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NORMAS DE PUBLICACION PARA LOS Nutricion
AUTORES DE NUTRICION HOSPITALARIA Hosprtalana

NutRicioN HOSPITALARIA, es la publicacion cientffica oficial de la Sociedad Espaiiola de Nutricién Parenteral y Enteral (SENPE), de
la Sociedad Espariola de Nutricién (SEN), de la Federacién Latino Americana de Nutricién Parenteral y Enteral (FELANPE) y de la Fe-
deracion Espafiola de Sociedades de Nutricién, 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 est4 siendo evaluado para publicacién, en otra revista y deben haber-
se elaborado siguiendo los Requisitos de Uniformidad del Comité Internacional de Directores de Revistas Médicas en su (itima ver-
sién (versién oficial disponible en inglés en http://www.icme.org; correspondiente traduccién al castellano en:
http://www.metodo.uab.es/enlaces/Requisitos_de_Uniformidad_2006.pdf).

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 presentacién

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

— Una breve explicaciéon de cudl es su aportaciéon asi como su relevancia dentro del campo de la nutricién.

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

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

— Cesion a la revista NUTRICION HOSPITALARIA de los derechos exclusivos para editar, publicar, reproducir, distribuir copias, preparar traba-
jos derivados en papel, electrénicos o multimedia e incluir el articulo en indices nacionales e internacionales o bases de datos.

— Nombre completo, direccién postal y electronica, 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
Investigacion o de Ensayos Clinicos correspondiente y de la Declaracién de Helsinki vigente, disponible en: http://www.wma.net/s/in-
dex.htm.

1.2 PA4gina 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
acrénimos 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 auto-
res, 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 pre-
sentacion.

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
Serd estructurado en el caso de originales, originales breves y revisiones, cumplimentando los apartados de Introduccion, Objetivos,
Métodos, Resultados y Discusion (Conclusiones, en su caso). Debera ser comprensible por si mismo y no contendra citas bibliogréficas.
Encabezando nueva pégina se incluird la traduccion al inglés del resumen y las palabras clave, con idéntica estructuraciéon. 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 incluiréd 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, Méto-
dos, 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 nor-
mas 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 nUmero 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 Interna-
cional 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 arébigos
en superindice.

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

Para citar las revistas médicas se utilizaran las abreviaturas incluidas en el Journals Database, disponible en: http://www.
ncbi.nim.nih.gov/entrez/query.fcgi?db=journals.

En su defecto en el catalogo de publicaciones periédicas en bibliotecas de ciencias de la salud espafolas: 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 infor-
macién para poder interpretarse sin recurrir al texto y deberan estar escritas en el mismo formato que el resto del manuscrito.

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

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

1.11 Autorizaciones
Si se aporta material sujeto a copyright o que necesite de previa autorizacién para su publicacion, se deberd acompanar, al manuscri-
to, 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 Original breve: Trabajo de la misma caracteristica que el original, que por sus condiciones especiales y concrecion, puede ser publi-
cado de manera mas abreviada.

2.3 Revision: Trabajo de revision, preferiblemente sistematica, sobre temas relevantes y de actualidad para la nutricion.

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

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

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

2.8 Carta Cientifica: La multiplicacion 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

* Direccién para correspondencia
e Texto maximo 400 palabras

¢ Una figura o una tabla

¢ Maximo cinco citas

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

2.9 Articulo de Recensién: Comentarios sobre libros de interés o reciente publicacion. Generalmente a solicitud del Comité editorial aun-
que también se consideraran aquellos enviados espontaneamente.

2.10 Articulo Especial: EIl Comité Editorial podra encargar, para esta seccion, otros trabajos de investigacion u opinién que considere de
especial relevancia. Aquellos autores que de forma voluntaria deseen colaborar en esta seccién, deberan contactar previamente con el Di-
rector de la revista.

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

EXTENSION ORIENTATIVA DE LOS MANUSCRITOS

Tipo de articulo Resumen Tablas y figuras Referencias
.. Estructurado Estructurado
Original 250 palabras 4.000 palabras 5 3
. Estructurado Estructurado
CIEEIE 150 palabras 2.000 palabras 2 &
. Estructurado Estructurado
Revisién 250 palabras 6.000 palabras 6 150
Notas clinicas 150 palabras 1.500 palabras 2 10
Perspectiva 150 palabras 1.200 palabras 2 10
Editorial — 2.000 palabras 2 10a 15
Carta al Director — 400 palabras 1 5

Eventualmente se podra incluir, en la edicién electronica, una version méas 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 més 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. Loégicamente, por motivos éticos obvios, estos reviso-
res 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 publicacion de los manuscritos, se enviara una prueba al autor responsable de la correspondencia utilizando el correo electré-
nico. Esta se debe revisar detenidamente, sefialar posibles erratas y devolverla corregida a su procedencia en el plazo maximo de 48 horas. Aque-
llos autores que desean recibir separatas deberan de comunicarlo expresamente. El precio de las separatas (25 ejemplares) es de 125 euros + IVA.
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Changes, functional disorders, and diseases in the gastrointestinal

tract of elderly

M. Grassi', L. Petraccia', G. Mennuni', M. Fontana?, A. Scarno', S. Sabetta' and A. Fraioli'

'Deparment Internal Medicine and Medical Disciplines. Unit of Internal Medicine E, Medical Therapy and Thermal Medicine -
School of Specialization in Thermal Medicine. *Department of Biochemical Sciences. Sapienza University of Rome. Rome. Italy.

