomens were cut open and following the removal
of the visceral organs, carcasses were weighed,
chopped and frozen at -20°C until the compositional
evaluation. In other experiments with the nine experi-
mental groups (n = 6 per group), at the end of the
dietary treatments, animals were anaesthetized in
order to collect blood samples by cardiac puncture
and dissected tissues according to the assay proposed
or to perform the in vivo hepatic TG secretion rate
(TG-SR) test. Blood samples were centrifuged at 4°C,
and serum was immediately used or stored at -80°C
until analyzed. Liver, epididymal white adipose tissue
(EWAT) and gastrocnemius muscle were frozen,
weighed, and stored at -80°C until processed.

Laboratory analysis

— Carcasses, faeces and food compositions. The
protein, water and total fat contents, in aliquots from
the carcass homogenate, faeces, and diets were esti-
mated by Official Methods of Analysis of AOAC Inter-
national®.

— Bioavailability indexes of fat and protein. The
apparent absorption of dietary fat and protein, as
bioavailability indexes, were assessed as the percent-
ages of ingested fat or protein that were not excreted in
the faeces.

— Carcass energy retention and energy efficiency.
Carcass energy content was estimated from protein
and lipid levels'*. Carcass energy retention was esti-
mated from the final carcass energy content and the
carcass energy content at the start of the experiment in
the weight-matched animals killed on day 0. The
energy intake (EI) was calculated by multiplying
weight of food consumed daily by the number of kJ/g
diet. Energetic efficiency (EE) was estimated as
percentage of body energy gain (kJ/30 d) divided by
EI (kJ/30d).

— Serum parameters. TG concentrations and bio-
marker enzyme activities of liver damage (ALT, AST
and ALP) were carried out in serum by spectrophoto-
metric methods using commercially available test kits.

— Liver and muscle TG content. Aliquots of liver or
gastrocnemius muscle were powdered and homo-
genized in a saline solution for TG content quantifica-

tion by the spectrophotometric method cited in different
articles'.

— In vivo hepatic TG-SR. Another set of animals
submitted to the same dietary treatments was fasted
overnight and anaesthetized, as indicated above. Then
the in vivo hepatic TG-SR was assayed according to the
method based on the inhibition of peripheral removal of
TG-rich lipoproteins by Triton WR1339, adjusted by
our group'"".

— Total Lipoprotein Lipase (LPL) activities. Homo-
genates of gastrocnemius muscles and acetone powders
of EWAT were prepared according to the procedure
previusly reported'’, and the total LPL activities were
measured through a fluorimetric method'. In the case of
EWAT, the results were expressed as, U (units)/g EWAT
and U/ whole pad EWAT (U/EWAT), while the total
LPL activity of gastrocnemius muscle was expressed as
U/g gastrocnemius, considering that 1 U = 1 nmol of
fluoresceine/min.

— Lipogenic enzyme activities. In liver and EWAT
homogenates, fatty acid synthase (FAS; EC 2.3.1.85),
malic enzyme (ME; EC 1.1.1.40) and glucose-6-phos-
phate dehydrogenase (G6PDH; EC 1.1.1.49) activities
were measured according to the methods described by
Lynen (1969)"", Hsu and Lardy (1969)'® and Kuby and
Noltmann (1966)", respectively. In liver, enzyme activi-
ties were expressed either as nmol NADPH consumed
(FAS) or produced (G6PDH and ME) /min/mg of protein
(1 mU = 1 nmol NADPH/min). In the case of EWAT, the
results were expressed as mU/g EWAT (1 U = 1 mmol of
NADPH consumed or produced/min) or per whole
EWAT (U/EWAT). Protein content was determined by
the Lowry technique®.

— Carnitine palmitoyltranferase-1 (CPT-1) activi-
ties. CPT-Ia and CPT-Ib (EC 1.3.99.3) activities were
assessed in the mitochondrial fraction of liver and
muscle, respectively, by the method of Bieber et al.?!
The CPT-I activities were expressed as mU/mg of
protein (1 mU = 1 nmol CoA/min).

Statistical analysis

The statistical analysis was performed using SPSS,
version 17.0 (SPSS Inc., Chicago, IL, USA). Data were
expressed as means =+ standard errors of mean values,
and were statistically analyzed by 3x3 ANOVA. All
post-hoc multiple comparisons were made using
Tukey’s critical range test. Significant differences
were considered at P < 0.05.

Results

All diets were well accepted showing a similar
energy intake, as well as fat and protein apparent
absorption associated with a positive body weight gain
(table IIT). Nevertheless, the body weight gain was
altered by the source of dietary fats and by the CLA.
Specifically, R oil-fed animals increased the body
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weight gain, and the supplementation with mix-CLA in
all groups and RA-rich oil in R-mice diminished this
parameter.

The higher body weight of R oil-mice was associ-
ated with a higher fat retention in carcasses, as well as
in EWAT pads. The reduced body weight gain by mix-
CLA in all dietary sources was mainly associated with
losses of fat in carcasses and in fat pads. A differential
and slighter effect was produced by RA-rich oil, where
only a significant reduction of body weight gain was
observed in R+RA animals. In this group, the changes
in body weight gain were also related to a reduction in
the content of fat carcass and EWAT.

The liver weight was not altered by the dietary fat
sources; however, mix-CLA supplementation to diets
induced hepatomegaly and these alterations were not
associated with changes in biomarkers of hepatic
damage (table IV).

In the absence of CLA supplementation, the TG levels
in serum, liver and gastrocnemius muscle were not
modified by the dietary fat source, but were altered by
the type of CLA (table IV). Serum TG were increased in
all animals fed diets supplemented with mix-CLA and in
those mice fed with the M+RA diet. Hepatic TG levels
showed differential effects depending on the fat source
considered in mix-CLA supplementation and did not
show differences by RA-rich oil supplementation. In this
regard, the increase by mix-CLA in hepatic TG content
was O+mix-CLA > M+mix-CLA > R+mix-CLA. In this
latter group, this increase is not statistically significant
when compared with those animals without mix-CLA.
The TG content in the gastrocnemius muscles of animals
fed diets supplemented with mix-CLA was significantly
reduced, while RA-rich oil supplementation increased
the TG content in those animals fed with M and R oil
diets.

In the absence of CLA, the hepatic TG-SR did not
change by the dietary fat source; however, it was highly
increased in R+mix-CLA mice and in all animals fed
with RA-rich oil supplemented diets. The total LPL
activity in EWAT was increased by RA-rich oil and in
greater proportion by mix-CLA. However, when the
EWAT size was considered, the contribution to the total
TG removal by LPL in animals fed diets supplemented
with mix-CLA was significantly reduced, as well as in
M+AR and R+AR mice compared to their respective
controls. The gastrocnemius muscle total LPL activity
was increased in M+RA and R+RA mice, and did not
change by mix-CLA supplementation independently of
dietary fat source. Since no differences were found in
gastrocnemius weight, the expression of total LPL
activity/total muscle showed the same pattern that per g
of muscle (data not shown).

In the absence of CLA, the three hepatic lipogenic
enzymes (FAS, ME and G6PDH) activities measured
did not show differences by dietary fat source (table V)
and, with the exception of R+RA mice in the ME
activity, the supplementation with mix-CLA or RA-rich
oil to diets increased both FAS and ME activities

without changes in G6PDH activity. In EWAT, the
activities of these three enzymes (expressed as mU/mg
protein) did not change by dietary fat source and were
increased by mix-CLA and RA-rich oil supplementa-
tion. However, when the contribution of these enzymes
to the total lipogenesis in the EWAT is estimated, RA-
rich oil supplementation increased the activities of the
three enzymes in the animals fed with any fat source,
with the exception of R+RA mice in which the observed
increase in FAS activity did not reach statistical signifi-
cance. On the other hand, under this expression, mix-
CLA supplementation to fat diets did not modify any of
the lipogenic enzyme activities evaluated in EWAT.
The main enzymes involved in the -oxidation of
liver and skeletal muscle are the CPT-Ia y CPT-Ib,
respectively. This enzyme increased in the liver of
animals fed R and M+RA diets. In the gastrocnemius,
the CPT-Ib activity was higher in mice fed M or R vs O
diets, as well as in those fed with the mix-CLA diet.

Discussion

Several studies have reported the benefits and disad-
vantages on the nutritional status and lipid metabolism
of different types of CLA, as well as of different dietary
fat sources. To the best of our knowledge, there are no
nutritional investigations dealing with the combination
of naturally or commercially obtained CLA and
different sources of fats and its effects on parameters
related to risk of non-communicable disorders. There-
fore, the aim was to investigate the differential effect of
two types of CLA preparations supplemented to
dietary fats containing different proportions of n-9, n-6
and n-3 FA on body composition, TG levels and lipid
metabolism in mice.

In comparison with RA-rich oil, mix-CLA supple-
mentation showed a very high influence on body
composition and lipid parameters. The present results
confirmed, and also extended to different dietary fats,
data reported by other authors**2, in which the mix-
CLA decreased the body weight gain associated with a
deep reduction in fat storage and hepatomegaly, while
RA-rich oil has a lower but significant reduction of fat
pads without negative impact on liver. The alterations
observed by mix-CLA have been described in mice?® as
a “lipoatropic syndrome”, and is due to the #10,c12-
CLA isomer. Different outcomes have been observed
in other species; thus, weak or no effects have been
reported in normal rats and other animal models,
leading to the conclusion that the species and strain are
determinant of the biological response of CLA*%. In
vivo and in vitro studies**?*?” have indicated that the
putative mechanism of the #10,c12-CLA effect might
include, reduction of the total LPL activity in adipose
tissue, decreased preadipocyte differentiation and
proliferation, inhibition of stearoyl coenzyme A desat-
urase activity, increased apoptosis of adipocytes
induced by tumor necrosis factor-a and enhanced
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energy expenditure via the family of uncoupling
proteins.

Different sources of dietary fats had a dissimilar
impact on the body composition of the animals. Stri-
kingly, mice fed the R diet, showed an increased body
weight gain associated with an enhanced energy effi-
ciency and fat accretion. Even though it is generally
known that n-3 PUFA reduce adiposity, most of the
beneficial effects of n-3 PUFA are attributed to EPA
and DHA. However, there is not enough evidence
supporting that ALA-rich oils provide the same physio-
logical effects®. Thus, in agreement with our results
but not with other results from animals fed with ALA-
rich diets, Sealls et al.” in mice fed diets containing lard
(low in n-3 PUFA), rapeseed oil or DHA+EPA-rich oil
showed a larger size of the EWAT in the rapeseed oil
fed animals. These results were explained by the acti-
vation of both transcription factor sterol regulatory
element binding protein-1c (SREBP-1c) and peroxi-
somal proliferator activated receptor-y (PPARY) when
ALA levels were high, raising the lipogenesis in
adipose tissue. In the animals fed with the R diet, the
RA-rich oil supplementation decreased body weight
gain associated with lower fat depots. The magnitude
of the lowering effect of RA-rich oil on body weight
gain was significantly lower than that observed by mix-
CLA supplementation, but interestingly no hepato-
megaly or other adverse effects were present in RA-
rich oil fed mice. Independently of the effect on body
weight gain, a reduction of the EWAT was found in all
animals fed diets supplemented with RA-rich oil. The
results of individual RA (purity: 90%) on body and
adipose tissue weight are controversial®, and the
biochemical mechanisms proposed are unclear.
However, in our experimental conditions the fat reduc-
tion induced by RA-rich oil could be related to lower
total LPL enzyme activities observed in M+RA and
R+RA, but not in O+RA groups. Akahoshi et al.*' did
not find changes in body weight gain of RA (purity:
80%) fed rats for 26 d; however, they found a differen-
tial response depending on the adipose tissue consi-
dered. In this regard, they showed a lower perirenal
adipose tissue weight associated with a tendency of
lower epididymal fat pads and a raised brown adipose
tissue. Lopes et al.,** demonstrated that RA (purity:
90%) fed rats had larger adipocytes than those fed
t10,c12-CLA (purity: 90%), without any differences in
the final fat pad weights.

It is very well known that dietary fats, as well as
CLA might differentially alter the lipid metabolism,
changing the levels of TG in the plasma and tissues of
animals™?. Besides, there is no systematic study
dealing with dietary fats, representing different propor-
tions of n-9, n-6 and n-3 FA, supplemented with
diverse types or preparations of CLA on TG regulation.
The serum TG levels are regulated, among other mecha-
nisms, by the liver TG-SR and by the peripheral TG
removal in the white adipose tissue and skeletal
muscle. Mix-CLA increased the serum TG in animals

fed with different fat sources which could be explained
by a lower adipose tissue total LPL activity and in the
R+mix-CLA group, additionally, by a higher hepatic
TG-SR. On the other hand, RA-rich oil increased the
serum TG levels only in animals fed the M+RA diet
and this effect could be due to the higher hepatic TG-
SR associated with a lower adipose tissue total LPL
enzyme activity. The same effect of RA-rich oil on
liver TG-SR and total LPL activity was observed in
animals fed the R+RA diet; however, no changes in
plasma TG concentrations were demonstrated. At least
to our knowledge, there is no study on the physiolo-
gical mechanisms that could explain this regulatory
state observed in the R+RA group, but it could be
hypothesized that the composition of the TG-rich
lipoprotein of the animals fed the M+RA diet might
have a lower affinity for the LPL enzyme than for those
lipoproteins of the animals fed the R+RA diet. This
hypothesis does not preclude that other biological
mechanisms could be implicated. Similar results on
serum TG concentration have been observed by de
Deckere et al.’? in hamsters fed with mix-CLA and with
individual isomers: 10,c12-CLA and ¢9,t11-CLA.
However, a different response was obtained in
hamsters by other authors’. The lowering effect of mix-
CLA has also been observed by our group® in mice fed
hyperlipidaemic diets. Therefore, there is controversial
response of serum TG by CLA and this effect could be
related to species, animal model, isomer and type of
dietary fat, among other factors.

The increased hepatic TG induced by mix-CLA in
O+mix-CLA and M+mix-CLA groups, were clearly
related with an unbalance between lipogenesis/f-
oxidation that was not compensated with a higher
hepatic TG-SR. Specifically, we observed a stimula-
tion of hepatic lipogenic enzyme activities: FAS and
ME without changes in CPT-Ia activities in all mix-
CLA-fed animals. Surprisingly, we found a differen-
tial effect in the R+mix-CLA group, where the liver
TG-SR was notoriously increased, leading to an
enhanced TG output that prevented the hepatic
steatosis. The supplementation with RA-rich oil to
the three dietary fats also raised the FAS and ME,
without changes in CPT-Ia activity; but in all these
groups the increased hepatic TG-SR could coun-
teract and avoid the TG accretion in liver. The
hepatic steatosis observed in mice fed O+mix-CLA
and M+mix-CLA diets have been discussed in
different conditions by other authors*** mainly by
the same biological mechanisms. In contrast, little
information has been reported on hepatic TG levels
in animals fed the ¢9,/11-CLA isomer but there is
consensus on the absence of changes®* in liver TG
content. According to Clément et al.** hepatic
steatosis induced by the pure #10,c12-CLA isomer,
specifically in mice, is secondary to hyperinsu-
linemia, which causes an increased FA uptake and
synthesis, while hepatic steatosis was not noted in
pure ¢9,¢t11-CLA-fed mice, which remained normoin-
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sulinemic. In addition, Degrace et al.** proposed that
pure #10,c12-CLA enhanced the malonyl-CoA genera-
tion and thus inhibited the CPT-I and FA oxidation.
This mechanism together with an increased lipoprotein
uptake and lipogenesis could explain the hepatic
steatosis of 110,c12-CLA fed mice not induced by
c9,t11-CLA.

White adipose tissue and muscle are key regula-
tory tissues for lipid metabolism and mobilization.
Our results of the decreased EWAT weight in mix-
CLA-fed mice are in agreement with the reduction of
total LPL activity (expressed per total EWAT), and
also with the results of other authors*. The lower
availability of FA in adipose tissue could explain the
increased lipogenic enzyme activities observed in
this study and in others*, attempting to compensate
the lower TG depots. However, comparing with mix-
CLA, RA-rich oil supplementation decreases the
total LPL enzyme activity to a lower extent, which
seems to be not compensated by the increased lipoge-
nesis in the adipocytes leading to a minor reduction
of EWAT weights. Interestingly, we could not
discard the possibility that other mechanisms might
explain the reduction of EWAT, because in the
O+RA group the reduction in EWAT was present
parallel to normal total LPL activity. The TG content
in muscle were decreased by mix-CLA and, at least
in part, could be associated with a high CPT-Ib
activity and not with a lower uptake by muscle total
LPL activity. The CPT-I enzyme plays a key role in
the transport of FA across the mitochondrial
membrane; thus, FA might be oxidized obtaining
acetyl CoA and energy. These results support further
evidence showing that mix-CLA supplementation
increases the $-oxidation in skeletal muscle® A very
different effect was observed by RA-rich oil and
depended on the fat source. Thus, RA-rich oil supple-
mentation increased the muscle TG depots in M+RA
and R+RA, but not in O+RA groups, and this fat
accretion correlated with a raised muscle total LPL
activity, without changes in CPT-Ib activity. Further
studies on the comparison between the supplementa-
tion of mix-CLA or RA-rich oil to dietary fats are
needed to elucidate the biological mechanisms
involved in muscle TG regulation.

In brief, CLA modified the TG metabolism having
different effects depending on the composition of
CLA preparation, proportions of dietary unsaturated
FA and tissue. The magnitude of reduction of fat in
carcass and EWAT was higher in the mix-CLA than
in the RA-rich oil supplemented diets, independently
of the proportions of n-9, n-6 and n-3 FA presented in
dietary fats. However, RA-rich oil showed beneficial
effects without hepatomegaly, steatosis, or hyper-
triglyceridaemia. As a consequence of interactions
between CLA and dietary fats, it is highlighted that
rapeseed oil prevented the hepatic steatosis observed
in mice fed olive and maize oils supplemented with
mix-CLA by increasing TG-SR; and olive oil, by an

equilibrium between FA uptake/oxidation prevented
the increase of muscle TG induced by the RA-rich oil
supplementation to maize and rapeseed oils. Thus,
the proportions of dietary unsaturated FA modulated
the different mix-CLA and RA-rich oil response to
lipid metabolism in mice.

Even though the experimental results in animal
models, and specifically in mice, cannot be directly
extrapolated to humans, knowledge of the mechanisms
involved in the benefical effects of natural and commer-
cial CLA when ingested with different edible oils might
be useful for the development of functional foods effec-
tive to prevent some metabolic disorders observed in
human non-communicable chronic diseases.
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Abstract

Objectives: To apply a cluster analysis to groups of
individuals of similar characteristics in an attempt to
identify undernutrition or the risk of undernutrition in
this population.

Methods: Design: A cross-sectional study. Setting:
Seven public nursing homes in the province of Murcia, on
the Mediterranean coast of Spain. Participants: 205
subjects aged 65 and older (131 women and 74 men).
Measurements: Dietary intake (energy and nutrients),
anthropometric (body mass index, skinfold thickness,
mid-arm muscle circumference, mid-arm muscle area,
corrected arm muscle area, waist to hip ratio) and
biochemical and haematological (serum albumin,
transferrin, total cholesterol, total lymphocyte count).
Variables were analyzed by cluster analysis.

Results: The results of the cluster analysis, including
intake, anthropometric and analytical data showed that,
of the 205 elderly subjects, 66 (32.2%) were over-
weight/obese, 72 (35.1%) had an adequate nutritional
status and 67 (32.7%) were undernourished or at risk of
undernutrition. The undernourished or at risk of
undernutrition group showed the lowest values for dietary
intake and the anthropometric and analytical parameters
measured.

Conclusions: Our study shows that cluster analysis is a
useful statistical method for assessing the nutritional
status of institutionalized elderly populations. In
contrast, use of the specific reference values frequently
described in the literature might fail to detect real cases of
undernourishment or those at risk of undernutrition.
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IDENTIFICACION DE GRUPOS DE PERSONAS
MAYORES INSTITUCIONALIZADAS CON
DIFERENTE ESTADO NUTRICIONAL MEDIANTE
UN ANALISIS DE CONGLOMERADOS

Resumen

Objetivos: Aplicar un analisis de conglomerados (clus-
ter analysis) para grupos de individuos de caracteristicas
similares en un intento de identificar la desnutricion o el
riesgo de desnutricion en esta poblacion.

Meétodos: Estudio transversal llevado a cabo en 205
sujetos de 65 afios (131 mujeres y 74 hombres), residentes
en siete centros publicos de la Region de Murcia, locali-
zada en la costa mediterranea de Espafa. Se valoro
ingesta dietética (energia y nutrientes), medidas antropo-
métricas (indice de masa corporal, pliegues cutaneos, cir-
cunferencia muscular del brazo, area muscular del brazo,
area muscular del brazo corregida, relacion cintura-
cadera) y parametros bioquimicos y hematolégicos (albi-
mina, transferrina, colesterol total, recuento total de lin-
focitos). Las variables se analizaron mediante analisis de
conglomerados.

Resultados: Los resultados del analisis de conglomera-
dos, incluyendo la ingesta, datos antropométricos y anali-
ticos mostraron que, de los 205 sujetos ancianos, 66 parti-
cipantes (32,2%) presentaron sobrepeso/obesidad, 72
(35,1%) tenian un estado nutricional adecuado y 67
(32,7 %) estaban desnutridos o en riesgo de desnutricion.
El grupo con desnutricion o en riesgo de desnutricién
mostroé los valores mas bajos de la ingesta dietética y los
parametros antropométricos y clinicos.

Conclusiones: El estudio muestra que el analisis de
conglomerados es un método estadistico ttil para evaluar
el estado nutricional de las poblaciones de ancianos insti-
tucionalizados. Por el contrario, el uso de los valores de
referencia especificos, descritos con frecuencia en la lite-
ratura, podria no detectar situaciones reales de desnutri-
cion o en riesgo de desnutricion.

(Nutr Hosp. 2014;29:602-610)
DOI:10.3305/nh.2014.29.3.7194

Palabras clave: Desnutricion. Malnutricion. Residencias
publicas. Personas mayores. Andlisis de conglomerados.



Abbreviations

BMI: body mass index.

CAMA: corrected-arm muscle area.

E: energy.

MAC: mid-arm circumference.

MAMA: mid-arm muscle area.

MAMC: mid-arm muscle circumference.
RDI: Recommended Dietary Intake.
TSF: Triceps skinfolds.

WHR: waist to hip ratio.

Introduction

Malnutrition is an overall term used for different
deviations from the normal nutritional status. As such it
can refer to subjects who are either over- or under-
nourished. Undernutrition is the state produced by the
intake of insufficient macronutrients or micronutrients:
protein-energy malnutrition or vitamin and mineral
deficiency'. However, the causes of poor nutritional
status in older people are complex, and may be a result
of poor dietary intake or a secondary consequence of
acute or chronic disease’.

Malnutrition in the elderly is a frequent and multi-
factorial problem, more prevalent in hospitals and
nursing homes where it is rarely recognised and
treated. It is also associated with massive healthcare
expenditure’¢. The effects of malnutrition are espe-
cially dramatic in older people, who tend to be the most
vulnerable, fragile and dependent®’. However, several
studies have shown that nutritional therapies can
substantially improve the nutritional status of the
elderly®.

A suitable evaluation of the nutritional status of
elderly people and its associated factors should help
reduce the prevalence of undernutrition, improving the
quality of life, reducing the number of hospitalized and
institutionalized persons, and cutting the public
expense of providing health and social care for this
population group*".

Undernutrition in most developed countries ranges
between 5 and 20% for the free-living elderly, but may
be more frequent in nursing home residents and
hospital patients (19-65%)'“>. However, although
undernutrition is a common problem in the elderly, no
gold standard exists for evaluating nutritional status.

Data from recent studies concerning the prevalence
of undernutrition in the elderly population vary greatly
between studies and depend on the characteristics of
the subjects studied, as well as the nutritional screening
tool and the cut-off values considered for identifying
the disorder'*®. In a study conducted by our group, we
found that the prevalence of undernutrition in the same
population studied varied between 2 and 57%
according to the ten nutritional screening tools used'.
In another recent study, Poulia et al. (2012)" found that
the prevalence of undernutrition in the elderly ranged

from 42.7 to 97.6%, depending on the six nutritional
screening tools used.

In view of the variability in the nutritional screening
tools used, and the different parameters and normal
values considered in the literature to define the nutritional
status of older people, the aim of the present study was to
assess nutritional status by means of a cluster analysis in
an institutionalized elderly population from seven public
nursing-homes from the province of Murcia (southeast
Spain), in an attempt to identify undernutrition or the risk
of undernutrition in this population.

Experimental methods
Subjects

The present was study was carried out in the
province of Murcia (southeast Spain). The age of the
subjects ranged from 65 to 96 years and all lived in
seven public nursing homes from urban areas. The
inclusion and exclusion criteria were previously
described'. A total of 205 subjects (131 women and 74
men) participated in the present study. The mean age +
standard deviation was 78.6 + 7.5 years.

Study design

Dietary intake, and anthropometric and biochemical
measurements were assessed in all the participants in a
cross-sectional study. The survey was conducted in a
24-month period starting in May 2007.

Dietary intake

Food intake was assessed using a previously vali-
dated 4-day weighed-food record of all food and fluids
consumed during each meal. All subjects were also
asked about any food consumed other than in the
dining-room of the nursing home. The mean daily
intake of energy and nutrients was estimated using
GRUNUMUR software?'. Data were compared with the
Recommended Dietary Intake (RDI) for the Spanish
elderly population and the dietary balance (percentage
of total energy from each macronutrient) was compared
with Mediterranean diet recommendations?.

Anthropometric measurements

Weight and height measurements were previously
described'®. Body mass index (BMI) was calculated as
weight (kg)/height (m)>.

Skinfold thickness was measured on the left side of the
body, in triplicate to the nearest 0.2 mm using a calliper
(GPM, Zurich, Switzerland) with a constant pressure of
10 g/mm?. Triceps (TSF) and biceps skinfolds (mm) were
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pinched in the front and back part of the arm, midway
between the tip of the acromion and the olecranon
process. Subscapular skinfold (mm) was pinched at an
angle of about 45° to the vertical. Suprailiac skinfold
(mm) was pinched just above the iliac crest in the mid-
axillary line. Abdominal skinfold (mm) was measured
vertically at about 2 cm left of the umbilicus.

Circumferences were measured in triplicate using a
flexible non-stretch tape measure calibrated in mm.
The mid-arm circumference (MAC, cm) was measured
on the left arm midway between the tip of the acromion
and the olecranon process. The mid-arm muscle
circumference (MAMC) was calculated according to
the following formula?*: MAMC (cm) = MAC (cm) —
0.1 x @ x TSF (mm). The mid-arm muscle area
(MAMA) was calculated from the formula”: MAMA
(cm?) = [MAC (cm) — 0.1 x & x TSF (mm)]*/4x. The
corrected-arm muscle area (CAMA) was calculated
according to the following equations?:

CAMA =[(MAC-0.1 x t x TSF)¥4 7t] - 10 (men)
CAMA =[(MAC-0.1 x t x TSF)*4 ] — 6.5 (women)

The waist-circumference was obtained midway
between the lower rib margin and the iliac crest,
following gentle expiration. The hip-circumference
was measured over the widest part of the great
trochanter. The waist to hip ratio (WHR) was obtained
by dividing the values of both circumferences.

The anthropometric parameters were compared with
those of the Spanish elderly population®-*. BMI was
compared with the normal range for elderly people (24-
29 kg/m?)*'. The WHR and waist circumference were
compared with the normal values for adults®>*.

Blood collection and biochemical measurements

Fasting blood samples were obtained from all subjects
during the early morning. Serum concentrations of
albumin, transferrin and total cholesterol were measured
using commercial kits (Roche Diagnostic, Mannheim,
Germany) on an automated sequential multiple analyser
(Roche Diagnostics, Mannheim, Germany). Total
lymphocyte counts were made with a Sysmex XE-2100L
Model Automated Cell Counter (Roche Diagnostics,
Mannheim, Germany). Cut-off criteria for normal values
of serum albumin, transferrin, cholesterol concentrations
and the total lymphocyte count (35-53 g/1, 200-385 mg/dl
for men and 185-405 mg/dl for women, 150-230 mg/dl
and 1-4 x 10/1, respectively) used in the present study
were defined in accordance with the recommended labo-
ratory values from the ‘Virgen de la Arrixaca University
Hospital’ (Murcia, Spain).

Ethics

The study protocol was performed in accordance
with The Helsinki Declaration of Human Studies and

approved by the Ethical Committee of the University
of Murcia. All participants provided their written
informed consent.

Statistical analysis

Data are presented as mean + standard deviation or
as percentages of subjects. The Gaussian distribution
of variables was confirmed by the Kolmogorov-
Smirnov test and homogeneity of variances by the
Levene test. For parametric data, the differences in
variables between sexes were analyzed by Student’s t-
test, and differences in variables between the 3 groups
were analyzed by one-way analysis of variance
(ANOVA) and subsequent post hoc Bonferroni. For
nonparametric data the Mann-Whitney test was used to
analyze differences in variables between sexes, and the
Kruskal-Wallis test was applied for testing the differ-
ences between the three groups. Further testing with
Mann-Whitney U test was carried out when significant
differences were found. Chi-squared analysis and the
analysis of corrected residuals were used to test
whether there were significant differences in the
proportion of people between different groups. The
level of significance was set at 5% for all analyses. The
multivariate statistical technique of cluster analysis
was used to identify groups within this population that
showed similar patterns of nutritional status. Analyt-
ical and anthropometric parameters frequently used in
the literature to assess nutritional status (BMI, CAMA,
serum albumin, transferrin, total cholesterol and total
lymphocyte count), and dietary intake data (daily
energy and protein intake) were used in this analysis. If
clustering variables have scales of very different
ranges, the variables with larger values will overwhelm
those with smaller values. To make the contribution of
all variables to the distance measure more comparable,
the variables included in the analysis were standard-
ized. In this study, cluster analysis was performed
using the K-means method, in which the number of
clusters needs to be preselected. Since no information
was available on the appropriate number of clusters in
the data set, a series of steps was taken to select the
most suitable number. Firstly, several cluster analysis
runs were conducted with a varying number of clusters
(from two to five). Secondly, the analysis of variance
tables of each analysis and the F-statistics of the group
variables were inspected to identify cluster solutions
with well separated clusters. Thirdly, the size of the
emerging clusters and the differences in the variables
across individual clusters from each run were exam-
ined. With the variables used, all three cluster solutions
produced reasonably sized and well separated clusters
of different nutritional status, and were therefore
selected. The reliability of the cluster solutions was
tested by discriminate analysis using the stepwise
method. All the data were analysed using SPSS for
windows (version 19.0, SPSS Inc., Chicago, USA).
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Results

Average dietary intakes of energy and protein
fulfilled the Recommended Dietary Intake (RDI) for
Spanish elderly subjects. The balance of the diet
(percentage of energy from each macronutrient) was
well equilibrated (14.5% from proteins, 31.3% from
lipids and 53.3% from carbohydrates). The studied
subjects showed deficient intakes for zinc, folate and
vitamins A, D and E.

The gender-related values of the anthropometric and
biochemical parameters recorded in the 205 subjects are
shown in table I. In general, the mean values of the
anthropometric parameters were considered acceptable
for an elderly Spanish population. BMI was within the
normal range for such a population. WHR was at the limit
of cardiovascular risk in both men and women. Waist
circumference was higher than the recommended value
for younger adults. The mean values of the biochemical
parameters were within the local normal ranges.

Three groups of elderly people (A, B and C) were
identified by the cluster analysis. The level of agree-
ment between group membership identified by cluster
analysis and predicted group membership using
discriminate analysis was 95.1%, indicating a good
stability for the cluster solutions. Of the 205 elderly
subjects, 66 (32.2%) were assigned to group A, 72
(35.1%) to group B, and 67 (32.7%) to group C, each
group representing a different nutritional status. There
were no statistical differences for the variable gender
among groups.

Table II shows daily dietary intake, and table III
shows age, anthropometric and biochemical data for the
three cluster groups. There were significant differences
among the three groups for the variables included in the
cluster analysis and also for the rest of the studied vari-
ables that were not included, except for vitamin D
intake, WHR and abdominal skinfold thickness.

Group A showed the highest intake of energy and other
components of the diet, the energy intake in this case
being greater than the RDI for Spanish elderly people.
Group B showed adequate energy intake, while group C
showed the lowest intake of energy, being below the RDI
for Spanish elderly people. In the three groups, protein
intake appeared to cover the RDI for Spanish elderly
people. The balance of the diet (percentage of energy
from each macronutrient) was adequate for the three
groups and agreed with Mediterranean diet recommenda-
tions. Group C showed the lowest energy percentage
from lipids and the highest from carbohydrates. Group C
also showed deficiencies in vitamin B intake, which was
suitably covered in the other two groups. All three groups
showed deficient intakes for zinc, folate, and vitamins D,
A and E. Only group A fulfilled the magnesium RDI.

Age was significantly different among groups,
group C being the oldest. Group A showed the highest
anthropometric data, whereas group C showed the
lowest. The percentages of subjects with TSF, MAMC,
MAMA values below the 10" percentile and CAMA
values of < 21.4 and < 21.6 cm?, for men and women,
respectively, are shown in figure 1. These percentages
were significantly higher in group C.

Table I
Anthropometric and biochemical data for the elderly population™

Total Men Women

Parameters (n=205) (n=74) (n=131) 23

Age (y) 78.6+7.5 75477 80.3+6.9 0.001
Weight (kg) 68.1+14.1 71.6+13.5 66.0x14.2 0.006
Height (cm) 154.3+£8.3 162.8 6.5 149.4+4.3 0.001
BMI (kg/m?) 28.4+5.9 269+4.4 203+6.4 0.003
MAC (cm) 30.0+4.7 289+39 30.6 5.1 0.009
MAMC (cm) 24.1+32 24.5+29 239+34 0.268
MAMA (cm?) 47.2x12.6 483=x11.1 46.5+13.4 0.343
CAMA (cm?) 304+12.6 383+11.1 40.0x13.4 0.341
Waist (cm) 100.2 £13.4 100.2+11.9 100.1 £14.3 0.983
Hip (cm) 104.7+11.9 100.5+9.4 107.6 +12.7 0.001
WHR 0.95+0.14 1.00+£0.07 0.91+0.16 0.001
Bicipital (mm) 10955 8.1+£35 125+5.8 0.001
Tricipital (mm) 18.6+7.1 14.1+£5.0 21.1+6.8 0.001
Subscapular (mm) 19.6+7.6 17.9+£5.6 20.7+8.5 0.010
Suprailiac (mm) 19.3+£9.6 13.5+6.9 23.0+9.3 0.001
Abdominal (mm) 24.7+12.3 158+6.3 31.0+11.6 0.001
Albumin (g/1) 399+43 40.6 £4.1 3905+44 0.077
Transferrin (mg/dl) 246 £43 249 +£43 244 +43 0.386
Cholesterol (mg/dl) 196 42 189 +40 200+43 0.082
Lymphocytes (x 10°/1) 2.00+0.71 1.98 £0.69 2.02+0.73 0.882

*Data are presented as mean values + standard deviation. BMI: body mass index; MAC: mid-arm circumference; MAMC: mid-arm muscle cir-
cumference; MAMA: mid-arm muscle area; CAMA: corrected-arm muscle area; WHR; waist to hip ratio. :Student s 7-test or Mann-Whitney test

were used to compare means between genders.
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Table II
Dietary intake for the three cluster groups and differences among groups*

Group A Group B Group C

Intake/d (n=1606) (n=72) (n=67) pi

Energy (kJ) 9238 + 1494¢ 7782 £ 12300 6937 £1481¢ 0.001
Proteins (%E) 152+2.3¢ 13.8+2.1° 14.5+3.1® 0.003
Proteins (g) 83.6£17.2 64.0+12.6" 60.1£17.6" 0.001
Lipids (%E) 31.9+£5.7 33.3+£5.00 28.5+4.7° 0.001
Lipids (g) 78.4+19.5* 68.9+15.8 52.5+14.4¢ 0.001
Carbohydrates (%E) 52.2+5.8 51.7+5.7 56.1+£5.4° 0.001
Carbohydrates (g) 288.8 +53.8¢ 240.3+45.7° 232.7+52.4v 0.001
Fiber (g) 24.2 +8.0¢ 17.7+£6.6° 16.3+£6.2° 0.001
Calcium (mg) 1031 £242¢ 860 +267° 919 + 341 0.002
Phosphorus (mg) 1644 +412¢ 1244 + 376" 1281 +502° 0.001
Iron (mg) 153+3.7¢ 11.7+£3.5° 11.0£3.5° 0.001
Zinc (mg) 8.3+£2.6° 6.3+£2.0° 5.8+£2.5° 0.001
Magnesium (mg) 347 + 86° 266 +71° 259 +79° 0.001
Vitamin B, (mg) 1.74 £0.49: 1.38 £0.42° 1.34+£0.48° 0.001
Vitamin B, (mg) 1.78 £0.38* 1.43+£0.39% 1.47+047° 0.001
Niacin (mg) 23.67 £ 6.30° 17.10x£5.23° 16.52£7.15° 0.001
Vitamin B, (mg) 2.14+0.47¢ 1.65+£0.41° 1.56 +0.50° 0.001
Folate (ug) 258 +73¢ 195+ 700 184 + 740 0.001
Vitamin B , (ug) 4.89 +3.342 3.86£2.20° 3.69 £ 1.90° 0.011
Vitamin C (mg) 200+ 728 147 67 138 £58° 0.001
Vitamin A (ug) 830 +296° 688 +303° 645 +282° 0.001
Vitamin D (ug) 336+2.13 2.83+2.41 3.67+£2.90 0.125
Vitamin E (mg) 8.71 £3.42: 6.89 +2.49° 5.66+2.31¢ 0.001

*Data are presented as mean values + standard deviation. E, energy.
*ANOVA or Kruskal-Wallis test followed by a post hoc Bonferroni or Mann-Whitney U test, respectively, were used to compare means between
groups.***Means with the same letter are not significantly different from each other.

Table I1I
Anthropometric and biochemical data for the three clusters groups and differences among groups*

Group A Group B Group C

Intake/d (n=0606) (n=72) (n=067) pE

Age (y) 76.5+6.4 79.3 £8.2% 79.9 7.4 0.020
Weight (kg) 80.5+10.1¢ 64.9+10.8" 59.1+12.1¢ 0.001
Height (cm) 157.5+£ 8.7 152.1+6.7° 153.5+8.4° 0.001
BMI (kg/m?) 32.6+4.8 28.1+4.4° 24.6£5.5¢ 0.001
MAC (cm) 33.9+£3.9 29.5+3.4° 26.5+3.6¢ 0.001
MAMC (cm) 27.2+2.3¢ 23.4+£2.4° 21.9+£2.5¢ 0.001
MAMA (cm?) 59.2+10.1* 43.9+9.2° 38.8 £ 8.6 0.001
CAMA (cm?) 51.1+10.7% 36.4£9.1° 31.1£8.5¢ 0.001
Waist (cm) 108.8 +12.0¢ 97.8 £10.7° 93.5+13.1° 0.001
Hip (cm) 112.4+9.7* 103.3+10.8 96.2+9.7¢ 0.001
WHR 0.93+£0.20 0.96 £0.08 0.97 £0.08 0.960
Bicipital (mm) 14.1+£6.3¢ 10.9+4.2° 7.8+£3.8¢ 0.001
Tricipital (mm) 21.5+7.6" 19.5+5.9* 14.6 £5.8° 0.001
Subscapular (mm) 23.2+8.4 19.7+6.6° 15.6 £5.9¢ 0.001
Suprailiac (mm) 22.5+10.8 20.0+8.6" 153 8.1° 0.001
Abdominal (mm) 24.6+13.0 27.4+12.5 19.6+9.5 0.062
Albumin (g/1) 40.2 £3.0* 42.8+3.3" 36.5+4.0¢ 0.001
Transferrin (mg/dl) 242 + 337 274 £ 420 219 +36¢ 0.001
Cholesterol (mg/dl) 189 +40¢ 221 + 340 176 +38* 0.001
Lymphocytes (x 10%/1) 1.93 £0.60° 2.39+0.74° 1.66 +0.59¢ 0.001

*Data are presented as mean values + standard deviation. BMI, body mass index; MAC, mid-arm circumference; MAMC, mid-arm muscle cir-
cumference; MAMA, mid-arm muscle area; CAMA, corrected-arm muscle area; WHR, waist to hip ratio.

*ANOVA or Kruskal-Wallis test followed by a post hoc Bonferroni or Mann-Whitney U test, respectively, were used to compare means between
groups.***Means with the same letter are not significantly different from each other.
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Serum albumin,
concentrations and the total lymphocyte count were
significantly lower in group C. The percentages of

subjects in each group with values for these parame- meters.
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transferrin, total cholesterol ters below the normal range are shown in figure 2.
Group C showed the highest percentage of subjects
below the normal range for all the biochemical para-

Fig. 1.—Percentage of sub-
Jects for the three clusters
groups with triceps skinfold
thickness (TSF ), mid-arm mus-
cle circumference (MAMC)
and mid-arm muscle area
(MAMA) under the percentile
10 of the Spanish elderly popu-
lation and subjects with co-
rrected-arm muscle area (CA-
MA) values of < 21.4 and =
21.6 cm??, for men and women,
respectively. <*<Percentages
with the same letter are not sig-
nificantly different from each
other, determined by Chi-squa-
red test and the analysis of co-
rrected residuals. Group A: n
= 66, Group B: n = 72; Group
C:n=067.

Fig. 2.—Percentage of sub-
Jjects for the three clusters
groups with serum albumin,
transferrin, cholesterol con-
centration and total lymphocy-
te count values under the nor-
mal range in the three groups
(Normal ranges: 35-53 g/l for
albumin, 200-385 mg/dl for
men and 185-405 mg/dl for
women for transferrin, 150-
230 mg/dl for cholesterol and
1-4 x 10°/1 for total lymphocyte
count). “*<Percentages with the
same letter are not signifi-
cantly different from each ot-
her, determined by Chi-squa-
red test and the analysis of
corrected residuals. Group A:
n = 66; Group B: n = 72;
Group C:n=67.
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Discussion

More than seventy tests or tools are currently avail-
able for detecting undernutrition all differing in their
criteria, cut-off points, ease of use and acceptability**.
Since no single nutritional measurement or lower refe-
rence limit can be considered to diagnose undernutri-
tion beyond doubt, a cluster analysis was used to iden-
tify undernourished subjects in the present study.
Besides the anthropometric and biochemical parame-
ters used frequently in other studies for the diagnosis of
undernutrition, we also used dietary intake data,
because dietary deficit intake is the primary cause of
undernutrition®.

Our results showed that the three groups had
different nutritional statuses, differing significantly in
dietary intake and anthropometric and biochemical
variables.

Group A showed the highest energy intake, which
was higher than the RDI. This excessive energy intake
was accompanied by the highest anthropometric
values. People in group A showed the greatest BMI
(32.6 = 4.8 kg/m?), a value that was above than the
normal range for elderly populations (24-29 kg/m?)*'.
The total population studied showed a higher than
recommended waist circumference, indicating abdom-
inal obesity, although, group A showed a higher value
than groups B and C. Despite these high values, given
the selective survival and the reduced risk of over-
weight in old age*”, it is not likely that this population
is at great cardiovascular risk. The percentage of
people in group A whose biochemical parameters were
below the normal ranges may have been due to the
presence of several illnesses but not to undernutrition.
In view of these results, it might be said that group A
was malnourished or at risk of malnutrition because of
an excessive energy intake and overweight/obesity.

Group B could be considered as having an adequate
nutritional status, an adequate energy intake, a BMI
within the normal range for elderly populations and
adequate values for the biochemical parameters.

Undernutrition is a dynamic process characterized
by depletion of lean body mass, visceral proteins and
body fat. It starts with inadequate nutrient intake,
followed by a progressive series of metabolic, func-
tional and body composition changes®. The undernour-
ished or at risk of undernutrition group (Group C)
showed an energy intake below the RDI for Spanish
elderly people, mainly because of a reduced lipid
intake. This reduction in energy intake was also
accompanied by a reduction in micronutrient intake.
Consequently, muscle mass and fat deposits had the
lowest values. Similar results have been described by
other authors*#.

Values of TSF, MAMC and MAMA below the 5" or
10™ percentiles have been used as indicators of under-
nutrion in elderly people®. Friedman et al. (1985)*
showed that CAMA values of < 16.0 and < 16.9 cm? for
men and women, respectively, and even values close to

these (= 21.4 and =< 21.6 cm?, for men and women,
respectively) suggested nutritional risk. However, in
the present study, a low percentage of people in group C
showed values that might indicate nutritional risk for
these CAMA values. A high percentage of undernou-
rished people might not have been detected if a specific
reference value had been used to diagnosis undernutrition.

Serum albumin, transferrin and total cholesterol
concentrations and the total lymphocyte count are also
considered indicators of nutritional status*!*#>4,_In the
present study, these parameters showed the lowest
values in group C. However, a high percentage of people
in this group showed values within the normal range, as
have been previously described in other studies”’. We
believe that low values of these parameters, although
within the normal range, should be considered
unfavourable when they are accompanied by low energy
intake or low values for the anthropometric parameters.

On the other hand, biochemical parameters can be
altered by certain diseases**. Anthropometric
measurements, especially BMI, can be affected by
dehydration or edema, and arm anthropometry is less
accurate because of the physical changes with age:
redistribution of fat from subcutaneous to deep adipose
tissues, decreased elasticity of skin, alterations in skin
thickness, and atrophy of subcutaneous adipocytes®.
An undernourished person could show an adequate
energy intake, while the development of undernutrition
may be due to increased metabolic demands or
increased nutrient losses, because illness is frequent in
the elderly”. We believe that three groups of data
should be used to diagnose undernutrition: intake, and
anthropometric and analytical variables.

In conclusion, our study shows that cluster analysis
is a useful statistical method for assessing the nutri-
tional status of institutionalized elderly populations. In
the studied population, we found that the overall preva-
lence of undernutrition or risk of undernutrition was
32.7%, whereas 32.2% of the studied subjects were
malnourished or at risk of malnutrition because of an
excessive energy intake, showing overweight/obesity.
The undernourished or at risk of undernutrition group
showed the lowest values for dietary intake and the
anthropometric and analytical parameters measured.
Some of the specific reference values used in the litera-
ture, on the other hand, might have failed to detect
many of the undernourished or people at risk identified
by cluster analysis.
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Resumen

Objetivos: Desarrollar un modelo antropométrico de
prediccion de masa muscular apendicular esquelética
(MMAE), en adultos mayores chilenos.

Métodos: La muestra estudiada corresponde a 616
adultos = 60 aiios (69,9 + 5,2 aios), 64,6 % mujeres, auto-
valentes, viviendo en la comunidad en Santiago, Chile,
participantes del estudio ALEXANDROS. Se efectuaron
mediciones antropométricas, dinamometria de mano,
pruebas de movilidad y densitometria 6sea (DEXA). Me-
diante modelos de regresion lineal paso a paso se relacio-
no6 la MMAE obtenida por DEXA con variables antropo-
métricas, edad y sexo. La muestra se dividié en forma
aleatoria en dos submuestras, obteniéndose ecuaciones de
prediccion para ambas, que se validaron mutuamente
por doble validaciéon cruzada. La alta correlacion entre
los valores de MMAE observados y pronosticados en am-
bas submuestras y el bajo grado de contraccién permitie-
ron desarrollar la ecuacién de prediccion final con la
muestra total.

Resultados: El coeficiente de validez cruzada entre las
ecuaciones de prediccion obtenidas en las dos submues-
tras fue 0,941 y 0,9409 y el grado de contraccion 0,004 y
0,006. La ecuacion de prediccion final, en la muestra to-
tal, fue: MMAE (kg) = 0,107(peso kg) + 0,251 (altura rodi-
lla cm) + 0,197 (circunferencia pantorrilla cm) + 0,047(di-
namometria kg) - 0,034(circunferencia cadera cm) +
3,417(sexo) - 0,020 (edad afios) - 7,646 (R*= 0,89). La
MMAE estimada y la medida por DEXA fueron similares
(16,8+4,0 vs 16,9+3,7) y concordantes segiin los métodos
de Bland y Altman (IC 95%: -2,6 -2,7) y Lin (coeficiente
correlacion concordancia = 0,94).

Conclusiones: Se obtuvo una ecuacion antropométrica
para determinar la masa MMEA, de gran utilidad en la
pesquisa de sarcopenia en adultos mayores.
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ANTHROPOMETRIC MODEL FOR
THE PREDICTION OF APPENDICULAR SKELETAL
MUSCLE MASS IN CHILEAN OLDER ADULTS

Abstract

Objectives: To develop a predictive model of appendicular
skeletal muscle mass (ASM) based on anthropometric
measurements in elderly from Santiago, Chile.

Methods: 616 community dwelling, non-disabled
subjects = 60 years (mean 69.9 + 5.2 years) living in
Santiago, 64.6 % female, participating in ALEXANDROS
study. Anthropometric measurements, handgrip strength,
mobility tests and DEXA were performed. Step by step
linear regression models were used to associate ASM
from DEXA with anthropometric variables, age and sex.
The sample was divided at random into two to obtain
prediction equations for both subsamples, which were
mutually validated by double cross-validation. The high
correlation between the values of observed and predicted
MMAE in both sub-samples and the low degree of
shrinkage allowed developing the final prediction
equation with the total sample.

Results: The cross-validity coefficient between prediction
models from the subsamples (0.941 and 0.9409) and the
shrinkage (0.004 and 0.006) were similar in both
equations. The final prediction model obtained from the
total sample was: ASM (kg) = 0.107(weight in kg) + 0.251(
knee height in cm) + 0.197 (Calf Circumference in cm)
+0.047 (dynamometry in kg) - 0.034 (Hip Circumference
in cm) + 3.417 (Man) - 0.020 (age years) - 7.646 (R*>= 0.89).
The mean ASM obtained by the prediction equation and
the DEXA measurement were similar (16.8 + 4.0 vs 16.9 =
3.7) and highly concordant according Bland and Altman
(95% CI: -2.6 -2.7) and Lin (concordance correlation
coefficient = 0.94) methods.

Conclusions: We obtained a low cost anthropometric
equation to determine the appendicular skeletal muscle
mass useful for the screening of sarcopenia in older
adults.

(Nutr Hosp. 2014;29:611-617)
DOI:10.3305/nh.2014.29.3.7062

Keywords: Older adults. Sarcopenia. Anthropometric
measurements. Prediction equations.
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Abreviaturas

DEXA: dual energy x ray absorptiometry.
MMAE: masa muscular apendicular esquelética.
ASM: appendicular skeletal muscle mass.
IC 95%: intervalo de confianza del 95%.
95% CI: 95% confidence interval.

Kg: kilogramos.

Cm: centimetros.

M: meters.

Adultos mayores: AM.

Indice de Masa Corporal: IMC.

DE: desviacion estandar.

EE: error estandar.

R?: coeficiente de determinacion.

EEE: error estandar de estimacion.

Introduccion

La sarcopenia es una caracteristica del envejeci-
miento biolégico, que representa la progresiva pérdida
de masa, calidad y fuerza muscular esquelética. Sus
graves repercusiones sobre la salud de los Adultos Ma-
yores (AM) van desde pérdida de funcionalidad, de-
pendencia, caidas, disminucién de la funcién inmune'”’
y aumento de riesgo de osteoporosis®, hasta su asocia-
cién con fragilidad, hospitalizacién, institucionaliza-
cién y muerte**'°. Es sabido que la poblacién AM chile-
nos tiene una esperanza de vida cada vez mayor'!, pero
a su vez la prevalencia de dependencia funcional es al-
ta, ya que alrededor del 21,5% de los AM tiene algtin
grado de dependencia’.

Todo ello significa ademds un alto y creciente costo
en salud. Es asi como la identificacion de la sarcopenia
se hace muy relevante, no sélo por sus devastadores
efectos sobre la salud, sino porque se trata de una con-
dicién posible de prevenir, retardar, e incluso revertir a
través de intervenciones destinadas a mejorar la nutri-
cioén y la actividad fisica'!'">.

Aunque la sarcopenia asociada a la edad fue descrita
en los afios 80’s, atin no se cuenta con una definicién
clinica de consenso universal. Sin embargo, cualquiera
sea el algoritmo utilizado para su diagndstico, la defini-
cién de sarcopenia incluye disminucién de masa muscu-
lar y funcién*® por lo tanto, requiere la evaluacién de la
masa magra y especificamente la masa magra apen-
dicular esquelética (MMAE).

La MMEA, que es la suma de la masa magra de las
piernas y los brazos, puede determinarse por DEXA,
resonancia magnética o impedancia, aunque la mayor
parte de los estudios clinicos de sarcopenia utilizan co-
mo “Gold Standard” la medicién de la masa muscular
por DEXA. En estudios poblacionales y en la atencién
primaria, la evaluacién por estos métodos es impracti-
cable, debido a la baja accesibilidad y el alto costo de
este examen, lo que representa una dificultad para el
diagnéstico de sarcopenia, realidad a la cual Chile no
es ajena.

En el presente estudio se desarrolla un modelo de
prediccion de MMAE basado en mediciones antropo-
métricas, en una muestra de AM (60 y mds afos), chile-
nos, de Santiago, que puede ser utilizado en usuarios de
centros de atencion primaria de salud y en estudios po-
blacionales.

Método
Diserio del estudio

Andlisis secundario de datos provenientes de la me-
dicién basal del estudio Alexandros!'! para el desarrollo
de un modelo de prediccién de masa muscular en AM
chilenos, basado en mediciones antropométricas y uti-
lizando la medicién DEXA como “gold standard”.

El estudio Alexandros fue aprobado por el Comité
de Etica del Instituto de Nutricién y Tecnologia de los
Alimentos (INTA) de la Universidad de Chile y cada
sujeto llend un consentimiento informado aceptando
participar en el estudio''.

Poblacion objetivo

AM de 60 afios y mds, autovalentes, viviendo en la
comunidad en Santiago de Chile.

Muestra

Para efectuar el presente estudio se dispuso de datos
de 755 sujetos participantes de la cohorte Alexandros
(FONDECYT 1080589) evaluados entre 2008 y 2011
que contaban con antropometria completa y DEXA.

Criterios de exclusion

[ndice de Masa Corporal (IMC) <20 6 =40, talla<151
cm en hombres y 140 cm en mujeres e individuos enfer-
mos con cancer o enfermedad pulmonar obstructiva.

Se excluyeron 139 sujetos por presentar algun crite-
rio de exclusion, por lo que la muestra final quedé
constituida por 616 AM.

Se midieron las siguientes variables antropométri-
cas: peso, talla, altura de rodilla, circunferencia de cin-
tura, circunferencia de cadera, perimetro de brazo, plie-
gue tricipital y dinamometria. También se midié masa
grasa, masa magra y masa 6sea por DEXA. Todas las
mediciones fueron realizadas por personal especial-
mente entrenado y estandarizados para el estudio.

Descripcion de las variables

La talla fue medida con estadiometro portatil SECA
con el sujeto descalzo de pie, con los talones juntos, los
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brazos a los lados del cuerpo, las piernas rectas, los
hombros relajados y la cabeza en el plano horizontal de
Frankfort con los talones, nalgas, escdpula y parte pos-
terior de la cabeza apoyados contra un muro vertical
recto o una puerta. Las medidas se registraron en cm. El
peso se midi6 usando una balanza SECA de plataforma
con una precision de 0,1 kg, con el sujeto descalzo y de
pie sobre la plataforma. Se utilizaron las variables de
peso y talla para calcular el indice de masa corporal
(IMC = peso total en kg/altura? en metros).

La altura de rodilla fue medida con el sujeto sentado
usando un céliper de rodilla, de hoja ancha; las medicio-
nes se hicieron en la pierna izquierda, colocando la rodi-
lla y la pierna en un dngulo de 90 grados. La parte fija
del céliper se puso bajo el talén y la parte movible se co-
locé de forma paralela a la fibula sobre el maléolo e in-
mediatamente detrds de la fibula, presionando las dos
hojas para comprimir los tejidos blandos. Las medicio-
nes fueron registradas en cm. con una cifra decimal.

El pliegue tricipital se midi6é con un céliper Lange
(Vital Signs, modelo 68902, Country Technology,
Inc.) en la parte posterior del brazo, en el punto medio
entre el olecranon y el acromion. Las mediciones se re-
gistraron en mm.

Las circunferencias de cintura, caderas, brazo y pan-
torrilla se midieron con una cinta métrica SECA 203
con una precisioén de 0,1 cm. La cintura se midi6 con el
sujeto de pie, inmediatamente por encima de la cresta
iliaca en una circunferencia paralela al piso. La circun-
ferencia de pantorrilla se midi6 en el centro de la parte
mads voluminosa de la pantorrilla en cm. La circunfe-
rencia de caderas se midi6 con la misma cinta métrica,
paralela al piso, en la zona de mayor circunferencia a la
altura de las nalgas.

La fuerza muscular (dinamometria) se midié a través
de la de fuerza de agarre de la mano en kg. Esta evalua-
cidn se realiz6 con un dinamémetro (Hand Dinamome-
ter T-18; Country Technology, Inc.) con una precision
de 0,1 kg, utilizando la mano dominante. La medicion
se hizo con el sujeto sentado, ajustando el mango hasta
que los dedos del sujeto estén en un plano perpendicu-
lar al plano de la escala (reloj de lectura del aparato),
pidiendo al sujeto ejercer el maximo de fuerza posible
con su mano. Se realizaron dos mediciones y se regis-
tr6 la marca mayor.

Se determind la masa muscular apendicular utilizan-
do DEXA como “Gold Standard”. Para el DEXA se
usé un densitémetro Lunar PRODIGY (LUNAR IDE-
XA 13,6).

Analisis estadistico

Para obtener un modelo de prediccion de MMEA, la
muestra se dividi6 en dos submuestras de igual tamaifio,
en forma aleatoria (“split sampling analysis™), una
muestra de prediccion y una de validacién, mantenien-
do la misma proporcién por sexo. Para analizar las di-
ferencias entre las submuestras se utilizaron pruebas t

de Student. Se obtuvieron modelos de prediccién de
MMAE en ambas submuestras a través del andlisis de
regresion lineal paso a paso, utilizando todas las varia-
bles antropométricas. Dichos modelos se validaron
mutuamente por el método doble validacién cruzada'.
Se calcul6 el coeficiente de validez cruzada para cada
submuestra (correlacion de los valores observados de
MMAE vy los valores estimados en la muestra de pre-
diccién) y el estadistico de encogimiento (‘“‘shrinkage”:
diferencia entre el coeficiente de determinacién obteni-
do en el modelo y la correlacién al cuadrado de la pre-
diccién y los valores observados) para las dos sub-
muestras. La alta correlaciéon entre los valores de
MMAE observados y pronosticados en ambas sub-
muestras y el bajo grado de encogimiento (‘“shrinka-
ge”’) permitieron calcular un modelo de regresién con
toda la muestra'*®. Se calcul6 la concordancia entre los
valores estimados por el modelo de regresién y los va-
lores obtenidos por DEXA para la MMAE por los mé-
todos de Bland y Altman (1986)'® y por el coeficiente
de concordancia de Lin (1989)".

Todos los andlisis estadisticos fueron realizados con
el software estadistico STATA 12,1 (Stata Corp, Colle-
ge Station, TX).

Resultados

La muestra estd compuesta de 616 adultos de 60
anos y més (edad promedio 69,9 + 5,2 afios; rango
61,7-81,0), 64,6% mujeres, de similar rango etareo en
ambos sexos. Respecto a las variables antropométricas,
la circunferencia de brazo (30,5 = 3,2 vs 30,3 + 3,3) fue
similar en ambos sexos. El IMC y la circunferencia de
caderas, fueron mayores en las mujeres (27,7 + 3,8 vs
28,6 +4,3y 98,6 +7,6 vs 100,8 % 8,4; respectivamen-
te). Con relacion al resto de las variables, los hombres
presentan mayores valores promedio que las mujeres
(t-Student: p <0,01) como se observa en la tabla .

Las caracteristicas de las submuestras obtenidas al
dividir aleatoriamente la muestra total, son similares (t
-Student para muestras independientes p: 0,2427-
0,9848) (datos no mostrados).

La tabla II muestra las ecuaciones de prediccion para
MMAE obtenidas por el método de regresion lineal paso
a paso en las submuestras y en la muestra total. Las va-
riables seleccionadas fueron peso, altura de rodilla, cir-
cunferencia de cadera, circunferencia de pantorrilla, di-
namometria, sexo y edad. Se observa que el coeficiente
de validez cruzada presenta un alto valor para las dos
ecuaciones (0,9410 y 0,9409; respectivamente) y el esta-
distico de encogimiento presenta un valor pequefio, me-
nor que 0,01 (0,004 y 0,006; respectivamente), lo que
nos permitié calcular un modelo con toda la muestra. El
modelo predictivo obtenido en la muestra total, explica
casi el 90% de la variabilidad total (R>= 0,8889).

El promedio de MMAE obtenida por la ecuacién de
prediccion y las mediciones por DEXA fueron muy si-
milares (16,8 £4,0vs 16,9 3,7, p>0,5).

Prediccion de la masa muscular
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Tabla I

Caracteristicas de la muestra por sexo

Variables Hombres  Mujeres Total
(promedio + DE) n=218 n=2398 n=0616
Edad (Afios) 70,2£54  69,8+£5,1 69,9452
IC95% 69,5-70,9  69,3-70,3  69,5-70,3
Talla (cm) 166,1£6,5 152,5£6,0%* 157,3£9,0
IC95% 165,2-166,9 151,9-153,1 156,6-158,0
Peso (Kg) 76,4+12,0 66,5+11,2**% 70,0+12,4
IC95% 748-78,0  654-67,6 69,0-71,0
BMI (Kg/m?) 27,7438  28,6+4,3%  282+4.1
IC95% 27,2-282  28,1-29,0 279-28,6
Altura de rodilla (cm) 52,125  475+2.4%%  491+33
IC95% 51,7-524 473478 489-49.4
Circunferencia de brazo (cm)  30,5£3,2  30,3£3,3  30,4+3,3
IC95% 30,1-30,9  30,0-30,7  30,1-30,7
Circunferencia pantorrilla (cm) 36,5+3,5  35,0£3,3%*  35,543,5
IC95% 36,0-37,0  34,7-353  353-35,8
Circunferencia cintura (cm) ~ 99,0+10,6 93,1x11,0** 95,2+11,2
IC95% 97,5-100,4  92,1-94,2  94,3-96,1
Circunferencia caderas (cm)  98,6£7,6  100,8£8,4* 100,0+8,2
IC95% 97,6-99,7  99,9-101,6 99,4-100,7
Dinamometria (Kg) 34,2484 19,6+6,9%* 24,7+10,3
IC95% 33,1-353  18,9-20,3 23,9-25,6
MMAE DEXA (Kg) 21,3229  14,5£2.2%%  16,9+4,1
IC95% 20,9-21,6  14,2-146  16,6-17,2

Prueba t de Student para muestras independientes: *p < 0,01; **p < 0,0001;
DE: desviaci6n estdndar; IC: intervalo de confianza.

La figura 1 muestra la relacién entre el promedio de
los valores de MMAE medidos por DEXA vy los esti-
mados por la ecuacidn de prediccién y su diferencia
(método de Bland y Altman), mostrando buena concor-
dancia (diferencia promedio: 0,039; IC 95%: -2,6-2,7).

Enla figura 2 se presenta el grafico de validacién por el
método de Lin. El diagrama de dispersiéon de la MMAE
medida por DEXA y la estimada por el modelo de predic-
cion, asi como la linea de la concordancia perfecta, per-
miten visualizar graficamente la buena concordancia que
presentan ambas mediciones (coeficiente de correlacién
concordancia de Lin =0,94; IC 95%: 0,93-0,95).

El diagrama de cajas de la masa muscular esqueléti-
ca apendicular obtenidas por DEXA y estimada por la
ecuacion de prediccion, para ambos sexos se presenta
en la figura 3. Se observa que ambas son muy similares
(hombres: 21,2 +2,9, vs 21,1 +2,2; mujeres: 14,6 £2,2
vs 14,7 +2,1).

Discusion

En este estudio se obtuvo una ecuacién de predic-
cién antropométrica de masa muscular esquelética
apendicular en una muestra de adultos mayores chile-
nos autovalentes, que participaron en el estudio Ale-
xandros''. Dicha ecuacién, que tuvo un alto grado de
concordancia con los resultados del DEXA, fue obteni-
da mediante un modelo de regresion lineal multiple que
incluye las variables antropométricas altura de rodilla,
peso, circunferencia de pantorrilla, circunferencia de
cadera y dinamometria, ademads de sexo y edad.

Diversos autores han reportado ecuaciones de pre-
diccién de MMAE especificas para las poblaciones de
origen's>.

Todas incluyen peso y talla, o IMC'*? sin embargo al-
gunas agregan dinamometria y circunferencia de cadera,

Tabla II
Ecuaciones de prediccion obtenidas para las sub-muestras y para la muestra total

Sub-muestra 1

Sub-muestra 2 Muestra total

Variables n=308 n=308 n=616
Constante + EE -7,625 £2.48 -8,710£2,42 -7,646 1,71
Altura de rodilla + EE 0,260 + 0,04 0,263 0,04 0,251 +0,03
Peso + EE 0,113 0,01 0,102 0,01 0,107 £0,01
Circunferencia cadera + EE -0,050+0,02 -0,018 +£0,02 -0,034 +0,01
Circunferencia pantorrilla + EE 0,203 +£0,03 0,190 +0,04 0,197 £0,02
Dinamometria + EE 0,059 +0,01 0,035+0,01 0,047 0,01
Sexo (Hombre) + EE 2,915+0,30 3,864 +0,27 3,417 0,20
Edad = EE -0,013+£0,02 -0,024 £0,02 -0,020 £ 0,01
R2 0,8896 0,8913 0,8889
EEE 1,3553 1,3375 1,3458
Coeficiente de validez cruzada 0,9410 0,9409

Grado de encogimiento (‘“‘shrinkage’) 0,004 0,006

Leyenda: EE: error estdndar; R* coeficiente de determinacion; EEE: error estdndar de estimacion.
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Prueba t de Student para muestras relacionadas por sexo: p > 0,56.
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Fig. 1.—Diagrama de dis-
persion entre el promedio de
los valores medidos por DE-
XA y los valores estimados
por la ecuacion de predic-
cion de MMAE con su dife-
rencia. Método de Bland y
Altman (1986).

Fig. 2.—Diagrama de dis-
persion entre los valores me-
didos por DEXA y los valores
estimados por la ecuacion de
prediccion de MMAE. Coefi-
ciente de correlacion de con-
cordancia de Lin (1989).

Fig. 3.—Masa muscular apen-
dicular esquelética (MMAE)
por DEXA y su estimacion por
la ecuacion de prediccion por
sexo.
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como es el caso de Baumgartner y cols. (1998)"%, que de-
sarrollaron y validaron un modelo en una muestra de 199
adultos mayores de Nuevo México, para las variables
peso, talla, circunferencia de cadera, dinamometria y se-
xo0. Otros autores usan circunferencia de cadera, circun-
ferencia de pantorrilla, pliegues, etc., como Galvao y
cols. (2013)*, que desarrollaron y validaron 10 ecuacio-
nes de prediccion sencillas y aplicables en una muestra
de 234 mujeres brasilefias mayores de 60 afios, sanas, en
funcién de IMC, Masa corporal, circunferencia de cade-
ra, circunferencia de pantorrilla, pliegues, etc. Inicial-
mente ellos compararon los valores de MMAE obteni-
dos por DXA con los valores estimados al utilizar las
ecuaciones obtenidas por Baumgartner y cols. (1998) y
por Tankd y cols. (2002)'", encontrando diferencias
significativas al aplicarlas, lo que demuestra que es im-
portante determinar ecuaciones especificas para cada
poblacién. El modelo obtenido por Tanké y cols.
(2002)" fue en una muestra de 754 mujeres danesas en-
tre 17 y 85 afos de edad que contiene a las variables pe-
so, talla y edad. En forma similar Visvanathan y cols.
(2012)* desarrollaron y validaron una ecuacién de pre-
dicciéon de MMAE en una muestra de 2275 adultos ma-
yores de 50 afios de Adelaide, que incluye peso, IMC,
edad y sexo, para ser usada en la atencién primaria.

Otros autores han utilizado las ecuaciones obtenidas
por Baumgartner y cols. (1998) para definir sarcopenia
y relacionarla con desnutricién, movilidad y actividades
basicas de la vida, como Veldzquez y cols.” en México.

Se sabe que la validacién de la composicion corporal
por DEXA?* contra un modelo de 4 compartimientos,
ha detectado una leve sobreestimacién de la masa libre
de grasa, lo que hace necesario el uso de factores de co-
rreccién. Sin embargo, considerando que en brazos y
piernas todo el tejido que no es grasa o hueso, es muiscu-
lo, para definir sarcopenia se utiliza la masa muscular
apendicular y a partir de ella se construye el indice de
masa muscular esquelética. Aunque el modelo pro-
puesto sobreestima ligeramente la MMAE, se obtuvo
una alta concordancia entre los valores predichos por el
modelo y los valores obtenidos por DEXA.

Probablemente, la mayor limitacion de este estudio
es que incluye la dinamometria en la ecuacién de pre-
diccidn, la que no se efectiia en forma rutinaria en la
atencion primaria. Sin embargo, considerando su aso-
ciacion negativa con mortalidad, discapacidad e insti-
tucionalizacién®, su inclusién en la ecuacién podria
constituir un argumento mas para su incorporacion al
examen del AM.

Entre las fortalezas del estudio tenemos la obtencion
de una sola ecuacién de prediccion de masa muscular
apendicular, simple, en funcién de variables antropo-
métricas, faciles de obtener, que explica un alto % de la
variacion total (89%) y cuyos valores estimados mues-
tran una alta concordancia con los valores obtenidos
por el DEXA. La inclusién de la altura de rodilla en el
modelo y no de la talla, aporta mayor validez a la ecua-
cién ya que siendo una variable altamente correlacio-
nada con la estatura®?’, no cambia con la edad.

Conclusiones
La ecuacién antropométrica obtenida:

MMAE (kg)= 0,107 (peso en kg) + 0,251 (altura rodilla en cm)
+ 0,197 (circunferencia pantorrilla en cm) + 0,047 (dinamometria en
kg) - 0,034 (circunferencia cadera en cm) + 3,417 (sexo Hombre)
- 0,020 (edad en afios) - 7,646,

es valida, fiable, facil de obtener y de bajo costo para
predecir la masa muscular esquelética apendicular, en
adultos mayores chilenos.

Su aplicacién nos permitird calcular el indice de masa
muscular apendicular esquelético para su utilizacién en
la pesquisa de sarcopenia en adultos mayores chilenos
que asisten a los centros de atencién primaria de salud.
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Resumen

Introduccion: La alimentacion es un importante factor vincu-
lado ala ocurrencia del cancer. Su abordaje en términos de patro-
nes alimentarios es de creciente interés en epidemiologia nutricio-
nal, no obstante ha sido pocas veces empleado en Latinoamérica.

Objetivos: 1dentificar patrones alimentarios en la poblacion
adulta de Cordoba (Argentina) y estimar sus efectos sobre el
riesgo de ocurrencia de cancer colorrectal (CCR), cancer de
mama (CM), cancer de prostata (CP) y urotelial (CU).

Meétodos: Se condujeron estudios caso-control, 2006-2012, corres-
pondientes a CCR, CM, CPy CU. Empleando un analisis factorial de
componentes principales se identificaron patrones alimentarios. Se
estimaron ORs mediante regresion logistica multinivel.

Resultados: Se identificaron patrones caracteristicos en la
poblacién general, y en hombres y mujeres independientemente.
En poblacion total, los patrones Cono Sur y Bebidas Azucaradas
evidenciaron un efecto promotor para CCR y CU, y el Patrén Pru-
dente mostro efecto protector. En mujeres, el CM se asocio de
manera directa con los patrones Cono Sur Femenino, Rural y Ami-
ldceo, e inversa con el Patron Prudente. En hombres, los Patrones
Cono Sur Masculino, Bebidas Azucaradas y Tipico Mesurado mos-
traron un efecto promotor para CP.

Conclusion: Resulta necesario promover una ingesta habitual de
vegetales, frutas y lacteos (éstos tlltimos de manera moderada en
hombres), y disminuir el consumo de carnes rojas (fundamental-
mente grasas), carnes procesadas, vegetales amilaceos, vino y bebi-
das azucaradas, a fin de prevenir la ocurrencia de cancer. En hom-
bres se sugiere moderar la ingesta de huevos, y en mujeres la de
granos refinados, productos de pasteleria, aceites y mayonesa.

(Nutr Hosp. 2014;29:618-628)
DOI:10.3305/nh.2014.29.3.7192
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CANCER AND ITS ASSOCIATION
WITH DIETARY PATTERNS IN CORDOBA
(ARGENTINA)

Abstract

Introduction: Feeding habits play a prominent role in
carcinogenesis. The dietary patterns approach applied to the
study of chronic diseases is of increasing interest in nutritional
epidemiology. Nevertheless, it has been seldom used in Latin
America.

Objective: To identify dietary patterns in adult population in
Cordoba (Argentina) and to estimate their effects on the risk of
colon-rectal (CRC), urothelial (UC), breast (BC) and prostate
(PC) cancers.

Methods: Four case control studies were conducted, 2006-2012
for CRC, PC, BC and UC. To identify the dietary patterns, a
Principal Components Factor Analysis was conducted. A
multilevel logistic regression was adjusted for the risk analyses.

Results: Characteristic dietary patterns in the whole population,
and in women and men independently, were identified. In the whole
population South Cone and Sweet Beverages patterns behaved as
promoters for CRC and UC while the Prudent Pattern had a
protective effect. Female South Cone, Rural and Starchy patterns
were associated to a higher BC risk. Prudent Pattern lowered BC
risk. In men, South Cone, Sweet Beverages and Typical Measured
patterns promoted PC.

Conclusion: It is necessary to promote a regular intake of
vegetables, fruits and diary products (although a moderate intake
for men), and to reduce red meat (especially fat meat), processed
meat, starchy vegetables, wine and sweet beverages intakes, to
prevent the occurrence of cancer. In men, it is recommended a
moderate intake of egg. In women, it is advised a moderate intake
of refined grains, bakery products, oils and mayonnaise intake.

(Nutr Hosp. 2014;29:618-628)
DOI:10.3305/nh.2014.29.3.7192

Keywords: Dietary patterns. Case control. Cancer.
Argentina.



Abreviaturas

HAAs: Aminas aromaticas heterociclicas.

CCR: Cancer colorrectal.

CM: Cancer de mama.

CP: Céncer de prostata.

CU: Cancer urotelial.

AFCP: Andlisis Factorial de Componentes Princi-
pales.

KMO: Kraiser-Meyer-Olkin.

OR: Odds Ratio.

Introduccion

A nivel mundial, los tumores malignos representan
la segunda causa de muerte por enfermedad, con una
incidencia creciente, especialmente en paises de ba-
jos y medianos ingresos'. Diaz y cols.?, establecieron
que los tipos de cancer mds frecuentes en la Provincia
de Cordoba (Argentina) son los de mama, cérvix,
colon y pulmén en el sexo femenino, y los de présta-
ta, pulmoén, colon y vejiga en el masculino. Los pa-
trones espaciales no aleatorios que muestran las tasas
de incidencia de estos cdnceres en la provincia, sug-
ieren que las distribuciones geograficas de esta enfer-
medad podrian estar asociadas, en parte, a factores
epigenéticos como las caracteristicas ambientales?,
socioeconémicas* y de estilo de vida*®. La ali-
mentacion es también considerada un factor ambien-
tal con importante influencia en el desarrollo del
cancer. Se reconoce que el 35% de los tumores malig-
nos estdn asociados con factores alimentarios, y
serfan prevenibles mediante una alimentacion y nutri-
cién apropiadas’. Sin embargo, dada la naturaleza
compleja de la interaccién dieta-cdncer, resta atn
mucho por dilucidar en cuanto a su papel en la pro-
mocién o proteccién de la patologia.

El efecto de la alimentacion sobre la ocurrencia del
cancer, es variable. Asi, dietas con alta densidad calori-
ca, elevada proporcién de carnes procesadas, alimentos
refinados, grasas y alcohol, se asocian a un incremento
del riesgo de desarrollar cancer de mama, prostata y
colon, mientras que una alimentacién que incluya im-
portantes cantidades de vegetales y frutas, con alto
contenido de micronutrientes y fibra, se encuentra rela-
cionada a una disminucién del riesgo’. Ademas, la
presencia de contaminantes naturales en el agua de be-
bida, como el arsénico, estaria asociada a un mayor
riesgo de ocurrencia de tumores uroteliales, entre
otros*®.

En Argentina, el perfil alimentario tradicional esta
caracterizado por un alto consumo de proteinas y
grasas animales, obtenidas principalmente de las
carnes rojas, y una baja ingesta de pescado, frutas y
verduras®®. Ademads, es habitual en la regién el asado
de carnes a la parrilla. Se ha evidenciado que este
método de coccién permite la formacién de costra
tostada en la superficie del alimento®, generdndose

aminas aromaticas heterociclicas (HAAs), potenciales
promotores tumorales'. Varios estudios epidemio-
16gicos desarrollados en Coérdoba ya evidenciaron su
asociacion con el riesgo de ocurrencia de algunos
céanceres®'%. Estos hallazgos constituyen un punto de
partida para profundizar el estudio de los hdbitos ali-
mentarios en esta poblacién y su papel en la ocurrencia
de cancer.

En los dltimos afios, en el campo de la Epidemio-
logia Nutricional, se ha observado un creciente in-
terés en el enfoque de patrones alimentarios, dado que
permite la caracterizacion de la dieta de manera inte-
gral y extrapolable a recomendaciones alimentarias.
No obstante, son escasos los trabajos epidemiolégi-
cos sobre cancer que analizan la alimentacidn desde
esta perspectiva, siendo la mayoria provenientes de
paises desarrollados®'>'*. Desde este enfoque, un pa-
trén alimentario se define por la naturaleza, calidad,
cantidad y proporciones de diferentes alimentos y be-
bidas en la dieta de un individuo, y la frecuencia con
las cuales son habitualmente consumidos’. Analitica-
mente, puede ser entendido como una medida dnica
de exposicién a la dieta, que resume la informacién de
numerosas variables de naturaleza alimentaria y que
se caracteriza por aquellas que resultan dominantes en
la alimentacién del individuo’'°. Esto conlleva la ven-
taja adicional de simplificar el andlisis y la inter-
pretacion de un fenémeno complejo y multidimen-
sional, la ingesta alimentaria.

Otro aspecto a considerar en estudios epidemi-
olégicos sobre enfermedades crénicas, el cual consti-
tuye un aspecto clave en la epidemiologia moderna,
es que no todos los determinantes y condicionantes
de la salud pueden ser conceptualizados como atribu-
tos a nivel individual, sino que resulta necesario con-
siderar caracteristicas de orden poblacional. El re-
conocimiento de estos niveles jerdrquicos de los
condicionantes del fendmeno en estudio genera de-
saffos metodoldgicos'.

Por todo lo expuesto, ante la necesidad de profun-
dizar el estudio de la relacién dieta-cdncer a nivel re-
gional, el presente trabajo se propone identificar pa-
trones alimentarios en la poblacién adulta de Cérdoba
(Argentina) y analizar el papel que éstos ejercen en el
desarrollo del cancer colorrectal (CCR), de mama
(CM) de préstata (CP) y urotelial (CU), aplicando es-
trategias de modelacién que incorporen una dimensién
explicativa adicional de orden familiar o contextual en
el anlisis.

Métodos
Diserio de estudios caso-control

La provincia de Cérdoba (3.348.000 habitantes) se
ubica en el centro de la Republica Argentina y estd di-
vidida en 26 departamentos. En el marco del proyecto
“Exposiciones ambientales y Cdncer en Cérdoba: Es-
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tudio de la relacidn dieta-céncer y construccidn de una
escala de exposicién a contaminantes” (FONCyT-
ANPCyT, PICT 2008-1814), llevado a cabo en la Uni-
versidad Nacional de Cérdoba (Argentina), se condu-
jeron cuatro estudios caso-control (2006-2012), uno
por cada sitio tumoral de interés. Se consideraron “ca-
sos” a sujetos con diagnéstico histopatolégicamente
confirmado de: a) adenocarcinoma primario colorrec-
tal (CIE-10 C18-C20), b) tumor de urotelio: carcino-
ma de células de transicion, carcinoma epidermoide o
adenocarcinoma (CIE-10 C65-68), ¢) adenocarcinoma
de mama (CIE-10 C50), y d) adenocarcinoma de prés-
tata (CIE-10 C61). Los “controles” fueron individuos
que, siendo de igual sexo, similar edad (5 afios) y lu-
gar de residencia semejante a la de sus respectivos ca-
sos, no tuvieron antecedentes de la patologia, ni otras
asociadas, ni presentaron habitos alimentarios particu-
lares por enfermedad, costumbres o creencias reli-
giosas. La identificacién de casos se realiz6 con la co-
laboracién de los principales efectores de salud de la
region, del 4mbito piiblico y privado. Los controles
fueron seleccionados aleatoriamente de las pobla-
ciones de referencia y en funcién a los criterios de in-
clusién descritos. Por cada sujeto-caso, fueron elegidos
al menos 2 controles, resultando los siguientes
tamanos muestrales (casos/controles): 75/153 (colorrec-
tal), 41/82 (urotelio), 100/294 (mama) y 135/282
(préstata).

Se obtuvo el consentimiento informado de cada par-
ticipante. Este trabajo fue aprobado por el Comité Insti-
tucional de Etica de la Investigacion en Salud (CIEIS)
del Hospital Nacional de Clinicas (Cérdoba, Argenti-
na), e inscripto en el Registro Provincial de Investiga-
ciones en Salud (RePIS, N° Registro 1387, 10/12/2009)
del Ministerio de Salud de la Provincia de Cérdoba.

Encuesta alimentaria

Cada individuo fue entrevistado en su domicilio
por encuestadores entrenados centralizadamente,
empleando un cuestionario estructurado que consta
de dos secciones: una referida a caracteristicas bio-
socio-culturales, datos antropométricos y de estilos
de vida, y otra al consumo alimentario habitual. Esta,
incluye un cuestionario de frecuencia alimentaria
cuali-cuantitativo, validado para estudios epidemi-
olégicos sobre cancer en Cérdoba'®, que permite valo-
rar la exposicion alimentaria en el pasado (5 afios pre-
vios al diagnéstico y al momento de la entrevista en
casos y controles, respectivamente). Complementari-
amente se empled un atlas fotografico de alimentos,
también validado®, y el software Nutrio 1.2% para el
andlisis de composicion nutricional. La base de datos
sobre composicién de alimentos de este software in-
cluye datos de la tabla de composicién nutricional de
alimentos de CENEXA?!' e informacién provenientes
de otras determinaciones bioquimicas efectuadas en
Argentina®.

Analisis estadisticos

Andlisis Factorial de Componentes Principales para
la identificacion de patrones alimentarios

Con el fin de caracterizar multidimensionalmente los
patrones alimentarios predominantes en la poblacién
adulta total y por sexo, de la provincia de Cérdoba,
fueron analizados datos sobre frecuencia de consumo
alimentario, recabados sobre una muestra de sujetos
adultos de ambos sexos (n = 489), otra de hombres (n =
381) y una de mujeres (n =294) que actuaron como con-
troles, durante el periodo 2006-2012, en los estudios ca-
so-control antes mencionados. Se utilizé un Andlisis
Factorial de Componentes Principales (AFCP), con
rotacion Varimax'. Este, examina la matriz de correla-
ciones (rotada para facilitar su interpretabilidad) entre
variables de consumo alimentario, y la reduce a un con-
junto menor de dimensiones. Estas constituyen factores
(patrones), que capturan las principales caracteristicas
de la dieta en la poblacién estudiada.

En el presente trabajo los grupos alimentarios
definidos para la construccién de estos patrones fueron
seleccionados acorde a su representatividad de la dieta
regional, y/o su potencial efecto sobre el riesgo de
ocurrencia de cancer.

La matriz de correlacién fue evaluada mediante el
test de Esfericidad de Bartlett y el de medidas Kraiser-
Meyer-Olkin (KMO) de adecuacién muestral'®. En los
andlisis propuestos el nimero de patrones alimentarios
(factores retenidos) se defini6 en base a los siguientes
criterios: obtencién de autovalor mayor a 1, e inter-
pretabilidad factorial'e.

La denominacién de cada factor (patrén) se basé en
los grupos de alimentos que resultaron dominantes en
el andlisis, para lo cual se establecié como criterio la
presencia de carga absoluta del factor rotado = 0,60.

Posteriormente, para cada individuo encuestado (ca-
sos y controles), fue estimado un coeficiente de pun-
tuacién o escore para cada patrén identificado, me-
diante método de regresion. Este escore representa el
grado en que la dieta del sujeto se ajusta a dicho pa-
trén'. Luego, tomando como referencia la distribucién
de escores correspondientes al total de individuos adul-
tos (controles) estudiados, se definieron puntos de
corte, adoptando los terciles de la distribucion del men-
cionado escore. Se definieron asf tres categorias para
cada patrén: tercil inferior, medio y superior, indi-
cadores indirectos de un bajo, medio y alto nivel de ad-
herencia al patrén analizado.

Estimacion de riesgos: modelacion multinivel

Para la estimacién de riesgos de ocurrencia de cancer
(Odds Ratios, OR) ligados al nivel de adherencia a los
patrones alimentarios (terciles de los escores) fueron es-
timados modelos generalizados multinivel*, ajustando
por variables de confusién e incorporando distintas je-
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rarquias de variabilidad (individuos integrados en
unidades de un nivel superior, por ejemplo, de orden fa-
miliar o geogréfico). Especificamente, fueron adopta-
dos modelos de regresion logistica a dos niveles, con
sujetos (nivel 1, j) anidados dentro de una dimension fa-
miliar o poblacional (nivel 2, 1). Las variables de agru-
pamiento fueron: antecedentes familiares de la enfer-
medad, para CCR, CM y CP, y la residencia
urbano-rural, para CU. Las covariables propuestas para
el predictor lineal fueron los patrones alimentarios iden-
tificados, controlando por variables seleccionadas de
acuerdo ala red causal de cada sitio tumoral.

Todos los andlisis estadisticos se llevaron a cabo con
el software Stata version 12.1%.

Resultados

La tabla I resume las principales caracteristicas bio-
l6gicas, socio-econdmicas, culturales, y otras asocia-
das a estilo de vida de los sujetos que participaron de
los estudios caso-control. Se observa que la edad media
de los sujetos fue de aproximadamente 67 y 62 afios,
para hombres y mujeres respectivamente. Se destaca
que aquellos que integraron la muestra del estudio so-
bre CP presentaron el mayor promedio (70,5 afios) res-
pecto del resto de los estudios. Se encontraron diferen-
cias estadisticamente significativas en la proporcién de
sujetos con antecedentes familiares de la enfermedad
para CCR (p =0,02) y CP (p = 0,002), nivel de ins-
truccién secundario completo para CP (p = 0,0006),
situacién ocupacién de riesgo para CM (p = 0,04) y
hébito de fumar para CCR (p = 0,04) y CU (p =
0,00004), entre casos y controles.

La tabla II presenta el consumo promedio diario
energético, de macronutrientes y de alimentos (por gru-
pos alimentarios), en casos y controles. Como se obser-
va, el valor energético diario y consumo medio de
macronutrientes mostré diferencias significativas (p <
0,05) entre sujetos con CCR y sus controles. En CM,
también se evidenciaron diferencias en la ingesta me-
dia energética y de lipidos. Con respecto al consumo en
término de grupos de alimentos, en el estudio sobre
CCR la ingesta media de cereales y vegetales
amildceos, legumbres, lacteos, carnes-huevos y azi-
cares-confituras resulté significativamente diferente
entre casos y controles, mientras que en relaciéon al CU
se observaron diferencias en el consumo medio de
lacteos y bebidas alcohdlicas. Especificamente en CM,
la mayoria de los grupos alimentarios obtuvieron me-
dias estadisticamente diferentes entre grupos,
contrariamente a lo observado en el estudio de CP,
donde sélo el consumo de legumbres resulté significa-
tivamente menor entre los casos.

En la caracterizacién multidimensional de la ali-
mentacién empleando el AFCP (en la poblacioén total
de adultos, y la femenina y masculina separadamente)
se obtuvieron como medidas de adecuacién muestral
un KMO general de 0,75 para ambos sexos, 0,65 para

mujeres y 0,71 para hombres. Esto indica que se justifi-
ca el andlisis realizado en virtud de la extension de la
muestra.

La tabla III muestra la matriz de cargas factoriales
(rotada) para los factores (patrones) retenidos en cada
uno de los grupos poblacionales estudiados. Los tres
patrones emergentes de la poblacién general fueron de-
nominados Patrén Cono Sur (caracterizado por ele-
vadas cargas factoriales para carnes rojas, vegetales
amildceos y vino), Patron Bebidas Azucaradas
(gaseosas y jugos), y Patron Prudente (frutas y vege-
tales no amildceos, y lacteos). Particularmente en la
poblacién femenina, el primer patrén alimentario iden-
tificado incluyo las carnes grasas, productos de pastel-
erfa, aceites y mayonesa como grupos alimentarios
dominantes, y fue llamado Patron Cono Sur Femenino,
y se identificé un patrén denominado Prudente que in-
cluyé frutas y vegetales no amildceos. Por su parte, en
la poblacién masculina el Patron Cono Sur Masculino
se caracteriz6 también por la ingesta de carnes grasas,
sumado a la de huevos, granos y vegetales amildceos,
mientras que el Prudente resulté de igual conforma-
cién que el patrén del mismo nombre en la poblacién
general. El resto de los patrones identificados fueron
llamados Patron Rural (carnes procesadas), y Patron
Amildceo (elevada ingesta de granos refinados y baja
de granos enteros) en mujeres, y en el grupo de los
hombres Patron Bebidas azucaradas (jugos y
gaseosas) y Patron Tipico mesurado (carnes rojas ma-
gras e infusiones).