Abstract

This article describes changes in the basic digestive
functions (motility, secretion, intraluminal digestion,
absorption) that occur during aging. Elderly individuals
frequently have oropharyngeal muscle dysmotility and
altered swallowing of food. Reductions in esophageal
peristalsis and lower esophageal sphincter (LES) pres-
sures are also more common in the aged and may cause
gastroesophageal reflux.

Gastric motility and emptying and small bowel motil-
ity are generally normal in elderly subjects, although
delayed motility and gastric emptying have been reported
in some cases.

The propulsive motility of the colon is also decreased,
and this alteration is associated with neurological and
endocrine-paracrine changes in the colonic wall.

Decreased gastric secretions (acid, pepsin) and impair-
ment of the mucous-bicarbonate barrier are frequently
described in the elderly and may lead to gastric ulcer.

Exocrine pancreatic secretion is often decreased, as is
the bile salt content of bile.

These changes represent the underlying mechanisms of
symptomatic gastrointestinal dysfunctions in the elderly,
such as dysphagia, gastroesophageal reflux disease, pri-
mary dyspepsia, irritable bowel syndrome, primary con-
stipation, maldigestion, and reduced absorption of nutrients.
Therapeutic management of these conditions is also
described.

The authors also review the gastrointestinal diseases
that are more common in the elderly, such as atrophic gas-
tritis, gastric ulcer, colon diverticulosis, malignant tumors,
gallstones, chronic hepatitis, liver cirrhosis, Hepato Cellu-
lar Carcinoma (HCC), and chronic pancreatitis.
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CAMBIOS, DOLENCIAS FUNCIONALES
Y ENFERMEDADES EN EL SISTEMA
GASTROINTESTINAL EN PERSONAS MAYORES

Resumen

Este articulo describe los cambios en las funciones
digestivas basicas (motilidad, secrecion, digestion intralu-
minal, absorcion) que ocurren en el envejecimiento. Los
individuos ancianos a menudo presentan una dismotili-
dad de la musculatura orofaringea y una alteracion de la
deglucion de los alimentos. Las reducciones en el peristal-
tismo esofagico y de las presiones del esfinter esofigico
inferior (EEI) también son mas frecuentes en las personas
mayores y pueden causar un reflujo gastroesofagico.

La motilidad y el vaciamiento gastricos asi como la
motilidad intestinal son, por lo general, normales en los
individuos ancianos, si bien se han notificado en algunos
casos una motilidad y vaciamiento gastricos retardados.

La motilidad propulsora del colon también esta dismi-
nuida y esta alteracion se asocia con cambios neurolégi-
cos y endocrinos-paracrinos de la pared colénica.

En el anciano se describen frecuentemente disminu-
cion de las secreciones gastricas (acido, pepsina) y altera-
cion de la barrera mucosa-bicarbonato, lo cual puede
favorecer la vilcera gastrica.

A menudo la secreciéon pancreatica exocrina esta dis-
minuida, asi como el contenido en sales biliares de la bilis.

Estos cambios representan mecanismos subyacentes
de las disfunciones gastrointestinales sintomaticas del
anciano tales como disfagia, enfermedad por reflujo gas-
troesofagico, dispepsia primaria, sindrome del intestino
irritable, estrefiimiento primario, maladigestion y dismi-
nucion de la absorcién de nutrientes. También se describe
el manejo terapéutico de estos trastornos.

Los autores también revisan las enfermedades gas-
trointestinales que son mas frecuentes en el anciano, tales
como las gastritis atroéfica, la dlcera gastrica, la diverticu-
losis colonica, los tumores malignos, los calculos biliares,
la hepatitis cronica, la cirrosis hepatica, el carcinoma
hepatocelular (CHC) y la pancreatitis crénica.

(Nutr Hosp. 2011;26:659-668)
DOI:10.3305/nh.2011.26.4.5109

Palabras clave: Dolencias gastrointestinales. Enfermedades
digestivas. Personas mayores.
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Abbreviations

LES: Lower esophageal sphincter.

HCC: Hepato cellular carcinoma.

UES: Upper esophageal sphincter.

NO: Nitric oxide.

NOS: Neuronal NO synthase.

ROS: Reactive oxygen species.
NSAIDs: Nonsteroidal anti-inflammatory drugs.
GERD: Gastroesophageal reflux disease.
CNS: Central nervous system.

PDS: Postprandial distress syndrome.
PUD: Peptic ulcer disease.

IBS: Irritable bowel syndrome.