La tabla IV presenta los resultados de la esti-
macién de modelos logisticos multinivel, para la ob-
tencion de las medidas de asociacién (ORs) de CCR,
CU, CM y CP, con los diversos patrones alimentar-
ios identificados, y sus correspondientes medidas de
agrupamiento (esto es, en funcién de la estructura
jerarquica de los datos). Respecto al riesgo de ocur-
rencia de CCR, y en consideracion de la presencia de
antecedentes familiares de esta patologia, el Patron
Cono Sur (OR 2,35, para el tercil superior versus el
inferior) y el Patron Bebidas Azucaradas (OR 2,62)
evidenciaron un efecto promotor, mientras que el
Patron Prudente (OR 0,31), mostré un efecto protec-
tor. En cuanto a la ocurrencia de CU, también fue ob-
servado un riesgo incrementado asociado al Patron
Cono Sur (OR 1,75) y a una adherencia media al Pa-
tron Bebidas Azucaradas (OR 2,55 para el tercil
medio versus el inferior), en tanto, una adherencia
elevada a este dltimo patrén mostré una asociacién
inversa con la enfermedad (OR 0,72 para el tercil su-
perior versus el inferior), observdndose agregacion
significativa ligada a la residencia en un dmbito ur-
bano 6 rural (tabla IV). En el estudio caso-control de
CM, se evidenci6 un efecto promotor significativo
del Patron Cono Sur Femenino. Escores elevados
(tercil superior) para los Patrones Rural y Amildceo
fueron también positivamente asociados al riesgo de
padecer cancer de mama (OR 2,02 y OR 1,82 respec-
tivamente), mientras que la misma categoria del Pa-
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Tabla I
Distribucion de casos y controles segiin variables bio-socio-culturales. Estudio caso-control de cdncer colorrectal,
urotelial de mama y prostata. Cordoba. Argentina 2006-2011

CCR CcU M cp
Edad: Media (DE)
Sexo Masculino 67,7(11,3) 65,1 (10,6) - 70,5 (8,6)
Sexo Femenino 59,8(16,2) 67,8(18,9) 58,80(13.4) -
Casos  Controles Casos  Controles Casos  Controles Casos Controles
Caracteristicas bioldgicas, (n=75)  (n=153) (n=41) (n=82) (n=100)  (n=293) (n=135) (n=282)
socioecondmicas y culturales 1 N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
Nivel socioecondmico
Bajo 45(60,0) 76(49,7) 19 (46,34)  41(50,0) 36(36,0) 18(40,3) 32(23,7) 79 (28,0)
Medio 19(25,3) 38(24,8) 16(39,02) 27(32,9) 39(39,0)  84(28,7) 54.(40,0) 109 (38,6)
Alto 11(14,7)  39(25,5) 6(14,63) 14(17,1) 25(250)  91(32,1) 49 (36,3) 94(33,3)
Nivel de instruccion
Sin instruccién o primario incomp.  19(25,3) 30 (19,6) 6(14,6) 16(18,3) 6(6,0) 19 (6,4) 31(22,9) 48(17,2)
Primario completo 35(46,7) 71(464) 24(58,5) 39(47,6) 61(61,0) 158(53,9) 67(49,6) 133(47,2)
Secundario compl. 12(16,0) 27(17,6) 3(7,3)  12(144) 15(15)  57(19,5) 12(8,9)* 55(19,5)*
Terciario/ Universit. 9(12,0) 25(16,3) 8(19,5)  16(19,5) 18(18,00) 59 (20,1) 25(18,5) 46 (16,3)
Situacién Ocupacional
Sinriego 62(82,7) 140(91,5) 35(854) 71(86,6) 90(90,0)* 278(95,9)* 90d (66,7)  207(73,7)
Con riesgo 13(17,3)  13(8.5) 6(14,6) 11(13,4) 10(10,0)*  12(4,1)* 45(33,3) 74(26,3)
Antecedentes fliares.
No presenta 66 (88,0)* 147 (96,8)* 21(51,22) 55(67,1) 83(83,00) 247(84,0) 117(86,7)* 269 (95,4)*
Presenta 9(12,0)  6(3,9)* 20(48,78)  27(32,9) 17(17,00)  47(16,0) 18(13,3)* 13 (4,6)*
Antecedentes del estilo de vida T
Obesidad
No 55(73,3) 116(75,8) 33(80,5) 67(81,7) 78(78,0)  235(80,2) 112(82,9)  218(71,3)
Si 20(26,7) 37(24.2) 8(19.5) 15(18,3) 22(22,0)  58(19,8) 23(17,0) 64(22,7)
Actividad Fisica
No sedentario 40(53,3) 76(49,7) 10244) 27(329) 51(51,00) 136(46,4) 33(32,6) 93(32,9)
Sedentario 3546,7)  77(50,3) 31(75,6)  55(67,0) 49 (49,00) 157(53,6) 91(674) 189 (67,0)
Hébito de Fumar
No fumador 37(49,3)% 54 (35,3)* 9(21,9)* 50(60,9)* 64 (64,00) 176 (60,1) 44(32,6) 86 (30,5)
Fumador 38(50,7)* 99 (64,9)* 32(78,00*  (39,0)* 36(36,00) 117(39,9) 91(674) 196 (69,5)
Consumo alcohol
etanol <30 g/dfa 58(71,3) 119(77,8) 32(78,0) 69 (84,1) 93(93,00) 282(96,2) 92(68,1) 180(63,8)
etanol 230 g/dfa 17(22,7) 34(22,2) 9(21,9) 13(158) 7(7,0) 11(3,5) 43(31,8) 102 (36,2)

CCR: céncer colorectal;CU: cancer urotelial; CM: cncer de mama; CP: cancer de prostata .
 Comparaci6n de proporciones (Aproximacién Normal) entre casos y controles; *Significativo a un nivel a=0,05.

tron Prudente evidencié un efecto protector (OR
0,56). Por su parte, respecto a CP, el denominado
Patron Cono Sur Masculino mostré un efecto pro-
motor significativo (OR 1,91 para el tercil superior
vs el tercil inferior). De la misma manera, el con-
sumo elevado (tercil superior) de jugos y gaseosas
(Patron Bebidas Azucaradas) y de carnes rojas ma-
gras e infusiones (Patron Tipico Mesurado),
mostraron una asociacién positiva con la ocurrencia
de la enfermedad (OR 1,66 y 1,09, respectivamente).
Se destaca que aqui también se observé una agre-
gacion significativa derivada de una posible dimen-
sién de agrupamiento familiar, los antecedentes fa-
miliares de CP.

Discusion

En el presente trabajo fueron identificados patrones
alimentarios caracteristicos en la provincia de Cérdo-
ba. Los patrones emergentes en la poblacion general
fueron denominados Patréon Cono Sur, Patron Bebidas
Azucaradas, y Patron Prudente. En la poblacion fe-
menina los patrones identificados fueron llamados
Cono Sur Femenino, Rural, Prudente y Amildceo, y en
la poblaciéon masculina Cono Sur Masculino, Bebidas
Azucaradas, Tipico Mesurado 'y Prudente. La mayoria
de estos patrones presentaron asociaciones significati-
vas con la ocurrencia de CCR, CM CP y CU en la
provincia de Cérdoba (Argentina).
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Tabla II
Ingesta diaria energética, de macronutrientes y grupos alimentarios (media, desvio estdandar) en casos y controles.
Estudio caso-control de cdncer colorrectal, urotelial, de mama y prostata. Cordoba. Argentina 2006-2012

CCR cu M CpP
Controles Casos Controles Casos Controles Casos Controles Casos
Media (DE) Media (DE) Media (DE) Media(DE) Media (DE) Media (DE) Media (DE) Media (DE)
VET {
Kilocalorfas/dia 3112,9% (1266,5)  3661,3*(1322,6)  3090,7(889,0)  3171,0(861.8)  2844,9*(1114,7) 3389.4*(1283,5) 35264 (1212,5) 3630,2 (1139.3)

Macronutrientest (g /dfa)

Hidratosdecarbono ~ 351,2%(1588)  418,5%(1722)  379,1(126,6) 3729 (101,2) 355,9(146,8) 4046 (169.3) 385,5(1250)  399.9(125,0)
Protefnas 112,8*(40,3) 127,5%(2,9) 112,6(32,1) 1113(32,9) 104,5(39,5) 112,5(36,0) 1272(446)  129,7(454)
Lipidos 1234% (614) 146,7# (69,6) 1159(45,7) 124,1(435) 105,8%(57,1) 137,1%(69,1) 142,7(704)  151,2(63.9)
Grupos de alimentost (g d cc/dia)

Cereales y vegetales

amildceos 330,7#(188,1)  4229%(196,2)  391,1(154,6) 3842(109,2)  3204%(182,8)  385,8%(196,1) 4105(67,7)  428,6(203,2)
Vegetales no amildceos

y fruta 495,2(246,9) 4724(416,6) 519,6(242,7) 5240(2579)  5122%(299.9)  4457%(2419)  476,5(2622)  4746(2837)
Legumbres 5,6%(8.5) 34%92) 6,209.2) 44(7,6) 41(105) 40(7.5) 525(12,7) 29%5,1)
Licteos 2338%(210,6)  1788%(162,8)  274,5%(1975)  2102%(215,1)  263,0(2024) 2508 (2174) 224 1 (222 3 228,6(202,0)
Carnes y huevo 329 74(151S)  3929%(2064)  291,1(1334) 296 9(123,7)  2708*(137,5)  319,3*(150,6) 1,8(2244)  4234(2246)
Grasas y aceite 29,0(23,7) 33,6(212) 29,0(20,7) 1,1(21,7) 244%212) 347%(31,9) 29 3 (26,0) 338(25,7)
Azicares y confituras ~ 85,1%(78.5) 106,2%(90.2) 82,5(65.9) 72 2 (70 9) 88,5+ (82,2) 116,9%(99.1) 82,9(63,0) 90,3 (635)
Bebidas con alcohol 173,5(275,8) 201 1(3189) 112,7%(150,6)  173,0%(269,2) 40,6% (94.5) 67,6%(123,6) 2457(2728)  2023(217,1)
Bebidas sin alcohol 297,0 (404.5) 1,1(401,2) 2413 (347,6) 00054)  2422%(3236)  317,0¢(33L1)  247,0(325,7)  248,7(2837)
Infusiones 606,6 (657,69) 655 4(565 6) 431,0(394.4) ,1(623,0) 927.0(691,9)  1044,0(878,0)  4488(356,5)  423,8(308.2)

CCR: cancer colorectal;CU: cancer urotelial; CM: cancer de mama; CP: céncer de prostata .DE, desvio estindar; VET, valor energético total;
 Comparacién de medias entre casos y controles mediante prueba de hipétesis T de Student; *Significativo a un nivel o¢=0,05

Se ha reportado que en Argentina, las tasas de inci-
dencia 2008 para CCR registraron valores de 25,3 en
hombres y 16,7 en mujeres, por cada 100000 habi-
tantes, y de 10,7 y 1,7 en la poblacién masculina y fe-
menina, respectivamente, para CU'. Por su parte, en el
mismo afio, el CM presenté una tasa de 74,0 y el CP de
58,8, a nivel nacional'. Especificamente en Cérdoba se
ha observado en afios anteriores gran variabilidad en la
magnitud de las tasas entre los 26 departamentos que
componen la Provincia. Se ha sugerido que dicho pa-
tron espacial estd asociado a caracteristicas culturales,
econdmicas y ambientales (incluidos los habitos ali-
mentarios) y a la diferente urbanizacién de las pobla-
ciones*’.

Es importante destacar que las costumbres alimenta-
rias de los argentinos presentan ciertas particularidades
que las diferencian de otros paises latinoamericanos:
elevado consumo de carnes rojas’, frecuente coccién de
carnes a la parrilla®, habitual ingesta de vino®, y el con-
sumo tipico de la infusion “mate”>#*4!. entre otros. Par-
ticularmente en Cérdoba, ciertas caracteristicas de la
dieta en la ciudad capital fueron asociadas al riesgo de
cancer en estudios anteriores®''?’. Adn en consi-
deracion de esto, en Cérdoba como Argentina no se
cuenta con informacién oficial respecto a la ali-
mentacion tipica del total de la poblacién, menos atin
con estudios que describan cudl es el consumo alimen-

tario habitual en nuestra poblacién desde el enfoque de
patrones de consumo alimentario (AFCP). Solo a partir
de las hojas de balance de alimentos de la FAO puede
deducirse de manera indirecta que los alimentos que in-
tegran principalmente la dieta nacional son: pan, hari-
nas y fideos, carne vacuna, azucar, leche, quesos,
aceite de girasol, papa, verduras de hoja, arroz, naranja,
manzana, banana y tomate, manteca y grasa, y vino.
En términos generales, la identificacién de patrones
alimentarios realizada en el marco de este trabajo,
mostré concordancia con esto, en tanto resultaron
emergentes como grupos de alimentos (o alimentos)
dominantes varios de los descritos por la FAO.

Si se considera la conformacién de los patrones ali-
mentarios identificados en este estudio, encontramos
que tanto en la poblacién total, como masculina y fe-
menina, el grupo de las carnes resulté dominante en los
patrones denominados Cono Sur, identificados siempre
en primer lugar, lo cual indica una fuerte representacion
de estos en la dieta de los individuos. Si bien estos pa-
trones difieren en algunos aspectos del Patron Occiden-
tal (Western Pattern) descripto en diversos estudios®,
coincide con éste en presentar a las carnes rojas como
grupo caracteristico. Se observa que nuestros resultados
en relacién a CCR y TU fueron consistentes con los re-
portados en estudios previos respecto a la asociacion
positiva del Patron Occidental con estas patologias''*'>.
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Tabla III
Matriz de cargas factoriales (rotada) para los principales patrones alimentarios identificados a partir del andlisis factorial
de componentes principales. Cordoba. Argentina 2006-2012

Poblacion total (n = 489)°

Grupos de alimentos Patron Cono Sur Patron bebidas azucaradas Patron Prudente
Lacteos -0,06 -0,03 0,68
Carnes rojas 0,72 0,10 0,04
Frutas y vegetales no amildceos 0,05 -0,04 0,75
Vegetales amildceos 0,61 0,15 0,24
Bebidas azucaradas -0,07 0,79 -0,14
Vino 0,68 -0,37 -0,21
Variabilidad explicada (%) 19,47 13,13 12,43
Variabilidad explicada acumulada (%) 19,47 32,6 46,03
Poblacion femenina (n = 294)
Grupos de alimentos Patron Cono Sur Patrén Rural Patron Prudente Patron Amildceo
Carnes grasas 0,7319 0,15 -0,08 0,18
Carnes procesadas 0,23 0,71 -0,05 0,01
Granos refinados 0,23 -0,15 0,007 0,73
Granos enteros -0,07 -0,08 0,03 -0,68
Productos de pasteleria 0,65 0,35 -0,0006 0,14
Aceites vegetales y mayonesa 0,69 -0,08 0,23 -0,003
Vegetales no amildceos 0,05 0,03 0,81 0,03
Frutas 0,09 -0,13 0,64 -0,12
Variabilidad explicada (%) 0,13 0,10 0,07 0,06
Variabilidad explicada acumulada (%) 0,13 0,24 0,31 0,37

Poblacion masculina (n = 381)°

Patron
Tipico mesurado

Patron
Patrén Cono Sur  bebidas azucaradas

Grupos de alimentos

Grupos de alimentos Patron Prudente

Lacteos -0,0014 -0,0114 -0,1221 0,7915
Huevos 0,6304 -0,1821 -0,0458 0,0215
Carnes rojas magras -0,1128 -0,2575 0,6282 0,1412
Carnes rojas grasas 0,7367 -0,1206 0,0810 -0,0046
Frutas y vegetales no amildceos 0,1072 0,1083 0,2804 0,6779
Granos y vegetales amildceos 0,6005 0,2355 0,1219 0,0897
Infusiones 0,1132 0,1311 0,7223 -0,0734
Bebidas azucaradas 0,0422 0,8006 0,0415 -0,0591
Variabilidad explicada (%) 20,10 13,04 10,48 8,46

Variabilidad explicada acumulada (%) 20,10 33,14 43,62 52,08

NOTA: Cargas 20,60 (en negrita) definen los grupos dominantes para cada factor. La Tabla solo presenta los grupos alimentarios que resultaron
dominantes en algun factor. No obstante, las dimensiones o variables intermedias definidas para la construccion de patrones alimentarios, tras las
pruebas estadisticas de adecuacién muestral, fueron:

‘Cereales y productos derivados, Vegetales amildceos ,Vegetales no amildceos y frutas, Lacteos, Carnes procesadas, Carnes rojas, Carnes blancas,
Huevos, Azicares y confituras, Bebidas azucaradas, Vino, Grasas y aceites.

*Leche y yogur, quesos duros, quesos blandos, carnes magras, carnes grasas, carnes procesadas, huevos, vegetales amildceos, vegetales no
amildceos, frutas, cereales integrales, cereales refinados, legumbres, productos de panaderia, dulces (helados, chocolates, mantecol, dulce de
leche), aziicares y dulces (azicar, mermelada, miel, dulce de leche), manteca y crema de leche, aceites vegetales y mayonesa, bebidas alcohdlicas y
bebidas no alcohdlicas.

<Lécteos, carnes rojas magras, carnes rojas grasas, huevos, frutas y vegetales no amildceos, cereales y vegetales amildceos, azticares y confituras,
grasas, aceites vegetales, infusiones, vino, bebidas sin alcohol.

También en cuanto a CM y CP este patrén ha mostrado,
en la mayoria de los casos y coincidentemente con nues-
tros resultados, un riesgo incrementado'*®-*2, aunque exis-
te también evidencia contradictoria al respecto®3.

Los patrones alimentarios denominados Prudente en
el presente estudio, presentaron similares caracteristi-

cas a otros publicados bajo esta y otras denominaciones
tales como Patron Saludable 6 Vegetales y frutas'>>>*.
Coincidentemente con nuestros hallazgos, los resulta-
dos de la mayoria de estos estudios evidenciaron un
efecto favorable de este patrén en la reduccion del ries-
go de CCR" y CM**, aunque existe evidencia que in-
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Tabla IV
Estimacion de medidas de asociacion (ORs ajustados por variables de confusion seleccionadas) mediante Modelos Logisticos
Multinivel para cdncer colorrectal, urotelial, de mama y de prostata. Cordoba. Argentina 2006-2012

Estudio caso-control Patron alimentario

seguin sitio tumoral Referencia: Tercil 1 OR (IC 95%) pvalor
Cancer colorrectal! Patrén Cono Sur, 11 1,92 (1,51-2,46) <0,001
Patrén Cono Sur, 111 2,35(2,25-2,46) <0,001
Patrén Bebidas Azucaradas, I1 1,54 (0,86-2,75) 0,144
Patrén Bebidas Azucaradas, 111 2,62 (2,32-2,95) <0,001
Patrén Prudente, 11 0,84 (0,51-1,41) 0,516
Patréon Prudente, 111 0,31 (0,22-0,43) <0,001
Cancer urotelial® Patrén Cono Sur, 11 2,63 (1,99-3,47) <0,001
Patr6n Cono Sur, 111 1,75(1,10-2,78) 0,017
Patron Bebidas Azucaradas, 11 2,55 (1,28-5,07) 0,008
Patron Bebidas Azucaradas, I11 0,72 (0,60-0,85) <0,001
Patrén Prudente, 11 0,66 (0,25-1,70) 0,386
Patréon Prudente, 111 0,31 (0,08-1,23) 0,097
Cancer de mama' Patrén Cono Sur Femenino, I1 1,63 (1,59-1,69) <0,001
Patron Cono Sur Femenino, II1 3,13 (2,58-3,78) <0,001
Patrén Rural, 1T 1,44 (0,64-3,26) 0,370
Patr6n Rural, 1T 2,02 (1,21-3,37) <0,001
Patrén Prudente, 11 1,10 (0,88-1,37) 0,370
Patréon Prudente, 111 0,56 (0,41-0,77) <0,001
Patron Amilaceo, 11 1,36 (1,04-1,76) 0,020
Patr6n Amilaceo, 111 1,82 (1,18-2,79) <0,001
Céncer de prostata’ Patrén Cono Sur Masculino, 11 1,39 (0,981-1,99) 0,064
Patrén Cono Sur Masculino, 111 1,91 (1,734-2,11) <0,001
Patron Bebidas Azucaradas, 11 1,17 (0,728-1,89) 0,509
Patron Bebidas Azucaradas, I11 1,66 (1,094-2,55) 0,017
Patrén Tipico Mesurado, 11 1,30(0,970-1,74) 0,079
Patréon Tipico Mesurado, 11T 1,09 (1,052-1,14) <0,001
Patrén Prudente, 11 0,94 (0,620-1,44) 0,798
Patr6n Prudente, 111 1,26 (0,705-2,27) 0,431

OR, odds ratio; IC, intervalo de confianza; II y III, tercil medio y superior de los escores del patrén alimentario. Variable de agrupamiento:

'Antecedentes familiares de la patologia, *Residencia urbano-rural.

dica asociacion nula o positiva respecto a este tltimo
sitio tumoral®. Sin embargo, mientras la bibliografia
refiere un efecto anti-tumorigénico de las frutas y vege-
tales>7%, este patrén no evidencio efecto en la ocurren-
ciade CP ni CU en nuestro estudio.

Otro patrén alimentario emergente en la poblacién
de Cérdoba que se asocio a un riesgo incrementado de
CCR y CP en este estudio fue el Patron Bebidas Azu-
caradas. Este patron, compuesto basicamente por el
consumo de jugos y gaseosas no ha sido identificado en
otras dreas de Sudamérica, ni como tal en ningiin otro

estudio, por lo que constituiria un patrén particular de
esta regién’*. Elevadas ingestas de bebidas azucaradas
se asociaron con un incrementado riesgo de presentar
CCR y CP en otros estudios epidemiologicos*#!,
aunque algunos no corroboran tal asociacién para
CCR*. El incremento del riesgo de CCR y CP estaria
vinculado con el elevado indice glucémico de estas be-
bidas, es decir su capacidad para aumentar notable-
mente la glucemia luego de su ingesta. La hiper-
glucemia provocada estimula secreciones elevadas de
insulina que acttia per se como un factor de crecimien-

Cancer y patrones alimentarios
en Argentina

Nutr Hosp. 2014;29(3):618-628 625



to, y a su vez, induce un incremento del factor de cre-
cimiento similar a la insulina tipo I (IGF-1), hormona
que promueve la mitosis y la proliferacion celular, a la
vez que inhibe la apoptosis en células normales y can-
cerosas®. Otras vias metabdlicas que involucran ala in-
sulina, han sido también vinculadas a un riesgo incre-
mentado, especificamente, de CP*.

Cabe destacar que los patrones alimentarios identifi-
cados en la poblacién masculina de Cérdoba presen-
taron mayor similitud con los de la poblacién total, que
los identificados en la poblacién femenina. Esto si bien
puede en parte explicarse por la diferente proporcion
de hombres y mujeres (mayoria de controles de sexo
masculino) que integraron la muestra en la poblacién
total, también puede deberse a diferencias entre los
habitos alimentarios entre hombres y mujeres®. Las
principales diferencias entre los patrones Cono Sur Fe-
menino con el patron Cono Sur identificado en la
poblacién total pueden justificarse por las diferencias
de género en lo referente al hdbito de beber. Es conoci-
do que, tradicionalmente, las mujeres argentinas con-
sumen menos bebidas alcohélicas que los hombres, lo
cual podria explicar la ausencia de altas cargas en ese
grupo alimentario en los patrones emergentes para
dicha poblacién. De acuerdo a la Encuesta Nacional de
Factores de Riesgo llevada a cabo en el afio 2009 en
Argentina, el consumo regular de alcohol de riesgo y
consumo de alcohol episédico excesivo en la provincia
de Cérdoba fue superior en hombres que en mujeres?.

Por otra parte, la identificacién en la poblacién fe-
menina de un patrén Rural con carnes procesadas co-
mo grupo dominante, coincide con los resultados de un
estudio llevado a cabo en otro pais sudamericano
(Uruguay), en el cual fue reportado que, al estratificar
los patrones por género, la poblacién femenina presen-
té cargas mads elevadas para carnes procesadas que la
poblacién masculina®.

Es necesario hacer mencidn a algunas limitaciones
de este trabajo concernientes al disefio del estudio y las
metodologias empleadas. Es posible que el tamafio de
las muestras sea insuficiente para detectar el verdadero
efecto de los patrones alimentarios. Sin embargo, la
particular metodologia estadistica propuesta admite
tamafios muestrales reducidos. Ademas, en el analisis
factorial de componentes principales se obtuvieron
medidas de KMO satisfactorias, indicando un adecua-
do tamaifio muestral para el andlisis realizado.

En los estudios de casos y controles se reconoce la
posibilidad de sesgos de seleccion (debido a una selec-
cién no aleatoria de sujetos), de informacioén (por la re-
alizacién de mediciones imperfectas) y de confusion
(generados por asignaciones no aleatorias de la exposi-
cién). Sin embargo, en el presente estudio fueron imple-
mentadas numerosas estrategias desde su disefio hasta su
andlisis a fin de minimizar la posibilidad de su ocurren-
cia. Estas tacticas incluyeron el desarrollo de un detalla-
do manual de procedimientos, asi como un riguroso en-
trenamiento de los entrevistadores, la estandarizacion de
los procedimientos de recoleccién de datos y el minu-

cioso monitoreo de esta etapa del estudio para evitar una
clasificacion errénea de la exposicién. Ademds, la ma-
yoria de los entrevistadores fueron enmascarados res-
pecto de las principales hipétesis del estudio, a fin re-
mover una importante fuente de sesgos, particularmente
cuando éstos tienen conocimiento sobre la condicién de
caso o control dentro del estudio. Sin embargo errores en
la medicién de la exposicién a la dieta podrian atin exis-
tir. No obstante, la distribucion equitativa de éstos entre
casos y controles —a excepcién del sesgo del recuerdo—
hace suponer que su influencia sea despreciable.

A fines de evitar potencialmente importantes sesgos
de seleccion y por factores confundentes no medidos,
en este estudio se procuré una distribucion similar de
caracteristicas relevantes en el grupo casos y controles.
Es decir, se recurrié a la seleccion de los controles
segun sexo, edad y lugar de residencia de los casos,
para formar grupos tan similares como sea posible, ex-
cepto por la presencia de cancer, y fueron entrevistados
en el mismo periodo de tiempo. Adicionalmente, se in-
cluyeron en los modelos diversas covariables para con-
siderar alguna confusién residual y obtener estima-
ciones mds precisas del efecto de los patrones
alimentarios en la ocurrencia de cancer.

En virtud de lo hasta aqui expuesto, podemos decir
que en términos generales nuestros hallazgos contaron
con suficiente plausibilidad biolégica y consistencia
respecto a otros estudios en la temdtica. Este trabajo
ademds da muestra de un desarrollo metodolégico
novedoso en el campo de la epidemiologia nutricional,
lo cual puede orientar futuras investigaciones.

Conclusiones

Las enfermedades crénicas no transmisibles, y en-
tre ellas el cancer, sin dudas representan actualmente
una importante carga de enfermedad en Cérdoba (Ar-
gentina) como en el mundo. Esto amerita el esfuerzo
concertado de los diferentes actores sociales, incluida
la comunidad cientifica y académica, para paliar su
impacto en las poblaciones. En ese sentido, consider-
amos que el presente trabajo aporta valiosa evidencia
acerca del papel de los patrones alimentarios en la
compleja etiologia de diversos cdnceres, en tanto la
alimentacién constituye un estilo de vida potencial-
mente modificable. Es asf que, en consideracion de
las estrategias de prevencion del cdncer ya conocidas
y divulgadas, los resultados de esta investigacién cor-
roboran la necesidad de enfatizar recomendaciones
alimentarias tendientes a fomentar la ingesta habitual
de vegetales, frutas y lacteos (éstos dltimos de manera
moderada en hombres), asi como disminuir el con-
sumo de carnes rojas (fundamentalmente las de alto
contenido graso), carnes procesadas, vegetales
amildceos, granos refinados, vino y bebidas azu-
caradas. Particularmente en hombres se sugiere mod-
erar la ingesta de huevos, y en mujeres la de productos
de pasteleria, aceites y mayonesa.
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Finalmente, se destaca la contribucién que este estu-
dio realiza a la caracterizacion de héabitos alimentarios
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Abstract

Objective: To evaluate the prognostic capacity of the
Inflammatory-Nutritional Index (INI) in gastrointestinal
and lung cancer patients.

Methods: Longitudinal study, including patients from
a chemotherapy service in Brazil, between July 2008 and
May 2010. INI (Albumin/CRP) and nutritional status (by
Subjective Global Assessment - SGA) were evaluated.
Risk INI was defined as lower than 0.35. The mean
follow-up of survival was 1.6 year. Statistical analyses
were performed using Stata 11.1™,

Results: 74 patients participated in the study, mean
age 63.4, most of them male (58%) and presenting
gastrointestinal cancer (71%). Malnutrition was identified
in 87 % of the patients (22 % severely malnourished). The
mean INI was 2.67 and 54% of the patients had INI levels
considered as risk. During the follow-up there were 49
deaths (66%). The median survival time for INI risk
patients was significantly shorter than for normal INI ones
(p = 0,002). It took 0.78 year for the INI risk subsample to
decline 50 %, while it took 2.78 year for the normal INI
subsample. INI risk and severe malnutrition were
independent predictors for poor survival.

Conclusion: The INI showed prognostic capacity in
this sample and may be a useful tool, based on routinely
available blood tests, to assess cancer patients.
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INDICE INFLAMATORIO-NUTRICIONAL;
EVALUACION DEL ESTADO NUTRICIONAL Y
PRONOSTICO EN PACIENTES CON CANCER DE
TRACTO GASTROINTESTINAL Y DE PULMON

Resumen

Objetivo: Evaluar la capacidad pronostica del Indice
Inflamatorio-Nutricional (INI) en pacientes con cancer
del tracto gastrointestinal y pulmén.

Meétodos: Estudio longitudinal, con pacientes de un ser-
vicio de quimioterapia en Brasil, entre Julio de 2008 y
Mayo de 2010. INI (Albimina/CRP) y el estadio nutricio-
nal (Valoracion Global Subjetiva-SGA) fueran evalua-
dos. INI de riesgo fue definido como menor que 0.35. El
tiempo medio de acompaiamiento fue 1.6 afio. Analices
estadisticas fueran realizadas con el programa Stata
11.1™,

Resultados: Fueron evaluados 74 pacientes, con edad
media de 63.4 aiios, la mayoria hombres (58 %) e con can-
cer gastrointestinal (71%). Desnutricion fue identificada
en 87 % de los pacientes (22% con desnutricion grave). El
INI medio fue 2.67 y 54% de los individuos presentaban
INI de riesgo. Durante el acompaiamiento hubieran 49
obitos (66 %). El tiempo mediano de sobrevida de los pa-
cientes con INI de riesgo fue significantemente mas corto
que de los pacientes con INI normal (p = 0.002). El grupo
con INI de riesgo llevé 0.78 afio para decaer 50%, en
cuanto el grupo con INI normal llevé 2.78 aiio (p = 0.001).
INI de riesgo y desnutricion grave fueron factores inde-
pendientes de peor sobrevida. Conclusion: E1 INI demos-
tré capacidad pronostica en esta amuestra y puede ser
una herramienta qtil, basada testes rutineros y disponi-
bles, para evaluar pacientes con cancer.

(Nutr Hosp. 2014;29:629-634)
DOI:10.3305/nh.2014.29.3.7195

Palabras clave: Biomarcadores. Caquexia. Estudio longi-
tudinal. Marcadores séricos.
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Abbreviations

BMI: Body Mass Index.

CI: Confidence Interval.

CRP: C-Reactive Protein.

GPS: Glasgow Prognostic Score.

HR: Hazard Ratio.

INI: Inflammatory-Nutritional Index.

IQR: Inter Quartile Range.

NSCLC: Non Small Cells Lung Cancer.

PINI: Prognostic Inflammatory Nutritional Index.
SGA: Subjective Global Assessment.

Introduction

Mortality in cancer is closely linked to the patient’s
nutritional status, with one third of deaths being caused
by malnutrition, and not by the disease itself'. Cancer
cachexia is defined as a multifactorial and complex
handling syndrome, which leads to weight loss based
mostly on muscle mass and, consequently, to progres-
sive functional impairment. Such condition can be
divided in three stages: pre-cachexia, in which there is
a weight loss of less than 5% accompanied by anorexia
and metabolic changes; cachexia, with weight/muscle
loss aggravation and the onset of systemic inflamma-
tion; and refractory cachexia, the final stage of the
syndrome characterized by intense catabolism, non
responsivity to anticancer treatment, poor functionality
and a life expectancy of less than three months?.

As cachexia progresses to irreversible stages and
contributes to the death of cancer patients, it is neces-
sary to identify this condition as early as possible.
Weight loss must be assessed and observed, specially
the decrease in muscle mass. Furthermore, systemic
inflammation, which plays an important role in
cachexia genesis and progression, should be evaluated®,
considering that it implies worsening in prognosis*.

For that purpose, the tools that can help the identifi-
cation of the nutritional and inflammatory status of the
cancer patients are useful in anticancer therapy. A
previous study’ has demonstrated an association
between the Inflammatory-Nutritional Index (INI =
serum Albumin / serum C Reactive Protein [CRP]) and
the nutritional status according to the Subjective
Global Assessment (SGA)®’, which is used to early
detect malnutrition/nutritional risk.

As INI considers an increase in CRP levels and a
decrease in albumin levels in the evaluation of the
systemic inflammation, it probably has some prog-
nostic value for cancer patients, since it has already
been associated with the Glasgow Prognostic Score
(GPS)’. Moreover, other studies have found an associa-
tion between inflammatory markers (such as Albumin
and CRP) and scores based on them, and survival prog-
nosis in cancer **.

Therefore, the aim of this study was to perform a
survival analysis and to evaluate the prognostic

capacity of the INI as an independent predictor of
mortality in a cohort of gastrointestinal and lung cancer
patients with a 3.5 year follow-up, and whose baseline
data were collected before the first chemotherapy
cycle.

Methods

This survival longitudinal study consisted of cancer
patients attended at the Chemotherapy Service of the
Teaching Hospital of the Federal University of Pelotas-
RS/Brazil. The baseline data collection occurred from
July 2008 to May 2010, and the follow-up was
conducted until June 2012.

Patients aged 18 years and older, diagnosed with
gastrointestinal (including annex glands) or lung
cancer, and receiving chemotherapy for the first time,
were considered eligible. After signing a consent form,
the patients had an appointment with a nutritionist.
Socio-economic, disease and treatment (tumor
site/stage and chemotherapy type —those gathered from
the patient medical records) data were collected using
standardized questionnaires. Patients had their nutri-
tional status evaluated by the SGA®”and anthropo-
metric measurements (weight and height) collected for
a further calculation of the Body Mass Index (BMI =
Weight [kg] / Height[m]?).

After the appointment, patients were conducted to
the laboratory for the measurement of serum albumin
and CRP and subsequent calculation of the INI°. For
this study, INI values lower than 0.35 were determined
as risk INI, considering the cut point of normality for
serum albumin (3.5 g/dL) and CRP (10 mg/dL).

After 3.5 years from the baseline, phone calls were
made to check the patients’ conditions. When the
phone contact was not possible, the government data-
base of death records was consulted to verify whether
death has occurred and when.

Data were double entered and the consistency was
checked using Epilnfo™ 6.04d software. Statistical
analyses were performed by Stata™ 11.1 package. For
survival analyses, it was used the Kaplan-Meyer
curves. Associations to death were tested with
Student’s t, 2 or Fischer’s exact tests, according to the
variable nature. Those variables which test presented p
< 0.20 in univariate analysis were included in multi-
variate analysis by Cox Proportional Hazard regression
model.

This study was approved by the Research Ethics
Committee of the School of Medicine of the Federal
University of Pelotas, responsible for the Hospital
where it was conducted (of. 066/2006).

Results

Seventy-four patients, mean aged 63.4 £11.9 years
old, most of them male (58.1%) participated in the
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Table I
Description of the characteristics of cancer patients
evaluated at the Chemotherapy Service of the Teaching
Hospital of the Federal University of Pelotas - RS - Brazil

Characteristic n Frequency (%)
Gender

Male 43 58.1

Female 31 419
Tumor site

Esophagus/Stomach 16 21.6

Colon/Rectum 33 44.6

Pancreas/Gall bladder 4 54

Lung 21 284
Tumor stage

I 19 25.7

11 24 324

IV 21 28.4

Unknown 10 13.5
Chemotherapy type

Curative 1 1.3

Neoadjuvant 23 31.1

Adjuvant 10 13.5

Palliative 40 54.1
Nutritional status (SGA*)

Well nourished (A) 10 13.5

Suspected/moderated malnutrition (B) 48 64.9

Severe malnutrition (C) 16 21.6
BMI**

Under nutrition 6 8.1

Normal 43 58.1

Excessive weight (= 25.0 kg/m?) 25 33.8
Risk INI***

Yes 40 54.1

No 34 459
Total 74 100.0

*Subjective Global Assessment.
**Body Mass Index.
***Inflammatory-Nutritional Index.

study. The most prevalent tumor site was colon/rectum
(44.6%) followed by lung cancer (28.4%). Around
30% of the patients had stage IV disease and 54.1%
received indication of palliative chemotherapy. The
detailed sample’s description is shown in table I.

With regard to the nutritional status, according to
SGA, almost 87% of the sample had some degree of
malnutrition. The mean BMI of the patients was 23.3
kg/m? ranging from 15.5 to 36.6 kg/m? only six
patients (8.1%) were classified as malnourished
according to this indicator, and most of them (58.1%)
were eutrophic.

Serum CRP levels presented mean of 39.29 + 48.61
mg/dL (median 13.25 IQR: 3.28; 59.3 mg/dL), while
serum albumin levels had mean of 3.73 +0.39 g/dL
(ranging from 2.66 to 4.41 g/dL). The mean INI was
2.67 + 8.08 (median of 0.27 IQR: 0.06; 1.30), with
most of the sample (54.1%) presenting Risk INI (<
0.35). Table II compares the subjects characteristics
according to the INI categories (risk or not).

Table II
Comparison of characteristics of the patients with risk
INI (< 0.35) and normal INI

Normal INI ~ Risk INI

Characteristic n(%) n(%) Pvalue*
Gender 0.406
Male 18(41.9) 25(58.1)
Female 16(51.6) 15(48.4)
Age (years old)** 0.094
Mean+SD 609+11.6  655+11.8
Tumor site*** 0.053
Esophagus/Stomach 10(62.5) 6(37.5) 1.000
Colon/Rectum 16(48.5) 17(51.5) 0.357
Pancreas/Gall bladder 3(75.0) 1(25.0) 0.639
Lung 5(23.8) 16(76.2) 0.176
Tumor stage*** 0.112
11 11(57.9) 8(42.1)
11 14(58.3) 10(41.7)
v 6(28.6) 15(71.4)
Unknown 3(459) 7(54.1)
Chemotherapy type*** 0.024
Curative 14(60.9) 9(39.1) 1.000
Neoadjuvant 7(70.0) 3(30.0) 0.616
Adjuvant 0(0.0) 1(100.0) 0.227
Palliative 13(32.5) 27(67.5) 0.028
Nutritional status (SGA)*** 0.178
Well nourished (A) 7(70.0) 3(30.0)
Suspected/moderated malnutrition (B) 22 (45.8) 26(54.2)
Severe malnutrition (C) 5(313) 11(68.7)
BMI+* 1.000
Under nutrition 3(50.0) 3(50.0)
Normal 20 (46.5) 23(53.5)
Excessive weight (= 25.0 kg/m?) 11(459) 14(54.1)
Death 0.007
No 17(68.0) 8(32.0)
Yes 17(34.7) 32(65.3)
Total 34(459%) 40 (54.1%)
* 2 test.

**Student’s T test.
***Fischer’s Exact test.

The mean survival follow-up was 1.6 £1.2 years,
with a minimum of 0.01 years (early deaths around the
baseline period) and maximum of 3.6 years. During
this period, there were 49 deaths (66.2%) and,
according to the bivariate analysis, its occurrence was
associated to increased age (p = 0.005), tumor location
(p=0.001, lower mortality rate in colon/rectum cancer
patients and higher mortality rate in pancreatic cancer),
palliative chemotherapy (p = 0.001), worsening of the
nutritional status according to SGA (p < 0.001) and
Risk INI (p =0.007), as shown in table III.

The subsample with Risk INI had a 50% survival
decrease in 0.78 year, while the subsample of patients
with Normal INI had a 50% survival decrease in 2.78
years (p = 0.001 — fig. 1), with a hazard ratio of 2.56
(CI95%: 1.41 ; 4.64) for mortality in the Risk INI
group. The median survival time for the Normal INI
patients was 2.33 years (IQR: 1.13; 2.86 years), while

Biochemical assessment in cancer
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Table I1I
Comparison of characteristics of the patients according
to mortality

Survivor Deceased

Characteristic n(%) (%) Pvalue*
Gender 0.447
Male 13(30.2) 30(69.8)
Female 12(38.7) 19(61.3)
Age (years old)** 0.005
Mean+SD 81114 661113
Tumor site*** 0.001
Esophagus/Stomach 2(12.5) 14(87.5) 1.000
Colon/Rectum 19(57.6) 14 (42.4) 0.003
Pancreas/Gall bladder 0(0.0) 4(100.0) 0.046
Lung 4(19.1) 17(80.9) 0.592
Tumor stage*** 0.138
II 10(52.6) 9(474)
11 8(33.3) 16(66.7)
v 6(28.6) 15(71.4)
Unknown 1(10.0) 9(90.0)
Chemotherapy type*** 0.001
Curative 10(43.5) 13(56.5) 1.000
Neoadjuvant 8(80.0) 2(20.0) 0.053
Adjuvant 0(0.0) 1(100.0) 0.388

Palliative 7(17.5) 33(82.5) 0.025
Nutritional status (SGA)*** <0.001
Well nourished (A) 8(30.0) 2(20.0) 1.000
Suspected/moderated malnutrition (B) ~ 16(33.3) 32(66.7) 0.009
Severe malnutrition (C) 1(6.3) 15(93.7) <0.001
BMI*+ 0.189
Under nutrition 1(16.7) 5(83.3)
Normal 12(27.9) 31(72.1)
Excessive weight (= 25.0 kg/m?) 12(48.0) 13(52.0)
Risk INI 0.007
No 17(50.0) 17(50.0)
Yes 8(20.0) 32(80.0)
Total 34(33.8%) 49(66.2%)
* o2 test.

**Student’s T test.
***Fischer’s Exact test.

Risk INT patients presented significantly poor survival
time (median of 0.79 years, IQR: 0.21; 1.88. P value =
0.002 — Mann-Whitney Test).

After the Cox Proportional Hazard analysis (table
IV), severe malnutrition according to SGA (p = 0.009)
and Risk INT (0.003) remained as independent predic-
tive factors for mortality. In this sample, site tumor in
colon/rectum was considered a protective factor for
survival.

Discussion

Several studies have proposed the assessment of
prognostic factors for survival in patients with cancer
and most of them were focused on inflammatory
markers, isolate or combined, to form index or scores.

In their study on esophagus-gastric cancer patients,
followed by a mean period of 3.5 years, Noble et al
(2013) found pre-treatment serum albumin (< 3.5 g/dL)
as an independent prognostic factor for the reduction of
disease-free survival (p = 0.042)%. Of the 29 studies in
gastrointestinal cancer (most of them about colorectal
cancer), 26 found albumin as an independent predictive
factor of survival in a systematic review of the litera-
ture concerning the prognostic value of pre-treatment
serum albumin, which included studies published
between January 1995 and June 2010. The same result
was found in 9 of 10 articles on lung cancer, most of
them in non-small cell lung tumors'’. In a study with 51
advanced colorectal cancer patients, Read et al found a
mean survival f 4 months in those with low serum
albumin (<3.5 g/dL)) when compared to those patients
with normal serum albumin (p = 0.017)%. The serum
albumin was also described as an independent survival
predictor (HR: 0.556 IC95%: 0.313-0.986) in a study
by Utech et al in which 136 men diagnosed with
various types of cancer (48.5% of them with gastroin-
testinal or lung cancer). In addition, an increase in
inflammatory markers, such as Interleukin 6 (IL6) and
Tumor Necrosis Factor alpha (TNF-a.), were also asso-
ciated with higher mortality”°.

With regard to the inflammatory markers based index,
the use of the GPS stands out in the literature. Read et al
found GPS as a mortality predictor (HR: 2.27 CI95%:
1.09-4.73) while studying advanced colorectal cancer .
In a study with 165 cancer patients, Elahi et al reported
that there was a linear reduction of the survival time with
ahigh GPS score, both in patients with colorectal tumors
(mean survival of 12.1 months for GPS = 0, 6.1 months
for GPS = 1 and 1.7 month for GPS =2 - p<0.001) and
in gastric cancer patients (mean survival of 6.1 months
for GPS =0, 3.1 months for GPS=1 and 1.6 month for
GPS =2-p=0.002) . In a study with 56 non-small cell
lung cancer (NSCLC) patients (98% staged III/IV),
presenting 77% of deaths in a mean follow-up of 54
months, the GPS was a survival prognostic factor (HR:
2.10 CI95%: 1.30-3.40) °. Forrest et al evaluated 161
inoperable NSCLC patients and found that the
combined scores of low albumin and high CRP had a
prognostic value (HR: 1.70 CI95%: 1.23-2.35-p =
0.001) when compared to scores based on stage and
Performance Status (HR: 1.48 CI95%: 1.12—-1.95-p=
0.005)". In contrast, Walsh et al used the Prognostic
Inflammatory Nutritional Index (PINI= [alpha I-acid
glycoprotein x CRP] divided by [albumin x pre-
albumin]) and did not find any prognostic value in 50
advanced cancer patients (26% of them with lung
cancer); besides, it is an index based on non-routine and
more expensive laboratorial tests compared to serum
albumin and CRP, and is widely used in the assessment
of critically ill patients'*. The present study showed that
Risk INI is an independent survival predictor and a
simple scoring system based on routine and easily avail-
able laboratorial tests. A previous study has demon-
strated its association to GPS?.
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Kaplan-Meier survival estimates
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Table IV considered an independent predictor of mortality,

Effect of different variables on the proportional risk for poor
survival (Cox Proportional Hazard Regression Model)

Variable Hazardratio  95% CI pvalue
Age (as a continuous variable) 0.998 0.966-1.031 0.902
Tumor stage

I 1.000

I 1.076 0.405-2.861 0.883

v 0.874 0.313-2440 0798

Unknown 1487 0.486-4.545 0.487
BMI

Under nutrition 1.000

Normal 1.331 0.403-4.400  0.639

Excessive weight (= 25.0 kg/m?) 1.526 0.425-5.482 0.517
Chemotherapy type

Curative 1.000)

Neoadjuvant 0.218 0.025-1.877 0.166

Adjuvant 0.129 0.010-1.695 0.119

Palliative 0.330 0.040-2.698 0.301
Tumor site

Esophagus/Stomach 1.000

Colon/Rectum 0.293 0.132-0.649  0.002

Pancreas/Gall bladder 2321 0.745-7.234 0.147

Lung 0.671 0.305-1.477 0.322
Nutritional status (SGA)

Well nourished (A) 1.000

Suspected/moderated malnutrition (B) ~ 3.338 0.779-14303  0.104

Severe malnutrition (C) 7453 1.646-33.748  0.009
Risk INI

No 1.000

Yes 2.845 1.432-5.656  0.003

Bond values indicate statistically significant.

This study revealed that a worsening in nutritional
status, evaluated by SGA, was associated with higher
mortality and that severe malnutrition could be

with an increased rate of up to seven times when
compared to well nourished patients. Read et al, also
using SGA to classify the nutritional status of their
advanced colorectal cancer patients, found less
malnutrition (SGA “B” + “C” = 56%) than the
present study, possibly because the tumor site
(colorectal) affects less the ingestion, digestion and
absorption of nutrients. Moreover, the presence of
any degree of malnutrition was associated with a
higher mortality rate (p = 0.02), with mean survival
around 8 months lower than that of well nourished
patients’. Utech et al evaluated a six-month weight
loss history prior to the recruitment of the study
participants (one of the SGA components) and found
it to be an independent survival predictor (p = 0.002)
°. A study conducted in the United Kingdom, using
albumin < 30 g/L or BMI < 18.5 kg/m? or a recent
weight loss history as criteria to define malnutrition,
classified 28% of its sample (642 patients) as
malnourished, being such condition an independent
mortality predictor (HR: 1.43 CI95%: 1,11 —1,85)".
Using BMI, which in this study was not associated
with survival, Meek et al found patients with BMI
lower than 20Kg/m? having twice the risk of death
(HR 2.33 C195%: 1.07 — 5.08) when compared to
those with higher BMI values .

In his 2009 review, McMillan D.C. emphasized that
the use of prognostic scores based on systemic inflam-
mation allows the identification of patients with
cachexia or those in risk of developing such condition,
who are more likely to have a poorer response to treat-
ment and shorter survival. In the present study, the
INI was considered an independent survival predictor,
being previously associated with well known tools,
such as GPS and SGA’.

Biochemical assessment in cancer
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Conclusion

The INI was an independent survival predictor for this
sample of cancer patients and it was associated to nutri-
tional status. Thus, INI emerges as a possible tool for
routine use in the assessment of cancer patients in and
outside hospitals, with easy and quick calculation based
on affordable and routinely available laboratory tests.

More studies in different cancer types may further
demonstrate whether INI will be widely used in
oncology.
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Resumen

El Sindrome Metabélico (SMet) se diagnostica por el
cumplimiento de al menos tres criterios: hipertrigliceri-
demia, HDL-C disminuido, hipertension arterial, gluce-
mia alterada en ayunas y obesidad. Dicha obesidad cons-
tituiria el punto inicial para el desarrollo del SMet. Segiin
la evidencia cientifica, las dietas hipocaléricas, incluyen-
do la mediterranea y la reducida en grasa con alto conte-
nido en carbohidratos, reducen la masa grasa (MG) de es-
tos pacientes y su efecto se potencia al combinarse con
ejercicio fisico (EF), pero se desconoce atin su influencia
sobre la tasa metabélica basal (TMB).

Objetivo: Conocer el efecto de dos dietas hipocaldricas:
mediterrinea y baja en grasas, combinadas o no con EF,
sobre la TMB y la composicion corporal (CC) de adultos
con SMet.

Meétodos: 36 voluntarios, > 50 aios, ambos sexos, con
diagnostico de SMet. Se asignaron aleatoriamente a uno
de los cuatro grupos de intervencion: Dieta hipocalérica
mediterranea (MED), Dieta hipocalérica baja en grasa
(CHO) 6 ambas asociadas a EF (MEDE y CHOE respecti-
vamente). Se evalué6 CC (antropometria) y TMB (calori-
metria indirecta) antes y después de la intervencion.

Resultados: La adicion de EF a los dos tratamientos hi-
pocaléricos produjo mayor pérdida de peso y MG que las
dietas por si solas, siendo esta pérdida en CHOE > MEDE
(p < 0,05). Dichos grupos descendieron la TMB siendo
MEDE > CHOE (p < 0,05). La Dieta Mediterranea, com-
binada o no con EF, disminuyé la MM siendo MEDE >
MED (p < 0,05).

Conclusiones: CHOE fue el tratamiento que mayor
pérdida de peso y MG produjo, induciendo menor reduc-
cion de TMB y manteniendo un mejor perfil de CC que
MEDE.

(Nutr Hosp. 2014;29:635-643)
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Palabras clave: Sindrome metabdlico. Dieta hipocalorica
baja en grasas. Dieta hipocalorica mediterrdnea. Ejercicio
fisico. Tasa metabdlica basal.

Correspondencia: Noelia Bonfanti.

Manuel Torres Salcedo, 1 - bloque 1 - piso 1.° A.
28411 Moralzarzal. Madrid.

E-mail: noeliabonfanti @yahoo.com.ar
Recibido: 2-VIII-2013.

1.* Revision: 6-X11-2013.

Aceptado: 12-X11-2013.

EFFECT OF TWO HYPOCALORIC DIETS AND
THEIR COMBINATION WITH PHYSICAL
EXERCISE ON BASAL METABOLIC RATE AND
BODY COMPOSITION

Abstract

Background: Metabolic syndrome (MetS) is diagnosed
by the detection of at least three criteria (hypertrigly-
ceridemia, low HDL-C, hypertension, obesity and altered
fasting glucose). Visceral fat excess would be the starting
point for its development. Scientific evidence supports
hypocaloric diets -mediterranean or low fat diet and rich
in complex carbohydrates diet included- as the best
treatment to reduce fat mass (FM), maximizing its impact
by combining them with physical exercise (PE). However,
the effects of these treatments on basal metabolic rate
(BMR) of patients with MetS, are unknown.

Objective: To study the effect of the hypocaloric diet -
mediterranean or low fat diet- with or without PE on the
BMR and body composition (BC) of adults with MetS.

Methods: 36 volunteers, MetS, both sexes, > 50 years,
meeting the inclusion criteria. They were randomly
assigned to a group of intervention (3 months) of
hypocaloric diet: mediterranean diet (MED), low fat and
rich in complex carbohydrates diet (CHO) and both
combined with PE (MEDE and CHOE respectively).
Anthropometric data was taken (weight, muscle mass
(MM) and FM) and BMR was determined by indirect
calorimetry, before and after intervention.

Results: The addition of PE to both hypocaloric
treatments produced greater FM loss and weight loss
than dieting alone, being this loss in CHOE > MEDE (p <
0.05). These groups decreased the BMR after treatment
being MEDE > CHOE (p < 0.05). Mediterranean diet
with or without PE lost MM (p < 0.05) being MEDE >
MED

Conclusions: CHOE induces less reduction of BMR
while supporting a better profile of BC than MEDE.

(Nutr Hosp. 2014;29:635-643)
DOI:10.3305/nh.2014.29.3.7119

Keywords: Metabolic syndrome. Low fat hypocaloric diet.
Mediterranean hypocaloric diet. Physical exercise. Basal
metabolic rate.
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Abreviaturas

CC = Composicion Corporal.

CHO = Dieta Hipocaldrica Baja en Grasas con alto
contenido en Hidratos de Carbono.

CHOE = Dieta CHO combinada con Ejercicio Fisico
Aerdbico.

EF = Ejercicio Fisico.

FC=Frecuencia cardiaca.

FCmax = FC méaxima.

Gr = grasas.

HCO = Hidratos de Carbono.

HDL-c = Colesterol HDL.

HT = Hormonas Tiroides.

HTA = Hipertension Arterial.

HURS = Hospital Universitario Reina Soffa.

Kg =Kilogramos.

LDL-c = Colesterol LDL.

Lpm = Latidos por minuto.

MB = Metabolismo Basal.

MED = Dieta Hipocaldrica Mediterrdnea.

MEDE = Dieta MED combinada con Ejercicio Fisi-
co Aerébico.

MET = Tasa Equivalente Metabdlica.

MG = masa grasa.

MM = masa muscular.

PC =Peso Corporal.

Pr =Proteinas.

SMet = Sindrome Metabdlico.

T =Talla.

TG = Triglicéridos plasmaticos.

TMB = Tasa Metabdlica Basal.

VO_=Consumo de O,.

VCO,=Produccién de CO,.

Introduccion

La creciente prevalencia de Sindrome Metabdlico
(SMet) en paises desarrollados lo coloca dentro de las
principales problemdticas de salud publica. Dicho sin-
drome constituye una entidad de dudoso significado
nosolégico y se diagnostica por la presencia de al
menos tres de los siguientes criterios: triglicéridos
plasméticos (TG) en ayunas = 150 mg/dl, HDL-c plas-
matico < 40 mg/dl en hombres y < 50 mg/dl en mu-
jeres, hipertension arterial (HTA) (tensidn arterial
sistolica y/o diastdlica = 130 y = 85 mmHg respectiva-
mente o tratamiento para la HTA), glucemia alterada
en ayunas (GAA) (glucemia en ayunas = 100 mg/dl) y
obesidad abdominal (perimetro de cintura > 88 cm en
mujeres y >102 cm en hombres)'2. En Estados Unidos
se da la mayor prevalencia de SMet a nivel mundial
(41% en hombres y 37% en mujeres entre los 40-59
afios y 52% en hombres y 54% en mujeres mayores de
60 afnos)’. En Espafia, diferentes estudios epidemio-
16gicos aportan cifras similares a otros paises desarro-
llados, con un 40% de SMet en poblaciones mayores
de 60 afios*”.

Algunos autores consideran que el desarrollo de SMet
podria deberse a la acumulacién excesiva de grasa ab-
dominal, lo que se atribuye, al menos en una gran ma-
yoria de los pacientes, al desequilibrio entre la ingesta y
el gasto caldrico diario®®. Dicho gasto energético es uti-
lizado tanto para mantener el metabolismo basal (MB)
(entre el 45-70% del gasto diario) como para realizar ac-
tividad fisica —cotidiana y ejercicio fisico— (20-45% del
gasto diario) y responder a la respuesta metabdlica in-
ducida por alimentos (10% del gasto diario)°.

La energia utilizada para el MB suele medirse en un
periodo de tiempo determinado (comtinmente 24 ho-
ras) y se denomina tasa metabdlica basal (TMB). La
TMB queda determinada principalmente por factores
no modificables, como la edad y el género, pero tam-
bién puede variar en funcién al nivel de entrenamiento
fisico del sujeto asi como de su composicién corporal,
dependiendo tanto del peso total como de las propor-
ciones de masa grasa (MG) y masa muscular (MM)’.
De acuerdo con ello, un tratamiento éptimo para el des-
censo de la MG y la consecuente mejoria de los fac-
tores de riesgo del SMet, seria aquél que induzca el
mejor efecto sobre ambos elementos de la balanza en-
ergética. Es decir, aquél que permita disminuir el ingre-
so de energia y aumentar su gasto, provocando una pér-
dida de peso proveniente de MG sin deteriorar
significativamente la MM ni la TMB.

Actualmente, la evidencia cientifica apoya que una
dieta hipocaldrica, bien sea el modelo de Dieta
mediterrdnea o el de una Dieta pobre en grasas con un
alto contenido en carbohidratos (HCO), es el
tratamiento de eleccidn para reducir la grasa visceral y
el SMet'*'2. Ademads, diferentes estudios muestran que
la combinacién de dichas dietas con un programa de
ejercicio fisico (EF) produce una mayor reduccion del
peso corporal y de la grasa visceral, mejorando atin
mads el perfil cardio-metabdlico de estos pacientes'>'.
Sin embargo, no se ha valorado atn el efecto sobre la
TMB de ninguna de las dietas mencionadas, ya sea con
6 sin EF, en pacientes con SMet.

Objetivos

Principal: Conocer el efecto de dos intervenciones
dietéticas hipocaldricas: Dieta mediterrdnea y Dieta baja
en grasas con alto contenido en HCO, en dos modali-
dades: sin la adicién de actividad fisica programada o
combinadas con un programa semanal de ejercicio fisico
aerobico, sobre la TMB de adultos con SMet.

Secundario: Analizar las variaciones de PC, MG y
MM a fin de establecer una relacién entre dichos cam-
bios con la modificacién de la TMB en los diferentes
grupos de tratamiento.

Métodos

Poblacion: se selecciond a través de la consulta
externa del Servicio de Medicina Interna del Hospital
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Universitario Reina Sofia (HURS) en el contexto de un
estudio de intervencidn dietética y ejercicio fisico titu-
lado “Efectos a largo plazo de dos dietas mediterrdneas
hipocaléricas con diferente aporte proteico y su combi-
nacién con un programa estructurado de ejercicio
fisico, sobre los factores de riesgo en pacientes con sin-
drome metabdlico”

Criterios de inclusion: personas adultas (50-70 afios
de edad) de ambos sexos, con al menos 3 criterios de
SMet segtin ATP III: TG en ayunas = 150 mg/dl, HDL-c
plasmidtico < 40 mg/dl en hombres y < 50 mg/dl en
mujeres, HTA (tension arterial sistdlica y/o diastélica =
130 y = 85 mmHg respectivamente o tratamiento para
la HTA), GAA (glucemia en ayunas = 100 mg/dl) y
obesidad abdominal (perimetro de cintura > 88 cm en
mujeres y >102 cm en hombres)'2.

Criterios de exclusion: ser fumador, consumir alco-
hol en una cantidad > 20 g y > 30 g al dia en mujeres y
hombres respectivamente; antecedentes de infarto
agudo de miocardio (JAM); dieta o restriccion calérica
sistemdtica en los 3 meses previos al estudio; ejercicio
fisico o actividad fisica vigorosa superior a 2 horas
semanales.

Diserio

El presente estudio fue un ensayo clinico experimen-
tal aleatorizado cuya primera etapa consistié en una
entrevista médica a los posibles candidatos volunta-
rios, llevada a cabo por un médico de familia para
determinar los criterios de inclusién y exclusién.
Luego, 36 pacientes con SMet fueron incluidos en la
muestra y distribuidos aleatoriamente en uno de los
cuatro grupos de intervencién: Dieta hipocaldrica
mediterrdnea (MED), Dieta hipocaldrica baja en grasas
con un alto contenido en HCO (CHO) y la combinacién
de ambos tratamientos dietéticos con un programa
semanal de ejercicio fisico aer6bico (MEDE y CHOE
respectivamente). Se determiné TMB, MG y MM en
forma previa a intervencién y al finalizar la misma.
Todos los procedimientos fueron aprobados por el
Comité de ética del HURS.

Tasa Metabolica Basal

Se determiné mediante calorimetria indirecta de cir-
cuito abierto con un equipo Jaeger (Oxycon Pro 2007,
Alemania). Los participantes fueron instruidos para
concurrir al centro por la mafana, con 12 horas de
ayuno nocturnas, sin haber bebido cafeina el dia previo,
ni consumido medicamentos, ni haber realizado EF in-
tenso. Ademads, debieron concurrir realizando el mini-
mo de actividad posible (se indic6 asistir en coche como
acompaiiante o en su defecto en autobus). Antes de ini-
ciar la prueba, los sujetos permanecieron recostados en
reposo durante un minimo de 10 minutos, a fin de nor-
malizar la frecuencia cardiaca (FC) y alcanzar el maxi-

mo nivel de reposo posible''®. Una vez realizada la cali-
bracién del equipo (volimenes, tiempo de retraso y de-
terminacion de concentraciones especificas de CO2 y
02) se colocd sobre el paciente una mdascara tipo
Canopy (Oxycon Jaeger tm) y se inicié la medicion.
Durante la prueba el sujeto permaneci6 decubito supino
sobre la camilla durante un periodo medio de 30 min
mientras se procedia a medir el consumo de O, (VO,) y
produccion de CO, (VCO,) utilizando un sistema de cé-
mara de mezcla y una campana con cdmara de mezcla
de gases espirados. Para el andlisis de los datos
obtenidos y basdndose en estudios previos se adopto el
criterio de eliminacién de los 10 primeros min de la
prueba, como plazo necesario de adaptacion a la mis-
ma'. El tiempo minimo de evaluacién consistié en 5
min. Por lo tanto, la TMB de aquellos sujetos que no
pudieron cumplimentar 15 min totales de evaluacién se
obtuvo descontando un plazo inicial de adaptacién que
permitiera evaluar al menos los 5 min finales. Los va-
lores de MB obtenidos fueron extrapolados a 24 h y ex-
presados en kcal/dia para obtener la TMB.

Composicion Corporal

El andlisis de la composicién corporal se realizé me-
diante estudio antropométrico siguiendo el protocolo
estandarizado de la Sociedad Internacional para el
Avance de la Cineantropometria (International Society
for the Advancement of Kinanthropometry, ISAK)?'.
Los pacientes debieron concurrir en un estado de ayu-
nas de 12 h, evitar la practica de ejercicio, no tomar
medicamentos diuréticos en las 24 h previas y orinar al
menos 30 min antes del examen.

Se valoré el PC y la talla (T) mediante balanza de
precisién con tallimetro (MB 201T Plus). Los perime-
tros musculares (brazo relajado, antebrazo, cintura mi-
nima, muslo medial y pantorrilla) fueron obtenidos me-
diante el uso de una cinta antropométrica metédlica
flexible no extensible (Rosscraft). Y los pliegues gra-
sos (biceps, triceps, subescapulare, cresta iliaca,
supraespinale, abdominal, muslo anterior, pantorrilla
medial) fueron medidos por triplicado, usando luego el
valor de la mediana, con un calibrador de pliegues
cutdneos (Harpenden). La MM fue estimada segin la
Ecuacién de Martin y cols., 1990* y la MG mediante la
férmula de Durnin & Womersley, 1974%.

Ingesta dietética inicial y prescripcion de las dietas

Determinacion de la ingesta: todos los sujetos com-
pletaron un registro dietético de 3 dias no consecutivos
(dos dias laborables y un dia de fin de semana). Se uti-
liz6 el método de pesada, entregandose una balanza
digital (Mettler Toledo® precision + 0,5 g) a los sujetos
que les permitid registrar prospectiva y detalladamente
cada uno de los alimentos y liquidos consumidos (hora,
dia, cantidad, marca). La ingesta habitual de energia y

Efecto de las dos dietas hipocaldricas y su
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nutrientes fue analizada usando el software Dietsource
(Novartis 2000, Espafia).

Prescripcion dietética: en base a los datos obtenidos
de la valoracion de la ingesta se prescribi6 la dieta per-
sonalizada a cada paciente ya sea mediterrdnea o baja
en grasas.

La proporciéon de macronutrientes en la dieta
mediterranea hipocaldrica fue: 50% de hidratos de car-
bono (HCO), 30% de grasas (Gr) conformado por un
20% de acidos grasos monoinsaturados, provenientes
de aceite de oliva virgen, 5% de acidos grasos satura-
dos y 5% de 4cidos grasos poliinsaturados) y 20-22%
de proteinas (Pr). Para la dieta baja en grasas los por-
centajes fueron: <20% de Gr (con la misma proporcion
de 4cidos grasos que la dieta mediterrdnea), 55-58% de
HCOy 20-22% de Pr. En ambos tratamientos se redujo
el 40% de energia respecto a la ingesta habitual para
promover la pérdida de peso de forma progresiva: 20%
el primer mes, 10% el segundo y tercer mes. Se uti-
lizaron réplicas y fotografias de alimentos para ex-
plicar el tratamiento dietético y se instruy¢ al paciente
sobre la seleccidn de alimentos y técnicas culinarias
adecuadas.

Programa de ejercicio fisico

Protocolo de prueba: se realiz6 una prueba sub-
mdxima de ejercicio en el Laboratorio de Ejercicio fisi-
co y Metabolismo del HURS a todos los pacientes asig-
nados a un tratamiento con ejercicio fisico (MEDE y
CHOE) con el fin de conocer su capacidad cardiopul-
monar mdxima y determinar las cargas de ejercicio in-
dividuales que se utilizaron luego durante la fase de in-
tervencion. Para ello, los sujetos se ejercitaron en un
cicloergémetro (Ergonometrics 800; Ergoline,
Barcelona Espafia) hasta alcanzar el 85% de su FC
maxima (FCmax) determinada segin la ecuacién es-
pecifica de Tanaka*. El protocolo de prueba comenzé
con 2 min de reposo. Luego, se inici6 el ejercicio con
una carga de esfuerzo inicial de 25 W durante los tres
primeros min de actividad. La segunda carga se deter-
miné segin la FC alcanzada por el sujeto en esta fase
de la siguiente manera: si en el tercer minuto de carga
inicial su FC era < 80 Ipm, la carga inicial de incremen-
to consistié en 125 W; entre 80 a 89 Ipm se aplic una
carga de 100 W; entre 90 a 100 1pm la carga aplicada
fue de 75 Wy >100 Ipm, la carga fue de 50 W. A partir
de la segunda carga se increment6 25 W de intensidad
cada tres min de ejercicio hasta finalizar la prueba.
Ademds, se monitoriz6 la FC con un pulsimetro y la ca-
dencia de pedaleo se mantuvo constante en 50 rpm du-
rante todo el ejercicio.

Programa semanal de ejercicio aerobico: para am-
bos grupos de ejercicio, el programa semanal consistié
en dos sesiones supervisadas realizadas en el HURS y
una sesién no supervisada fuera de la institucién. En
ambos casos la intensidad del ejercicio fue del 75% de
la FC max y se prescribi6 a partir de los valores de FC

alcanzados durante el protocolo de prueba. Las se-
siones supervisadas constaron de 30 min de ejercicio
aerdbico intermitente (esfuerzos de alta intensidad y
corta duracidn, seguidos por periodos de ejercicio de
baja intensidad). Se realiz6 pedaleo sobre ciclo-
ergémetro en series discontinuas con periodos de alta
intensidad (75% de la FCmax) y periodos de recu-
peracion (45% de la FCmax). Se utilizé también un
ergémetro de brazo, dénde la FC fue 5% inferior a la fi-
jada para el cicloergémetro. La sesién no supervisada
consistid en ejercicio aerdbico continuo durante 30-60
minutos (caminata), cuya intensidad (velocidad de
caminata) se incrementé mensualmente (65, 70 y 75%
FC max en cada mes de tratamiento).

Analisis Estadistico

Los datos se presentan como media y error estandar
(ES). La normalidad de la muestra fue calculada uti-
lizando el test Shapiro-Wilk. Para el andlisis del efecto
de las diferentes intervenciones, MED, MEDE, CHO y
CHOE, (variables independientes) sobre la TMB, PC,
MM y MG (variables dependientes) se utilizé un anéli-
sis de varianza (ANOV A) con medidas repetidas de
dos factores intrasujeto: grupo y tiempo: [4 (grupo) x 4
(tiempo)]. La correcciéon de Tukey fue utilizada para
ajustar los valores de la P en relacién al nimero de con-
trastes llevados a cabo. La significancia estadistica fue
establecida en p < 0,05. Se utiliz6 el software SPSS
15.0 de Windows.

Resultados

36 pacientes con diagndstico de SMet completaron
el tratamiento asignado, distribuidos en 4 grupos de in-
tervencion: CHO (n = 8), CHOE (n = 10), MED (n =8)
y MEDE (n = 10). La edad media (afios) fue 58.2 + 1.0,
58,8 +0,6,57,2+ 1,0y 58,8 + 1,1, el IMC medio fue
38,0+1,8,37,9+1,6,39,0+ 1,6 y 37,8 £ 0,7, la media
de MM (kg) fue de 3,8 + 3,4, 35,3 + 3,5, 36,8 + 3,0,
36,4 +2,3 ylaMG (kg) media fue de 34,6 +4,3,34,6 +
1,0,35+3,0y 35,2 + 1,7 para CHO, CHOE, MED y
MEDE respectivamente. También se registré el uso de
estatinas e antihipertensivos, asi como la media de co-
lesterol LDL (LDL-c), HDL-c, colesterol total, TG,
glucemia, realizacién de actividad fisica total en
(METs/w), ejercicio de resistencia y caminata y activi-
dades sedentarias. Ninguna de las variables men-
cionadas presentd diferencias estadisticamente signi-
ficativas entre grupos.

Tasa Metabdlica Basal (TMB)

Se valoré y compar6 entre grupos la media obtenida
de TMB (Kcal) antes y después de la intervencion para
cada uno de los grupos. Ademads, se compar6 entre
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tratamientos el porcentaje de variacion de la TMB en-
tre los momentos pre y post intervenciéon. Todos los
datos se presentan como media +/- ES en las figuras 1 y
2, dénde puede verse que tanto MEDE como CHOE
sufrieron un descenso estadisticamente significativo de
la TMB luego de la intervencién (p < 0,05) y respecto a
ambos grupos sin EF (p < 0,05). Dicha disminucién de
TMB fue mayor en MEDE que en CHOE (p < 0,05).

Peso corporal

Se valoré y compard entre grupos el descenso de PC
(kg) como porcentaje de variacién entre los momentos
pre y post intervencion.

La figura 3 presenta los datos como media +/- ES
evidenciando un descenso de PC estadisticamente sig-
nificativo en todos los grupos luego de la intervencién
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Fig. 1.—Tasa metabdlica ba-
sal promedio segiin trata-
miento al inicio y final de los
3 meses de intervencion (me-
dia + ES).

¢ Diferencia significativa entre t0 y t3 (p <0,05).

grasas, CHOE: Dieta hipocaldrica baja en grasas con EF.
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Fig. 2.—Porcentaje de varia-
cion de la TMB segiin tipo de
tratamiento entre los mo-
mentos pre y post interven-
cion (media = ES).
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(p < 0,05). Al comparar los distintos tratamientos, se
obtiene que la pérdida de PC fue mayor en ambos gru-
pos con EF respecto a los dos tratamientos con inter-
vencion dietética solamente (p < 0,05). Entre los gru-
pos con EF, CHOE perdié mas peso que MEDE (p <

0,05).

Fig. 3.—Porcentaje de varia-
cion del peso corporal segiin
tipo de tratamiento entre los
momentos pre y post inter-
vencion (media + ES).

Kilogramos de masa grasa (MG)

Se valoré y compard entre grupos el descenso de
MG (kg) como porcentaje de variacién entre los mo-
mentos pre y post intervencién. Los datos se presentan
como media +/- ES en la figura 4 y muestran un des-
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¢ Diferencia significativa entre t0 y t3 (p < 0,05).
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**Diferencia significativa en relacién a MeD, MEDE y CHO a los tres meses de tratamiento (p < 0,05).

MED: Dieta hipocaldrica mediterranea, MEDE: Dieta hipocalérica mediterranea con EF, CHO: Dieta hipocaldrica baja en
grasas, CHOE: Dieta hipocalérica baja en grasas con EF.
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Fig. 4.—Porcentaje de varia-
cion de la MG segiin tipo de
tratamiento entre los mo-
mentos pre y post interven-
cion (media = ES).
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censo de la MG estadisticamente significativo en todos
los grupos luego de la intervencion (p < 0,05). La com-
paracion entre tratamientos arroja una mayor pérdida
de MG en ambos grupos con EF respecto a los dos
tratamientos con intervencion dietética solamente (p <
0,05). Entre los grupos con EF, CHOE provoc6 mayor
pérdida de MG que MEDE (p < 0,05).

Kilogramos de masa muscular (MM)

Se valord y compard entre grupos la modificacién de
la MM (kg) como porcentaje de variacion entre los mo-
mentos pre y post intervencion. La figura 5 presenta los
datos como media +/- ES. Ambos tratamientos con die-
ta hipocalérica mediterranea, MED y MEDE, sufrieron
una pérdida significativa de MM al finalizar la inter-
venciéon (p < 0,05), siendo MEDE > MED
(p <0,05). Dicha pérdida de MM en MEDE y MED fue
mayor que en ambos grupos con dieta hipocalérica
baja en Gr con alto contenido en HCO, CHOE y CHO
(p<0,05).

Discusion

Este estudio permiti6 observar que una Dieta baja en
grasay con alto contenido en hidratos de carbono com-
binada con un programa semanal de ejercicio fisico
aerébico (CHOE), induce la mayor reduccién de PC 'y
MG respecto al resto de grupos (CHO, MED y MEDE).
Al mismo tiempo provoca menor reduccién de la TMB
respecto a una Dieta hipocaldrica mediterrdnea combi-

nada con EF (MEDE) y preserva la MM mas efectiva-
mente que esta dltima.

Se conoce que la dieta hipocaldrica eficiente es
aquella que disminuye el aporte caldrico, lo que fa-
vorece la movilizacién de grasa almacenada en el teji-
do adiposo, con el consiguiente descenso progresivo
del PC a causa de la pérdida de MG. Sin embargo, una
dieta hipocalérica puede conllevar una pérdida fisio-
l6gica no deseada de MM, metabdlicamente activa,
conduciendo a una reduccién de la TMB. Dicha pérdi-
da podria limitar el éxito del tratamiento en el largo pla-
70, causando un efecto compensatorio del gasto ener-
gético capaz de obstaculizar la progresion de la pérdida
de PC»?, Por lo tanto, el tratamiento mas efectivo no
sOlo serd aquél que provoque la mayor pérdida de PC y
MG sino también el que permita mantener, o incluso
aumentar, la MM y la TMB. Ambos tratamientos die-
téticos hipocaldricos (Dieta mediterrdnea y Baja en
grasa con alto contenido de hidratos de carbono com-
plejos) son mds efectivos para lograr una pérdida de pe-
so y grasa corporal cuando se combinan con un progra-
ma regular de EF. Dicho resultado coincide con
estudios previos que combinaron otros modelos
hipocaldricos con EF aerébico'*'¢. Por otra parte, la
TMB no vari6 significativamente en los tratamientos
dietéticos sin EF (CHO y MED), coincidiendo con el
estudio realizado por Sénéchal y cols., 2010, quiénes
no observaron diferencias en la TMB tras un tratamien-
to dietético hipocaldrico en mujeres post-menopausi-
cas obesas”” MED, a diferencia de CHO, produjo una
reduccion significativa de MM, pero que no se corres-
ponde con un descenso de la TMB. Dos posibles he-
chos podrian explicar este hallazgo: primero, es cono-
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Fig. 5.—Porcentaje de varia-
cion de MM segiin tipo de
tratamiento entre los mo-
mentos pre y post interven-
cion (media = ES).
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cido que la MM no constituye el inico factor regulador
del MB, interviniendo otros como la reduccién en la se-
crecién de hormonas tiroideas (HT) que actiian sinérgi-
camente provocando la reduccién de la TMB. Sin em-
bargo, esta reduccién en la concentraciéon de HT ocurre
s6lo ante una pérdida aguda de PC?%. Este no fue el ca-
so de MED, el cual redujo un 7% del PC en 3 meses de
tratamiento. Quizds sea razonable explicarlo por el
tamafio muestral, ya que MED mostré una tendencia
negativa de la TMB, aunque no significativa, que po-
drfa alcanzar significancia estadistica con un mayor
nimero de sujetos, correspondiéndose con la pérdida
de MM de este grupo.

Respecto a la intervencién con EF, MEDE indujo la
mayor pérdida de MM junto con una pronunciada re-
duccién de la TMB en relacién con CHOE. Como se ha
explicado anteriormente, la TMB disminuye cuando se
pierde tejido metabdlicamente activo ya que al dis-
minuir su tamafio y actividad, se requiere menos ener-
gia para sostener sus demandas®. Sin embargo, MEDE
y CHOE fueron igualmente hipocaldricas y normopro-
teicas, por lo cual, se sugiere que las diferencias induci-
das en la masa MM y en la TMB podrian estar rela-
cionadas con la menor ingesta de ingesta de HCO en el
grupo MEDE (50% vs 55-58% en el grupo CHOE). Di-
cho nutriente es un factor clave para la estimulacién de
la secrecion de insulina, principal hormona anabdlica
requerida para la recuperacion del glucégeno muscular
(utilizado durante las sesiones de ejercicio y también en
la re-sintesis de proteinas musculares) que aumenta su
catabolismo cuando el sujeto realiza actividad fisica.
Ademds, los HCO constituyen la dnica fuente de
glucégeno muscular y, por ende, funcionan como prin-
cipal abastecimiento energético para la contraccion,
mantencion y regeneracion de la MM. Por lo tanto, la
menor proporcion de dicho nutriente en MEDE podria
haber afectado los mecanismos mencionados, favore-
ciendo los procesos de catabolismo muscular y la con-
secuente pérdida de MM. Simultdneamente, el EF in-
crementa la demanda de HCO potenciando asi el
desequilibrio entre la disponibilidad y utilizacién muscu-
lar de este nutriente con la consecuente utilizacion de la
proteina enddégena, desgastando el tejido muscular.
Conjuntamente, aunque no fue objetivo del presente es-
tudio analizar la ingesta dietética pre y post ejercicio, un
bajo consumo de HCO en las comidas posteriores a la
sesiéon de ejercicio, limitarfa la recuperacién del
glucégeno muscular y provocaria atin mayor pérdida
progresiva de MM™. Estas evidencias en su conjunto,
podrian ser las causas de que MEDE haya provocado la
mayor variacién negativa de TMB y MM respecto al
resto de los grupos. Distinto es el caso de CHOE el cual
resultaria a primera vista el tratamiento mds efectivo,
produciendo el mayor descenso de PC y MG sin pérdida
significativa de MM. Sin embargo, CHOE también in-
dujo una reduccién de la TMB. Dicha variacién podria
deberse a la pérdida aguda de PC y MG que provocé
este tratamiento, significativamente mayor que en el
resto de los grupos. Como se explicé anteriormente, la

pérdida aguda de PC puede afectar pardmetros hor-
monales capaces de alterar el MB independientemente
de la masa magra, como la accién de las HT*%.

Este estudio analiza por primera vez la influencia de
una dieta hipocalérica combinada con EF sobre la TMB
en pacientes con SMet. Aparentemente, la Dieta baja en
grasas y con alto contenido en HCO complejos combi-
nada con un programa semanal de EF podria ser la op-
cién que mejor conserva la TMB y la MM. Aln asf, de-
beria examinarse la posibilidad de incrementar la
proporcién de HCO de la dieta mediterrdanea para man-
tener los efectos beneficiosos de ésta sobre el resto de
factores de riesgo del SMet*'* controlando la pérdida de
MM y consecuentemente la disminucién de la TMB.

Finalmente, la principal limitacion del estudio queda
determinada por el reducido tamafio muestral que no
permite atin extrapolar los resultados a la poblacién
general con SMet, por lo que este estudio lo conside-
ramos base suficiente de una hipétesis que habra que
validarla con estudios a mds largo plazo y con mayor
tamafio muestral.

Conclusiones

En conclusioén, una Dieta hipocaldrica baja en grasas
y con alto contenido en hidratos de carbono complejos
combinada con un programa regular de ejercicio fisico
aerébico semanal induce menor reduccién de la tasa
metabdlica basal al tiempo que favorece un mejor per-
fil de composicién corporal que la Dieta hipocalérica
mediterrdnea combinada con el mismo protocolo de
ejercicio fisico.
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Abstract

Introduction: There is scarce and inconsistent
information about gender-related differences in the
hydration of sports persons, as well as about the effects of
hydration on performance, especially during indoor
sports.

Objective: To determine the physiological differences
between genders during in indoor physical exercise, with
and without hydration.

Methods: 21 spinning sportspeople (12 men and 9
women) participated in three controlled, randomly
assigned and non-sequential hydration protocols,
including no fluid intake and hydration with plain water or
a sports drink (volume adjusted to each individual every 15
min), during 90 min of spinning exercise. The response
variables included body mass, body temperature, heart
rate and blood pressure.

Results: During exercise without hydration, men and
women lost ~2% of body mass, and showed higher body
temperature (~0.2°C), blood pressure (~4 mmHg) and
heart rate (~7 beats/min) compared to exercises with
hydration. Body temperature and blood pressure were
higher for men than for women during exercise without
hydration, differences not observed during exercise with
hydration. Between 42-99% of variance in body
temperature, blood pressure and heart rate could be
explained by the physical characteristics of subjects and
the work done.

Conclusions: During exercise with hydration (either
with water or sport drink), the physiological response was
similar for both genders. Exercise without hydration
produced physical stress, which could be prevented with
either of the fluids (plain water was sufficient). Gender
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RESPUESTAS FISIOLOGICA§ ASOCIADAS
AL GENERO E HIDRATACION DURANTE
EL SPINNING

Resumen

Introduccion: La informacién sobre las diferencias
relacionadas con el sexo en cuanto a la hidratacién de las
personas deportistas, asi como sobre los efectos de la
hidratacion sobre el rendimiento, especialmente en de-
portes de interior, es escasa e inconsistente.

Objetivo: Determinar las diferencias fisiolégicas entre
sexos durante el ejercicio fisico en el interior con y sin
hidratacién.

Meétodos: Veintiuna personas deportistas (12 hom-
bres y 9 mujeres) participaron en tres protocolos de
hidratacion, no secuenciales, controlados y distribuidos
al azar, que incluian falta de hidratacién, hidratacion
con agua corriente e hidratacién con una bebida para
deportistas (ajustando el volumen a cada individuo
cada 15 minutos), durante 90 minutos de ejercicio spin-
ning. Las variables de respuesta incluian masa corpo-
ral, temperatura corporal, frecuencia cardiaca y pre-
sion sanguinea.

Resultados: Durante el ejercicio sin hidratacion los
hombres y mujeres perdieron cerca de un 2 % de la masa
corporal y mostraron una temperatura corporal (~0,2°
C), presion sanguinea (~4 mm Hg) y frecuencia cardiaca
(~7 latidos/min) superiores en comparacion con los ejerci-
cios sin hidratacion. La temperatura corporal y la presion
sanguinea fueron superiores en hombres que en mujeres
durante el ejercicio sin hidratacion, diferencias que no se
observaron durante el ejercicio con hidratacion. Entre el
42y el 99 % de la varianza de la temperatura corporal, la
presion sanguinea y la frecuencia cardiaca pudo expli-
carse por las caracteristicas fisicas de los individuos y el
trabajo realizado.

Conclusiones: Durante el ejercicio con hidratacion (ya
fuese con agua o una bebida para deportistas), la
respuesta fisiolgica fue similar en ambos sexos. El ejerci-
cio sin hidratacion produjo estrés fisico que pudo ser evi-
tado con cualquiera de los dos tipos de liquidos (el agua
corriente fue suficiente). Las diferencias en la respuesta
fisiologica al spinning (temperatura corporal, presién



differences in the physiological response to spinning
(body temperature, mean blood pressure and heart rate)
can be explained in part by the distinct physical
characteristics of each individual.

(Nutr Hosp. 2014;29:644-651)
DOI1:10.3305/nh.2014.29.3.7017

Keywords: Gender differences. Hydration. Physical exer-
cise. Sports nutrition.

Introduction

Dehydration is a common problem among athletes.
The most important causes are poor nutritional educa-
tion of both athletes and their trainers, environment
factors, inappropriate diets before and after exercise'?,
ignorance about the effects of dehydration on health
and performance®*, a lack of thirst stimulus during
exercise’ and deficits in planning and organization by
sports authorities®.

It is known that athletes must be euhydrated (280-
290 mOsm/kg) to have good physical performance
during exercise. However, there are several environ-
mental conditions that provoke a considerable loss of
water (1-5% of body mass) and electrolytes (10-80
mEq/L Nar, 3-15 mEq/L K+, and 5-60 mEq/L CI-)"%,
including intense sun light, high temperatures and high
relative humidity, as well as a lack of ventilation and
proper clothing. At a certain threshold, the higher body
temperature and physical stress of dehydrated athletes
lowers physical performance compared to their euhy-
drated counterparts>’.

While some authors propose that the rate of sweating
is lower in female than male athletes!®!!, others pose
that women take more time than men to start
sweating'?. Since there is scant information on the rela-
tion between physical performance and hydration of
sports persons, and because these differences could
affect the homeostasis and performance of females, it is
necessary to gain insights into this subject.

Most of the studies on male and female athletes have
evaluated the effects of dehydration on exercise perfor-
mance outdoors, especially under extreme environ-
mental conditions (temperature > 30°C; relative
humidity > 60%)’¢, however, there are few reports on
sports persons practicing indoor sports. Since the latter
activities are generally carried out with poor ventila-
tion, and in some cases require clothing impermeable
to air flow, the problem of dehydration tends to be
worse indoors than outdoors in spite of ad libitum
drinking. For example, a loss of water representing
more than 2% of body mass has been reported during
judo®, nearly 3.4% during indoor soccer', between 1-2
kg of body mass/h during badminton' and tennis'.

Dehydration is a problem with the aforementioned
indoor sports even though they involve displacement
of the involved person, leading to a certain degree of

sanguinea media y la frecuencia cardiaca) pudieron expli-
carse en parte por caracteristicas fisicas individuales
diferenciales.

(Nutr Hosp. 2014;29:644-651)
DOI:10.3305/nh.2014.29.3.7017

Palabras clave: Diferencias en género. Hidratacion. Ejer-
cicio fisico. Nutricion deportiva.

ventilation and therefore heat loss by convection and
evaporation. Hence, dehydration becomes an even
more serious problem with spinning, an activity in
which sports person are stationary, i.e., Mora-
Rodriguez et al. (2007)' reported a mean body mass
loss of 2.3% after 60 min of spinning. When adding
ventilation (air flow: 2.55 m/s), dehydration was lower
by 0.5% and body temperature by 0.5°C. According to
Coyle (2004)°, physical performance is not affected
during spinning provided that sports person are well
hydrated and the body mass loss is below 2%.
Although these guidelines have been established for
spinning, to the best of our knowledge there is only one
report that explore the different hydration status of
male sports person of this sport!”. This factor is impor-
tant because it may affect performance. Thus, here we
study the gender-related physiological response during
90 min of spinning exercise with and without hydration
in healthy young adult volunteers.

Methods
Subjects

Twenty one amateur spinning sports persons (12 men
and 9 women) volunteered to participate in a case series
study (each subject is its proper control) (table I). All
sports persons were accustomed to practicing spinning 3
to 5 days per week, in sessions lasting at least 1 hour.
They were asked not to smoke, drink caffeinated beve-
rages or consume alcohol during the entire study, not to
exercise 48 h prior to a session, and to arrive to the physi-
ology lab between 9:00 am and 2:00 pm. All participants
were found to be in good health, corroborated by a
medical check-up (University medical service) and an
electrocardiogram before the tests. The study was
carried out with the approval of the institution’s Ethics
Committee, and each volunteer signed an informed
consent letter in accordance with the Declaration of
Helsinki of the World Medical Association Ethics Code.

Anthropometry

Height (stadiometer Seca Model 206, Mexico) and
body fat (Quantum X RJL, USA) were determined

Physiological response to spinning
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immediately before the first exercise session. Body
mass (Bame Aut model O.C.N. 5282; Torrey, Mexico)
was measured before and after each session, weighing
the sports person with an empty bladder (at the end of
the exercise the individuals did not want to urinate) and
no clothing, and when completely dry.

Exercise and hydration protocols

Environmental indoor conditions during the exercise
sessions were kept constant, with a temperature of
23°C, relative humidity of 23%, barometric pressure of
659 mmHg, and no ventilation (it is important to notice
that in Ciudad Juarez, few gyms have ventilation).
Participants wore sports clothes commonly used in
cycling and were free to have their habitual breakfast 3
to 5 hours before the exercise sessions. On the first day
they were given 15 min to adapt to the stationary bicycle
of the lab (Monark 828E, Vansbro Sweden), during
which time they learned about the modified Borg scale
(from O to 10)'®. Afterwards, they were programmed for
three exercise sessions, each with a distinct hydration
protocol: exercise without fluid intake and exercise
accompanied by hydration (either with plain water or a
sports drink). In every session the participant exercised
continuously for 90 min and maintained the psychoso-
matic perception of effort between six and seven (heavy
to very heavy exercise) on the modified Borg scale.
With this in mind, they were allowed to freely increase
or reduce both ergometer resistance and pedaling revo-
lutions and a member of the team monitored her/his
perception of the Borg scale.