Introduction

Modern-day gerontologists tend to regard aging as a
biological phenomenon characterized by temporal
continuity, heterogeneity at the somatic, cellular, and
molecular levels, and the capability of being modu-
lated.

The latter feature allows us to envision the elderly
individual in a wide range of situations, ranging from
disease that is more or less disabling through variable
degrees of functional deficits to persistent productivity
and creativity the so-called “successful elderly”.

If we apply these concepts to the pathophysiology of
the digestive system and to the classification of the
digestive diseases of the elderly, we find subjects
whose basic digestive functions remain more or less
efficient; others with functional alterations of motility,
secretion, and/or absorption, which not infrequently
give rise to functional digestive diseases; and others
with diseases that are more frequent and/or more
severe in the elderly, sometimes due to disease that is
primarily extragastrointestinal. Therefore, it is impor-
tant to define the “normal” changes in digestive activity
that occur as age advances, those that are part of the
physiological phenomenon of aging and unrelated to
specific diseases. General consensus holds that no
digestive diseases or disorders are seen exclusively in
elderly persons. However, the prevalence and inci-
dence of functional disorders and diseases involving
this system are clearly higher than those observed in
younger subjects.

Motility

Oropharynx: In the oropharyngeal phase of swal-
lowing, retention in the valleculae and the piriform
sinuses increases, the driving force of the tongue
diminishes, pharyngeal peristalsis is preserved, and the
pressure and opening of the upper esophageal sphincter
(UES) decrease;'?* the efficiency of the pharyngo-UES
contractile reflex also declines with age.*> On the
whole, however, the persistence of effective glottal

closure protects the elderly subject from aspiration
pneumonia. ¢’

Esophagus: The term presbyesophagus has been
used to refer to the condition characterized by low-
amplitude peristaltic waves, polyphasic waves in the
esophageal body, incomplete upper sphincter relaxa-
tion, esophageal dilatation, delayed muscle relaxation
after swallowing, reduced postdeglutition peristalsis
secondary to esophageal distention, with incomplete
clearance of low and high-viscosity liquids.** Morpho-
logical studies have revealed loss of neurons in the
esophagus.'® The reduced amplitude of the peristaltic
waves decreases clearance of the esophageal contents
and prolongs episodes of reflux." In elderly individuals
who are healthy, inverse correlations have been
observed between age, esophageal sphincter pressures,
and the amplitude and velocity of peristaltic waves in
the esophagus.'?

Numerous studies have shown that the amplitude of
the peristaltic pressure wave decreases in the elderly,
whereas wave duration and velocity are unchanged.®!

These changes result in dysphagia and gastroe-
sophageal reflux, which are often provoked or aggra-
vated by nondigestive disease.

Stomach: According to Madsen, gastric emptying
and small-intestinal motility are not appreciably
altered in the elderly,' but other authors have described
reductions involving liquid emptying," solid empty-
ing,'* and peristaltic contractions.” Some studies have
found that postprandial gastric peristalsis is diminished
in this age group and that gastric emptying after a high-
fat meal is more markedly delayed, particularly in indi-
viduals with low physical activity levels.'®"

These observations can be correlated with the reduced
subpopulations of cholinergic neurons observed in aged
rats.”

These changes have clinical repercussions, and they
would account for the increased incidence and preva-
lence of gastroesophageal reflux and functional dys-
pepsia in elderly individuals.

Small bowel: The majority of studies indicate that
small intestinal motility does not change with normal
aging.lﬁ,ll,z;’

Colon: In subjects over 80, the transit of fecal mater-
ial through the colon is slowed as a result of the reduced
number of neurons in the plexus, especially the myen-
teric plexus.?

According to some authors, nitric oxide (NO) syn-
thesis also decreases as a result of reduced levels of
neuronal NO synthase (NOS) reflected by reduced
numbers of cells displaying NOS immunoreactivity.”
Other studies have revealed increased expression of
opioid receptors in guinea pigs and the disappearance
of constipation in elderly humans treated with opioid
antagonists.” Finally, reduced release of acetylcholine
has been observed in the myenteric plexus of aged rats,
and this would explain the diminished rate and efficacy
of peristalsis documented in these animals.”” All of
these findings help explain the higher frequency of

660 Nutr Hosp. 2011;26(4):659-668

M. Grassi et al.



constipation in elderly subjects, although it is also
related to a number of other dietary, behavioral, iatro-
genic, and disease-associated factors, as we shall see in
the pages that follow.

At the anorectal level, age-related changes include
external sphincter thinning, thickening of the internal
sphincter, reduced maximal squeeze pressures (in
women but not men), reductions in resting anal canal
pressures (similar in both sexes),*? and reduced pres-
sure thresholds for relaxation of both sphincters. On
the whole, these changes increase the probability of
fecal and gas incontinence in the elderly.

Gastric secretions: Baseline and stimulated produc-
tion of HCI are both reduced. However, this change
does not appear to occur when the gastric mucosa is
intact, i.e., in individuals without atrophic gastri-
tis.*3132 In general, pepsin secretion seems to be within
normal limits in older persons who are healthy and
reduced in those with Helicobacter pylori infections.”