During the first session (48 hours after the 15 min
adaptation period), the protocol for all participants was
exercise without fluid intake. The order of the other
two protocols was randomized. Based on the loss of
body mass during the first protocol, we determined the
amount of fluid, either plain water or the sports drink
(Gatorade®: 324 mmol/L. of carbohydrates, 19.9
mmol/L of Na* and 3.2 mmol/L of K*), that each partic-
ipant needed to prevent dehydration. In accordance
with the literature, this quantity of fluid was divided
into six equal parts and supplied every 15 min during
the respective exercise protocol™, and was kept in
refrigeration at 4°C. The time elapsed between the
three exercise sessions was two weeks for men and
three month for women. This protocol was established
for women so that each exercise session would be in the
middle of their follicular phase of menstruation, since
hormonal changes within the menstrual cycle affect
body temperature, corporal water retention and phy-
sical performance®.

Physiological parameters measurement

Physical stress was evaluated by body temperature
(Digital infrared Ear 424 USA), heart rate (Polar

RS100, Finland), blood pressure (Aneroid Bau-
manometer and EM Rescue stethoscope, USA), and
mean blood pressure [diastolic blood pressure +
(systolic blood pressure — diastolic blood pres-
sure/3)]*'. Psychosomatic perception of effort (fatigue)
was evaluated by the modified Borg scale. The
distance traveled was calculated in km, and the resis-
tance applied to the bicycle ergometer was measured in
N. Only one person was in charge of recording blood
pressure, one for body temperature, one for heart rate
and one for psychosomatic perception of effort (Borg
scale) every 15 min during exercise (without stopping
the exercise) and at rest.

Statistical Analyses

Differences in physical characteristics between
genders were analyzed by the Student’s 7 test of inde-
pendent samples. Differences between hydration
protocols, time and sex were analyzed by the General
Linear Model (GLM). Repeated measurements and
comparisons between factors were evaluated by the
Sidak test. The homogeneity of variances on
Student’s ¢ test and GLM analysis was checked by
Levene’s test. The independency of associated para-
meters on changes in heart rate, body temperature and
blood pressure was analyzed by multiple linear
regression analysis through the stepwise method. The
Statistical analyses were carried out with the 18.0
PASW program. Data are presented as the mean +
standard deviation (SD) in tables and + standard error
of the mean (SEM) in figure. The significance was set
atp<0.05.

Results

Body mass was constant for both men and women
during the hydration protocols

Men showed higher values in relation to age, height
and body mass than women; contrarily, men had a
lesser percentage of body fat. At rest, men had higher
blood pressure (systolic, diastolic and mean) and a
lower heart rate (p < 0.01; table I). During the exercise
session without fluid intake, the loss of body mass was
slightly higher for men (2.2% =+ 0.9) than women (2.0%
+ 1.2), but the difference was not statistically signifi-
cant (table II). Accordingly, men needed more fluid
than women to prevent dehydration. During the exer-
cise sessions with a sports drink, the consumption for
women versus men was as follows: 72 £ 40 vs 103 + 38
g of carbohydrates, 564 + 312 vs 807 + 298 mg of Na,
and 154 + 85 vs 220 + 81 mg of K*. While both genders
lost body mass during the exercise sessions without
fluid intake, this parameter was stable (+ 0.2 kg) for
both men and women during the two hydration proto-
cols (table II).
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Table I
Physical characteristics of participants

Women (n=9) Men(n=12)

Age (years) 24.1+4.5 30.0+£6.2°
Body mass (kg) 622+2.4 774+16.7*
Height (m) 1.65+0.05 1.75£0.05°
Body fat (%) 33.9+42 18.0£6.2°
BMI (kg/m?) 229+1.7 252+5.1
Heart rate (beats/min) 69+9 58+7*
Systolic blood pressure (mmHg) 107+9 124 +12°
Diastolic blood pressure (mmHg)  67+5 74T
Mean blood pressure (mmHg) 805 91 +8&

Values are the mean + SD. BMI: Body mass index. * p < 0.01. Diffe-
rences evaluated by the Student’s # test.

Hydration prevented physical stress,
but did not change
physical performance

Men traveled a longer distance and applied greater
resistance to the ergometer than women (distance,
~50.0 vs ~43.4 km,; resistance, ~19 vs ~14 N). There
was no statistical difference in these values between
any three exercise sessions (with and without fluid
consumption) for either men or women (table II).
However, the increase in body temperature (p < 0.01),
mean blood pressure (p <0.01) and heart rate (p < 0.01)
was higher for both men and women during the exer-
cise session without fluid intake than during the
sessions with hydration. This corroborates that there is
an increase in physical stress when sports person are
deprived of hydration; furthermore, there was no statis-
tical difference in these values between the two exer-
cise sessions with hydration (table II), suggesting that
this protocol prevented physical stress regardless of the
composition of the fluid.

Men had higher body temperature and mean blood
pressure than women during exercise, but similar
heart rate

During exercise (after 30-40 min and on) men had
higher body temperature (p < 0.01) and mean blood
pressure (p < 0.001) than women (fig. 1); however,
women had a slightly higher heart rate than men, even
at rest, but this difference was not significant (p =0.12;
table II). Analysis of the associations between parame-
ters showed that: (a) 42% of the variance in body
temperature could be explained by differences in age,
heart rate, A body mass and resistance applied to the
ergometer (p <0.001); (b) 74% of the variance in mean
blood pressure could be explained by gender and
differences in heart rate (p < 0.001); (c) 99% of the
variance in heart rate could be explained by differences
in body temperature (p < 0.001; table III).

Dehydration increases physiological parameters
independently of gender

Exercise with no fluid intake yielded higher
numbers in all parameters evaluated, independently of
gender (fig. 1), which were maintained throughout the
90 min spinning period. It is worth to mention that,
even though statistical significance was obtained for
body temperature in men (p < 0.05), no difference was
set in the blood pressure and heart rate among sexes but
they were higher when no hydration consumption was
the protocol. Furthermore, hydration yielded similar
results despite it was plain water or sports fluid (fig. 1).

Discussion

The results of the present study show that the dehydra-
tion provoked by 90 min of spinning, performed in
comfortable environmental indoor conditions (23°C and
23% relative humidity) but without ventilation, did not

Table IT
Physiological and performance changes for women and men caused by hydration protocols

Women (n=9) Men(n=12)
EWF EPW ESD EWF EPW ESD
Loss of body mass (kg) -1.21+0.72 -0.05+0.35 0.16 £0.25* -1.69+0.68 -0.17 +0.50° -0.03+0.61°
Loss of body mass (%) 220+1.2 -0.08 £0.6 03+0.4 -22+09 -0.2+0.70 0.0£0.8
Distance travelled (km) 45.0+3.6 44.1+£3.0 433+3.1 493+5.6° 50.1+5.6° 51.4+6.5
Resistance applied to the ergometer * (N) 13.4+2.1 143+2.0 14122 19.6 £4.1° 19.8+£2.8 18.2+£3.3b
Body temperature* (°C) 36.9+0.3 36.7+0.5 36.7+0.3 373+0.5 36.9+0.3w 37.0+£0.4+
Mean blood pressure* (mmHg) 94+£5 91+4 88+ 6° 114 +8° 112+ 10 111 +7
Heart rate* (bpm) 154+16 145+19 14517 147+12 141+ 14 142+ 16

Values are expressed as the mean = SD. EWF = exercise without fluid intake; EPW = exercise accompanied by hydration with plain water; ESD = exercise accom-
panied by hydration with a sports drink. *Different with respect to the protocol of exercise without fluid replacement. *Different with respect to women. p < 0.01.
Statistical analysis of independent variables by GLM, and of repeated measures by the Sidak test for multiple comparisons. * Mean value for the 90 minutes of

exercise.
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Fig. 1.—Kinetics (Time course) of body temperature, mean blood pressure and heart rate during 90 minutes of spinning. The results are
shown as the mean + SEM. (—) Continuous lines for dehydration, (---) dashed lines for hydration with plain water, (****) Stitch lines for
hydration with sports drink.

Table 111
Multiple linear regression models for body temperature, blood pressure and heart rate

Regression Equations R? p level

Body temperature = 34.3 + 0.25 age (years) + 0.01 heart rate (bpm)

—0.12 A body mass (kg) + 2.4 resistance applied to the ergometer (N) 0.42 <0.001
Mean blood pressure = 62.1 + 22.7 sex (0 = women, 1 =men) + 0.20 heart rate (bpm) 0.74 <0.001
Heart rate = 3.9 body temperature (°C) 0.99 <0.001
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diminish physical performance but increased physical
stress, since all the parameters measured were higher in
this condition (similar results for men have been
reported previously)'”. The physical stress apparently
experienced by the sports person during the exercise
session without fluid intake was absent for both men and
women, when exercise was accompanied by hydration
(either with plain water or a sports drink). The physio-
logical response was similar in both genders, explained
in part by the physical characteristics of the subjects.

In relation to the water balance in men and women
after spinning, reported data are inconsistent. Some
uncontrolled studies carried out with ad libitum hydra-
tion indicate that the absolute and relative rates of
sweating are higher for men versus women (1.12 vs
0.57 L/h, and 2.16 vs 1.49%, respectively) during a 90
min spinning session with artificial ventilation." On
the other hand, in a controlled experiment, also with ad
libitum hydration but without ventilation, no gender
differences in sweating in relation to time (60 vs 90 min
of spinning) were found, although women consumed
less fluid than men®.

Since it has been shown that ad libitum hydration is
not sufficient to prevent dehydration during and after
exercise'™'*152 we decided to replace the exact
amount of fluid (euhydration) lost by each individual
during 90 min of spinning. Comparing both euhydra-
tion and dehydration, we found that there are no gender
differences in water balance after spinning, in agree-
ment with other’s findings®. In the present study, the
loss of body mass was slightly but not significantly
higher in men than women, which is also in agreement
with Johannsen et al*.

One possible explanation for the differences
between genders found by Hazelhurst & Claassen
(2006)", could be that women have greater body
surface area/kg of body mass than men®. This would
allow for a greater loss of heat by convection and evap-
oration in women than men during experiments with
artificial ventilation. However, heat production
without ventilation increases sweating and loss of body
mass in a similar way for both genders. Hence, a lack of
ventilation and displacement of the athlete*? and the
current contribution, diminishes the possibility of heat
loss by convection and evaporation, and in conse-
quence practically eliminates the differences between
men and women in regard to a loss of body mass.

Besides heat production, another factor that influen-
ces perspiration during exercise is the number of sweat
glands. On this question there is controversy, as some
authors reported that women have a higher density of
sweat glands per cm? than men?, while others report the
opposite*. However, some authors have shown that
when variability in sweating is corrected by physical
capacity as well as by morphological and anthropome-
trical characteristics, there are no differences due to
gender®.

Contrary to our findings, there is one report that
women had a higher body temperature than men regard-

less of exercise intensity and climate conditions®.
However, that study did not consider the variability of
temperature during the menstrual cycle. It has been
reported that the body temperature of women can vary
as much as 0.6°C, even at rest, depending on the phase
of the menstrual cycle?. In the present study this varia-
tion was avoided by planning all the spinning sessions
for women at the same phase of the menstrual cycle.

According to Gagnon & Kenny (2012)*, differences
between genders in body temperature are related to
distinct physical characteristics; also Havenith & van
Middendorp (1990)* reported that 54 to 70% of the
variance in body temperature could be explained by
physical characteristics. The results of the present
study disagree with these reports, since we found that
the modifications in age, heart rate, A body mass and
resistance applied to the ergometer accounted for only
42% of the variance in body temperature.

This contradiction can be explained by the distinct
methods of calculating body temperature. According to
the Havenith & van Middendorp regression equation
[Rectal temperature = 36.7 + 0.26 (Body fat) + 82.3
(body surface area) + 0.18 (VO,max), among other
parameters], body temperature rises with an increase in
body fat, body surface area, and maximum volume of
O, consumption (VO, max). However, the equation
seems to be flawed, as the results it gives are not as
expected. For example, a higher percentage of fat
tissue implies the presence of less lean mass and there-
fore a lower metabolic rate, which in turn should
produce less (not greater) heat. Moreover, a greater
body surface area provokes higher heat dissipation,
which should lead to a lower (not higher) body tempe-
rature. Finally, a higher VO, max indicates a better
adaptation to exercise stress, which should result in a
lower (not higher) body temperature. Hence, we
propose the following regression equation (table I1T)
since it sounds more adequate:

Body temperature = 34.3 + 0.25 age (years) + 0.01 heart
rate (bpm) —0.12 A body mass (kg) + 2.4 resistance applied
to the ergometer (N)

In relation to mean blood pressure, our results are
similar to studies that involve maximum intensity exer-
cise, in which this parameter is higher for men than
women, even at rest?. In addition, the present results show
that 74% of the variance in mean blood pressure could be
explained by gender and differences in heart rate.

On the other hand, it has been shown that heart rate is
higher for women than men when exercise is above the
anaerobic threshold®. In the present study, heart rate was
higher for women than men, both at rest and during exer-
cise. Moreover, 99% of the variance in heart rate during
exercise was explained only by body temperature.

In the present study, dehydration did not affect phy-
sical performance, but increased physical stress since
all physiological parameters augmented. This can best
be explained by the fact that the participants were
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asked to exercise at the same subjective work intensity
(6-7 on the modified Borg scale) and had a dehydration
rate below 3%, which is the critical point above which
sweating is reduced, body temperature increased, and
there is a greater subjective perception of effort, thus
affecting performance'.

Dehydration and body temperature have an additive
effect under extreme weather conditions (temperature
= 35°C and relative humidity = 50%), increasing
peripheral vascular resistance and heart rate, while
decreasing systolic volume, cardiac output and mean
blood pressure.*® Together these changes lead to an
enormous decrease in physical performance?'.
However, in the controlled indoor conditions of the
present study (23°C and 23% relative humidity) it is
understandable that physical performance was not
affected; in this regard, our results agree with those by
Abian-Vicén et al. (2012)', in relation to exercise
under non-extreme conditions. The fact that the
distance traveled and the resistance applied to the
ergometer was higher for men than women, is probably
due to the well-recognized differences in body mass
and physical strength between genders.

Conclusions

Both men and women had higher values for body
temperature, mean blood pressure and heart rate during
the exercise without fluid replacement, confirming that
dehydration provokes physical stress. Consumption of
plain water is sufficient for preventing physical stress
in both genders, provided that an adequate volume is
consumed to replace the loss of body fluid caused by
sweating. The differences found in body temperature,
mean blood pressure and heart rate between women
and men are due, in part to the distinct physical charac-
teristics and work load of the subjects. Since ad libitum
water consumption as a response to thirst has proven
inadequate, the present results suggest that it would be
helpful for sports person to evaluate their own dehydra-
tion rate before participating in a competition. They
would then be able to program the correct intake of
fluid, based on continuous drinking, to avoid dehydra-
tion, diminish physical stress, and therefore maintain a
good performance level.

Limitations of the study

Is it worth to mention that participants of the study
are considered Mexican mestizo and it is recommen-
ded to test this kind of experiments with other popula-
tions in order to compare results.
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Resumen

Objetivo: Evaluar el riesgo nutricional, por edad y
sexo, que presentan los adolescentes escolarizados en la
Comunidad Auténoma de Cantabria.

Sujetos: Se realizo un estudio transversal, analizando
una muestra de 1101 adolescentes, de los que 51,6 % eran
varones y 48,4 % fueron mujeres de edades comprendidas
entre los 10 y los 17 afios, escolarizados en centros de
ensefianza publica, mediante el cuestionario Krece Plus.

Resultados: Se observa un elevado porcentaje de ado-
lescentes que presentan un riesgo nutricional elevado
(35%). Los varones presentan un riesgo nutricional alto
en un porcentaje ligeramente superior a las mujeres (37,8
% vs 32,1%). Ademas, el riesgo nutricional alto sufre un
notable incremento a medida que la edad de los jovenes
aumenta. Se aprecian diferencias estadisticamente signi-
ficativas tanto en los grupos de edad de los varones (p =
0,024), de las mujeres (p < 0,001) como en el grupo global
(p = 0,001). En los tres casos, la distribucion del riego
nutricional en los grupos de menor edad es muy similar
(entre 35,2y 35,8% en los 3, entre 27,9y 29,7% enlas %, y
entre 31,7 y 32,7% en el grupo total). Mientras que en el
grupo de mayor edad estos valores practicamente se
duplican (57,1% en los &, 69,0% en las %,y 62,2 % en el
grupo total).

Conclusion: Los resultados obtenidos muestran una
realidad preocupante debido, principalmente, al elevado
porcentaje de adolescentes que presentan un riesgo nutri-
cional elevado. Siendo los varones y los adolescentes de
mayor edad los sectores en los que este riesgo nutricional
elevado es superior.
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ASSESSMENT OF NUTRITIONAL RISK AMONG
IN-SCHOOL ADOLESCENTS FROM CANTABRIA

Abstract

Objective: To analyse nutritional risk, by age and sex,
among primary and secondary education adolescents from
Cantabria.

Methodology: a cross-sectional study was carried out,
analysing a sample of 1101 adolescents: 568 (51.6%) were
men and 533 (48.4%) were women, aged 12 to 17,
attending 16 different primary and secondary education
centres in Cantabria, by means of a Krece Plus
questionnaire.

Results: A high percentage of adolescents with a high
nutritional risk (35%) can be observed. Men show a high
nutritional risk slightly higher than women (37.8% & vs
32.1% ?). Moreover, the high nutritional risk experiences
a notable increase as young people get older. Significant
statistical differences can be seen both in male and female
groups, and as a global group. In all three cases, the
nutritional risk distribution in the youngest group is very
similar (35.2-35.8% in &, 27.9-29.7% in ?, 31.7-32.7% in
the global group); whereas in elder adolescents, those
values are practically doubled (57.1% in 3, 69.0% in 2,y
62.2% in the global group).

Conclusions: Results are alarming mainly given the
high percentage of adolescents with a high nutritional
risk. Men and older adolescents are the groups in which
high nutritional risk is more evident.

(Nutr Hosp. 2014;29:652-657)
DOI:10.3305/nh.2014.29.3.7190

Keywords: Adolescence. Nutritional risk. Feeding. Nutri-
tion.



Introduccion

La Organizacién Mundial de la Salud (OMS) define
la malnutricién como “el desequilibrio entre el sumi-
nistro de nutrientes y de energia a nivel celular y la
demanda o necesidad que el cuerpo tiene de los mismos
para asegurar el crecimiento, el mantenimiento y las
diversas funciones concretas™'.

La edad infantil y juvenil se caracteriza por ser el
periodo en que se expresan los fendmenos de cre-
cimiento y maduracién como un proceso fisiol6gico
integral, que obtiene como resultado una etapa adulta
condicionada en toda su dimensién por este intervalo
precedente®. El potencial de crecimiento genética-
mente determinado depende, entre otros factores, de la
disponibilidad y del consumo adecuado de nutrientes?.

El crecimiento y el desarrollo son dos procesos
bioldgicos resultantes de la interaccion entre los fac-
tores genéticos y los ambientales. Entre estos dltimos,
la nutricién es un factor determinante de aquellos. Es
por esto, que la evaluacién de la situacién nutricional
se considera como uno de los indicadores mds impor-
tante del estado de salud de las personas en general y de
los nifios o adolescentes en particular*.

A pesar de que no existe una definicién de adoles-
cencia aceptada internacionalmente, tanto las Naciones
Unidas como la Organizacién Mundial para la Salud
(OMS) establecen que los adolescentes son personas
con edades comprendidas entre los 10 y los 19 afios;
considerandose en la misma dos fases, la adolescencia
temprana 10 a 14 afios y la adolescencia tardia 15 a 19
aflos"®. La adolescencia es un buen momento para
adquirir habitos saludables de alimentacién y ejercicio,
que pueden contribuir al bienestar fisico y psicolégico
durante ese periodo, y para reducir la probabilidad de
que en la edad adulta aparezcan enfermedades crénicas
relacionadas con la nutricién. Promover modos de vida
sanos también es fundamental para atajar la rdpida pro-
gresion de la epidemia de obesidad®. No obstante, los
profundos cambios biolégicos, psicolégicos y sociales
que se producen a lo largo de esta etapa permiten con-
siderar a los adolescentes como un grupo de riesgo
nutricional™".

La evaluacién del estado nutricional de un individuo
o colectividad consiste en la determinacién del nivel de
salud y bienestar desde el punto de vista de su nutricién
y depende del grado en que las necesidades fisiol6gi-
cas, bioquimicas y metabdlicas de nutrientes estén
cubiertas por la ingestion de alimentos en la dieta''. En
la evaluacién del estado nutricional de un individuo o
de una colectividad pueden emplearse determinados y
variados métodos de medida, tales como el estudio bio-
quimico y hematolégico, el estudio antropométrico, la
historia dietética, la historia clinica y el examen fisico y
la valoracién psicosocial. Dependiendo del interés de
la investigacién se empleard uno u otro, y si lo que se
busca es un estudio exhaustivo del individuo o de la
poblacién, habria que llevar a cabo todo el conjunto de
métodos mencionados'>'*. De acuerdo con la OMS, el

principal fin de la valoracién nutricional es mejorar la
salud de los humanos.

Es evidente que en los centros de ensefianza casi
nunca se dispone de los recursos ni del tiempo nece-
sario para llevar a cabo una evaluacién exhaustiva del
estado nutricional; por esta razén, y en consonancia
con lo expresado en el Estudio enKid, el empleo de
instrumentos cortos para la evaluacidn del riesgo nutri-
cional y los desequilibrios alimentarios, es de sumo
interés por su facil realizacién®.

El objetivo del presente estudio es evaluar el riesgo
nutricional de los adolescentes de ambos sexos, con
edades comprendidas entre 10y 17 afios, escolarizados
en la Comunidad Auténoma de Cantabria, empleando
para ello el “Cuestionario Krece Plus”, de facil admi-
nistracién, que fue elaborado y validado dentro del
“Estudio enKid”®.

Metodologia

Se realiz6 un estudio epidemiolégico observacional
de cardcter transversal, cuya poblacién objetivo fueron
los adolescentes, de ambos sexos, escolarizados y con
edades comprendidas entre 10y 17 afios.

La muestra fue recogida entre el alumnado que
cursaba alguna de las modalidades académicas de las
Enseflanzas Primaria, Secundaria y Bachillerato,
matriculado en 16 centros de ensefianza de caricter
publico de la Comunidad auténoma de Cantabria: 4
institutos de Ensefianza Secundaria y 12 colegios de
ensefianza infantil y primaria de, a lo largo del curso
2010-11. EI niimero total de encuestados ascendi6 a
1.101 adolescentes.

El cuestionario fue presentado al alumnado o bien o
por los autores principales del articulo, o bien por los
profesores colaboradores que se citan al final del
mismo. El alumnado contest6 a las preguntas durante
una hora del tiempo escolar reservado a tal efecto.

La participacién del alumnado fue voluntaria y de
cardcter anénimo, a fin de respetar la confidencialidad.
En todo momento se siguieron las normas de buena
practica clinica y la Declaracién de Helsinki.

La encuesta consisti6 en un formulario en el que se
recogfan aspectos tales como: datos del individuo
(sexo, fecha de nacimiento, fecha de la encuesta), varia-
bles de imagen corporal, test de alimentacion sana del
estudio EnKid, aspectos de actividad fisica y seden-
tarismo, consumo de polivitaminicos y minerales,
tabaquismo, vigilancia por el pediatra, practicas ali-
mentarias. Ademads, a los participantes se le realizaron
una serie de medidas antropométricas y tuvieron que
llevar a cabo determinadas pruebas fisicas.

Para el desarrollo del presente articulo el instru-
mento empleado para la obtencién de los datos fue el
“Cuestionario Krece Plus” . Este cuestionario fue ela-
borado y validado dentro del estudio denominado
“Estudio enKid”". Las 16 variables que componen el
mismo son las que se detallan en la tabla 1.
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Tabla I
Ttems del cuestionario Krece Plus

Pregunta Puntuacion
No desayuna -1
Desayuna un lacteo (leche, yogur,etc.) +1
Desayuno un cereal o derivado +1
Desayuna bollerfa industrial -1
Toma una fruta o zumo todos los dias +1
Toma una segunda fruta todos los dias +1
Toma un segundo lacteo a lo largo del dfa +1
Toma verduras frescas o cocinadas unavezaldia  +1
Toma verduras més de una vez al dia +1
Toma pescado con regularidad (= 2-3/semana) +1
Acude una vez o mas ala semana a un fast food -1
Toma bebidas alcohdlicas (= 1/semana -1
Le gusta consumir legumbres(= 1/semana +1
Toma golosinas varias veces al dia -1
Toma pasta o arroz casi a diario (= 5/semana) +1
Utilizan aceite de oliva en casa +1

La valoracién del riesgo nutricional se hall6 en fun-
cion de la siguiente puntuacion:

* Menor o igual a 5: nivel nutricional muy bajo.
Conviene corregir urgentemente los habitos ali-
mentarios. Consulta con el pediatra o dietista.

e De 6 a 8: nivel nutricional medio. Es necesario
introducir algunas mejoras en la alimentacién.
Acude al pediatra en seis meses.

* Mayor oigual a 9: nivel nutricional alto. Sigue asi.

El anadlisis estadistico, que se realizé con el pro-
grama informatico SPSS v21, consisti6 en una estadis-
tica descriptiva bivariante. Para la comparacion de las
variables cualitativas se utiliz6 la prueba de ? de Pear-
son. Las asociaciones se realizaron en funcién del
grupo de edad y del sexo.

Resultados

Datos sociodemogrdficos

Como se puede apreciar en la tabla II, la edad de la
mayoria de los adolescentes estaba comprendida entre

Tabla II
Distribucion segiin la edad
Edad Hombre Mujer Total
10 22,0% 22,1% 22,1%
11 27,6% 25,5% 26,6%
12 13,6% 14,3% 13,9%
13 10,2% 9,6% 9,9%
14 9,7% 11,1% 10,4%
15 6,0% 8,3% 7,1%
16 7,0% 6,6% 6,8%
17 3,9% 2,6% 3.3%
Total 100,0% 100,0% 100,0%

los 10 y los 11 afios. Con relacién al sexo de los mis-
mos, de los 1101 adolescentes que respondieron a esta
pregunta, 568 (51,6%) eran varones y 533 (48,4%)
fueron mujeres.

En la tabla III, se describe la distribucién de la
poblacién analizada en funcién del curso académico,
siendo los niveles correspondientes a la Educacion Pri-
maria donde se concentra el mayor nimero de alum-
nado participante.

Con relacidn a la distribucién geografica de la mues-
tra, para realizar la misma se consideraron tres dreas
preferentes: Santander y poblaciones colindantes, resto
de la zona costera e interior. De acuerdo a esta distribu-
cion se obtuvieron los siguientes resultados (tabla IV).

Valoracion del riesgo nutricional

La valoracién del riesgo nutricional se hall6 en fun-
cién de la puntuaciéon mencionada en la metodologia.
De acuerdo a la misma, los 1031 adolescentes de
ambos sexos (532 &'y 499 ?) que completaron ntegra-
mente (los 16 “items”) el cuestionario se distribuyeron
de la siguiente forma: 15% de riesgo nutricional bajo;
50% de riesgo medio y 35% de riesgo nutricional alto
(fig. 1).

Con relacién al estudio del riesgo nutricional en fun-
cion del sexo de los adolescentes, no se observan dife-
rencias estadisticamente significativas (p = 0,118)
entre los varones y las mujeres, pero los primeros pre-
sentan un riesgo nutricional alto en un porcentaje li-
geramente superior al de las segundas (37,8 % & vs
32,1% 9). Por otro lado, el porcentaje de mujeres que
presentan un riesgo bajo es ligeramente superior al de
los varones (16,0 % 2 vs 13,2 % &) (fig. 2).

Tabla III
Distribucion del alumnado en funcion del curso académico
Curso Hombre Mugjer Total
5° Primaria 29,0% 28,0% 28.5%
6° Primaria 30,1% 28,7% 29,4%
1°ESO 8,1% 7,7% 7,9%
2°ESO 11,3% 11,1% 11,2%
3°ESO 8,8% 11,1% 9,9%
4°ESO 7,2% 9,4% 8,3%
1°Bachillerato 5,5% 4.1% 4,8%
Total 100,0% 100,0% 100,0%
Tabla IV
Distribucion geogrdfica de la muestra
Hdabitat Varones Mujeres
Santander 115 (20,2%) 396 (20,8%)
Resto zona costera 432 (76,1%) 111 (74,3%)
Interior 21 (3,7%) 26 (4,9%)

654 Nutr Hosp. 2014;29(3):652-657

Pedro Manuel de Rufino Rivas y cols.



Distribucion del riesgo nutricional en la muestra total

O Riesgo bajo (>9)
B Riesgo Medio (6-8)
B Riesgoalto (<5)

Fig. 1.—Riesgo nutricional

global.

Distribucién del riesgo nutricional por sexo

32,1%
Riesgo alto (<5)
37,8%
51,9% B Mujer
Riesgo medio (6-8)
49.1% = Hombre
16,0%
Riesgo bajo (>9)
13,2%
0,0% 10,0% 20,0% 30,0% 40,0% 50,0% 60,0%

Fig. 2.—Riesgo nutricional
en funcion del sexo.

También se analizé la evolucién del riesgo nutri-
cional segtn la edad de los adolescentes. En la figura 3,
se observa claramente las diferentes tendencias de los
riesgos, destacando como el riesgo nutricional alto
sufre un notable incremento a medida que la edad de
los jévenes aumenta.

En el andlisis del riesgo nutricional en funcién de la
edad y el sexo de los adolescentes, se aprecian diferen-
cias estadisticamente significativas tanto en los grupos
de edad de los varones (p = 0,024), de las mujeres (p <
0,001) como en el grupo global (p =0,001). En los tres
casos, la distribucién del riego nutricional en los gru-
pos de menor edad (10-11y 12-15 afios) es muy similar
presentando un riesgo elevado entre un 35,2 y 35,8%
enlosd, entreun 27,9y 29,7% en las ? yentreel 31,7y
32,7 % en el grupo total; mientras que en el grupo de
mayor edad estos valores priacticamente se duplican

pasando a ser del 57,1 % en los &, del 69,0 % enlas %, y
del 62,2 % en el grupo total (tabla V) .

Finalmente, es importante destacar que el 31,7% de
los adolescentes de 10 y 11 afios presentan un riesgo
nutricional elevado.

Discusion

Los resultados obtenidos muestran una realidad preo-
cupante debido, principalmente, al elevado porcentaje
(35%) de adolescentes que presentan un riesgo nutri-
cional elevado, maxime cuando en un estudio anterior
realizado sobre los adolescentes de la ciudad de San-
tander, el porcentaje de aquellos que presentaban un
riesgo elevado era del 17%'. No obstante, los datos
obtenidos son mds favorables que los hallados por Gar-
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Evolucion del riesgo nutricional con la edad en la muestra global

70,0%

60,0%

50,0%

40,0% \.
A A

30,0%

—#— Riesgo bajo (>9)
—B— Riesgo medio (6-8)

A Riesgo alto (<5)

20,0%

10,0% =
,0% \

0,0%

10y 11 afios De 12 a 15 aflos De 16y 17 afios

Fig. 3.—Riesgo nutricional

en funcion de la edad.

Tabla V
Distribucion porcentual del riesgo nutricional en funcion de la edad y del sexo

10y 11 anos De 12 a 15 aiios De 16y 17 aiios Total
Var6n Riesgo Bajo (>9) 13,3% 15,1% 5.,4% 13,2%
Riesgo Medio (6-8) 51,5% 49,1% 37,5% 49,1%
Riesgo alto (<5) 35.2% 35,8% 57,1% 37.8%
Mujer Riesgo Bajo (>9) 17,4% 16,7% 4,8% 16,0%
Riesgo Medio (6-8) 54,9% 53,6% 26,2% 51,9%
Riesgo alto (<5) 27,7% 29,7% 69,0% 32,1%
Total Riesgo Bajo (>9) 15,2% 15,9% 5,1% 14,5%
Riesgo Medio (6-8) 53,1% 51,4% 32,7% 50,4%
Riesgo alto (<5) 31,7% 32, 7% 62,2% 35,0%

cfa MA y col. en la poblacién de 6 a 12 afios de la ciu-
dad de Sevilla, en la que refirieron los siguientes resul-
tados: 11% de riesgo nutricional bajo; 41,7% de riesgo
medio y 47,4% de riesgo nutricional alto".

En el andlisis del riesgo nutricional en funcién del
sexo, el riesgo nutricional alto es mds frecuente entre
los varones que entre las mujeres. Resultado que es
coincidente con el observado entre los adolescentes de
la Comunidad Valenciana, en los que la prevalencia de
riesgo nutricional alto en los escolares era mds elevado
en los varones (42,97 %) que en las mujeres (40,61%)".
Sin embargo, aquel es totalmente contrario al obser-
vado en un estudio anterior llevado a cabo entre los
adolescentes de la ciudad de Santander'.

De igual forma, la constatacién de que el riesgo
nutricional alto es mucho mas elevado entre los adoles-
centes de mayor edad es coincidente con el resultado
obtenido en una poblacién de 829 escolares de 11 a 16
afios de la Comunidad Valenciana'®.

Un dato preocupante es el elevado porcentaje
(31,7%) de escolares de 10 y 11 afios de edad que pre-
sentan un riesgo nutricional elevado. Médxime cuando

en el estudio Enkid, de &mbito nacional, este porcentaje
fue del 18 %".

Conclusiones

Los resultados obtenidos muestran una realidad muy
preocupante al constatarse un importante porcentaje de
adolescentes que presentan un riesgo nutricional ele-
vado. Este riesgo es incluso mas alto que el observado
en estudios de ambito nacional en el rango de edades de
10 a 15 afios. Por otro lado, se ha puesto de manifiesto
como dicho riesgo nutricional es destacadamente mas
elevado en los adolescentes de mayor edad.

A la vista de los resultados obtenidos se hace nece-
sario seguir trabajando en la Educacion para la salud en
general y en la Educacién alimentaria y nutricional en
particular. La Organizacién Mundial de la Salud
(OMS), en su Carta de Ottawa para la Promocion de la
Salud, establece que la promocién de la salud es el pro-
ceso que permite a las personas incrementar el control
sobre su salud para mejorarla’®?. Desde este punto de
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vista es necesario que todos los centros educativos sean
promotores de salud. La Educacién para la Salud
desarrollada en las escuelas e institutos de ensehanza
secundaria es un instrumento esencial de las interven-
ciones en salud. Ha de lograse una mejora en la “alfa-
betizacion” sanitaria, entendida ésta en una concepcion
holistica, en la que no sélo se contemple la adquisicién
de mayores conocimientos por parte de los escolares,
sino fomentar el desarrollo de habilidades personales
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Abstract

Background: During menopause occurs weight gain
and bone loss occurs due to the hormone decline during
this period and other factors such as nutrition.
Magnesium deficiency suggests a risk factor for obesity
and osteoporosis.

Objective: To evaluate the clinical and nutritional
magnesium status in a population of postmenopausal
women, assessing intake and serum levels of magnesium in
the study population and correlation with anthropometric
parameters such as body mass index (BMI) and body fat,
and biochemical parameters associated.

Subjects and Method: The study involved 78 healthy
women aged 44-76, with postmenopausal status, from the
province of Grenade, Spain. The sample was divided into
two age groups: group 1, aged < 58, and group 2 aged =
58. Anthropometric parameters were recorded and
nutritional intake was assessed by 72-hour recall, getting
the RDAs through Nutriber® program. To assess the
biochemical parameters was performed a blood sample
was taken. Magnesium was analyzed by flame atomic
absorption spectrophotometry (FAAS) in erythrocyte
and plasma wet-mineralized samples.

Results: Our results show that 37.85% of the total
subjects have an overweight status. Magnesium intake
found in our population is insufficient in 36 % of women,
while plasma magnesium deficiency corresponds to 23 %
of the population and 72 % of women have deficient levels
of magnesium in erythrocyte. Positive correlations were
found between magnesium intake and dietary intake of
calcium, of phosphorus, and with prealbumin plasma
levels, as well as with a lower waist / hip ratio. Magnesium
levels in erythrocyte were correlated with lower
triglycerides and urea values.

Conclusion: It is important to control and monitor the
nutritional status of magnesium in postmenopausal
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ASOCIACION DE LA DEFICIENCIA DE MAGNESIO
CON PARAMETROS ANTROPOMETRICOS
Y CLfNICO-NUTRICIONALES ENMUJERES
POSMENOPAUSICAS

Resumen

Introduccion: Durante la menopausia se produce un
aumento de peso y de pérdida de masa ésea debido a la
disminucién hormonal producida durante este periodo y
a otros factores como la nutricion. La deficiencia de mag-
nesio podria ser un factor de riesgo para la obesidad y la
osteoporosis.

Objetivo: Evaluar el estado clinico-nutricional en una
poblacion de mujeres postmenopausicas, evaluando la
ingesta y los niveles séricos de magnesio, y su correlacion
con parametros antropométricos, como el indice de masa
corporal (IMC) y la grasa corporal, asi como con parame-
tros bioquimicos asociados.

Sujetos y Metodologia: En el estudio participaron 78
mujeres sanas en situaciéon de postmenopausia de la pro-
vincia a de Granada, con edades comprendidas entre los
44-76 afios. La muestra se dividié en dos grupos de edad:
grupo 1, mujeres postmenopausicas con edad menor de
58 afios y grupo 2, de edad mayor o igual a 58 afios. Se
registraron parametros antropométricos y se valoroé la
ingesta nutricional mediante recordatorio de 72 horas,
obteniendo las RDAs a través del programa Nutriber®.
Para valorar los parametros bioquimicos se realizé una
extraccion de sangre y el magnesio se analizé mediante
espectrofotometria de absorcion atomica de llama
(FAAS) en muestras de eritrocitos y plasma previamente
mineralizadas por via himeda.

Resultados: Nuestros resultados muestran que el
37.8% de las mujeres presentan sobrepeso. La ingesta de
magnesio encontrada en nuestra poblacion es insuficiente
en el 36% de las mujeres, mientras que la deficiencia de
magnesio plasmatico y eritrocitario corresponde al 23% y
el 72% de las mujeres, respectivamente. Se observaron
correlaciones significativas positivas entre el aporte de
magnesio en la dieta y el aporte de calcio, de fosforo, y los
niveles plasmaticos de prealbimina, ademas de con una
menor relacion cintura/cadera. Los niveles de magnesio
en eritrocito se correlacionaron con los niveles de triglicé-
ridos y con menores valores de urea.

Conclusion: Es importante un control y seguimiento de
la situacién nutricional en magnesio d la mujer postme-



women to prevent nutritional alterations and possible
clinical and chronic degenerative diseases associated with
magnesium deficiency and with menopause.

(Nutr Hosp. 2014;29:658-664)
DOI1:10.3305/nh.2014.29.3.7198

Keywords: Postmenopause. Osteoporosis. Magnesium.
Obesity.

Introduction

Menopause is a natural status of the woman and is
determined by the cessation ovarian hormone secretion,
leading to the disappearance of menstrual cycles and the
emergence of a set of physiological changes causing
among others, bone loss, increased abdominal adiposity,
insulin resistance, hypertension and dyslipidemia, factors
that increase the risk of chronic degenerative diseases
such as cardiovascular disease, diabetes and osteo-
porosis'2. It appears at an age that, in Spain, is around age
of 51, with a spectrum ranging from 48 to 54°.

In this situation women menopause presents a
greater risk of obesity, by increasing fat percentage and
fat distribution with higher accumulation in the abdo-
minal area, while lean body mass decreases and bone
tissue*.

One of the main causes of this weight gain is related
to decreased hormone produced during this period and
others depend on several factors such as age, lack of
physical activity and increased caloric intake, resulting
in a decrease in energy expenditure. Moreover, at this
stage, occurs accelerated bone loss can cause osteo-
porosis® and significant increase in fracture risk, being
an important factor in the pathogenesis both estrogen
and nutrition lack. Nutritional factors have multiple
effects by acting on the peak bone mass, bone loss
related to age and strength muscular*. Therefore, we
cannot forget the importance of maintaining healthy
eating habits for achieving the goal of bone health.

Magnesium is involved as an essential cofactor in
numerous enzymatic reactions involved in energy
metabolism and the synthesis of proteins and nucleic
acid, and about half of a body contained in the bone is
therefore not surprising that an increasing number of
clinical disorders such as diabetes, osteoporosis and
vascular diseases, are associated with deficiency
Himself’*. Postmenopausal women are often associa-
ted with a low dietary intake of magnesium and
decreased serum levels thereof in numerous studies
showing that magnesium deficiency suggests a risk
factor for obesity and osteoporosis®*°.

Therefore, a healthy and balanced is essential at this
stage and help ensure optimal health. Menopause can
be a consolidation phase eating habits practiced
correctly that help prevent and mitigate some problems
as described above, achieving healthy aging.

nopausica para prevenir alteraciones clinico-nutriciona-
les y posibles enfermedades crénico-degenerativas rela-
cionadas con la deficiencia del magnesio y la menopausia.

(Nutr Hosp. 2014;29:658-664)
DOI:10.3305/nh.2014.29.3.7198

Palabras clave: Menopausia. Osteoporosis. Magnesio.
Obesidad.

In addition to conducting a proper and healthy diet is
necessary to maintain or incorporate into daily life a
number of lifestyles also considered healthy example
would be the daily practice of physical exercise and
avoiding harmful habits that affect bone health as
snuff, and alcohol consumption'"'2.

The aim of this study is to evaluate the clinical and
nutritional status in a population of postmenopausal
women, assessing magnesium status in the study popu-
lation, by ingestion and analysis of biological samples,
and finally, to study possible associations with anthropo-
metric parameters such as BMI and body fat, and clinical
parameters-related nutritional magnesium metabolism.

Subjects and methods
Study Design

A cross-sectional study, which measures both the
prevalence of exposure and effect in a population
sample in a single moment in time. The study has
approval from the Ethics Committee of the University
of Granada.

Study Subjects

The sample consisted of 78 female volunteers in the
province of Granada, Spain, in postmenopausal status
aged between 44 and 76. The sample was divided into
two age groups: group 1, postmenopausal women aged
fewer than 58 and group 2 aged greater than or equal to
58. All received detailed information about the purpose
of the study, accompanied by informed consent form to
be signed prior to recording his acceptance to be part of
it. Inclusion criteria were based on the agreement to
participate in the study, by postmenopausal women of
any age, which do not have any pathology that could
affect their nutritional status and were not undergoing
hormone replacement therapy.

Methods

Subjects underwent an interview nutritional and
fasting blood extraction for subsequent biochemical

Magnesium deficiency in posmenopausal
women
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tests. Interview Nutritional Data collection to assess
food and nutrient intake of each of the participating
women was conducted by personal interview at the
time of the appointment. A questionnaire consisting of
a section for personal information and one for socio-
demographic, age, weight and height (with which was
calculated the body mass index-BMI-), and finally, a
72h-recall (where includes two days and one holiday).
The anthropometric evaluation was performed at the
Institute of Nutrition and Food Technology, University
of Granada, by measures of size, made with measuring
rod SECA®Model 274, waist circumference deter-
mined anthropometric tape SECA®Model 201, and
body composition performed with impedance meter
TANITA®BC-420-P column. To assess the extent of
nutrient intake was used Nutriber® software program
(Mataix and Garcia-Diz, 2006), containing the recom-
mendations for healthy population.

Removing blood

Blood sampling for determination of relevant
biochemical parameters were performed on women
participating voluntarily, after the completion of the
survey the day of the appointment.

Biochemistry was performed after 12 hours of
fasting first thing in the morning, by specialists, by
puncturing the cubital vena cava determining the para-
meters for postmenopausal women. Biochemical
assessment was performed in hospital laboratories,
based on the analysis parameters in blood samples by
vaccutainer tubes (Venoject®): glucose, creatinine,
urea, uric acid, triglycerides, total cholesterol, total
proteins, transferrin, prealbumin and albumin. For
determining mineral, analytical techniques were as

follows: Calcium and magnesium were analyzed by
atomic absorption spectrophotometry (AAS) in
erythrocytes and plasma samples wet mineralized. The
phosphorus was determined with the colorimetric
method of Fiske-Subbarow.

Statistical Analysis

All data are entered, processed and analyzed using
SPSS 17.0 for Windows (SPSS Inc. Chicago, IL,
USA), represented by their mean values and standard
deviation (SD).

In the study of data or numeric variables we used the
independent samples test for comparisons between
groups and test for related sample to assess the statis-
tical significance of the change in the numerical varia-
bles during the study. For this, we used the statistical
analysis of variance (ANOVA), having used the test of
Student t test for parametric methods, both in the case of
independent samples, and related samples. Linear
regression analysis was used for bivariate correlations
search using the Pearson correlation coefficient. The
estimation of the degree of association between each of
the analyzed plasma parameters and clinical outcomes
was performed using logistic regression analysis. Those
were accepted as significant difference with a proba-
bility of being due to chance of less than 5% (p < 0.05).

Results

Table I represents the age, BMI and nutrient intake
in all postmenopausal women participating in the study
and separated by age groups (Group 1: aged < 58 and
group 2: aged = 58).