Epidemiologic studies have revealed an increased
prevalence of atrophic gastritis among the elderly with
rates that range from 50% to 70%.%

Haruma et al. found that gastric secretion was nor-
mal in subjects who were H. pylori-negative, but posi-
tivity was associated with reduced secretion secondary
to atrophic gastritis and production of inflammatory
cytokines that inhibits parietal-cell activity.**

Atrophic gastritis leads to events that include
reduced acid secretion, bacterial proliferation, malab-
sorption of nutrients and of vitamin B, ,, and macrocytic
anemia.* It also promotes the production of reactive
oxygen species (ROS) that increase the risk of carcino-
genesis.”’® The atrophic gastritis associated with Heli-
cobacter infection seems to reduce the production of
ghrelin and stimulate leptin activity, effects that favor
anorexia and undernutrition in the elderly.*##

There are decreases in the cytoprotective mucus-
bicarbonate barrier and in cell proliferation in the gas-
tric wall. The former change is caused by decreased
concentrations of prostaglandins (PGs), PGE, in particu-
lar, which strongly influences the secretion of both
mucus and bicarbonate.*# Proliferative activity in the
cells of the gastric mucosa is also decreased as a result
of the downregulated expression of growth factors and
of growth-factor-related enzymes.** Studies con-
ducted in animals and in humans have revealed
reduced gastric blood flow.*+7

Collectively, these findings point to weakened gas-
tric defenses that render the stomach more vulnerable
to the damaging effects of nonsteroidal anti-inflamma-
tory drugs (NSAIDs), which are used (and abused) fre-
quently by elderly individuals.

Small bowel: The mucosa of the small bowel in
rodents shows age-related loss of height involving both
the villi and enterocytes, while studies in human have
not revealed any changes in small intestine architec-
ture.*** In aged rats, prolonged stress causes atrophy,
impaired hydrolase activity, and reduced absorp-
tion.***! Conflicting findings have been reported on

nutrient absorption in humans. In one study, the
absorption of fat was found to be normal in healthy
elderly individuals, and there was no correlation
between age and 72 h fecal fat excretion.”? According
to other investigators, fat absorption is slowed in older
subjects.”

Pancreas: Age-related changes in pancreatic
exocrine secretion include decreased flow rates and
diminished production of bicarbonate and enzymes.
These changes are generally not associated with clinical
manifestations and do not require substitution therapy.>
There is also a decrease in secretin-stimulated secre-
tions.*” Most studies have found relatively insignificant
age-related differences in pancreatic function, although
the volume of pancreatic secretions observed after
stimulation and the volume of pancreatic enzymes are
reportedly decreased in older subjects.”*"* One study
revealed reduced absorption of radiolabeled fats in
elderly individuals, which improved after the adminis-
tration of pancreatic lipase.”

Liver and bile: Elderly subjects exhibit increases in
cholesterol secretion and decreased secretion of bile
acids.® The prevalence and incidence of hypokinetic
gallbladder disease and sphincter of Oddi dysfunction
also increase.' s

Nutrient digestion and absorption: Endoluminal
digestion of foods can be impaired descondary to
hyposecretion of gastric acid and pepsin. Decreases in
the secretion of pancreatic juice and bile salts also
reduces and slows this process. As noted earlier, func-
tional alterations involving peptic and HCL secretion
can reduce the absorption of vitamins and minerals.®
Glucide (D-xylose absorption test) and lipid absorption
can be reduced by hyposecretion of bile and lipases,
although this finding has not been observed in all studies.**
Excessive use of proton pump inhibitors can also pro-
mote bacterial proliferation in the small intestine and
produce malabsorption and malnutrition.

The gastroenteric mucosa is characterized by active
proliferation, and in normally fed aged rats this activity
seems to be increased whereas apoptosis is less evi-
dent;*7 lower caloric intakes are associated with an
increase in apoptosis.®

The proliferative and secretional responses to gas-
trin are also reduced, possibly reflecting the predomi-
nance of somatostatin-sensitive cells over those that
are gastrin-sensitive.®

Functional digestive disorders and diseases

Functional disorders of the digestive tract cause
symptoms and distress with no evidence of organic
disease. They include dysphagia, gastroesophageal
reflux disease (GERD), primary dyspepsia, irritable
bowel syndrome, and chronic primary constipation.
These disorders are more frequent in the elderly, even
in the absence of extradigestive diseases that favor
their development.

Digestive system diseases in the elderly
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Dysphagia: Is very common in elderly individuals,
particularly those who are physically disabled and need
assistance to eat.”””'” It can be caused by functional
alterations that affect the act of swallowing (oropha-
ryngeal dysphagia) or the transport of ingested food
through the esophagus.” In elderly patients with this
disorder, care must be taken to exclude local (pharyn-
goesophageal or extragastrointestinal) causes and sys-
temic disease, neuromuscular disorders in particular.™
The former include oropharyngeal tumors, Zenker’s
diverticulum,” cervical osteophytes that impinge on the
esophagus,’ aortocardiac compression,” thyroid hyper-
trophy, achalasia, diffuse esophageal spasm, drug-
induced forms of esophageal dysmotility, esophageal
neoplasms, organic stenosis of the esophagus, and
iatrogenic esophageal lesions. The latter consist of
CNS disease (above all stroke, Parkinson’s disease,
multiple sclerosis, and Alzheimer’s disease),”* neu-
romuscular disorders (amyotrophic lateral sclerosis,
dermatomyositis, myasthenia gravis),*' and systemic
diseases like diabetes, atherosclerosis, and sclero-
derma.

Management of dysphagia in older subjects requires
a multidisclipinary approach not only for diagnosing
and treating the disorder: assistance must also be pro-
vided to ensure that the patient is adequately nourished.

Gastroesophageal reflux disease (GERD): The most
common symptoms of GERD are digestive (belching,
retrosternal burning and pain, acidity) and extradiges-
tive (cough, hoarseness, laryngitis, asthma). This con-
dition is quite common in elderly subjects. It is found in
around 20% of all those seen in outpatient clinics.*
Gastroesophageal reflux disease is characterized by
diminished, low-efficiency esophageal peristalsis with
delayed transit of the food bolus, less effective mucosal
clearance, incontinence of the lower esophageal
sphincter, and delayed gastric emptying. Sometimes
there is also shortening of the intra-abdominal segment
of the lower esophageal sphincter (LES), an increased
risk of hiatal hernia, reduced defense of the esophageal
mucosa, and a higher frequency of duodenogastric
reflux, which exposes the mucosa to the cytoaggressive
effects of the bile salts.**+ More recently, detrimental
effects have been observed when the esophageal transit
of alendronate (which is widely prescribed for older
patients) is delayed in the presence of acid reflux.*’

In the elderly, GERD is generally manifested by dys-
phagia, vomiting, and breathing difficulties; less fre-
quent symptoms include retrosternal burning and acid
regurgitation.®®

Damage to the esophageal mucosa occurs fre-
quently, with esophagitis, erosions (a frequent cause of
bleeding), Barrett’s esophagus, metaplasia, and car-
cinogenesis.

Treatment consists in the use of proton pump
inhibitors, prokinetic drugs, hydration with bicarbona-
ted mineral waters along with the following dietary and
behavioral measures: maintenance of an upright posi-
tion after meals, sleeping with the chest elevated,

smaller low-fat meals, and avoidance of strong alco-
holic drinks, carbonated beverages, and smoking.*

Alpha-adrenergic antagonists, calcium channel
blockers, nitrate vasodilators, and anticholinergic
agents can also promote gastroesophageal reflux by
altering lower esophageal sphincter continence and
gastric emptying.

Functional dyspepsia (FD): This condition is
defined as the presence of persistent or recurrent upper
abdominal symptoms, including epigastric pain and/or
burning, postprandial fullness, and early satiation.”*! It
is particularly common in elderly individuals, espe-
cially the variant known as the postprandial distress
syndrome (PDS), which is similar to dysmotility-like
dyspepsia.” Management includes prokinetic drug
therapy, dietary management, and sometimes treat-
ment of depression, which is often associated with the
dyspepsia.”*

The causes of secondary forms of dyspepsia need to
be identified and treated. They include drugs; organic
disease of the digestive tract (particularly atrophic gas-
tritis, peptic ulcer disease (PUD), tumors, gallstones)
and extragastrointestinal disease (particularly vascular
and neurological disorders); consumption of large,
high-fat meals, strong alcoholic drinks, or carbonated
beverages; smoking. Duodenogastric reflux is a fre-
quent occurrence, and the presence of bile salts in the
stomach can cause damage to the gastric mucosa (pro-
kinetic drugs are useful in these cases).”

Irritable bowel syndrome (IBS): The frequency of
IBS in the elderly is similar to that in other age groups.
The most common symptoms are abdominal pain or
discomfort, that is relieved by defecation, changes in
stool frequency and/or form, presence of mucus in the
stools, and bloating or feelings of abdominal disten-
sion.” Organic disease has to be excluded in these
cases. The prevalence of IBS is higher in women than
in men and in adults and elderly subjects than in young.
The overall prevalence is 10-20%, and IBS accounts
for 20-50% of all gastroenterology consults.”>***” IBS is
frequently associated with functional dyspepsia, colon
diverticula, fibromyalgia, anxiety, and depression.”
Treatment is based on dietary modifications, control of
diarrhea (a frequent symptom of IBS) with drugs like
loperamide, anticholinergic and antispasmodic drugs,
control of constipation (another common symptom —
see following paragraph) with laxatives, and antide-
pressants.”