Table I
Evolution of general and nutritional characteristics of the total sample and in different age groups

Total population Group 1 Group 2
Reference
values

Age (years) 58.1+8.3 51.6 +£4.05 65.7 +£4.8%*

BMI (kg/m?) 27.0+4.6 26.9+4.8 27.1+4.3 18.5-24.9

Abdominal perimeter (cm) 89.0+12.7 88.0+9.4 90.2+13.1 a

Hip (cm) 105.8+10.4 105.7+9.5 105.8+11.6

Waist / hip ratio 0.83+0.08 0.82+0.08 0.85+0.07 b

Fat Mass (%) 37.5+59 37455 37.8+6.4

% RDA % RDA % RDA

Energy (Kcal/day) 1378.5+3374 69.0 1357.2+393.1 65.4 1404.1 £258.6 73.3

Carbohydrates (g/day) 149.7£42.5 54.2 146.3+£47.2 50.8 153.6 +36.5 58.2

Protein (g/dia) 61.5+15.3 148.7 61.1£16.9 146.3 62.1+13.5 151.4

Lipids (g/dia) 59.0+20.6 82.4 58.2+23.1 76.8 60.0+17.7 88.9

Calcium (mg/day) 829.5+257.2 103.7 802.3 +286.1 100.3 861.0+218.6 107.6

Phosphorus (mg/day) 1038.8 £304.9 129.4 1037.3 £283.9 129.6 1040.5£331.7 129.2

Magnesium (mg/day) 237.9+79.8 78 219.8+67.7 70.8 259.0 £ 88.3* 86.3

a>88 elevated risk of obesity; b > 0.85 obesity. Significant differences between group 1 and group 2: **p <0.01 *p < 0.05.

660 Nutr Hosp. 2014;29(3):658-664

Beatriz Lépez-Gonzélez et al.



We note, by the comparison test of means in anthro-
pometric parameters, no significant differences
between the age groups, except between age (p < 0.01),
being higher in the older group.

In our results, the mean BMI indicates that the total
population is overweight type I, 37.85% of the total
subjects are overweight, which is not surprising when
you consider that from that age significantly decreases
basal metabolism in women, and often not accompa-
nied by a reduction in the intake caloric.

RDAs according to both the total population and in
the different age groups, these values were below in
total energy intake, carbohydrates, fats and magnesium
above protein, calcium and phosphorus (table I).

When comparing age groups, regarding nutritional
intake, no significant differences, both groups showed
similar values, except for magnesium intake is higher
in the older group (p < 0.05).

Moreover, we found that the total study sample, has
a 36% of subjects with inadequate intake of magne-
sium (<2/3 RDA).

Biochemical characteristics of the total sample and
in the two age groups are shown in table II. Overall, our
study population presented clinical parameters within
normal, except cholesterol levels that are above the
reference values, and whose difference is negligible in
both groups. These are healthy women without
apparent disease, since one of the inclusion criteria was
that women had not established pathologies

When comparing age groups, significant differences
(p <0.05) in the levels of creatinine, urea, uric acid,
prealbumin, albumin and glucose (p <0.01), being
higher in older women, with the exception of q albumin
is higher in younger women.

Observed that magnesium values in both plasma and
red blood cells are suitable, are within the reference
values and there are almost no differences in body

magnesium status between age groups. The 23% of
people are deficient in magnesium levels in plasma and
71.8% deficiency in magnesium levels in erythrocytes.

According to Pearson correlations, there were signifi-
cant positive correlations between age and glucose
levels (p < 0.001, r =0.421), urea (p = 0.009, r = 0.299),
uric acid (p = 0.001, r = 0.378), and total bilirubin
(p=0.009,r=0.298).

Also between BMI with the lowest energy (p =
0.040, r = -0.234) and glucose levels (p =0.019, r =
0.266) and uric acid (p=0.015,r=0.277).

As for magnesium related parameters, positive
correlations were observed between the contribution of
dietary magnesium and calcium intake (p < 0.001, r =
0.498), phosphorus (p < 0.001, r = 0.580) and plasma
levels of prealbumin (p = 0.035, r =-0266), along with
a smaller waist / hip ratio (p =0.042, r =-0.235).

Regarding magnesium levels in erythrocytes were
obtained correlations between erythrocyte magnesium
levels with triglycerides (p = 0.011, r = 0.287) and
lower values of urea (p=0.017,r=-0.272).

Discussion

The prevalence of overweight was found similar to
that reported by other studies'*'*, being similar in both
age groups, however this situation has no relation to
the average caloric intake of the diet study, which
appears insufficient. This may be due, in addition to
hormonal changes associated with menopause, which
leads to increased weight, the age-related factors,
since although the energy requirements decrease with
age (about 5% per decade after age 40), women at this
stage remains the same eating habits, to which we
must add the low energy expenditure characteristic of
this age®?.

Table I1
Biochemical characteristics of the total sample and in different age group

Total population Group 1 aged < 58 Group 2 aged = 58
Analyzed parameters Media + DS Media + DS Media + DS Reference values
Glycemia (mg/dL) 92.1+15.9 87.4+12.3 97.4 +17.8*%* 70-110 mg/dL
Creatinine (mg/dL) 0.69+0.13 0.67£0.08 0.70+£0.16* 0.5-0.9 mg/dL
Urea (mg/dL) 34.5+9.08 32.2+8.02 37.2+9.6*% 10-50 mg/dL.
Uric acid (mg/dL) 4.4+1.07 4.1+0.8 4.7+ 1.2% 2.4-5.7 mg/dL.
Triglycerides (mg/dL) 108.2+£67.9 108.2 +82.0 108.1£48.3 50-200 mg/dL
Cholesterol (mg/dL) 220.4+343 219.1+£33.6 222.0+35.5 110-200 mg/dL
Transferrin (mg/dL) 280.2+45.8 278.9+43.1 281.8+50.0 200-360 mg/dL
Prealbumin 25.2+5.1 25.6+4.5 24.6 +5.8% 20-40 mg/dL
Albumin (mg/dL) 44+0.2 45+0.2 44+£0.1*% 3.5-5.2 mg/dL
Total protein (g/dL) 7.1+£0.5 7.1x£0.5 7.0£0.5 6.6-8.7 mg/dL
Calcium (mg/dL) 9.2+0.4 9.1+0.4 9.2+0.5 8.6-10.2 mg/dL.
Phosphorus (mg/dL) 35+0.5 34+0.5 3.6£0.4 2.7-4.5 mg/dL
Mg plasma (mg/dL) 1.8+£0.2 1.8+£0.2 1.8+£0.2 1.7-2.6 mg/dL
Mg erythrocyte (mg/dL) 39+0.7 4.0x0.6 39+0.8 4.2-6.7 mg/dL
Significant differences between group 1 vs group 2: **p <0.01, *p < 0.05.
Magnesium deficiency in posmenopausal Nutr Hosp. 2014;29(3):658-664 661
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Regarding nutritional intake no significant differ-
ences, both groups showed similar values (fig. 1),
except for magnesium intake is higher in the older
group. Macronutrient intake in our population is
similar to the results observed in other studies®'°.

Consumption of total carbon hydrates is low, which
would explain the results obtained energy intake, since
women had intakes carbon hydrates significantly lower
than recommended.

Fat intake is decreased but close to the recommenda-
tions, so it follows that these women are socially aware
of the risk of diseases of overconsumption of them,
probably due to having greater access to nutritional
information and their level of education, although it
would be wise to consider the quality of the fat,
because as will be seen below, cholesterol levels are
increased.

It is well documented that excessive intake of
protein increases urinary excretion of calcio'’'* may
have significant impact on the health of post-
menopausal women presenting progressive bone loss,
however, reciente' study has shown that this excess
protein in the diet does not affect bone status.

As for the intake of the major minerals involved in
bone metabolism, our results show adaptation to nutri-
tional needs in calcium and high in phosphorus, an
important fact that must be taken into account, since

excessive drinking to be present in high percentage
foods may decrease intestinal absorption of calcium
and magnesium?®, affecting bone density.

Regarding magnesium intake, postmenopausal
women have lower than recommended media in a high
percentage, as can be seen in several studies®"', noting
that women have higher age range increased intake of
magnesium, possibly due to increased intake of foods
rich in magnesium or greater energy intake.

In our study, insufficient intake of magnesium
through diet corresponds to 36% of the sample (fig. 2),
this group is quite large when you consider that the
study was conducted in a developed area where supply
and food availability is high.

Several authors have shown that magnesium defi-
ciency in menopausal women was associated with an
increased IMC?®. In our study, insufficient intake of
magnesium is associated with increased waist/hip
ratio, which could lead to a situation similar to those
cited.

In our study, practically all biochemical values are
within the normal range in both age groups, high-
lighting the plasma levels of prealbumin, located on the
edge, correlated with intake of magnesium deficiency
in our study. The plasma magnesium is one more
readily available for use in its multiple functions, so
these results may inform you to depletions prealbumin,
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are released higher amounts of magnesium, for
example to act in situations of increased oxidative
stress which may occur in the postmenopausal stage.

Our results show that a high percentage of the
sample (fig. 3) provides adequate levels of magnesium
in plasma and approximately a third of the population
has some blood magnesium levels below the reference
value, similar results to those obtained by Laires et al
(2004)'¢, so we can say that postmenopausal women in
our study have a magnesium deficiency in erythrocyte
considerably, probably due to insufficient intake of
magnesium and deregulation of the factors controlling
Mg homeostasis during menopause.

This decrease in erythrocyte magnesium levels
possibly due to increased physiological demands at this
stage of the woman, which leads to depletion in this
compartment.

Considering the direct correlation between the Mg-
erythrocyte and triglyceride levels, there appears to be
direct cardiovascular risk in our women, but would
have to take into account other lipid profiles such as
cholesterol, high in our women, although this relation-
ship may also be due to the involvement of both the
insulin pathway. Other studies, such as that conducted
by Farhangi et al (2011)*, determined in a group of
postmenopausal women no correlation between
erythrocyte Mg and triglyceride levels.

Numerous studies have demonstrated that post-
menopausal osteoporosis is often associated with a low
dietary intake of magnesium and reducing Mg levels in
the serum and bone *%. In our study we have not been
able to assess whether magnesium deficiency may
contribute to osteoporosis, but if we observe that body
magnesium levels measured in plasma and erythrocyte
are deficient in many cases and may be a risk factor for
the occurrence of osteoporosis with higher incidence
during this stage postmenopausal.

Conclusions
We conclude that at this menopausal stage is very

important proper nutritional intake, both to maintain
optimal levels of nutrients, such as to maintain a proper

body weight, so as to counteract the increased risk of
several pathologies associated with this status. The
data show that both age groups of women have low
nutritional intake.

As for magnesium intake found in our population is
insufficient in 36% of women, with a higher intake in
women of upper age range, while plasma magnesium
deficiency corresponds to 23% of the population, being
in both groups of similar age and 72% of women have
lower levels of magnesium in erythrocyte.

Our results confirm the need for control and moni-
toring of mineral status, particularly magnesium, given
its functional spectrum and greater needs, in post-
menopausal women. The high prevalence of deficien-
cies found in this element as essential to good health
osteo —muscular, nervous, antioxidant, immune, etc.,
leads us to emphasize the importance of an intervention
with nutrition education and healthy habits in this
group as vulnerable because the inevitable suffering
drastic changes at this age.
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Resumen

Antecedentes y objetivos: Una correcta alimentacion es uno de
los pilares para un adecuado desarrollo corporal y un estado
nutricional 6ptimo. Los métodos antropométricos son los mas uti-
lizados para el analisis de la composicion corporal y constituyen
una parte fundamental en la valoracion del estado nutricional de
individuos y poblaciones. Este estudio tiene como objetivo valorar
el estado nutricional de adolescentes extremeiios, determinar las
variaciones en la composicion corporal de acuerdo a los percenti-
les obtenidos, y proponer esos valores como referencia del estado
nutricional de la poblacion adolescente en Extremadura.

Material y Métodos: Se realizé un estudio transversal analitico
en la Comunidad Extremeiia, incluyendo un total de 816 estu-
diantes de Educacion Secundaria Obligatoria y Bachillerato, de
ambos sexos y de todas las edades que comprende la adolescen-
cia. Los centros educativos seleccionados pertenecian a poblacio-
nes de diferentes tamafios (de menos de 5.000 a mas de 60.000
habitantes). A partir de las medidas tomadas, se determinaron
distintos indices antropométricos y se hallaron los percentiles 3,
10, 25, 50,75, 90, 95 y 97 del peso, la talla y la complexion.

Resultados y conclusiones: Se encontraron diferencias signifi-
cativas en varios parametros en funcién del sexo. Los chicos pre-
sentaban una mayor altura, peso y area muscular del brazo; por
el contrario, el pliegue tricipital y el area grasa del brazo fue
mayor en las chicas. Al comparar con estudios nacionales, la
altura media de nuestra poblacion era inferior en unos 3 cm en
ambos sexos. El peso fue similar, pero presentaban una mayor
proporcion de grasa en el brazo. Las chicas extremefias parecen
tener un crecimiento mas rapido, alcanzando la altura defini-
tiva a una edad mas temprana que la media nacional; sin
embargo, la talla final es menor a la media. Los chicos presenta-
ban un crecimiento mas continuado en todas las edades, con
medias en altura similares a las nacionales.
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NUTRITIONAL EVALUATION OF ADOLESCENT
STUDENTS FROM EXTREMADURA BASED
ON ANTHROPOMETRIC MEASUREMENTS

Abstract

Introduction and objectives: Nutrition is one of the pillars for
proper body development and optimal nutritional status.
Anthropometric methods are most commonly used for body
composition analysis and are an essential part in the assessment
of the nutritional status of individuals and population groups.
This study aims to assess the nutritional status of adolescents
from Extremadura (Spain); to determine variations in body
composition according to the percentiles obtained; and to
propose these values as a reference to the nutritional status of
the adolescent population in Extremadura.

Material and methods: A cross sectional study in the community
of Extremadura was performed, including a total of 816
students of Secondary School Education of both sexes; and of all
ages in the adolescence stage. The selected secondary schools
belonged to populations of different sizes (less than 5,000 to
more than 60,000 inhabitants). From the measurements taken,
different anthropometric indices were determined and the
percentiles 3, 10, 25, 50, 75, 90, 95 and 97 for weight, height and
complexion were found.

Results and conclusions: There were significant gender
differences for height, weight, triceps skinfold, arm muscle area
and arm fat area. Boys showed greater figures for height, weight
and arm muscle area; however, the triceps skinfold and arm fat
area was higher in girls. When compared to other national
studies, the average height of our population was lower by about
3 cm in both sexes; the average weight was similar, but our
adolescents had a higher proportion of fat in the arm.
Extremadura girls seem to have a faster growth, reaching final
height at an earlier age than the national average, although this
height is below average. The boys had a continuous growth in all
ages, maintaining national averages.

(Nutr Hosp. 2014;29:665-673)
DOI1:10.3305/nh.2014.29.3.7070

Keywords: Anthropometry. Body composition. Adoles-
cents. Percentiles. Nutritional status.
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Introduccion

En los dltimos afios la sociedad espafiola estd su-
friendo una evolucién notable en los hédbitos alimenta-
rios de los ciudadanos como consecuencia del impacto
de los nuevos estilos de vida que han condicionado la
organizacion familiar. La adquisicién de unos patrones
dietéticos adecuados puede ser vital en la edad escolar
para conseguir un crecimiento y estado de salud 6pti-
mos'. Esto ha hecho que, desde el punto de vista institu-
cional tanto a nivel nacional como regional, se hayan
llevado a cabo diferentes iniciativas, para potenciar un
adecuado estado de salud en las personas, como el lle-
vado a cabo por la Agencia Espafiola de Seguridad Ali-
mentaria y Nutricién (AESAN) en 2010 o, en Extrema-
dura, con el desarrollo de 1a Ley 10/2001 de 28 de junio
de Salud de Extremadura. El estudio de los aspectos re-
lacionados con la valoracién del estado nutricional de
un individuo o colectividad nos permite obtener datos
de gran utilidad para la estimacién del nivel de salud y
bienestar de la poblacién?. Mediante la evaluacion del
estado nutricional se pueden detectar de forma tempra-
nay sistemadtica los grupos de pacientes con riesgo de
malnutricién, tanto por exceso como por defecto; esta-
blecer los valores basales para controlar la eficacia de
diferentes regimenes dietéticos; y desarrollar progra-
mas de salud y nutricién adecuados®. Para su evalua-
cién se pueden emplear diferentes pardmetros, como
los antropométricos, dietéticos y de actividad fisica.
Para una valoracion nutricional, los métodos mas em-
pleados son los antropométricos, por su simplicidad de
uso y bajo coste**. Estos pueden clasificarse en dos
grupos; aquellos que nos permiten realizar una valora-
cion de la masa global del cuerpo, como el peso y la ta-
lla; y aquellos que evaldan el compartimento muscular
y graso, entre los que se incluyen el perimetro braquial
y los pliegues cutaneos’.

Uno de los grupos de mayor interés para realizar es-
tudios nutricionales es la poblacién adolescente. La
adolescencia es un periodo crucial en el proceso de de-
sarrollo que se caracteriza por un crecimiento y madu-
racion tanto desde el punto de vista somatico como psi-
coldgico. La nutricién en esta etapa desempefia un gran
papel para este proceso. Todos los cambios morfoldgi-
cos y funcionales (incremento de la velocidad de creci-
miento longitudinal, incremento de depdsito de tejido
graso, maduracion sexual, etc.) necesitan una mayor
demanda energética y de nutrientes para producirse de
forma adecuada. Asimismo, durante la adolescencia se
dan cambios psicolégicos que llevan a una modifica-
cién en la conducta emocional y social, que puede in-
fluir en las variaciones de las preferencias y aversiones
alimenticias de los adolescentes y, por tanto, en sus hé-
bitos alimentarios®. Aunque todos esos cambios que se
producen en el adolescentes dificultan su descripcion,
en los paises occidentales los estudios de alimentacién
y antropometria nutricional tienen una especial rele-
vancia desde diversas perspectivas, incluida la de la
epidemiologia nutricional**2.

Aunque se han realizado estudios de la composicién
corporal, si exceptuamos el estudio de Cdrdoba y
cols.”, realizado con escolares de la ESO de la ciudad
de Badajoz (Extremadura), el resto de estudios no apor-
tan datos de la poblacién extremeifia, sino que corres-
ponden a otras regiones, o incluso a paises diferentes.
Se echa en falta, por ello, un estudio en el que se analice
el estado nutricional de escolares de la Comunidad Au-
ténoma de Extremadura. Con el presente trabajo se pre-
tende describir y evaluar el estado nutricional de un
amplio grupo de adolescentes extremefios distribuidos
por poblaciones de distintos tamafios mediante el andli-
sis de las caracteristicas antropométricas. Los resulta-
dos obtenidos nos permitirian aportar datos referencia-
les para su utilizacién en estudios nutricionales en esta
Comunidad Auténoma.

Material y métodos
Muestra Poblacional

Se obtuvo una muestra poblacional de 816 adoles-
centes durante el curso escolar 2009/2010, 450 chicas
y 366 chicos, con edades comprendidas entre los 13y
18 anos de edad. De ellos, 529 estudiantes cursaban 2°
de ESO (Educacién Secundaria Obligatoria) y 287
cursaban 1° de Bachillerato. Los estudiantes procedi-
an de un total de 23 Centros de Educacién Secundaria,
17 centros publicos y 6 privados/concertados de po-
blaciones de toda Extremadura. Asimismo se tuvo en
cuenta el tamafio de la poblacién de procedencia, es-
cogiéndose desde poblaciones rurales, de menos de
5.000 habitantes, a poblaciones urbanas (con mas de
60.000 habitantes). Con ello se pretendi6 asegurar la
heterogeneidad y representatividad de la muestra, asi
como la validez del estudio para toda la poblacién
adolescente extremefia.

Recogida de datos y material

A cada sujeto de la muestra se le determinaron las
medidas antropométricas: talla, peso, perimetro bra-
quial, perimetro del antebrazo, pliegue cutdneo tricipi-
tal (PT) y circunferencia de la mufieca. A partir de esas
medidas, y mediante la aplicacién de las correspon-
dientes férmulas'* se obtuvieron el drea braquial, drea
muscular braquial, drea grasa braquial y complexion.
Todas las medidas se tomaron por triplicado utilizando
material antropométrico homologado y siguiendo la
metodologia recomendada por el IBP (Programa Inter-
nacional de Biologia)®.

— Talla: se realiz6 la medida de cada individuo
con un tallimetro SECA (Ltd., Birmingham, En-
gland) con escala métrica desmontable de dos
secciones y una longitud de 2.300 mm (preci-
sion de 1 mm).
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— Peso: se tomaron las medidas de cada uno de los es-
tudiantes con una balanza TEFAL (Bodysignal) con
un peso maximo de 160 kg y una precision de 100 g.

— Circunferencia de la mufieca 'y Perimetro del bra-
zo y antebrazo: se midieron con una cinta métrica
flexible, no eldstica, con un espacio sin graduar
antes del cero, precisiéon de Imm y con una anchu-
rade 1 cmy longitud de 200 cm.

— Pliegue cutdneo tricipital (PT): se midi6 el plie-
gue de la cara posterior del brazo no dominante, a
nivel mesobraquial, con un lipocalibre o adip6me-
tro digital.

Determinacion de indices indirectos

Para los indices indirectos se calcularon el Area del
brazo (Circunferencia del brazo> (mm)/12,56); el Area
Muscular del brazo (Circunferencia del brazo (mm) —
3,14*Pliegue tricipital (mm))*/12,56); Area Grasa Bra-
zo (Area del brazo-Area Muscular del brazo) y Com-
plexién (Talla (cm)/circunferencia muifieca (cm)).

Tratamiento de los datos y andlisis estadistico

Los datos fueron procesados con el paquete estadis-
tico SPSS v. 19.0, realizdndose un anélisis descriptivo
e inferencial. Se consideraron significativas aquellas
diferencias cuya probabilidad fue inferior al 5% (p <
0,05), utilizando un andlisis de varianza (ANOVA), si-
guiendo los procedimientos de una via y realizando un
test de comparacion de medias por el método Tukey.
Se obtuvieron las medias aritméticas y desviaciones es-

tandares de cada uno de los datos investigados, ademas
de distintos percentiles entre 3-97 para la talla, peso y
complexién por género y edad.

Resultados y discusion

Andlisis del estado nutricional de adolescentes
extremernos

En la tabla I se muestran el tamafio de la muestra, los
resultados medios y la desviacion estdndar de las dis-
tintas medidas antropométricas de la poblacion de ado-
lescentes estudiada. Al analizar las edades medias de la
poblacidén de nifias y nifios no se encontraron diferen-
cias significativas de edad; por tanto, las diferencias
encontradas en las medidas antropométricas fueron de-
bidas al sexo. En cuanto a la talla media y el peso, pue-
de observarse que son significativamente mayores en
nifios que en nifias. Resultados similares se obtuvieron
en el estudio piloto AVENA realizado por Gonzélez-
Gross y cols.'® para adolescentes espafioles. La media
de altura de nuestra poblacién, tanto en nifios como en
nifias, es 3 cm inferior que la del estudio nacional reali-
zado por Carrascosa y cols."” sobre espafioles en edad
de crecimiento; por el contrario, el peso medio de nues-
tros estudiantes fue similar al de dicho estudio, no ob-
servandose diferencias en funcion del sexo. En lo que
respecta a la circunferencia del brazo, como se muestra
en la tabla I, no encontramos diferencias significativas
entre chicas y chicos. Mientras que si encontramos di-
ferencias significativas entre chicos y chicas en lo que
respecta al pliegue tricipital y el drea grasa del brazo
mayor en la poblacién femenina. Con respecto al drea

Tabla I

Descripcion de la poblacion adolescente del estudio por sexo

Chicas (n = 450)

Chicos (n = 366)

(x = DS) (x+DS) p

Edad 15,22 +1,61 15,17+1,52 0,610
Talla (m) 1,59+ 0,06 1,66 + 0,09 0,000
Peso (kg) 56,70 = 11,44 61,68 +13,90 0,000
Circunferencia del brazo (cm) 25,64 3,31 25,90 +3,45 0,270
Area Brazo (cm?) 53,20+ 14,14 54,35+14,97 0,259
Area Muscular brazo (cm?) 25,94 +£7,45 31,07 £ 10,06 0,000
Area Grasa brazo (cm?) 27,25 +9,60 23,27+9,59 0,000
Circunferencia del antebrazo (cm) 22,42 +2,06 23,79 +£2,28 0,000
Pliegue cutdneo tricipital (mm) 24,68 + 6,62 20,33 +7,22 0,000
Complexién (cm) 10,63 0,71 10,31 +0,57 0,000
Circunferencia de la muifieca (cm) 15,06 +1,20 16,17 1,04 0,000
Los datos se presentan como la Media (x) = DS (Desviacién estindar). p<0,01 denota diferencias altamente significativas entre géneros.
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muscular del brazo, también se encontraron diferencias
significativas en funcién del sexo, siendo la media de
los chicos superior, presentando por tanto un mayor
porcentaje de musculo que las chicas estudiadas.

En la tabla II se muestran los valores medios, desvia-
cion estandar, tamafio de la muestra de las distintas me-
didas antropométricas de la poblacién en funcién de la
edad y sexo. Respecto a la talla, en las adolescentes ex-
tremefias se observan diferencias significativas para el
rango de edad estudiado, correspondiendo los menores
valores a los 13 afios. Comparando con el estudio a ni-
vel nacional de Carrascosa y cols."”, a los 13 afios, las
adolescentes extremefias tenian una talla mayor, pero
para el resto de las edades la talla fue entre 1,5-3,5 cm
inferior en todos los casos. Estos resultados parecen in-
dicar que nuestras adolescentes alcanzarian su altura
definitiva a una edad mas temprana que la media nacio-
nal; a pesar de ello, la talla final serfa menor a la media
nacional.

Se encontraron diferencias significativas en el peso
de las nifias para los rangos de edad estudiados, encon-
trandose el peso mas bajo a los 13 afios. Si se comparan
los valores con los de Carrascosa y cols."”, obtenidos a
nivel nacional, las chicas extremefas tuvieron medias
superiores entre 0,5 y 3 kg desde los 13 a los 18 afios;
las mayores diferencias entre ambas poblaciones se en-
contraron entre los 13 y los 15 afios. Estos resultados,
unidos a los de la altura, parecen indicar que las chicas
extremefas alcanzan el pico de crecimiento rapido de-

bido a la adolescencia antes y muestran un peso y talla
mds alto y constante en las edades estudiadas, mds si-
milar al mayor peso de la edad adulta, viéndose que a
partir de los 15 afios la media se estabiliza en torno a
59,5 kg. Esto explicaria que las adolescentes extreme-
flas tuvieran menos diferencias con respecto al estudio
nacional alaedad de 16, 17 y 18 afios, cuando alcanzan
su desarrollo. No hubo diferencias en el pliegue tricipi-
tal en las chicas de los 13 alos 18 afios. El indice antro-
pométrico drea muscular del brazo mostré diferencias
significativas en el rango estudiado, siendo las chicas
de 15 afios las que tuvieron el valor mayor. En cuanto al
area del brazo y drea grasa del brazo, tampoco hubo di-
ferencias significativas entre las distintas edades pero
fue el grupo de 15 afios el de valores més altos. Los ma-
yores valores de los pardmetros anteriores se reflejan
en el pardmetro circunferencia del brazo; aunque no se
encontraron diferencias significativas en el rango estu-
diado, las chicas de 15 afios fueron las que tuvieron un
valor mds alto.

Los chicos extremefios presentaban diferencias sig-
nificativas en la altura a las diferentes edades estudia-
das, siendo los de menor estatura los de 13 afios y los
mads altos los de 18. Al comparar las medias de la talla
por edad con las nacionales', los adolescentes extre-
mefios muestran una media de 2-3 cm superior a los 13,
16 y 18 afios, similar a los 14 afios, e inferior a la media
nacional a los 15 y 17 afios. Con respecto al peso, tam-
bién hubo diferencias significativas en el rango de edad

Tabla II
Descripcion de la poblacion adolescente del estudio por estratos de edades

13 afos (n=269) 14 aiios (n=181) 15aiios(n=067) 16aiios(n=160) 17aios(n=99) 18aiios(n=40)

(x£DS) (x+DS) (x£DS) (x+DS) (x+DS) (x+DS) P

CHICAS

Edad 13,62+0,24 14,32 +0,27 1545+0,31 16,66 +0,24 17,31+£0,25 18,19+0,21 0,000
Talla (m) 1,57+£0,06a 1,59+0,06ab  1,59+0,05ab 1,61 £0,06b 1,61£0,07b 1,61 +0,06 ab 0,000
Peso (kg) 5464+11,37a  5593+10,84ab 59,52+14,57b 58,94+11,71ab 59,45+942ab 59,50+12,21b 0,010
Circunferencia del brazo (cm) 25,17+324a 2537+3,15a  20,82+476a  25,88+3,13a 2607+2,73a  26,45+3,99a 0,074
Area Brazo (cm?) 5127+13,57a  52,02+1292a 59,01+£2202a 54,09+1344a 54,69+11,60a 56,93+17,71a 0,058
Area Muscular brazo (cm?) 25,11+7,00ab  24,93+6,11a  2923+11,71b  2639+7,04ab 2649+580ab 28,59+1191ab 0,029
Area Grasa brazo (cm?) 26,15+9,54a 27,09+£9,04a  29,79+1320a 27,70+£895a 28208742  2834+1199a 0,426
Circunferencia del antebrazo (cm)  22,11+1,95a 2247+202a  23,07+287a  2246+192a  22,74+183a 2281+246a 0,122
Pliegue cutdneo tricipital (mm) 24,10+6,75a 2486+640a  2535+797a  2491+6,05a 2524+633a  24,83+8,13a 0,842
Complexion (cm) 10,50+0,80ab  10,60+0,58ab  10,22+1,04a  10,85+£0,62b  10,75+0,49b  10,80+0,60b 0,000
CHICOS

Edad 13,65+0,24 14,37+0,31 15,38 +£0,28 16,54 £0,26 17,39+0,32 18,38 +0,28 0,000
Talla (m) 1,60 £0,09 a 1,64 +0,08ab 1,68+0,07ab  1,73+0,06ab 1,72 +0,06 ab 1,78+0,06b 0,000
Peso (kg) 55,62+11,70a  59,22+13,22ab 61,92+1420abc 69,67+13,85cd 66,20+ 11,51bc 74,33 +11,87d 0,000
Circunferencia del brazo (cm) 2490+326a  2541+3,17ab  25,74+4,04ab  2750+3,39bc 26,47+2,89abc  28,34+3,20¢ 0,000
Area Brazo (cm?) 50,22+13,28a  5221+1343ab 54,00+18,66ab 61,10+1544bc 56,44 +12,84abc 64,73 +15,05b 0,000
Area Muscular brazo (cnv?) 2730+728a  2891+744ab 3354+12,01b 34,60+10,64b 33,65+12,01b 42,92+10,42¢ 0,000
Area Grasa brazo (cm?) 2291+£9,02ab  23,30+9,50ab  2046+9,50a 2650+11,36b 22,78+836ab 21,80+7,78ab 0,047
Circunferencia del antebrazo (cm)  22,84+226a  2349+2,18ab 23,73+226abc  2501+£193cd 2450+1,83bed 2557+1,80d 0,000
Pliegue cutdneo tricipital (mm) 20,88+6,72ab  20,77+7,05ab  17,39+641a  2194+856b  19,80+7,27ab  16,81+5,01a 0,010
Complexion (cm) 10,15+0,57 a 10,18+0,53a  1035+0,61ab 10,47+0,50abc 10,63+0,53bc 10,71 +047¢ 0,000

Los datos se presentan como la Media + Desviacion estandar (x + DS). p denota diferencias significativas entre estratos de edades. El nimero de alumnos estudiados de 13 afios es 269
(156 103), 181 de 14 afios (91 y 90), 67 de 15 afios (26 y 41), 160 de 16 aiios (98 y 62), 99 de 17 aiios (55 y 44), y 40 de 18 afios (24 y 16).
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estudiado, a diferencia de lo que se observaba en las
chicas, en estos no se encontré una relacién con la
edad, ya que a los 13 afos hay una diferencia de 5,3 kg
yde 4 kgalos 16 y 18 afios con respecto a los estudios
nacionales'; en todas las edades la media de peso es su-
perior en los adolescentes extremefios excepto la de 15
afios que presenta un valor similar. La circunferencia
del brazo mostré diferencias significativas, observan-
dose los valores mds altos a los 16 y 18 afios. Los valo-
res encontrados en los chicos de 14, 15, 16y 17 afios no
mostraron diferencias significativas entre ellos. En el
drea muscular del brazo se encontraron diferencias sig-
nificativas entre las edades estudiadas, siendo el menor
valor en los chicos de 13 y el mayor en los de 18. Los
primeros no mostraron diferencias significativas con
respecto al grupo de 14 afios, y este tltimo tampoco
mostré diferencias con losde 15, 16y 17.

El pliegue tricipital y el drea grasa del brazo, indica-
dores de la grasa del brazo, también mostraron diferen-
cias significativas. Para el drea grasa del brazo y pliegue
tricipital hay que destacar las diferencias significativas
encontradas a la edad de 16 afios, mostrando valores su-
periores al resto de edades. Encontramos los valores
mads bajos a los 15y 18 afios y, por el contrario, a los 13
y 16 afios presentaban la mayor proporcion de grasa en
brazo, aunque las diferencias significativas sélo fueron
apreciables para el grupo de 16 afios. Suele haber una
relacién inversamente proporcional entre la cantidad de
grasa y la de musculo; en nuestro estudio, esta relacién
se ve mas clara a la edad de 18 afios, donde observamos
los valores de mayor drea muscular del brazo y los de
menor pliegue tricipital.

En la tabla IT se muestra asimismo la complexién
media de los alumnos participantes en el estudio; este
indice de complexion corporal o constitucién corporal
(r) permite clasificar cada persona como de comple-
xién pequefia (> 10,4 en hombre y > 11 en mujer), me-
diana (entre 9,6-10,4 en hombre; y de 10,1-11 en mu-
jer) o grande (< 9,6 en hombre y < 10,1 en mujer)*. Si
comparamos nuestros valores con los de referencia del
valor r, se puede considerar que, de media, ambos se-
x0s presentan una complexién mediana. Segtn los da-
tos obtenidos, la mayoria de los alumnos (un 45,52%)
presentaron una complexiéon mediana, seguido de un
43,63% que tenian complexién pequeiia; y s6lo un
10,84% presentaron una complexién grande. En el ca-
so de las chicas, el 51,42% eran de complexién media-
na, seguido de un 28,0% de complexion pequefia y de
un 20,57% de complexién grande. Estos resultados
contrastan con los obtenidos por Jiménez y cols.” con
alumnos de 14 a 20 anos de México D.F., en el que la
mayoria de los alumnos (el 78,25%) eran de comple-
xién pequeiia, mientras que el 20,58% tenfan una com-
plexién mediana y el 1,16% grande. Por otra parte, al
analizar la complexion de nuestros adolescentes por
edades (tabla II), se observaron diferencias dependien-
do del sexo. Las chicas presentaban una complexién
mediana a todas las edades estudiadas; mientras que la
de los chicos fue mediana hasta los 15 afios y pequefia a

partir de esa edad. Estos resultados complementan lo
indicado anteriormente para la talla, demostrando que
el tamafio corporal de nuestros alumnos es menor al es-
perado, especialmente a partir de los 15 afios; sin em-
bargo, en las chicas esto no queda tan patente, al no ha-
ber diferencias en la complexién. En lo que respecta a
la circunferencia de la mufleca, no observamos diferen-
cias en funcion de la edad, encontrandose valores simi-
lares en alumnas de 13 a 18 afnos (datos no mostrados);
esto contrasta con los resultados de Sanchez'” con un
grupo de alumnas de 12 a 16 afos, que muestran una
estabilizacion de la circunferencia de la mufieca a partir
de los 14 afios. Por el contrario, en el caso de los chicos,
hubo diferencias entre los de 13 afios, con los menores
valores para ese pardmetro (15,83 cm), y losde 16y 18
afios (16,53 y 16,64 cm respectivamente), lo que mues-
tra una cierta evolucion en el tamafio corporal, tal y co-
mo se ha indicado para la complexién. Sin embargo,
este no parece ser el pardmetro mas adecuado para de-
terminar la evolucién del tamafio corporal de los ado-
lescentes.

Comparacion en base a los percentiles de la poblacion
de adolescentes extremerios con otras poblaciones

Comparando los pesos y las alturas medias (tabla I)
de los adolescentes extremefios con los percentiles
elaborados por Carrascosa y cols."” con datos de la po-
blacién espafiola, ambos sexos se encontraban dentro
del mismo percentil para esos dos pardmetros. El va-
lor medio de peso se situd en el percentil 50 y la altura
entre el percentil 25 y 50; segun los datos tabulados
por estos autores, la talla de nuestra poblacién estaria
por debajo de la media nacional. Nuestros valores se
situarian en esos mismos percentiles al comparar con
las tablas de Frisancho®, que obtuvieron una altura
media de 1,70 m en nifios y de 1,63 m en nifias de esa
edad. En relacion al peso, la media obtenida por estos
autores coincide tanto en chicos como en chicas con
la de la poblacién extremefia. Comparando con el es-
tudio de Lépez de Lara y cols.? con chicos de Madrid,
los percentiles de peso tanto en chicos como chicas
coinciden con los valores anteriores; por el contrario,
la altura de los chicos estaria en el percentil 20 y cer-
cana al 50 en las chicas. En lo que respecta a la circun-
ferencia del brazo, nuestros adolescentes de ambos
sexos se encuadrarian en el percentil 75, siguiendo a
Hernandez y Sastre®; mientras que si se siguen las ta-
blas de Alastrué y cols.?, las chicas se situarian entre
los percentiles 50-75 y los chicos en torno a 25-50.
Empleando las tablas de diferentes autores, el valor
medio del pliegue tricipital de nuestra poblacién es
bastante superior al percentil 50; entre el 75-90 en
ambos sexos*, o por encima del percentil 90%; esto in-
dicarfa una mayor proporcién de grasa en esta locali-
zacion del brazo en la poblacién extremeiia estudiada.
Por lo que se refiere al area muscular del brazo, al
comparar con los resultados de Alastrué y cols.” y te-
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niendo en cuenta la edad, nuestros valores se encuen-
tran por debajo de la media de la poblacién espafola,
situdndose entre el percentil 10-25 y el 5-10 en chicas
y chicos, respectivamente.

Observando los valores medios de las chicas por
edades (tabla II), la talla en todo el rango de edad estu-
diado se encuadré en los mismos percentiles de los es-
tudios de la poblacién espafiola elaborados por Ca-
rrascosa y cols.” y Lépez de Lara y cols.?, situdndose
los valores medios a esas edades entre el percentil 25-
50 con respecto a ambos estudios. El peso se compor-
t6 igual para todas las edades al compararlo con el es-
tudio de poblacién espaifiola de Carrascosa y cols.",
situdndose entre el percentil 50-75. Al comparar con
la poblacién de Lopez de Lara y cols.?, el peso de las
adolescentes extremefias se encuentra en el percentil
50-75 para las de 13, 14 y 16 afios, y en el 75-80 para
lasde 15, 17 y 18 afios. En el caso de la circunferencia
del brazo, nuestros adolescentes se encuentran siem-
pre entre los percentiles 75-90, si se sigue a Herndn-
dez y Sastre®. Si comparamos con el estudio a nivel
nacional de Alastrué y cols.” para el rango de 16-18
afios, nuestros valores se encuadran en percentiles
mads bajos, entre el 50 y 75. Los valores de pliegue tri-
cipital de la poblacién extremefia se encontrarian
siempre por encima del percentil 90 obtenido por
Alastrué y cols.” y por Herndndez*, siendo especial-
mente significativo a los 15, 17 y 18 afios donde los
valores se encuadran entre el 90 y 97%. El indice an-
tropométrico drea muscular del brazo mostrd, en el
caso de las nifias, diferencias significativas en el ran-
go estudiado. Comparando los datos de la poblacién
extremefia con los de Alastrué y cols.?, se observé
que para la mayoria de las edades estudiadas, las me-
dias se encuadraban entre el percentil 20-25, no supe-
rando en ningtn caso el percentil 50. Estos datos, jun-
to a los del pliegue tricipital, parecen indicar que las

adolescentes extremefas presentan una mayor pro-
porcidn de grasa y una menor masa muscular en bra-
z0s que las adolescentes nacionales. Esto puede estar
relacionado con el tipo de alimentacién, o con una
menor actividad fisica realizada por las chicas.

Al analizar la talla de los chicos por edades (tabla II)
y compararla con los percentiles, se observé que los chi-
cos de todas las edades estaban entre el percentil 50 y
75; solamente los chicos de 17 afios estarian situados en
el percentil 25. En cuanto al peso, al comparar con los
datos percentilados de otros estudios de la poblacién es-
pafiola (Carrascosa y cols.'”; Lopez de Lara y cols.”), el
peso en todas las edades se encuentra entre el percentil
50y el 75, con excepcion de los de 17 afios, que se en-
cuentra entre 25 y 50.Comparando los valores medios
de la circunferencia del brazo con los percentiles descri-
tos por Herndndez y Sastre?, estos se encuadran entre el
percentil 75-90 para todas las edades estudiadas, excep-
tuando los chicos de 17 afios que estdn situados en el
percentil 50-75. Por su parte, los valores medios del
drea muscular del brazo corresponden, segtin las tablas
de Alastrué y cols®, para la mayoria de las edades, a los
percentiles 10-25, excepto a los 13 afios que se sitia en-
tre 25-50. Esto muestra que la musculatura de los brazos
de los chicos extremefios estaria por debajo de los valo-
res de estos autores. Con respecto al pliegue tricipital,
comparando los valores medios por edad con los per-
centiles descritos por Herndndez?, alos 13, 14y 16 afios
mostraron valores comprendidos en el percentil 90-97,
alos 15 afios se situarian en el percentil 90, y losde 17 y
18 afios tuvieron una menor cantidad de grasa, situan-
dose entre los percentiles 75-90.

En la tabla ITI se muestran los valores medios, desvia-
cién estandar y percentiles de la talla de la poblacién de
adolescentes estudiada por edad y sexo. Para su realiza-
cion se han analizado los indices antropométricos de la
talla, el peso y la complexién, hallando los percentiles 3,

Tabla III
Valores medios, desviacion estdandar y percentiles de la talla (cm) por sexo y edad

Percentil
Media  Desviacion estdndar 3 5 10 25 50 75 90 95 97

Chicas

13 afos 1,57 0,06 1,45 1,47 1,50 1,54 1,58 1,62 1,66 1,67 1,68
14 afos 1,59 0,06 1,49 1,50 1,52 1,55 1,59 1,63 1,67 1,68 1,70
15 afios 1,59 0,05 1,51 1,52 1,53 1,56 1,60 1,63 1,64 1,65 1,66
16 afos 1,61 0,06 1,50 1,50 1,53 1,58 1,62 1,65 1,67 1,70 1,72
17 anos 1,61 0,07 1,49 1,51 1,52 1,57 1,61 1,66 1,68 1,70 1,72
18 afios 1,61 0,06 1,51 1,54 1,54 1,56 1,60 1,65 1,68 1,69 1,70
Chicos

13 afios 1,60 0,09 1,43 1,44 1,49 1,55 1,61 1,67 1,71 1,73 1,75
14 afos 1,64 0,08 1,48 1,51 1,54 1,59 1,65 1,71 1,74 1,76 1,77
15 afos 1,68 0,07 1,57 1,58 1,59 1,63 1,67 1,73 1,78 1,78 1,82
16 afios 1,73 0,06 1,63 1,64 1,65 1,69 1,72 1,77 1,82 1,84 1,85
17 afos 1,72 0,06 1,59 1,61 1,66 1,68 1,73 1,76 1,78 1,80 1,82
18 afos 1,78 006 1,66 1,70 1,73 1,74 1,80 1,82 1,85 1,86 1,86
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5,10, 25, 50, 75,90, 95 y 97. En el caso de las chicas, se
observa que la mayorfa de los valores de los percentiles
son menores que los de referencia, tanto en los percenti-
les estudiados como para todas las edades estudiadas.
Hay una mayor diferencia entre nuestra poblacion y la de
Madrid®, siendo los valores mds parecidos a los del estu-
dio nacional (Carrascosay cols."”). Las mayores diferen-
cias se observan con los valores del percentil 97, donde
las tallas a los 15 y 18 afos son 9 cm inferior para este
percentil con respecto a los estudios de Carrascosa y
cols.” y Lopez de Lara y cols.?. En general, las diferen-
cias son de 2-5 cm para los percentiles 3, 25, 50y 75,
siendo los percentiles 90 y 97 los que mostraron mayores
diferencias para todas las edades estudiadas. Comparan-
do con los datos del estudio con adolescentes de Nava-
rra?’, las chicas extremenas miden 2 cm menos en todos
los percentiles y en la media a la edad de 14 afios. Por su
parte, los adolescentes norteamericanos presentaban ta-
1las superiores respecto a los de nuestro estudio®.
Analizando los percentiles para cada una de esas
edades, y compardndolos con los datos obtenidos a ni-
vel nacional y en la Comunidad de Madrid'"?', se ob-
serva que los percentiles de nuestra poblacién son de
2 a4 cm mas elevados para la edad de 13 afios®. Los
adolescentes extremefios con valores mas bajos fue-
ron los de 15 y 17 afios, halldndose las mayores dife-
rencias (de hasta 5-6 cm), en los percentiles mds altos
(75,90y 97), siendo por lo general las diferencias con
la poblacién madrilefia mayores que con los que com-
paramos con el estudio a nivel nacional”. Por el con-
trario, al comparar los valores obtenidos para las eda-
des de 16 y 18 afios con el estudio de adolescentes
madrilefios, los extremefios resultaron ser mas altos
en todos los percentiles estudiados menos en el 97. La
mayoria de los percentiles resultaron ser mds altos en
el estudio nacional'’, exceptuando los percentiles 50 y
75 de los chicos de 18 afios y el percentil 3 de los de

16. Cuando comparamos nuestro estudio con los ado-
lescentes de 14 afios de Navarra?, para los percentiles
10,25 y 50 apenas hubo una diferencia de 1 cm, mien-
tras que en los percentiles extremos (3 y 97), los nava-
rros eran 3-4 cm mas altos que los extremefios de 14
afios. Sin embargo Lépez de Lara y cols.?, comparan-
do los datos de su estudio, realizado en Madrid, con el
realizado a nivel nacional, afirmaban que el patrén
antropométrico en Espafa era similar, al no encontrar
diferencias con los patrones de Andalucia, Aragdn,
Cataluia, Pais Vasco y Madrid.

En la tabla IV se muestran los valores medios, des-
viacién estandar y percentiles del peso de la poblacién
de adolescentes por edad y sexo. Comparados con los
obtenidos por Kuczmarski y cols.” para adolescentes
estadounidenses, observamos que los valores del peso
son menores que en nuestro estudio. En el caso de las
adolescentes, comparando las medias con las obteni-
das en el estudio nacional para esos mismos rangos de
edad”. Analizando los valores representados por los
percentiles, las adolescentes extremefias tienden a te-
ner un mayor peso para cada uno de los percentiles.
También observamos que las mayores diferencias se
encuentran a partir del percentil 75; esto indica que
hay mads chicas con peso alto en la poblacién extreme-
fla que en las otras poblaciones, siendo los percentiles
90 y 97 en los que se encontraron las mayores diferen-
cias, incluso superiores a los 16 kg para el mismo per-
centil de la poblacién madrilefia. Por lo general tam-
bién las diferencias son mayores con esta poblacion
que con el estudio nacional, por lo que se podria decir
que las adolescentes de la Comunidad de Madrid tie-
nen una mayor diferencia de peso con las extremefas
que con respecto al estudio nacional. En el estudio rea-
lizado en adolescentes de Navarra por Durd y cols.?,
las chicas extremefias de 14 afos mostraron hasta el
percentil 50 mayores pesos que las mostradas por esta

Tabla IV
Valores medios, desviacion estdandar y percentiles del peso (kg) por sexo y edad
Percentil
Media  Desviacion estdndar 3 5 10 25 50 75 90 95 97

Chicas

13 afos 54,64 11,37 37,17 38,55 40,60 46,88 52,40 60,58 68,95 77,600 81,97
14 aios 55,93 10,84 39,02 41,50 44,50 48,50 53,50 62,35 67,90 77,70 79,97
15 afios 59,52 14,57 40,88 42,08 43,95 4928 58,15 6595 77,40 84,98 8943
16 afos 58,94 11,71 45,05 46,29 47,77 51,35 56,25 63,15 7499 79,26 87,23
17 aios 59,45 9,42 47,49 47774 48,78 52,80 57,10 64,70 74,70 76,59 78,28
18 afios 59,50 12,21 4493 46,25 46,86 5225 56,65 62,75 7742 85,56 87,38
Chicos

13 afios 55,62 11,70 35,69 37,54 4146 4650 5440 63,50 68,92 7570 79,08
14 afos 59,22 13,22 41,31 44,18 4530 50,45 5555 67,03 7237 81,27 85,95
15 afos 61,92 14,20 41,18 43,10 48,00 52,70 59,70 66,60 76,30 85,60 95,68
16 afios 69,67 23,43 51,16 51,59 56,63 5983 64,90 7833 89,03 95,77 98,05
17 aios 66,20 11,21 50,08 51,15 5344 5798 63,35 72,80 80,97 83,08 87,25
18 afos 74,33 11,87 58,61 59,15 59,95 64,08 7540 8343 87,05 90,85 92,95
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poblacidén. Sin embargo, en los percentiles mas altos
de 90 y 97 las chicas de Navarra superan los pesos de
las adolescentes extremefias hasta en 5 kg. La media
de la poblacién para esta edad fue superior en la pobla-
cion extremeifla con 55,93 de media frente a los 54,14
de las chicas de Navarra.

En los chicos las diferencias estan repartidas de igual
modo en todo el rango de edad, a diferencia de lo obser-
vado en las chicas, en las que las mayores diferencias
se encuentran a edades mas tempranas. El comporta-
miento de los percentiles para este rango de edad es si-
milar al descrito en el de las chicas, encontrandose las
mayores diferencias en el percentil 97, con valores de
hasta 15 kg por encima de los obtenidos en otras pobla-
ciones. Compardndolo con los adolescentes navarros
del estudio de Durd y cols.”, el comportamiento fue
mds homogéneo, ya que tanto la media de ambas po-
blaciones, 59,22 (Extremadura) y 59,15 (Navarra), co-
mo los percentiles del 3 al 25 fueron iguales. Los valo-
res de los percentiles 50 y 90 fueron de 2-3 kg menores
en la poblacion extremefia, mientras que el 97 nueva-
mente mostré el mismo comportamiento en las dos po-
blaciones. En general, los adolescentes extremefios
presentan una altura inferior a las referencias naciona-
les, aunque mayor en peso.

Por ultimo, en la tabla V se muestran los valores me-
dios, desviacion estandar y percentiles de la comple-
xi6n de la poblacion de adolescentes estudiada, separa-
dos por edad y sexo. Al analizarlos observamos que el
percentil 50 vari6 entre 10,44 y 10,91 para las chicas; y
entre 10,22 y 10,79 para los chicos, dependiendo en
ambos casos de la edad. En las chicas de todas las eda-
des analizadas el percentil 50 correspondié a una com-
plexién mediana; por el contrario, en los chicos ese
percentil correspondié a una complexiéon mediana en-
tre los 13 y los 15 afios; y a una complexién pequefia
entre los 16 y 18 afios.

Conclusiones

Se han encontrado diferencias significativas en fun-
cion del sexo en los parametros antropométricos talla,
peso, pliegue tricipital, &rea muscular del brazo y 4rea
grasa del brazo. La talla, el peso y el drea muscular del
brazo fueron mayores en los chicos, aunque presenta-
ron valores medios menores para el pliegue tricipital y
el drea grasa del brazo. Al comparar con estudios na-
cionales, la media de altura de nuestra poblacién era
inferior en unos 3 cm, mientras que el peso fue similar
a los estudios nacionales. Analizando el pliegue trici-
pital, la circunferencia del brazo y el area muscular del
brazo, se observé que la poblacion extremefia estudia-
da tenia una mayor proporcion de grasa en el brazo, y
menor de musculo en ambos sexos. Algunos de esos
valores generales contrastan en el estudio en funcién
de la edad. Las chicas extremefias son mds altas que
las referencias nacionales e internacionales tinicamen-
te a los 13 afios y tienen un peso superior en todo el
rango de edades estudiadas, aunque las mayores dife-
rencias se observan a los 13 afios. Nuestras adolescen-
tes parecen tener un crecimiento mds rapido, alcanzan-
do su altura definitiva a la edad de 15 afios, mas
temprana que la media nacional; sin embargo, la talla
final fue menor a la media nacional, mientras que las
diferencias en el peso fueron menores a partir de esa
edad. Todo ello, unido a que la complexién fue cons-
tante en todo el periodo parece estar relacionado con
un desarrollo puberal méds temprano que en otras po-
blaciones. Por su parte, los chicos extremefios tuvie-
ron una talla igual o algo superior y un peso mayor a
los valores de referencia, con un crecimiento mas con-
tinuado a todas las edades y similar a la media nacio-
nal. En lo que respecta a la circunferencia de la mufie-
ca, a diferencia de en las chicas, si se observaron
diferencias en funcién de la edad en los chicos. En am-

Tabla V
Valores medios, desviacion estandar y percentiles seleccionados de la complexion r (cm) por sexo y edad

Percentil

Media  Desviacion estdndar 3 5 10 25 50 75 90 95 97
Chicas
13 afos 10,50 0,79 9,33 9,52 9,78 10,07 10,54 1097 11,39 1148 11,54
14 aios 10,59 0,58 9,45 9,52 9,81 10,24 10,66 10,98 11,22 11,61 11,66
15 afios 10,22 1,04 7,97 8,25 8,89 9,86 1044 10,83 11,37 11,43 11,50
16 afos 10,85 0,62 9,60 9,85 10,04 10,46 10091 11,24 11,62 11,93 11,98
17 aios 10,75 0,49 9,78 9,94 10,08 10,45 10,78 10,96 11,49 11,62 11,67
18 afios 10,80 0,60 9,70 9,80 10,04 10,43 10,77 11,36 11,53 11,67 11,70
Chicos
13 afios 10,15 0,57 9,33 9,52 9,44 9,79 10,22 1046 10,85 10,99 11,06
14 anos 10,18 0,53 9,45 9,54 9,52 9,90 10,23 10,54 10,76 10,94 11,03
15 afos 10,31 0,61 7,97 8,25 9,64 9,92 10,37 10,71 11,00 11,25 11,30
16 afios 10,47 0,50 9,60 9,85 9,84 10,15 10,47 10,87 11,14 11,21 11,31
17 afos 10,63 0,53 9,78 9,94 10,00 10,24 10,52 11,15 11,38 11,48 11,51
18 afos 10,72 0,47 9,70 9,80 10,11 10,38 10,79 11,12 1127 11,31 11,33
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bos sexos, la conformacion del brazo da una idea de
una poblacién con una proporcién de grasa superior a
las poblaciones referenciadas, y una conformacién

13.
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Abstract

Background & aims: Malnutrition is very common in
patients when admitted to the hospital. The aim of the present
study was: a) to determine the prevalence of malnutrition at
admission in a tertiary care hospital and identify risk factors
for malnutrition, and b) to test the sensitivity and specificity
of different screening tests for malnutrition compared to
subjective global assessment (SGA).

Methods: We conducted a prospective study at 24h of
admission in order to assess malnutrition in 537 adult
subjects (56.4 % males, mean age of 61.3+17.7 years) using 4
different screening tools: mininutritional assessment short
form (MNA-SF), nutritional risk screening 2002
(NRS2002), malnutrition universal screening tool (MUST),
and SGA. Anthropometrics and co-morbidities were
registered.

Results: The overall rate of undernutrition was 47.3%.
Specific rates were 54.2% in patients > 65y vs. 40.7% <
65y (p = 0.002) and 63.4% in medical vs. 34.0% surgical
department (p < 0.001). Identified risk factors of
malnutrition at admission were: the presence of heart
disease (OR 1.74 CI 95% 1.16-2.60 p = 0.007) for MNA-
SF (AUC 0.62); liver disease (OR 4.45 C195% 1.9410.22 p
< 0.001), > 65y (OR 2.10 CI 95% 1.19-3.93 p = 0.011),
medicine department (OR 3.58 CI 95% 1.93-6.62 p <
0.001) for SGA (AUC 0.96); lung disease (OR 3.34 CI
95% 1.45-7.73 p = 0.005), medicine department (OR 2.55
CI 95%1.09-5.98 p = 0.032) for NRS 2002 (AUC 0.97).
Recent unintentional weight loss was a common factor.

Conclusions: Undernourishment at hospital admission
is frequent. Comorbidities may contribute to the presence
of undernutrition at admission. Nonetheless, SGA,
NRS2002, MNA-SF or MUST can be used in our setting.
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VALORACION DE LOS FACTORES DE RIESGO
Y VALIDEZ DE CUATRO TESTS DE CRIBAJE
SOBRE LA PREVALENCIA DE DESNUTRICION
AL INGRESO HOSPITALARIO

Resumen

Antecedentes y objetivos: La desnutricion es muy fre-
cuente en los pacientes que ingresan en el hospital. El
objetivo de nuestro estudio es a) determinar la prevalen-
cia de desnutricion al ingreso en un hospital de tercer
nivel e identificar los factores de riesgo para desnutricion.
b) Estudiar la sensibilidad y especifidad de diferentes test
de cribado de desnutricion comparados con las valora-
cion global subjetiva (VGS).

Material y métodos: Realizamos un estudio prospectivo
a las 24 h del ingreso hospitalario a individuos (56.4 %
hombres con una edad media de 61,3 + 17 aiios) utili-
zando 4 test de cribado diferentes: mininutritional assess-
ment short form (MNA-SF), nutritional risk screening
2002 (NRS2002), malnutrition universal screening tool
(MUST) y VGS. Ademas, se recogieron medidas antropo-
métricas y comorbilidades.

Resultados: La prevalencia global de desnutricion fue
de 47.3%. Las tasas especificas fueron 54,2% para > 65
anos, 40,7% en < 65 aiios (p = 0,002), 63,4% en las areas
médicas, 34,0% areas quiruargicas (p < 0,001). Los facto-
res que influian en la presencia de desnutricién al ingreso
fueron: cardiopatia (OR 1,74 IC 95% 1,16-2,60 p = 0,007)
en el MNA-SF (AUC 0,62); hepatopatia (OR 4,45 IC 95%
1.9410,22 p < 0,001), > 65aiios (OR 2,10 IC 95% 1,19-3,93
p = 0,011), areas médicas (OR 3,58 IC 95% 1,93-6,62 p <
0,001) en la VGS (AUC 0,96); neumopatia (OR 3,34 IC
95% 1,45-7,73 p = 0,005), areas médicas (OR 2,55 IC 95%
1,09-5,98 p = 0,032) en el NRS 2002 (AUC 0,97). La pér-
dida de peso involuntaria fue comiin a todos los test.

Conclusiones: La desnutricion es frecuente al ingreso
hospitalario. La presencia de comorbilidades puede
influir en la presencia de desnutricién al ingreso, sin
embargo, podemos utilizar cualquiera de los tests pro-
puestos para su deteccién en nuestro hospital.

(Nutr Hosp. 2014;29:674-680)
DOI:10.3305/nh.2014.29.3.7120

Palabras clave: Desnutricion. Prevalencia. Enfermedad
cronica. Morbilidad.



Abbreviations

MNA: Mini nutritional Assessment.

MNA-SF: Mini nutritional Assessment short form.

MUST: Malnutrition Universal Screening Tool.

NRS 2002: Nutritional risk Screening 2002.

SGA Suggestive Global Assessment.

BAPEN: British Association of parenteral and
enteral nutrition.

ESPEN: European society for clinical nutrition and
metabolism.

Yo: Years old.

BMI: Body mass index.

ROC: Receive operative curves.

AUC: Area under the curve.

CI: Confidence interval.

SPSS: Statistical Package for the Social Sciences.

Introduction

About 10-85% patients are undernourished when
admitted to the hospital. Some data exist in relation to
the prevalence of malnutrition in Spanish hospitals.'*
However, as well as surveys conducted in other coun-
tries,”® a wide range of malnutrition prevalence has
been reported, as a result of type of population or insti-
tution studied, expertise in screening or assessing nutri-
tional status and tool used, but also on the different
diagnostic criteria used to define nutritional status.’

Malnutrition is associated with many adverse
outcomes including depression of the immune system,
impaired wound healing, muscle wasting, longer
lengths of hospital stay, higher treatment costs and
increased mortality.*'° Referral rates for dietetic
assessment and treatment of malnourished patients
have proven to be suboptimal, thereby increasing the
likelihood of developing such aforementioned compli-
cations. Nutrition risk screening using a validated tool
is a simple technique to rapidly identify patients at risk
of malnutrition, and provides a basis for prompt
dietetic or specialized nutritional support referrals.!"!?

Screening tools need to be low cost and time
consuming, reliable, simple and adapted to the clinical
setting where it will be used. Therefore, within last
decades, several screening tools have been developed to
detect malnutrition in worldwide hospitals, home care
institutions and community patients. The most used tools
in clinical practice are the Mininutritional Assessment
(MNA) Test, the Malnutrition Universal Screening Tool
(MUST), the Nutritional Screening Risk (NRS2002) and
the Suggestive Global Assessment (SGA) tests. Each one
of these screening tools have been developed to fit in a
certain scenario and validated for this.

The MNA was developed to screen and assess frail
elderly individuals living in community or hospitalized
as a result of a decrease in caloric intake even before
changes in weight or albumin occur.” The MUST was
validated for home-dwelling population,'* although it is

now being also used for patients at hospital admission,
and institutionalized individuals. The NRS-2002 was
developed for inpatients and, the SGA screening tool,
initially designed to screen surgical patients, it is now
recognized as an accurate nutritional screening tool
used as a gold standard test in many conditions.'

The primary objective of the present study was to
estimate the prevalence of malnutrition at hospital
admission in a randomized sample of patients from our
hospital. We also aim to compare the predictive capa-
bility of different screening tools to evaluate malnutri-
tion and identify the factors most likely to influence the
nutritional state of our screened patients.

Individuals and methods
Patients

We conducted prospective study evaluating indivi-
duals at 24h of hospital admission in medical and
surgical departments during the period March-June
2010. All adult individuals entering to Son Llatzer
Hospital during this period were considered potential
participants. Refusing to participate or to sign the
informed consent has been considered exclusion
criteria for the study. Patients admitted for major
ambulatory surgery, eye surgery, or those admitted to
the rheumatology, gynecology, obstetrics, psyquiatry
departments or the intensive care unit were also
excluded for the study.

The Son Llatzer Hospital Research Committee
approved the study protocol and written informed
consent was obtained in all subjects.

Anthropometric measurements and
screening malnutrition tools used

Ad hospital admission, trained dietitians conducted
the anthropometric measurements and assessed the risk
of malnutrition using 4 different tools: MNA-SF, SGA,
NRS2002, and MUST. Comorbidities were obtained
by medical history and confirmed by medical records.
Body height was measured to the nearest 0.5 cm with a
stadiometer in patients who could stand, and recum-
bent height or alternatively, demispan calculated
formula was used to estimate height in patients who
were unable to stand up. Body weight was measured to
the nearest 0.1 kg with a scale or hoist with attached
weighing device for patients who were bed-ridden
while subjects wore hospital gowns. The body mass
index (BMI) was calculated as weight (kg) divided by
height (m?) (kg/m?). If unable to measure height or
weight, we used recently documented or self-reported
measurements if they were realistic or reliable.

Percentage of weight loss was derived by the
following equation: [(usual weight-current weight)/
current weight]* 100.

Malnutrition prevalence at admission
using four screening test
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SGA questionnaire. The SGA test was performed as
previously described,! classifying individuals as A =
well nourished, B = suspected malnourished or moder-
ately malnourished, and C = severely malnourished.
This test was used as the gold standard for statistical
analysis."

Mininutritional Assessment short form question-
naire. The MNA test® was originally developed to
detect the risk of malnutrition. However, we used the
short-form that has also been validated>"* as a
screening tool and shown as high sensitivity (97%) and
specificity compared to the MNA full test."* With this
questionnaire, patients were scored and classified as: 0-
7, undernourished; 7-11, at risk of undernourishment;
and 12-14, well nourished.

Nutritional Risk Screening 2002. The NRS-2002
was performed as described by ESPEN guidelines."
Thus, patients are classified as: without risk, 0; at low
risk, 1-2; at medium risk, 3-5, and at high risk, > 5 of
malnutrition.

Malnutrition Universal Screening Test. The MUST
test was conducted accordingly to BAPEN guide-
lines.'® The overall risk of undernutrition using this tool
was classified as: 0, low risk; 1, medium risk; and > 2,
high risk of malnutrition.

Risk factors for malnutrition assessment

The following factors have been considered a priori
risk factors for malnutrition: age (> 65 years), sex, weight
loss > 5% in previous 6 months, food intake below 75%
of energy requirements one week prior to admission, type
of diet (solid, liquid or puree), hospitalization or surgery
6 months prior to admission, and the intake of nutritional
supplements before the hospital admission. The presence
of the following disease comorbidities were also consid-
ered to potentially increase the risk of malnutrition:
hypertension, diabetes mellitus, dyslipidemia and other
reported chronic conditions such as: a) chronic heart
disease (coronary heart disease, hypertensive myocar-
diopathy, moderate or severe valvulopathy), b) chronic
pulmonary disease (obstructive or asthma), ¢) chronic
liver disease of any etiology, and d) chronic kidney
disease (eGFR < 60 ml/min/1.73m?).

Statistical analysis

The sample size was calculated based on the 20-50%
prevalence of hospital malnutrition in local studies
carried out in different hospitals and regions in Spain
with similar characteristics to ours. Based on estimated
prevalence assuming of 20%, an accuracy of 3% and a
significance level of 5%, an estimated 15% dropout,
the final sample calculated was 599 patients to be
included. 67 patients were not included in data analysis
due to exclusion criteria (refusing to participate or not
being able to answer questionnaires).

We classified patients into 2 groups based on malnu-
trition risk: undernourished (including those at risk of
undernutrition, SGA = B + C, MNA-SF < 11 MUST <
1, NRS-2002 < 3) and well- nourished (when no risk of
undernourishment was present). They were also reclas-
sified as medicine and surgical patients according the
hospital ward admitted. The qualitative variables were
described in percentages and quantitative by means,
standard deviation, and range values. The > test was
used to compare two categorical variables, and the t-
test to compare two continuous variables. Univariate
and multivariate logistic regression analysis were used
to assess the associations between malnutrition and
potential risk variables. ROC curves were used to
assess reliability of each test. Sensitivity, specificity
and predictive values were calculated to evaluate the
different nutritional scores. SGA was considered the
gold standard test for statistical analysis. The & statistic
was calculated to measure agreement between tools
(STAT 509), and the Shrout classification was used to
interpret the k values as follows: 0-0.1, virtually none;
0.11-0.40, slight; 0.41-0.60, fair; 0.61-0.80, moderate;
and 0.81-1, substantial. Data were analyzed using the
SPSS statistical package version 18.0 for Windows
(SPSS Inc., Chicago, IL, USA). The level of signifi-
cance was set at 0.05.

Results

A total of 537 adult subjects (56.4% males, n = 303)
with a mean age of 61.3 + 17.7 years were assessed in
medical (45%, n = 243) and surgical (55%, n = 294)
wards. General physical characteristics of the popula-
tion by gender are shown in table I.

No differences in general physical characteristics
(sex, weight, height, BMI and body weight loss)
between individuals of surgical and medical wards
were shown except for age. Individuals admitted to
medical wards were older (medical vs. surgical patients
68.1 + 16.3 vs. 55.6 = 16.8 years; P < 0.001). The most
frequent comorbidities observed in our population
were hypertension (38.7%), chronic heart diseases
(29.7%), chronic lung diseases (29.5%), dyslipidemia
(28.1%), and diabetes (20.9%). Table II shows the
prevalence of comorbidities for medical and surgery
patients. Type 2 diabetes mellitus, chronic heart and
lung disease, and hospital admission in the last 6 month
were significant more frequently observed in individ-
uals admitted to the medical wards compared to those
admitted to the surgical wards.

Table III shows the prevalence of malnutrition deter-
mined using different screening tools. The prevalence
of malnutrition determined by the presence of at least
one of malnutrition screening tool was 47.3%; 54.2%
in patients older than 65 years vs. 40.7% in patients <
65 years old (P = 0.002). The prevalence of malnutri-
tion determined by the presence of at least one of
malnutrition screening tools was significantly different
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Table I
General physical characteristics of participants

Men (n=303) Women (n = 234)
Mean SD Mean SD
Age (years) 61.5 17.65 60.98 17.56
Current weight (kg) 69.37 16.17 77.39 14.63
Usual weight (kg) 69.63 16.01 78.33 14.11
Height (cm) 157.65 7.75 169.75 8.04
Body mass index (kg/m?) 279 6.12 26.82 4.55
Weight loss (%) 0.139 6.97 1.14 6.74

Weight loss was measured as: [(Usual weight-current weight)/current weight* 100).

Table I1
Comorbidities present in the total population studied

Medical wars (n = 243)

Surgery wards (n = 294)

Number % Number %
Diabetes mellitus 73 30.0 39 13.3 <0.000
Hypertension 102 42.0 106 36.1 0.161
Dyslipemia 74 30.5 77 26.2 0.274
Heart disease 115 47.3 44 15.0 <0.000
Lung disease 127 52.3 31 10.6 <0.000
Liver disease 22 9.1 26 8.8 0.932
Kidney disease 24 9.9 27 9.2 0.785
Surgical procedures < 6 months 28 11.5 44 15.0 0.244
Hospital admission < 6 months 92 37.9 78 26.5 0.005

Weight loss was measured as: [(Usual weight-current weight)/current weight* 100).

between medical and surgical patients, being higher in
surgical patients (63.4% vs. 34.0%, P = < 0.001). The
prevalence of malnutrition in those individuals older
than 65 years was 31.8,29.9, 28.4 and 23.9% by MNA-
SF, SGA, NRS2002 and MUST, respectively. Accu-
racy values for different tests classified by age and type
of wards are shown in table IV.

Specificity for NRS2002, MUST and MNA-SF were
relatively high in overall the sample (> 90%), age cate-
gory (> 90%) and type of wards groups (> 80%),
although sensitivity was lower (between 59.7 and
84.9%). All the tests showed fair agreement with the
subjective global assessment (considered the gold stan-
dard tool) except for MUST in case of < 65 year old (k
= (0.464). Negative predictive values were also high in
all the screening tests for different settings (between
91.5%- and 98.5%) except for medical wards (82.7%
to 85.1%) and elderly individuals (82.3% to 89.6%).

Positive predictive values were lower for NRS-2002
and MUST than MNA-SF in all settings. Comparison
of AUC showed no differences among tests compared
to SGA. In the multivariate analysis, factors associated
to the presence of malnutrition at admission were the
presence of heart disease (OR 1.74; 95% CI 1.16-2.60,
P =0.007) for the MNA-SF test (AUC = 0.62); liver
disease (OR 4.45;95% CI 1.94-10.22 P <0.001), age >
65 years (OR 2.10; 95% CI 1.19-3.93 P = 0.011),
medical wards (OR 3.58; 95% CI 1.93-6.62 P < 0.001)
for SGA (AUC=0.97); lung disease (OR 3.34; 95% CI
1.45-7.73 P = 0.005), medical ward (OR 2.55 95% CI
1.09-5.98 P = 0.032) for NRS-2002 (AUC = 0.97).
Recent unintentional weight loss was a common factor
among SGA, NRS 2002 and MUST. Neither the rest of
comorbidities nor the type of diet or previous nutri-
tional support influenced the presence of malnutrition
at admission.

Malnutrition prevalence at admission
using four screening test
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Table 11T
Prevalence of manultrition using different screening tools

MNA-SF SGA NRS 2002 MUST Any tool*

Overall population

Malnourished 17.7097) 19.5(107) 21.3(115) 18.8(102) 47.3(254)

Wellnourished 82.3(442) 80.4 (430) 78.7(422) 81.2(435) 52.7(283)
Medical wards

Malnourished 35.4(86) 32.9(80) 33.7(82) 26.3(64) 63.5 (154)*

Wellnourished 64.6 (157) 32.9(163) 66.3 (161) 73.7(179) 36.6(89)
Surgical wards

Malnourished 25.3(74) 8.6(25) 10.9(32) 12.6(37) 34.0(100)

Wellnourished 74.7(219) 91.4(267) 89.1(261) 87.4(256) 66.0 (194)

MNA: Mini-nutritional assessment test; SGA: Subjective assessment questionnaire; NRS: Nutritional risk screening; MUST: Malnutrition universal screening test.
“Presence of malnutrition by using any tools.

“Expressed as percentage and (number).

¥ test (*P < 0.05 Medical vs. Surgical wards).

Table IV
Accuracy values for screening test compared to the Subjective Global Assessment test
NRS 2002 MUST MNA-SF
Overall

Sensitivity 68.9% (59.4 %-77.1 %) 64.1% (54.5%-72.7%) 69.9% (60.5%-77.9%)
Specificity 90.1% (86.9%-92.6%) 91.9% (89.0%-94.1%) 94.7% (92.2%-96.4%)

NPV 92.4% (89.5%-94.6%) 91.5% (88.5%-93.8%) 93.0% (90.2%-95.0%)

PPV 62.3% (53.1%-70.6%) 65.3% (55.7%-73.9%) 75.8% (66.3%-83.3%)

k value 0.567 0.564 0.666

<65 years (n=265)

Sensitivity 56.7% (39.2%-72.6%) 60.0% (42.3%-75.4%) 70.0% (52.1%-83.3%)

Specificity 97.9% (95.3%-99.1%) 91.8% (87.6%-94.6%) 95.1% (91.6%-97.2%)
NPV 94.8% (91.3%-96.9%) 94.4% (91.3%-97.1%) 96.3% (93.0%-98.0%)
PPV 71.3% (56.6%-89.9%) 47.4% (32.5%-62.7%) 63.6% (46.6%-17.8%)
k value 0.618 0.464 0.623

> 65 years (n=272)

Sensitivity 72.6% (61.4%-81.5%) 65.8% (54.3%-75.6%) 69.9% (58.6%-19.2%)

Specificity 90.1% (85%-93.5) 92.1% (87.4%-95.2%) 94.2% (90.0%-96.8%)
NPV 89.6% (84.5%-93.2%) 87.6% (82.3%-91.4%) 82.3% (71.0%-89.8%)
PPV 73.6% (62.4%-82.4%) 76.2% (64.4%-85.0%) 89.1% (84.1%-92.7%)
k value 0.629 0.605 0.672

Medicine wards (n = 243)

Sensitivity 68.8% (57.8%-78.1%) 59.7% (48.6%-70%) 64.9% (53.8%-74.7%)

Specificity 82.5% (76.0%-87.6%) 89.7% (83.5%-93.0%) 92.2% (87.1%-95.4%)
NPV 85.1% (78.8%-89.8%) 82.7% (76.5%-87.5%) 85.0% (79.1%-89.5%)
PPV 64.6% (53.8%-74.1%) 71.9% (59.9%-81.4%) 79.4% (67.8%-87.5%)
k value 0.505 0.512 0.6

Surgerywards (n=294)

Sensitivity 69.2% (50%-83.5%) 76.9% (57.9%-89.0%) 84.6% (83.3%-98.0%)

Specificity 94.8% (91.4%-96.9%) 93.7% (90.1%-96.0%) 96.3% (93.3%-98.0%)
NPV 96.9% (94.1%-98.4%) 97.7% (95.0%-98.9%) 98.5% (96.1%-99.4%)
PPV 56.3% (39.3%-71.8%) 54.1% (38.4%-69.0%) 68.8% (51.4%-82.0%)
k value 0.508 0.593 0.733

NRS: Nutritional risk screening; MUST: Malnutrition universal screening test; MNA: Mini-nutritional assessment test; NPV: Negative predictive value; PPV: Positive

predictive value.

“Expressed as percentage and 95% interval confidence.
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Discussion

The present study is the first conducted in Spain
assessing test performance and risk factors for malnu-
trition using four different screening tools. Our data
confirm that NRS2002, MNA-SF, and SGA have high
reliability as screening tools for patients admitted at a
hospital and invalidate the MUST for that setting after
adjusting for risk factors. Despite that, the MUST test
sensibility, sensitivity, precision and validity have
shown to be similar to previously described.?* This is
probably because, weight loss and BMI < 20 kg/m? (the
2 items of MUST test) are not frequent in our popula-
tion as shown in our data.

Overall malnutrition rates are similar whatever
different screening tools used in our study. Those rates
are also similar to previously published in Spanish!#2!2
and other developed countries using NRS20027%2 for
similar level of healthcare. Likewise, a higher preva-
lence of malnutrition in medical ward was observed in
our study compared to the surgery wards.?””* Recent
unintentional total weight loss and chronic lung, heart
and liver diseases have been delimitated as the most
frequent risk factors influencing the prevalence of
malnutrition at admission in our study. These risk
factors for malnutrition also have been identified in
some studies conducted in other hospitalized popula-
tions.»-

Differences in the prevalence malnutrition identified
by the SGA, MNA-SF and MUST screening tests
could be explained by severity of underlying disease,
population setting (homecare, free-living) and age of
the population studied.® Therefore, those with end-
stage disease, homecare and elderly being the most like
to be undernourished when admitted at hospital.* The
advanced stage of a chronic medical condition is char-
acterized by an inflammatory status that enhances
energy expenditure and decreases functional capacity
which leads to an utterly loss of weight and cachexia.*
Also, elderly patients, particularly those in a homecare
setting, are commonly admitted in medicine wards.*

Our study has some limitations. It was conducted in
a second level hospital from Spain; therefore, our
results could not be extrapolated to other type hospitals
from other countries. In addition, because our hospital
is not the hospital of reference in our province, in our
study we do not have assessed other high risk of malnu-
trition patients like transplants or surgery of the upper
gastrointestinal track. Nevertheless, it is remarkable
that we have screened 100% of the patients admitted in
our hospital and thus, the sample it is representative of
our population and permit to analyze the possible
determinants of malnutrition in our hospital. Finally,
our results are also consistent with Predyces, the only
multicentric study performed in Spain.*

In conclusion, undernourishment at hospital admis-
sion is frequent. The results of our study suggest that
for screening hospital malnutrition at admission, it can
be used any of the listed screening test. Nonetheless,

it’s worth to mention that it is recommended to choose
the easiest and less time consuming test. Therefore, we
would recommend NRS2002 as the screening tool in
our hospital accordingly to ESPEN guidelines.
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Abstract

Objective: To investigate the gastric emptying of an
oral supplement containing carbohydrate plus whey
protein drunk before sedation for gastroscopy.

Methods: This is a randomized double-blind trial
including adult patients (ages 18-65) with a chief complaint
of epigastric burning and who were candidates to elective
gastroscopy. After overnight fast subjects were randomized
to drink 200 mL of an oral nutritional supplement
containing maltodextrine in addition to whey protein 150
to 210 min before the gastroscopy (intervention group, n =
12) or to undergo the endoscopic procedure with no
supplement (control group, n = 12). The residual gastric
volume (RGYV) suctioned and measured during the exam
was the main endpoint of the study.

Results: There were no complications during all exams.
The median (range) fasting time was greater (P < 0.001)
in control group (770 min, ranging from 660-917 min)
than in the study group (175min ranging from 150 to 210
min). The median (range) RGV was similar in between
the two groups (control group: 25 (10-70) mL versus
intervention group: 10 (0-100) mL; p =0.32).

Conclusion: Gastric emptying 150-210 min after the
ingestion of an oral supplement containing carbohydrate
plus whey protein is similar to an overnight fasting
condition. Although limited by the number of cases, the
sedation for endoscopic procedures is safe with this
fasting protocol.

(Nutr Hosp. 2014;29:681-686)
DOI:10.3305/nh.2014.29.3.7161
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INGESTA SEGURA DE UN SUPLEMENTO ORAL
QUE CONTIENE HIDRATOS DE CARBONO
Y PROTEINAS DE SUERO DE LECHE POCO ANTES
DE SEDACION PARA ENDOSCOPIA; UN ENSAYO
DOBLE CIEGO Y ALEATORIZADO

Resumen

Objetivo: Investigar el vaciado gastrico de un suple-
mento oral que contiene hidratos de carbono, mas protei-
nas de suero de leche tomado antes de la sedacién para
endoscopia.

Meétodo: Se trata de un estudio doble ciego aleatorizado,
que incluyé pacientes adultos (18-65 afios de edad) por pre-
sentar epigastralgia y que eran candidatos a gastroscopia
electiva. Después de una noche de ayuno los pacientes fue-
ron asignados aleatoriamente para tomar 200 ml de un
suplemento nutricional oral que contiene maltodextrina y
proteina de suero de leche, de 150 a 210 minutos antes de la
sedacion, para gastroscopia (grupo de intervencion, n = 12)
o continuar en ayuno para el procedimiento endoscépico
(grupo control, n = 12). El volumen gastrico residual
(RGYV) aspirado y medido durante el examen fue la varia-
ble de evaluacién principal del estudio.

Resultados: No hubo complicaciones durante los exa-
menes. El tiempo medio de ayuno (rango) fue mayor (P
<0,001) en el grupo control (770 min, 660 - 917 min) que
en el grupo de estudio (175 min, 150-210 min). E1 RGV
(mediana y rango) fue similar entre los dos grupos (grupo
control: 25 (10-70) ml y grupo de intervencién: 10 (0-100)
ml, p =0,32).

Conclusion: El vaciado gastrico 150-210 minutos des-
pués de la ingestion de un suplemento oral que contiene
hidratos de carbono y proteina de suero de leche es simi-
lar al ayuno tradicional durante toda la noche. Aunque
limitado por el numero de casos, la sedacion para proce-
dimiento endoscopico es segura con este protocolo de
ayuno.

(Nutr Hosp. 2014;29:681-686)
DOI:10.3305/nh.2014.29.3.7161

Palabras clave: Ayuno preoperatorio. Proteina de suero
de leche. Volumen gdstrico residual. Estudio controlado alea-
torizado.
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Introduction

The main reason for the traditional prescription of
6-8 hours (h) of preoperative fasting for either
gastroscopy or elective operations is to reduce the
volume and acidity of stomach contents, thus
decreasing the risk of regurgitation and aspiration
recognized as Mendelson’s syndrome'. In the 1980s, it
was already known that gastric emptying of water and
other noncaloric fluids followed an extremely fast
exponential curve in volunteers®. Various randomized
controlled studies*® and a meta-analyse’ have consis-
tently documented that oral intake of water and other
clear fluids up to 2 h before induction of anesthesia
does not increase gastric volume or acidity. The use of
carbohydrate (CHO)-rich beverage in the immediate
preoperative period is not only safe, but may also
reduce the catabolic stress response, nausea, vomiting,
and thus enhance postoperative recovery®’.

Several studies have also shown the nutritional quali-
ties of soluble whey proteins. Whey protein contains a
high level of essential amino acids especially
branched-chain amino acids'. The branched-chain
amino acids (leucine, isoleucine, and valine) are
rapidly used by skeletal muscle during stress and
highly stimulate protein synthesis. In addition, they are
precursors of endogenous synthesis of glutamine, the
main energy source for enterocytes' 2. Whey protein
has also been described as an excellent source of
cysteine, a precursor of glutathione synthesis, which
acts as an endogenous antioxidant. Moreover, whey
protein has a high degree of digestibility and rapid
absorption in the small bowel'*2.

However, only a few studies have investigated the
gastric emptying of formulas containing carbohydrate
combined with a nitrogen source such as protein or
amino acids'!*. This is most important because these
formulas could be prescribed 2-3 h before either
gastroscopy or surgical procedures needing light seda-
tion or general anesthesia'*'®. We thought that
gastroscopy would be an excellent tool to verify the
contents of the gastric camera and assess the safety in
the use of such drinks before general anesthesia for
elective operations. Moreover the visualization of the
entire gastric camera and the duodenum is essential for
providing excellence in diagnostic and therapeutic
endoscopy and data are most necessary on this matter.
Thus, the aim of the study was to investigate the
residual gastric volume (RGV) found during a
gastroscopy 150-210 minutes after the ingestion of a
carbohydrate plus whey protein enriched-drink.

Materials and methods

This was a randomized, double-blind, clinical study
carried out at Gastroclinica, Cuiaba, Brazil. The study
was approved by the Julio Muller Hospital Research
Ethics Committee registered under number

194294/CEP-HUJM/13 and is in accordance with the
ethics principals set out in the Helsinki Declaration
(2000), and meets Brazilian national legal specifica-
tions. The study was registered in ClinicalTrails.gov
under the number NCT01828645.

Adult patients scheduled to upper digestive
endoscopy due to chief complaint of epigastric burning
were eligible for inclusion in this trial. Exclusion
criteria were: decline to participate, American Society
of Anesthesiologists (ASA) score above II, diabetes
mellitus, pregnancy, history of renal or hepatic failure,
gastro-esophageal reflux, acute cholecystitis, use of
corticosteroids up to 6 months previously, use of any
prokinetic drug up to 6 weeks previously, and any
noncompliance or violation on the assigned protocol of
preoperative fasting. Patients who ingested the drink
either less than 150 minutes (min) or more than 210
min before of the exam were also excluded.

Randomization

A staff not involved with the study was in charge of
the randomization process. A computer program
generated random numbers to assign patients to the two
groups. Patients were randomized to receive either an
overnight fast (minimum of 8 hours; control group) or
fast for solids for the same period and drink 200 milli-
liters (mL) of an oral nutritional supplement (Composi-
tion per 200 mL: Og lipids; 8 g whey protein; 67¢g
carbohydrate being 88% maltodextrin and 12%
sacharose; osmolality: 680 mOsm/L; and total energy:
300 kcal; Fresubin Jucy, Fresenius Kabi, Brazil) 150-
210 minutes before the exam (intervention group).

Preoperative protocol

All patients received both oral and written informa-
tion about the protocol at the outpatient clinic. Gastros-
copies were scheduled to begin at 8:30 AM. The
evening before operation patients were allowed to
ingest solid food until 11:00 PM. The patients
belonging to the intervention group received written
instructions to ingest the above beverage at 6:00 AM
(200 mL), and be at the endoscopy unit at 7:00 AM.

Endoscopic procedure

All endoscopic procedures were performed by one
board-certified endoscopist (JSM) who was blind to
the study design. Sedation was performed by a certified
anesthesiologist who was also blind to the investiga-
tion with a bolus intravenous injection of 2 mL of lido-
caine hydrochloride (Astra Zeneca, Sao Paulo, Brazil)
in association of 100 to 150 mg of propofol before
endoscopy. Digital oximetry was carried out
throughout the procedure. Patients were positioned in
left lateral recumbent throughout the endoscopy. A
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flexible electronic videoendoscope (EG2770K; Pentax
Corporation, Tokyo, Japan), 9 mm in outer diameter,
was used for conventional and sedated endoscopy,
according to a standard protocol recommended by the
manufacturer. Special attention was done for the RGV.
All gastric fluid was thoroughly suctioned through an
endoscope side port, measured to the nearest mL and
recorded.

Outcome variables

The main endpoint of the study was the RGV.
Secondary endpoint was the judgment of the endo-
scopist on how confident he was to visualize all the
gastric and duodenal mucosa. The satisfaction of the
patient with the exam was also registered. Satisfaction
with the protocol fast was evaluated by patients 2-4
weeks after the gastroscopy using a four-point scale (1,
very good; 2, good; 3, moderate; 4, not satisfactory)
after the question: “please rate your level of satisfac-
tion with the fasting protocol?”.

Statistical analysis

The sampling calculation was based on a previous
study which reported that 80% of patients had less than
25 mL of RGV after either an overnight fast or 2-3 h
after the ingestion of a carbohydrate alone or in addi-
tion to peptides enriched-drink'®. A quantity of 12 cases
in each study arm was judged to be sufficient to ensure
80% power (beta error) and 5% significance (alpha
error) expecting a difference of a maximum of 25% in
the RGV between the groups. Correlation between the
fasting time and the RGV was done with the Pearson
test. Comparison of RGV between the two groups was
done by the Mann-Whitney test. A 5% level was
adopted for significance. Data was presented as median
(interquartile range) and range. All the calculations
were made on a computer using the Statistical Package
for the Social Sciences (SPSS) for Windows 11. 0.

Results

There were no complications during the endoscopic
procedures. The two groups had homogeneous demo-
graphics and clinical characteristics (table I). Overall
patient satisfaction was excellent, with no difference
between groups. The gastroscopist reported that in all
cases, the aspiration of gastric contents was very easy
and did not increase the time of the procedure. In all
cases the gastroscopist was confident on his diagnosis,
meaning that he had seen the entire gastric cavity, and
the first portions of the duodenum. All patients had an
endoscopic diagnosis of gastritis. Figure 1 shows the
flowchart of the study. Forty six patients were eligible
and 11 declined to participate. From the 35 randomized

Table I
Demographics and clinical characteristics of the patients
in the two groups. Data are the mean (range) or the
number of cases (%)

Variable Control group  Intervention group — p
Sex (n,%) 1.00
Female 10 9

Male 2 3

Age (years) 40 (23-53) 35(21-49) 0.88
Weight (kg) 72 (53-96) 70 (52-97) 0.83
Body mass index (kg/m?) 27 (19-35) 24(21-38) 0.89
ASA*score

I 11 10
II 1 2

*, American Society of Anesthesiologists.

subjects 11 were subsequently excluded due to either
current use of prokinetic agents (4 in control group) or
noncompliance with the protocol (7 in intervention
group). In all noncompliance cases the individuals
ingested the drink out of the range of the protocol (less
than 150 minutes or more than 210 minutes from the
exam). No more patients were excluded and the
analysis was done in 12 patients in each group. The
median (range) fast period was greater (p < 0.001) in
control group (770 min, ranging from 660-917 min)
than in the study group (175 min ranging from 150 to
210 min).

The findings of RGV in the two groups can be seen
in figure 2. There was no correlation between the
fasting time and the RGV (R = 0.10; p = 0.66). Only
two cases in each group had a RGV of 60 mL or above
(2 cases with 60 mL in each group, one case with 70mL
in control group, and one case with 100 mL in the inter-
vention group). A median (interquartile range) of 25
(27) ranging from 10 to 70 mL was found in the control
group and 10 (55) ranging from O to 100 mL in the
intervention group (p = 0.32).