Chronic primary constipation: Manifested by per-
sistent reductions in bowel movement frequency
accompanied by sensations of difficult and seemingly
incomplete evacuation,” chronic primary constipation
is the most common functional disturbance encoun-
tered in older individuals. It may be associated with
normal or reduced intestinal transit rates in the large
intestine.'®

Like all functional digestive disorders, chronic pri-
mary constipation is diagnosed by a process of exclu-
sion. In the presence of constipation, the first step is to
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rule out organic disease. This includes digestive (espe-
cially neoplastic disease) and nondigestive causes.

The most frequent cause of constipation is delayed
fecal transit in the colon secondary to reduced intesti-
nal motility. In older individuals, this is more likely to
be associated with chewing deficits, reduced gastric
acid secretion, reduced fluid and fiber intake, and limited
physical activity.!0t102103104 A number of diseases can
cause secondary constipation:'®

* Endocrine and metabolic diseases (especially dia-

betes and hypothyroidism).

Myopathy (e.g., myotonic dystrophy, sclero-

derma, amyloidosis).

* Neurologic disease (especially cerebrovascular

disease, multiple sclerosis, or Parkinson disease).

Psychiatric disturbances (e.g., depression and

anxiety).

* Organic colorectal disease: stenosis (caused by
tumors, Crohn’s disease, or other causes), hemor-
rhoids, fissures, rectal prolapse, etc.

Drug-related constipation is very important. It can
be caused by anticholinergics, antidepressants, antihis-
tamines, several antihypertensive drugs, opioids, hyp-
notics, and antacids.!” Treatment is based on ensuring
adequate fluid intake, a diet rich in fiber (35-40 g/day),
olive oil, physical activity, and laxatives.'”® The daily
fiber intake should be at least 15 grams. Foods with
high-fiber contents include whole-grain bread, bran,
beans, filamentous vegetables, and fresh fruit.'®'"° Lax-
atives include lubricants, such as vegetable and mineral
oil, liquid paraffin, and docusate sodium, and hydrating
agents (osmotics) like magnesium hydroxide, magne-
sium sulfate, magnesium citrate, and sodium biphos-
phate, which can cause potassium depletion, sodium
and water retention, and diarrhea.!"! This latter group
also includes sorbitol, lactulose, and polyethylene gly-
col (PEG). The first two can cause flatulence. PEG is
metabolized by the microbial flora of the intestine and
is therefore better tolerated.!'>'"* The so-called bulk
laxatives (psyllium, agar, methylcellulose) are rarely
used. They have been replaced by the use of high-fiber
diets.

The stimulant laxatives (senna, bisacodyl, cascara)
increase peristalsis in the colon and promote the secre-
tion of water and electrolytes from the gut wall; they
can sometimes cause cramps.'” Their prolonged use
can lead to electrolyte depletion and the condition
known as cathartic colon, which is characterized by
atonic dilatation with loss of haustra. Metoclopramide
is of limited value.'”

More recently colchicine and misoprostol have been
approved by the FDA to increase propulsive activity in
the gut, and useful effects have been obtained with
tegaserod, a SHT-4 receptor agonist, and lubiprostone,
abicyclic fatty acid that softens the stool."*!'> The bath-
room must be clean and accessible, and assistance must
be available if needed. In addition, the seat of the toilet

should provide adequate support for the lower part of
the body, and the weight-bearing area should be pro-
tected to avoid the development of decubitus ulcers.!*

Among the various treatments available for chronic
primary constipation, it is important to recall the
numerous mineral waters with laxative effects that are
available in Italy. Sulfate and sodium sulfate waters are
particularly useful in these cases.'"®

Fecal incontinence is defined as the accidental,
involuntary passage of feces or gas. The prevalence of
this disorder is 2%-7% in the elderly population in gene-
ral, and over 45% among those who are institutionali-
zed.'” Fecal continence depends on various factors
including rectal compliance, anorectal sensitivity,
sphincter function, and normal neuromuscular activity
in the pelvic floor."® Alterations that have been demon-
strated in older individuals include decreased rectal
elasticity, decreased tone of the external anal sphincter
with respect to the volume of the fecal mass, and
decreased resting and squeeze pressures in the internal
anal sphincter. 11120

The patient should be examined for local conditions
(lesions of the anus and the pudendal nerves, hemor-
rhoids, fissures, rectoceles, previous surgery) and sys-
temic disease (diabetes, cognitive deficits, neurologi-
cal disease) that might favor the incontinence.'"'??
Management includes patient teaching, elimination of
local causes (inflammation, hemorrhoids, fissures,
etc.), treatment of systemic disease that is causing or
contributing to the incontinence, and treatment of diar-
rhea with loperamide, diphenoxylate, amitriptyline, or
antibiotics that act in the intestinal lumen.'»!>* The
physician should pay close attention to sudden changes
in the patient’s bowel evacuation habits, the presence
of occult or frank blood in the feces, and positive family
histories, and prescribe appropriate testing when
needed (rectocolonoscopy in particular).!2126

Digestive diseases

The most common diseases of the stomach in elderly
individuals are atrophic gastritis and peptic ulcer dis-
ease (PUD). The former is significantly associated with
H. pylori infection and reduced acid secretion.” As
noted above, hyposecretion of gastric acid reduces the
absorption of vitamin B12, iron, and calcium, and these
deficits can lead to megaloblastic or iron-deficiency
anemia and a higher frequency of osteoporosis.* Peptic
ulcers in older patients are quite often caused by the use
(or overuse) of NSAIDs.'”