Discussion

Modern guidelines of various societies of anesthesi-
ologists, and perioperative care now recommend 6-8h
fast for solids and allow clear fluids or beverages
containing carbohydrate up to 2h before surgery!'”.
The findings of this randomized trail showed that the
abbreviation of fasting up to 2 hours with 200 mL of an
oral nutritional supplement containing whey protein
along with carbohydrate was safe and was not associa-
ted with complications during the sedation for upper
digestive endoscopy. Furthermore the RGV was
similar in either fasted patients or in the group treated
with abbreviation of the procedure fasting to 150-210
minutes. Moreover there was no significant correlation
between time of fasting and RGV. These data suggest
that this type of nutritional supplement can safely be
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Fig. 1.—Flowchart of the
study.

Fig. 2.—Boxplot of the resi-
dual gastric volume found
during upper digestive en-
doscopy in the two groups.
Data are the median, inter-
quartile range, and interval
(P=0.32).
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used to abbreviate fasting before anesthesia thus
encouraging further studies.

After an overnight fast, the gastric camera is almost
never completely empty and the RGV in healthy volun-
teers can range from 0 to 120 ml with a mean ranging
from 19-37 mL* because the stomach continuously
secrete up to 50 ml/h of acidic fluid even in fasting
patients®'. Our findings are in accordance to the above
figures. Gastric emptying can be assessed by various
methods. Since the introduction of radionuclide gastric
emptying tests, considerable improvement has been
achieved in both methodology and operational equip-
ment, and scintigraphy has become the ‘gold standard’
for measurements of gastric emptying in research and
in the clinical setting®’. Recently magnetic resonance
image has been proved to be an excellent method®. All
the above techniques are non-invasive which is very
important to the comfort of the patients. Other studies
however have reported the use of nasogastric intuba-
tion to collect gastric contents'**. Although this
method is useful at the surgical unit on the other hand it
is comprehensible imprecise. We have assessed the
gastric emptying by gastroscopy. Gastroscopy is not
only reliable but effective because the gastroscopist
can visualize the whole gastric camera and then
suctioning all contents®. This method was recently
used as gold standard to assay the efficacy of a mathe-
matical model for ultrasound assessment of the RGV?>.

Another importance of these findings is that it keeps
opened the gate for testing other proteins or amino
acids in addition to carbohydrate-enriched drinks
aiming to abbreviate the period of preoperative fasting.
The use of whey protein in addition to carbohydrate
beverage may theoretically benefit patients undergoing
elective operation. Not only insulin resistance can be
decreased but acute phase postoperative response can
be diminished®. Insulin resistance is a mark of meta-
bolic response to both prolonged fasting and trauma,
and the intake of oral nutritional supplements
containing either only carbohydrate or carbohydrate in
addition to protein or aminoacids may promote addi-
tional benefits®!315:1623,

One methodological limitation of this trial is the
small number of cases. However it was based on
sample calculation with sufficient power analysis. In
addition, the RGV was assessed by a direct and reliable
technique and the study design was a randomized,
double-blind controlled trial which increase the relia-
bility for the results. Overall, the findings of this
randomized trial indicate that this type of oral nutri-
tional supplement is safe to be drunk up to 150 minutes
before anesthesia. However, further studies are neces-
sary to confirm these findings. The present findings
allow us to conclude that the gastric empty 150-210
minutes after the ingestion of 200 mL of a carbohydrate
plus whey protein enriched-drink is similar to an
overnight fast. These data reinforces the idea of safety
of such types of drinks 2-3 h before sedation or anes-
thesia.
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Resumen

En este trabajo se ha estudiado la composicién mineral
de Na, K, Mg, Ca, Mn, Fe, Cuy Zn en 181 muestras de
diversos tipos de gofio elaborados con diferentes cereales.
Las muestras se analizaron mediante espectrometria de
emision optica con plasma acoplado inductivamente
(ICP-OES). Considerando un consumo medio diario de
30 g de gofio en adultos y de 15 g de gofio en nifios, se esti-
maron las ingestas diarias de cada metal y sus contribu-
ciones porcentuales a las IDRs establecidas para la pobla-
cion espaiiola. El elemento que presenté la mayor
concentracion de todos los estudiados fue el K en mues-
tras de gofio de cereales, con una concentraciéon media de
2189 + 766 mg/kg. El de menor concentracion fue el Cu en
muestras de gofio de maiz, con 2,05 + 0,36 mg/kg. Con res-
pecto a la ingesta, cabe destacar que el gofio contribuye de
manera significativa a la ingesta de cobre (53,77 %-
71,45% de la IDR), en funcion del grupo de poblacién que
se trate y del tipo de gofio.
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MINERAL COMPOSITION OF DIFFERENT TYPES
OF CANARIAN GOFIO; FACTORS AFFECTING
THE PRESENCE OF NA, K, MG, CA, MN, FE, CN

AND ZN

Abstract

The contents of Na, K, Mg, Ca, Mn, Fe, Cu and Zn were
analyzed and evaluated in 181 samples of various types
of gofio produced from different roasted cereal grains.
Samples were analyzed by ICP-OES. Based on a daily
gofio intake of 30 g/day for adults and 15 g/day for children,
the daily intake of each metal, and its percentage
contribution to the RDAs established for the Spanish
population, were estimated. The metal with the highest
concentration was K (2189 + 766 mg/kg). The lowest
concentration was observed for Cu in corn gofio samples
(2.05 = 0.36 mg/kg). With respect to daily intake, it is
noteworthy that gofio contributes significantly to the
recommended allowance of copper (53.77 %-71.45% of
the RDI), depending on the population group considered
and on the type of gofio.

(Nutr Hosp. 2014;29:687-694)

DOI:10.3305/nh.2014.29.3.7099

Keywords: Gofio. Minerals. Inductively coupled plasma
optical emission spectrometry. Intake.

Introduccion

El gofio es un producto alimenticio tradicional de las
Islas Canarias que ha sido la base de la alimentacién de
las clases populares durante cientos de afios, hecho
constatado por innumerables referencias histéricas'2.

Este alimento, de aspecto harinoso, se elabora prin-
cipalmente con granos enteros de trigo y/o maiz, aun-
que también se utilizan otros cereales o legumbres para
su elaboracién como la cebada, el centeno, la avena, el
garbanzo, los altramuces o las habas. Presenta un alto
valor nutricional ya que mantiene todos los nutrientes
propios del cereal, destacando altos contenidos en mi-
nerales® que, generalmente, se concentran en la capa de
la aleurona del cereal®.

Segun un estudio de mercado realizado por el ICCA
(Instituto Canario de Calidad Agroalimentaria) en
2009, hay que destacar la elevada presencia del gofio
en los hogares canarios, hasta en un 83% de los mismos

687



estd presente este producto. Ademads, se observa que a
mds edad del consumidor y al ser Canarias como su lu-
gar de nacimiento, mayor probabilidad de que se con-
suma gofio en ese hogar. Por otro lado, el gofio esta
mds presente en los hogares canarios que el café solu-
ble, los cereales de desayuno o el cacao en polvo.

Actualmente, se consumen diversos tipos de gofio
elaborados con distintas mezclas de cereales y/o le-
gumbres. Sin embargo, los gofios con mayor consumo
son los de trigo, maiz o mezcla de ambos cereales. El
consumo tipico suele ser con la leche en el desayuno,
espolvoreado sobre potajes, cazuelas y caldos de pes-
cado, o como acompafiamiento a modo de pan con dis-
tintas comidas.

Algunos minerales son necesarios para el desarrollo
de la vida, como el Na, K, Ca y Mg, denominados ma-
croelementos, ya que se requieren cantidades diarias en
gramos. Y otros minerales imprescindibles son los de-
nominados microelementos esenciales como el Fe, el
Zn, el Mn y el Cu, que cumplen una funcién fisiolgica
en el organismo y son necesarios en menores cantida-
des, entre miligramos o microgramos.

Los niveles de macroelementos y microelementos
esenciales presentes en este alimento se deben exclusi-
vamente a las cantidades presentes en los cereales de
partida, excepto para el sodio, que puede depender de
la adicién o no de sal marina en el proceso de elabora-
cion; y para los elementos traza, que pueden obtenerse
contenidos mayores si se utiliza maquinaria metdlica
susceptible de ceder metales al alimento®.

Las concentraciones de los elementos metélicos en
el gofio pueden variar fundamentalmente por las carac-
teristicas de las zonas de produccion, es decir, del suelo
existente como sustrato de los granos utilizados en la
elaboracién de este producto, asi como por los proce-
sos (tueste y molturacion) a los que se someten los ce-
reales. Los granos, generalmente, son importados,
puesto que los cereales de produccién local son cada
vez mds escasos; y suelen ser de origen argentino, fran-
cés o norteamericano.

Material y métodos
Muestras

El muestreo se realiz6 entre los meses de enero y ju-
nio de 2010 mediante la visita a las 51 industrias pro-
ductoras de gofio de toda Canarias (28 en la isla de Te-
nerife, 14 en Gran Canaria, 5 en La Palma, 3 en La
Gomera y 1 en Lanzarote) y se recogieron 181 mues-
tras entre gofio envasado o a granel en envases plasti-
cos de cierre adecuado. Las muestras se dividieron en
66 muestras de gofio de maiz, 50 de gofio de trigo, 15
de gofio de maiz canario, 23 de gofio de trigo maiz y 27
de gofio de cereales, con el fin de determinar posibles
diferencias significativas en funcién de los niveles de
elementos metalicos y otros pardmetros como los cerea-
les empleados, la isla de fabricacion, la adicién o no de

sal y si se realiza tamizacién después de la elaboracién
del gofio.

Tratamiento de las muestras

En cédpsulas de porcelana se pesaron 10 g de muestra
utilizando material de pléstico desechable para evitar
una posible contaminacién de metales. Debido a que se
trata de un alimento con muy baja humedad, la muestra
no se sometio a una desecacion previa por lo que se in-
ciner6 directamente en horno mufla a 450°C + 25°C, al-
canzandose esta temperatura gradualmente aumentan-
do no mas de 50°C en intervalos de 30 min durante 24
h. Posteriormente, las cenizas resultantes se sometie-
ron a una digestién dcida con HNO, al 10% para ayudar
a oxidar la materia orgdnica que pudiera quedar, elimi-
nando los restos de dcido por evaporacion sobre un ba-
flo de arena. A continuacion, se introdujo de nuevo en
el horno mufla siguiendo el procedimiento anterior
otras 24 h, hasta obtener cenizas blancas. Una vez obte-
nidas las cenizas se disolvieron en HNO, al 5% hasta
un volumen de 50 ml.

Procedimiento analitico

Los macroelementos (Na, K, Ca'y Mg) y microele-
mentos esenciales (Cu, Fe, Zn y Mn) se determinaron
por espectrometria de emision ptica con plasma aco-
plado inductivamente (ICP-OES), usando el modelo
Thermo Jarrel Ash AtomScan 25°. En el caso de los
macrolementos, debido a la alta concentracién de estos
metales, se realizé una dilucion 1/50, tomando 1 ml de
la muestra ya preparada y diluyéndola en 50 ml de
HNO, al 5%. Se realizaron dos lecturas de cada mues-
tra y las concentraciones se calcularon mediante extra-
polacién sobre rectas de calibrado construidas a partir
de soluciones patrén de concentraciones conocidas.
Los limites de deteccion fueron 0,01 mg/l para el Na,
Ca, Mg, Cuy Mn; 0,Img/l para el Ky 0,002 mg/l para
elFeyZn.

Andlisis estadistico

Se us6 el programa de andlisis de datos SPSS Inc.,
version 18.0. En primer lugar, se realiz6 un estudio
descriptivo de la totalidad del conjunto de datos y pos-
teriormente, teniendo en cuenta que los gofios han sido
elaborados con diferentes ingredientes, se realizo el es-
tudio estadistico descriptivo para cada uno de los gru-
pos establecidos en funcién del cereal empleado.

Con el fin de determinar las diferencias significativas
en el contenido mineral de los distintos gofios y para
poder considerar otras variables se estudié la normali-
dad mediante las pruebas de Kolmogorov-Smirnovy
Shapiro-Wilk” con el objetivo de poder comparar los
distintos grupos de muestras, en funcién de seguir o no
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una distribucién normal, y sobre homogeneidad de las
varianzas con la aplicacidén del estadistico de Levene®.
Una vez realizadas estas pruebas, se observé que exis-
tia gran cantidad de grupos de gofio que no cumplian
las condiciones de aplicacién de las pruebas paramétri-
cas por lo que se recurri6 a la prueba de Kruskal-Wallis
para verificar las diferencias significativas y la prueba
de U de Mann-Whitney para verificar las diferencias
significativas entre los grupos®. También se utiliz6 el
modelo de distribucién de probabilidad de ¢ de Student
para comparar aquellos grupos de gofios en los que la
distribucién de los datos seguia un comportamiento
normal, aplicindose cuando el tamaiio de la muestra es
grande, a partir de 30 casos'®.

Resultados y discusion
Niveles de macroelementos: Na, K, Cay Mg

En la tabla I, se presentan las concentraciones de so-
dio, potasio, calcio y magnesio para los gofios de maiz,
trigo, maiz canario, trigo-maiz y cereales. El K es el
macroelemento mas abundante seguido del Na, Mg y
Ca. La mayor concentracién de K se detecta en el gofio
de cereales, con una media de 2.189 + 766 mg/kg con
un intervalo de concentraciones que oscila entre 1.300
y 2.300 mg/kg. Asimismo, existen diferencias signifi-
cativas entre los distintos tipos de gofio estudiados. En
el caso del Na, el cereal utilizado para la elaboracion
del gofio no parece influir en la concentracion de este
macroelemento, destacando la amplia variabilidad de
los datos. El mayor valor de Na se encuentra en el gofio
de trigo-maiz (1257 + 725 mg/kg) y el menor en el go-
fio elaborado solamente con maiz (529 + 707 mg/kg).
Por otro lado, se han relacionado los niveles de Na con
la isla de produccién del gofio sin diferenciar los ingre-
dientes utilizados y se observa que, mientras las mues-
tras producidas en Gran Canaria son las que menos Na
presentan, los gofios tinerfefios son los que mayor con-
tenido de este metal poseen.

Con respecto al calcio, este mineral se encuentra
bien representado en el gofio pues su concentracién
suele ser alta en los cereales de partida. El trigo es el
que presenta mayores niveles de este Ca (259 + 66,5
mg/kg) seguido por el gofio de cereales, trigo-maiz,
maiz canario y maiz. Los resultados estadisticos mues-
tran diferencias significativas entre ellos exceptuando

el “gofio de maiz” con el de “maiz de origen canario” y
entre los gofios de cereales y de trigo.

El gofio elaborado con maiz canario es el que pre-
senta mayor concentracién de Mg (581 £ 47,9 mg/kg) a
diferencia del gofio de trigo, llegando a ser el menor ni-
vel encontrado de este mineral (495 + 63,6 mg/kg). Por
otro lado, se puede afirmar que los grupos de los distin-
tos gofios presentan diferencias en sus niveles de Mg
excepto para los gofios de trigo y trigo-maiz y entre los
gofios de trigo-maiz con los de cereales.

Niveles de macroelementos en funcién de la adicion
ono de sal

Para el estudio del Na se tuvo en cuenta el hecho de
la adicién o no de sal marina afiadida en el proceso de
elaboracién del gofio, ya que generalmente, depende
del maestro molinero y de la demanda del consumidor.
Enlafigura I se representan los niveles de este elemen-
to en la totalidad de los gofios estudiados y en funcién
de la adicién o no de sal. Para ello, se estudiaron 119
muestras de gofio con sal y 62 muestras de gofio sin
sal, y es evidente que la diferencia a simple vista es sig-
nificativa. La isla de produccién también es importan-
te, pues de ello depende la adicién de sal marina. Es
destacable observar que las islas de Tenerife y La Pal-
ma, es donde existe mayor tradicién de adicionar sal al
gofio. Por el contrario, en la isla de Gran Canaria, tni-
camente le adiciona sal al gofio en algunas empresas y
de forma exclusiva al gofio de trigo °. En la isla de Te-
nerife la mayoria de las muestras de gofio comerciali-
zadas como “‘sin sal” poseen valores altos de este ele-
mento mineral. Esto puede deberse a que se producen
contaminaciones de sodio en el interior de los molinos
0 a que se almacena este gofio “sin sal” en depdsitos
con restos de sal (por ejemplo, depdsitos usados pre-
viamente para gofio con sal). Por lo tanto, las concen-
traciones de sodio en el gofio dependeran la adicién de
NaCl (fig. 2). Las industrias de gofio instaladas en las
islas de Gran Canaria y Lanzarote son las que producen
las muestras con menores concentraciones de sodio.
Ademads, las industrias que mds sal le afiaden al gofio,
son todas pertenecientes a la isla de Tenerife.

En la tabla II se exponen los efectos de la adicién de
sal en las concentraciones de potasio, calcio y magnesio
teniendo en cuenta la totalidad de los gofios estudiados.
Los niveles de potasio parecen ser mayores en aquellos
gofios a los que se les ha adicionado sal, excepto para el

Tabla I
Concentraciones de Na, K, Ca, Mg, Cu, Fe, Zn'y Mn en funcion del tipo de gofio (mg/kg)

Mg Cu Fe Zn Mn

Na K Ca
Maiz 529+707 1804520 90,3+44,3
Trigo 1021 £614 2053 +452 259 +66,5
Maiz canario 775+812 1909+ 92 106+40,5
Trigo-maiz 1257 £725 1897 +315 203+47,8
Cereales 1032 +617 2189+766 238+54,6

541494 2,05+036 272+754 233+2,09 7,05+2.85
495+63,6 3,27+0,44 36,8+576 24,1+274 32,6+3,09
581+47,9 223+032 29,0496 262+1,78 826+2,77
500£29,7 2,74+039 31,7+4,15 239+1,95 22,6597
519+£359 321+0,62 359+7,12 24,7+ .6 23,5+444

Composicion mineral de los distintos tipos
de gofio canario
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gofio de trigo-maiz en el que las concentraciones se cio, la adicién de sal en los gofios supone un incremento
muestran de forma inversa. No obstante, a la vista de los de los niveles para todos los tipos de gofios y los resulta-
resultados no podemos concluir que la adicién de sal dos para el magnesio nos permiten deducir que no se
afecte a los niveles de potasio en los gofios pudiendo puede concluir que la adicién de sal afecte a los niveles
atribuir las variaciones observadas al azar. Para el cal- de este metal en los gofios estudiados.
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Tabla II
Concentraciones de K, Ca'y Mg teniendo en cuenta la adicion o no de sal marina (mg/kg)

Adicion de sal Potasio Calcio Magnesio
Sin adicion de sal N 62 62 62
Media+ o 2093,5 +£699,5 117,1 £82,8 543,3+59,06
Con adicion de sal N 116 116 116
Media+ o 1955,9 + 646,9 2222+103,5 521,6 +63.9

Niveles de macroelementos en funcion
de la tamizacién o no del gofio

En la tabla III se muestran las concentraciones de
Na, K, Ca y Mg en los gofios estudiados teniendo en
cuenta si tras su elaboracidn se ha llevado a cabo una
tamizacion o no. Se puede apreciar que debido al pe-
quefio ndmero de muestras para los distintos grupos de
gofios no se puede establecer “a priori” que existan di-
ferencias y mucho menos valorar las mismas si éstas
existieran, excepto para el gofio de maiz para el cual se
analizaron 50 muestras de gofios sin tamizacion poste-
riory 15 gofios a los que si se les realizé tal operacion.

Se observa que los niveles de Na, K'y Ca en el gofio
de maiz son mayores en el gofio sin tamizar, sin embar-
go para el magnesio ocurre lo contrario. Este hecho se
podria deber a que al eliminarse las particulas mas
gruesas, que serian fundamentalmente las cascarillas
del cereal, se pierden los minerales que con mayor con-
centracion se encuentran en ella, lo que darfa lugar a
que la concentracién mineral en el gofio tamizado sea
mas baja.

Niveles de microelementos esenciales: Cu, Fe, Zny Mn

En latabla I, también se exponen los resultados obte-
nidos de los microelementos en los gofios de maiz, tri-
g0, maiz canario, mezcla de trigo-maiz y de cereales.

Cabe destacar que los gofios que poseen menor can-
tidad de Cu son los de maiz.

Por otro lado, se puede afirmar que las concentracio-
nes de Fe de los diferentes gofios son distintas, si bien
no se hallaron diferencias entre los gofios de maiz y
aquellos de origen canario, ni entre los de maiz de ori-
gen canario con los de trigo-maiz, ni tampoco entre el
de trigo con el de cereales.

Para el Zn, los resultados obtenidos se pueden obser-
var en la tabla V. En ella queda de manifiesto que para

cualquier tipo de gofio, el Zn, se encuentra en cantida-
des similares. Esto puede deberse a que durante el pro-
ceso de produccion del gofio no se generan muchas va-
riaciones en la concentracidén inicial de zinc como
ocurre en el caso de los cereales que son refinados. Te-
niendo en cuenta los ingredientes utilizados en la ela-
boracién del gofio, se comparan las poblaciones de go-
fio elaborado de cereales y de maiz de origen canario,
observandose que existen diferencias significativas en-
tre las medias de Zn de ambos grupos de gofios. Ade-
mads, se evidencia que hay diferencias entre los distin-
tos grupos de gofios excepto para los gofios de maiz
con trigo; maiz con trigo-maiz y trigo con trigo-maiz en
los que las medias de niveles de Zn parecen ser las mis-
mas. Por ello, podemos concluir que no hay diferencias
entre los gofios elaborados con maiz y los elaborados
de trigo, salvo para el caso de que el maiz sea produci-
do en Canarias, en cuyo caso la concentracién aumenta
aproximadamente en 2 mg/kg.

En el caso del Mn, los gofios presentan distintas con-
centraciones en funcién del ingrediente utilizado para
su elaboracion. Destacan las altas concentraciones que
presentan los gofios de trigo si las comparamos con las
de maiz, siendo las medias 32,6 y 7,05 mg/kg, respecti-
vamente.

Estimacion de la ingesta de los macro
y microelementos

Para estimar la ingesta debida al consumo de gofio
por la poblacidn, se ha considerado el consumo medio
diario de 30 g de gofio ya que esta cantidad es la que se
aproxima a las 2 cucharadas soperas, que es la que ha-
bitualmente se consume acompafiando ciertos alimen-
tos. No obstante, para el grupo de poblacion de nifios se
ha considerado el consumo de 15 g de gofio, la mitad
que el considerado para adultos. Se han tenido en cuen-
ta la Ingestas Dietéticas de Referencia (IDR) de la po-

Tabla IIT
Concentraciones de K, Cay Mg teniendo en cuenta la tamizacion o no del gofio (mg/kg)

Ingrediente Tamizacion N Na K Ca Mg
Maiz Si 50 572,88 +710,4 1843,6 +557,7 93,605 +£45,57 538,60 +£51,28
No 15 385,21 +£700,6 1670,6 +350,2 78,503 £36,99 550,07 +43,16
Total 65 529,57 +707,2 1803,7 +£519,9 90,173 £43,96 541,24 +49,44
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Tabla IV
IDRs y contribucion porcentual de la misma para el consumo de gofio de maiz, trigo, maiz canario, trigo-maiz y cereales

IDRs (mg/dia) IDE (mg/dia) Contribucion a la ingesta (%)
Nifios Hombres Mujeres Nifios Hombres 'y mujeres  Nifios Hombres  Mujeres
MAIZ
Na 1200 1500 1500 7,940 15,87 0,661 1,058 1,058
K 1550 3100 3100 27,06 54,12 1,746 1,746 1,746
Mg 145 350 300 1,355 2,709 0,934 0,774 0,903
Ca 750 900 1000 8,115 16,23 1,082 1,803 1,623
Mn 1,5 23 1,8 0,031 0,062 2,050 2,674 3,417
Fe 8,5 9,0 18 0,408 0,816 4,800 9,067 4,533
Cu 0,65 1,1 1,1 0,350 0,699 53,77 63,55 63,55
Zn 6,5 9,5 7,0 0,106 0,212 1,627 2,226 3,021
TRIGO
Na 1200 1500 1500 15,32 30,63 1,276 2,042 2,042
K 1550 3100 3100 30,80 61,59 1,987 1,987 1,987
Mg 145 350 300 3,885 7,770 2,679 2,220 2,590
Ca 750 900 1000 7,425 14,85 0,990 1,650 1,485
Mn L5 23 1.8 0,049 0,098 3,270 4,265 5,450
Fe 8,5 9,0 18 0,552 1,104 6,494 12,27 6,133
Cu 0,65 1,1 1,1 0,362 0,723 55,62 65,73 65,73
Zn 6,5 9,5 7,0 0,489 0,978 7,523 10,30 13,97
MAIZ CANARIO
Na 1200 1500 1500 11,63 23,25 0,969 1,550 1,550
K 1550 3100 3100 28,64 57,27 1,847 1,847 1,847
Mg 145 350 300 1,590 3,180 1,097 0,909 1,060
Ca 750 900 1000 8,715 17,43 1,162 1,937 1,743
Mn 1,5 23 1,8 0,033 0,067 2,230 2,909 3,717
Fe 8,5 9,0 18 0,435 0,870 5,118 9,667 4,833
Cu 0,65 1,1 1,1 0,393 0,786 60,46 71,45 71,45
Zn 6,5 9.5 7,0 0,124 0,248 1,906 2,608 3,540
TRIGO-MAIZ
Na 1200 1500 1500 18,86 37,71 1,571 2514 2,514
K 1550 3100 3100 28,46 56,91 1,836 1,836 1,836
Mg 145 350 300 3,045 6,090 2,100 1,740 2,030
Ca 750 900 1000 7,500 15,00 1,000 1,667 1,500
Mn 1,5 2,3 1,8 0,041 0,082 2,740 3,574 4,567
Fe 8,5 9,0 18 0,476 0,951 5,594 10,57 5,283
Cu 0,65 1,1 1,1 0,359 0,717 55,15 65,18 65,18
Zn 6,5 9,5 7,0 0,339 0,678 5,215 7,137 9,686
CEREALES
Na 1200 1500 1500 15,48 30,96 1,290 2,064 2,064
K 1550 3100 3100 32,84 65,67 2,118 2,118 2,118
Mg 145 350 300 3,570 7,140 2,462 2,040 2,380
Ca 750 900 1000 7,785 15,57 1,038 1,730 1,557
Mn L5 23 1.8 0,048 0,096 3,210 4,187 5,350
Fe 8,5 9,0 18 0,539 1,077 6,335 11,97 5,983
Cu 0,65 1,1 1,1 0,371 0,741 57,00 67,36 67,36
Zn 6,5 9,5 7,0 0,353 0,705 5,423 7,421 10,07
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blacién espaiiola segin la FESNAD!" (2010) para po-
der conocer la contribucién porcentual a la ingesta. Los
grupos de poblacion se han dividido en nifios, hombres
adultos y mujeres adultas.

EnlatablalV, se observan las IDRs para los macro y
microelementos y se sefialan los porcentajes de la in-
gesta a los que contribuye el consumo de gofio para los
distintos tipos de gofio.

En Canarias se ha observado que la ingesta de mag-
nesio y calcio, por la poblacién anciana estd por debajo
de las ingestas diarias recomendadas, asi tenemos que
de magnesio se consume aproximadamente 275 mg/dia
y de calcio 930 mg/dia'?, lo cual acentda atin mds la im-
portancia que tiene el consumo de productos ricos en
esos minerales como podria ser el gofio. Con respecto
al Ca, las concentraciones en el gofio no son nada des-
preciables aunque el porcentaje de la ingesta diaria al-
canzada por el consumo de 30 g de gofio es menor que
para otros minerales. Por ello, a pesar de que el gofio es
un alimento rico en Ca, los valores altos de la IDR ha-
cen que el consumo de gofio no sea una fuente dietética
importante de este metal.

Se observa que el gofio contribuye de manera signi-
ficativa a la ingesta de Cu, pues para todos los grupos
de poblacién contribuye entre un 53,77 y un 71,45% de
la IDR para hombres y mujeres, respectivamente. El
gofio elaborado con maiz canario resulta ser el que mas
contribuye a la IDR de Cu.

En cuanto al Fe, se encuentra bien representado en el
gofio, pero su estado de oxidacién hace que se encuen-
tre en la forma menos biodisponible como ocurre igual
cuando este metal proviene de fuentes vegetales. No
obstante, en dietas equilibradas, con frutas u otros ali-
mentos que posean sustancias reductoras, la absorcion
intestinal de Fe se puede ver favorecida®.

Las ingestas de Fe varian significativamente en fun-
cion del grupo de poblacién que se esté estudiando. Las
mujeres y los nifios tienen unos requerimientos mayo-
res por lo que en estas poblaciones es donde inicamen-
te contribuye de menor manera, siendo los porcentajes
alcanzados del 4 al 6% aproximadamente (tablas VI-
X). Para los hombres, todos los tipos de gofio llegan a
aportar mds del 9% de la IDR. El consumo de gofio es
una fuente de hierro interesante, formando parte de ese
75% de hierro que se aconseja ingerir a través de ali-
mentos de origen vegetal'‘.

El contenido de Zn en el gofio permite abarcar par-
te de su recomendacién, cubriendo un porcentaje de
un 2,2 a 10 % para la poblacién adulta. Se puede afir-
mar que, teniendo en cuenta que la ingesta de zinc es
dificil de conseguir con la dieta habitual, la contribu-
cién del gofio a la ingesta de este metal cobra atin ma-
yor importancia ya que son pocas las veces que que-
dan cubiertas las ingestas recomendadas con la dieta
habitual®.

Para el Mn, el consumo de 30 g/dia de gofio de maiz
aporta, hasta un 2,6 % de la IDR para hombres adultos.
Sin embargo, para el gofio de trigo la ingesta contribu-
ye hastaun 5,4 % de 1a IDR en el caso de las mujeres.

Comparacion de los resultados con otros autores

Si comparamos los valores de los macroelementos
(Na, K, Cay Mg) obtenidos en este estudio con los rea-
lizados por otros autores, destacamos que las concen-
traciones de Ca encontradas en los gofios estudiados no
discrepan con las halladas por Cerpa y cols. (2001) de
30y 310 mg/kg para los gofios de maiz y trigo respecti-
vamente, existiendo la mayor diferencia en el gofio de
maiz en el cual, segtin los resultados de este estudio, se
obtuvo una media de 90,3 mg/kg.

Para el Mg, las concentraciones encontradas fueron
inferiores a las que establece Suarez-Fraga y cols.
(1990) de 970 y 920 mg/kg para el gofio de trigo y
maiz, respectivamente. También fueron mds bajas que
las descritas por Cerpa y cols. (2001)% de 1.100 y 960
mg/kg para el de maiz y trigo, respectivamente.

La tabla V muestra la comparacién de las concentra-
ciones de Cu, Fe, Zn y Mn con las obtenidas por otros
autores. El gofio de trigo se compara con el cereal ente-
ro y su harina y el gofio de maiz solamente con harina
de maiz por la escasez de estudios similares.

Los niveles de Cu observados se encentran dentro de
los rangos obtenidos por Conti y cols. (2000)'* en los tri-
gos analizados. Sin embargo, obtuvimos concentracio-
nes superiores a los aportados por Nardi y cols. (2009)".

Si ahora comparamos nuestros resultados con las ha-
rinas de trigo analizadas por otros autores, debido a la
falta de estudios encontrados sobre el gofio, se observan
valores significativamente inferiores a los encontrados
en este estudio. Este hecho era de esperar ya que el gofio
se elabora con el grano entero de trigo o maiz y la harina
se obtiene eliminando las partes externas del grano, las
cuales contienen la mayor parte del contenido mineral.

Para el caso del Fe, se obtuvieron valores similares a
los recogidos por Kot y Zareba, (2005)*, concentracio-
nes superiores a las obtenidas por Koplik y cols.
(2004)" y por Tang y cols. (2009)*, y por dltimo, nive-
les medios de hierro inferiores a los encontrados por
Singhy Garg, (2006)*".

Podemos observar como las concentraciones de Zn
obtenidas en este estudio para los dos tipos de gofio ana-
lizados son significativamente superiores a los resulta-
dos encontrados por otros autores'!*22 ligeramente su-
periores a las concentraciones obtenidas por Singh y
Garg, (2006)* e inferiores a las de Conti y cols. (2000)".

En el caso del Mn, la concentracién media para el
gofio de maiz es mayor que los valores obtenidos para
las harinas de maiz analizadas por Santos y cols.
(2004)* y Koplik y cols. (2006)". Sin embargo, el valor
medio en el gofio de trigo es ligeramente superior a las
concentraciones recogidas por Kot y Zareba, 2005 y
Singh y Garg, 2006* y bastante superior a los valores
encontrados por el resto de autores'”*2

Conclusiones

Los niveles de sodio en los gofios canarios dependen
fundamentalmente de la adicién de sal durante el pro-

Composicion mineral de los distintos tipos
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ceso de elaboracién, que a su vez depende de la isla de
produccién. Es fundamental para aquellos consumido-
res que tienen limitada la ingesta de sal, la lectura de la
indicacién de la presencia de sal en los ingredientes que
se seflala en los envases

Se debe recomendar el consumo de gofio en la dieta
de la poblacién anciana canaria ya que contribuye a
cubrir los déficits nutricionales de los siguientes mi-
croelementos esenciales: cobre, hierro, zinc y manga-
neso.
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Resumen

La nutricion parenteral (NP) constituye un elemento
esencial en el tratamiento de muchos pacientes hospitali-
zados. Sin embargo, su administracion no esta exenta de
complicaciones quedando sujeta a la aparicion de reac-
ciones adversas de diversa indole como las de hipersensi-
bilidad, por lo que es considerada por el ISMP (Institute
for Safe Medication Practice) como medicacion de riesgo.
Se presenta el caso de una paciente oncoldégica con desnu-
tricion severa, que tras recibir NPT durante varios dias,
desarrolla una reaccion de hipersensibilidad que, ante la
posibilidad de estar asociada a la administracion de la
mezcla intravenosa, nos planteo la dificultad de la nutri-
cion preoperatoria y nos llevé a analizar las causas proba-
bles de esta reaccion.

(Nutr Hosp. 2014;29:695-697)
DOI:10.3305/nh.2014.29.3.7156

Palabras clave: Nutricion parenteral. Alergia. Hipersensi-
bilidad.

Introduccion

La nutricién parenteral (NP) constituye un elemento
esencial en el tratamiento de muchos pacientes hospita-
lizados, siendo muchas veces la tnica via de alimenta-
cién posible para tratar pacientes desnutridos o con
riesgo de estarlo. Sin embargo, su empleo no estd exen-
to de complicaciones.

Tal es asi, que es considerada por el ISMP (Institute
for Safe Medication Practice) como medicacion de
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HYPERSENSIBILITY REACTION TO
PARENTERAL NUTRITION APPROACH;
A CASE REPORT

Abstract

Parenteral nutrition (PN) is essential in the treatment of
many hospitalized patients. However, administration of
PN is not without potential complications and patients are
exposed to related possible adverse reactions such as
hypersensitivity. For that reason and because of the
complexity of this treatment, PNs are considered by the
ISMP (Institute for Safe Medication Practice) a high risk
medication. Following is introduced the case of an
oncologic patient with severe malnutrition, who after
receiving PN for several days, developed a hypersensitivity
reaction that could have being associated with intravenous
mixture administration. Our aim is to analize the
difficulties related with pre-surgery nutrition and to clarify
the main possible causes of the reaction.

(Nutr Hosp. 2014;29:695-697)
DOI:10.3305/nh.2014.29.3.7156

Keywords: Parenteral nutrition. Allergy. Hypersensibi-
lity.

riesgo y estd, por tanto, sujeta a la aparicion de reacciones
adversas de diversa indole'. Una de las menos comunes
pero que pueden comprometer el aporte nutricional de
los pacientes son las reacciones de hipersensibilidad.
Se ha observado que de todas las reacciones alérgicas,
entre un 6-10 %, son debidas a farmacos>. Estas reac-
ciones de hipersensibilidad se categorizan en 4 tipos,
destacando la tipol que es provocada por re-exposicion
aun tipo especifico de antigeno.

El cancer de cervix es la segunda causa de céncer en
mujeres a nivel mundial®. La histerectomia radical se
ha convertido en el standard de manejo de esta patolo-
gia en los estadios iniciales, pero la aplicacion de radia-
cién mediante braquiterapia o irradiacién externa cada
vez es mas utilizada. Ambos tipos de radiacién han su-
frido un desarrollo en clinica muy rdpido cuyas conse-
cuencias terapéuticas atin no estan claras. Se ha obser-
vado que ambas técnicas pueden producir toxicidad
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aguda y complicaciones a largo plazo sobre todo a ni-
vel gastrointestinal pudiendo ocasionar obstruccion,
perforacidn, abcesos, sindrome de malabsorcion, alte-
racién del transito o aparicién de fistulas con necesidad
de reintervenciones quirtirgicas®.

Existen datos suficientes en la literatura que apoyan
el uso de la nutricién preoperatoria, en especial en
aquellos individuos con desnutricién o riesgo de desa-
rrollarla que incluso, han llevado a sentar un grado de
recomendacién A al respecto’.

En el presente trabajo se expone el caso de una pa-
ciente oncoldgica con desnutricién severa, que tras re-
cibir NPT durante varios dias, desarrolla una reaccion
de hipersensibilidad que, ante la posibilidad de estar
asociada a la administracion de la mezcla intravenosa,
nos planteo la dificultad de la nutricién preoperatoria y
nos llevé a analizar las causas probables de esta reac-
cion.

Caso clinico

Mujer de 43 afios diagnosticada de cancer de cervix
en 2007 tratada con braquiterapia y radioterapia. Tras
presentar un cuadro de sigmoiditis actinica y obstruc-
cion intestinal a finales de 2009 es intervenida de resec-
cién intestinal a lo Hartman con resultado de colosto-
mia de descarga. En ese momento la paciente pesaba
41,5 kg, 165 cm (IMC = 15). Durante el periodo poste-
rior su peso fluctud entre 38 y 42 kg a pesar del segui-
miento nutricional sufriendo hasta cinco ingresos uno
de ellos por abceso intrabadominal y fistula ureteroen-
teral por lo que se practica una nefrostomia izquierda.

En noviembre de 2011 es intervenida de reseccion
ileocecal con anastomosis laterolateral por fistula in-
testinal. En el postoperatorio presenta un cuadro comi-
cial secundario a imipenem que provocé el ingreso en
UCI. Precisando soporte nutricional por via parenteral
durante 20 dfas.

En enero 2012 sufre nuevo ingreso por insuficiencia
renal crénica grado IIT multifactorial instaurdndose tra-
tamiento nutricional con dieta de proteccidn renal. La si-
tuacioén clinica requiere de nuevo NP durante 10 dias por
vomitos incoercibles e imposibilidad de ingesta oral.

En septiembre de 2012 reingresa a causa de una fis-
tula suprapubica, iniciando de nuevo NP con el objeti-
vo de renutrir a la paciente para afrontar una nueva in-
tervencion quirtrgica, en ese momento presentaba
IMC = 13 (37 kg, 169 cm). Al décimo tercer dia, tras
ganancia ponderal de 4 kg, la paciente desarrolla un
cuadro alérgico que inicia con eritema y prurito. Se
procede a la suspension del Antibidtico (9 dias con me-
ropenem) y se administra tratamiento con corticoides y
antihistaminico. La evolucién continda térpida en las
horas siguientes apareciendo edemas y dificultad para
respirar. En ese momento se decide suspender NP ob-
servdndose una mejoria en la sintomatologia. Dado la
necesidad imprescindible de nutricién preoperatoria,
se elabora un protocolo de reintroduccién de NP:

1. Inicio de NPT con aporte exclusivo de aminoaci-
dos, glucosa y electrolitos, utilizindose una fuen-
te de aminodcidos distinta a la de la preparacion
anterior. Iniciar siempre en horario de mafiana
con monitorizacion estrecha de la paciente.

2. Tras 48 h, si no ha habido manifestaciones de rea-
paricion de la alergia, afiadir cantidades crecien-
tes de lipidos a la parenteral durante las préximas
72h.

3. En caso de buena tolerancia, valorar la necesidad
de afadir vitaminas y oligoelementos a la mezcla.

Se reinicia NP con buena tolerancia y sin complica-
ciones, aportando hacia el 4° dia NP completa con ma-
cro y micronutrientes segtin necesidades de la paciente.

Tras objetivarse recuperacion nutricional se decide
intervencion quirdrgica con mala evolucion postopera-
toria y necesidad de ingreso en Unidad de Cuidados In-
tensivos por desarrollo de shock séptico de origen ab-
dominal y fracaso multiorgdnico que finaliza en el
fallecimiento de la paciente.

Discusion

Se expone el caso de una paciente que tras recibir
braquiterapia presenta toxicidad y diversas complica-
ciones a largo plazo similares a las descritas en la bi-
bliografia®. En este caso la toxicidad se centra en dafio a
nivel intestinal desarrollando fistulizaciones y abcesos
que obligaron a realizarle diversas intervenciones qui-
rirgicas, entre ellas una reseccion intestinal que difi-
culta una adecuada nutricion.

En primer lugar fue necesario establecer alguna rela-
cién de causalidad entre la alergia y la NP. Dado que la
paciente habia recibido NP en ingresos previos, cabia
la duda de la relacién entre ambos.

Teniendo en cuenta que las reacciones inmunoldgi-
cas requieren un periodo previo de sensibilizacion al
farmaco y por ello nunca se pueden producir en la 1°
dosis administrada, precisando un periodo mds o me-
nos prolongado de contacto con dicho farmaco, se de-
duce que la reaccién alérgica puede ocurrir como mini-
mo en la 2° administracion, o bien al cabo de muchos
tratamientos.

El estudio de la alergia a cualquier firmaco precisa
pruebas de reaccion cutdnea, pero ante la imposibilidad
de realizarlas en nuestro centro, utilizamos el Algorit-
mo de Naranjo® obteniendo un valor de 3 puntos (escala
del I al 13) por lo que clasificamos la relacién de causa-
lidad entre la NPT y la reaccién de hipersensibilidad
como probable.

Revisando la historia clinica constatamos que la pa-
ciente habia presentado convulsiones en un ingreso
previo a causa de tratamiento con imipenem, por lo que
se planted la posibilidad de una reaccién cruzada a me-
ropenem. Sin embargo, la bibliografia expone que para
considerar una reaccién alérgica farmaco-dependiente,
ésta debe diferir de la accién farmacoldgica o no estar
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contemplada como reaccién adversa esperable’. En es-
te caso las convulsiones relacionadas con imipenem
eran un evento adverso ampliamente descrito por lo
que esta posibilidad se descart6. Ademas, segtin la evo-
lucién médica la reaccién de hipersensibilidad conti-
nué exacerbandose una vez fue suspendido el antibi6ti-
coy, por el contrario, mejord tras la retirada de la NP.

Uno de los principales problemas con el que nos en-
contramos fue la identificacion del alérgeno ya que la
NP es una mezcla intravenosa compleja con multitud
de componentes.

Si bien se han descrito en la bibliografia casos de hi-
persensibilidad tras infusién de emulsiones lipidicas’,
es necesario destacar que los datos publicados datan de
los afios 80 en los que se utilizaban emulsiones lipidi-
cas de 1° generacion (a base de aceite de soja purifica-
do). La mezcla i.v. administrada a nuestra paciente
contenia una emulsion grasa de tercera generacion aun-
que con una parte de aceite de soja en su composicion
por lo que no podiamos descartarlo como posible alér-
geno a pesar del precedente de exposicion previa sin
reaccion alguna.

Las soluciones de aminodcidos y sobre todo las pro-
tefnas de la soja® también han sido asociadas a casos de
hipersensibilidad; en el caso que nos ocupa no utilizamos
proteinas de la soja en lamezclai.v. por lo que considera-
mos menos probable su responsabilidad en la reaccion.

La hipersensibilidad a los micronutrientes, vitaminas
y oligoelementos, y excipientes de la NP son las mds
frecuentemente descritos’, por ello, pesar de ser los mis-
mos compuestos que se administraron en la primera ex-
posicién no los descartamos como probables alérgenos.

Ante la necesidad de continuar con el tratamiento
nutricional preoperatorio, fundamental para renutrir a
la paciente y disminuir el riesgo de complicaciones, se
decidi6 la prueba de provocacion para lo que se elabor6
un protocolo basado en un caso similar®, en el que se
propuso la introduccién paulatina de macro y micro nu-
trientes a fin de poder detectar si alglin componente era
el causante de la reaccion.

Finalmente se reinstauré la nutricién artificial sin
manifestacion clinica de hipersensibilidad. A pesar de
los resultados del test de causalidad no logramos cons-
tatar que la reaccion sea debida a la NPT.

Si bien, la NP se considera un farmaco de riesgo, son
pocos los casos de alergia descritos en la bibliografia
durante los tdltimos afios, esto puede deberse al avance
en la tecnologifa de la formulacién de los compuestos,
sin embargo ante la aparicion de una reaccion de hiper-
sensibilidad en un paciente polimedicado que ademads
recibe NP, debe sospecharse su relacién de causalidad
y realizarse un estudio minucioso para confirmarla, sin
que esto perjudique el estado de nutricion del paciente.
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