The ulcerogenic activity of these drugs seems to be
enhanced by the presence of H. pylori, so the eradica-
tion of infections should reduce the incidence of
PUD. 2812913 According to some reports, around 23% of
elderly patients with PUD do not use NSAIDs and are
not infected with H. pylori, which suggests that other
factors play causative roles in the pathogenesis of
PUD."!1% H2-receptor antagonists, cytoprotective

Digestive system diseases in the elderly
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agents, and pump inhibitors are used to treat gastric
ulcers that are not H. pylori-dependent.

Upper gastrointestinal tract erosions, ulcers, and
bleeding can also be caused by steroids, antiplatelet
drugs (above all aspirin), and anticoagulants, all of
which are frequently prescribed for elderly patients.
The NSAID that seems to be associated with the lowest
risk of bleeding is ibuprofen, whereas the highest risk
is related to the use of piroxicam and azapropa-
zone.'*3+1% The increased frequency of bleeding in the
elderly is caused by the reduced efficacy of the mucus-
bicarbonate barrier and the widespread use of NSAIDs
among older subjects. In 20% of all cases, the patients’
physicians do not know that these drugs are being used,
and in 40% their use is not necessary."**'*” Cytoprotec-
tive drugs (misoprostol or proton pump inhibitors)
should always be prescribed with NSAID therapy. Cal-
cium antagonists have also been implicated in upper
gastrointestinal bleeding (due to their vasodilative and
antiplatelet effects), but conflicting data have been
reported on this issue."® Gastrointestinal bleeding in
elderly patients is associated with mortality ranging
from 5.45% to 11%. The duration of symptoms is gene-
rally brief, and epigastric pain is typically absent.

Some studies indicate that H. pylori infection
increases the risk of hemorrhage, but others attribute a
protective role to the bacteria, whose presence favors
the synthesis of PGE, in the gastric mucosa.

Duodenal ulcers: The frequency of duodenal ulcers
is increased in the elderly population because of the
higher prevalence of H. pylori infection in this group
and their increased use of NSAIDs.'* Eradication of
the infection can be achieved with combined antimi-
crobial therapy (amoxicillin + clarithromycin or clari-
thromycin + metronidazole) and a proton pump
inhibitor.™

Diarrhea: This is the second leading cause of mor-
tality in the world, and in developed countries diarrhea
is a prominent cause of mortality among the elderly.'*!
Regardless of the cause (infection, malabsorption,
enzyme deficits, extraintestinal diseases, etc.), oral or
parenteral rehydration are mandatory to prevent gene-
ral hypotension and organ damage and failure.'* Stool
examinations and culture must be performed. Depending
on culture results and the clinical course of the disease,
the diarrhea can be managed with oral antibiotic
therapy, antispasmodics, antipropulsive drugs, and/or
probiotics.'

Diverticulosis and diverticulitis: The prevalence of
diverticular disease is age-dependent with figures as
high as 60-65% among individuals over the age of 65.
Most (80-85%) of these subjects remain asymptomatic,
and 15-20% develop symptomatic diverticular infec-
tion and inflammation."** Diverticulitis requires antibio-
tic therapy and, in complicated case, surgery.'*

Ulcerative colitis and Crohn disease: The preva-
lence of these inflammatory bowel diseases in elderly
subjects is not significantly different from that
observed in young or middle-aged populations.'“

Cancer of the digestive tract: The prevalence and
incidence of esophageal cancer is increased in the
elderly, due in part to the higher frequency in this age
group of chronic esophagitis and prolonged histories
of smoking and/or alcohol abuse.'*” The prevalence
and incidence of gastric cancer is also increased,
partly as a result of the higher frequency of gastric
ulcer in these subjects and their prolonged exposure
to causative factors (particularly H. pylori), which
leads to atrophic gastritis and mucosal metaplasia.'*
As far as organic colon disease is concerned, it is
important to recall the high prevalence and incidence
among the elderly of colon cancer, polyps, adenomas
(which are often the initial stages of cancer), and
diverticulosis.!*1%

Biliary diseases: Cholelithiasis is more common in the
elderly: the prevalence among subjects over 65 years of
age is 14.5% for men and 25% for women. '"152153

This trend reflects the cumulative effects over time
of lithogenic factors, the diffusion of the western life-
style and dietary habits, age-related decreases in the
bile acid pool, and the higher concentrations of biliary
cholesterol described in certain ethnic groups.'s!
There have also been increases in the prevalence of
postcholecystectomy syndromes and recurrent bile
stones after cholecystectomy.

One problem might be the presence of conditions
that are considered contraindications to cholecystec-
tomy or that increase the risk for complications (respi-
ratory insufficiency, severe cardiopathy).

In the presence of a single cholesterol calculus not
exceeding 1.5 cm in diameter and normal intestinal
absorption and hepatobiliary function, the patient can
often be treated with hydrophilic bile acids (taurour-
sodeoxycholic acid, chenodeoxycholic acid).

After undergoing cholecystectomy, patients should
be treated periodically with sulfate-bicarbonate and
sodium-chloride mineral water, which stimulates bile
flow and exerts a washing effect on the bile duct
mucosa.**1’

Liver diseases: There is naturally an increased
prevalence among the elderly of chronic hepatitis
(mainly HCV-related), cirrhosis, and HCC, which
reflects the final phase of a long process involving the
combined effects of liver-cell degeneration and necro-
sis, fibrosis, and regenerative processes within the
hepatic parenchyma.'* It should be stressed that use of
interferon in these cases is associated with a higher risk
of adverse effects —mainly hematologic and psychia-
tric (depression)— and an increased frequency of con-
traindications related to the high prevalence of thyroid
disease in the elderly.'

Pancreatic diseases: The frequency of acute and
chronic pancreatitis is higher among older individuals
due to the cumulative effects of exogenous toxins like
alcohol as well as the increased prevalence and inci-
dence of cholelithiasis.'® The prevalence and inci-
dence of pancreatic carcinoma is also higher in the
elderly.'
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Abstract

Objective: The maintenance of normal blood glucose con-
centrations is a crucial factor to the achievement of a good
health status throughout life. However, the occurrence of
abnormalities in this parameter has become increasingly
common, which can result in several non-transmissible dis-
eases, such as type 2 diabetes and cardiovascular diseases.
Therefore, the purpose of this study was to discuss the role of
protein sources in the glycemic and insulinemic responses.

Methods: In this review paper, we critically analyzed
recently published studies that discussed the role of dif-
ferent protein sources in the glycemic and insulinemic
responses in healthy individuals and in those who have
cardiovascular diseases or type 2 diabetes.

Results: The results of some of these studies suggest
that the daily ingestion of at least one high protein meal
containing low to moderate amounts of carbohydrate
increases insulin secretion and glucose uptake, improving
insulin sensitivity. Furthermore, the results indicate that
these effects are particularly associated with the con-
sumption of animal protein (p.e. hydrolyzed whey pro-
tein), which has a high content of branched-chain amino
acids such as leucine, valine and others such as arginine,
which leads to improvements in insulin secretion and
uptake glucose, since it increases insulin sensitivity. How-
ever, there is still no consensus in the literature about the
quantity and quality of protein capable of reducing or
maintaining blood-glucose concentrations at the desir-
able range, without causing adverse effects. The differ-
ence in the results of the studies may be associated to
methodological problems presented by these studies.

Conclusions: Well designed studies should be con-
ducted to identify the quantity and quality of protein that
can lead to the improvement on blood glucose concentra-
tions, without negative effects to health. These studies
should also identify the mechanisms and the magnitude
by which protein may affect glycemic response.
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IMPACTO DE DIFERENTES FUENTES
PROTEICAS EN LA RESPUESTA GLUCEMICA
E INSULINEMICA

Resumen

Objetivo: El mantenimiento de la glucemia en concen-
traciones normales representa un factor crucial para con-
seguir un buen estado de salud a lo largo de la vida. Sin
embargo, en la actualidad, cada vez son mas frecuentes
las alteraciones de dicho parametro, siendo un factor de
riesgo potencial para el desarrollo de diabetes del tipo 2 y
enfermedades cardiovasculares. En este sentido, el obje-
tivo del presente trabajo fue discutir el papel de difer-
entes fuentes proteicas en la repuesta glucémica y
insulinémica a la alimentacion.

Metodologia: Se ha realizado una revision critica de la
literatura reciente teniendo en cuenta aquellos estudios
que se han centrado en el anilisis del papel de las difer-
entes fuentes proteicas en la respuesta glucémica y
insulinémica tanto en individuos sanos como en aquellos
que ya han desarrollado alguna alteracion cardiovascular
o bien presentan diabetes mellitus tipo 2.

Resultados: Los resultados de los estudios cientificos
revisados sugieren que la ingesta de una o mas comidas
con alto contenido en proteinas y un contenido bajo o
moderado de hidratos de carbono, mejora la secrecion de
insulina y la captacion de glucosa, mejorando asi la sensi-
bilidad insulinica. Ademas, la fuente proteica (origen ani-
mal o vegetal) y la composicién aminoacidica de las pro-
teinas ingeridas juegan a su vez un papel importante ya
que pueden dar lugar a efectos diferenciados en la
glucemia y insulinemia. Asi, normalmente aquellos estu-
dios que han utilizado alimentos cuya composicion protei-
ca se basa principalmente en aminoacidos de cadena ram-
ificada como la leucina, valina y otros como la arginina,
han demostrado mejoras en la secrecion de insulina y
captacion de glucosa, favoreciendo una mayor sensibili-
dad a la hormona. Ademais, este efecto se encuentra par-
ticularmente asociado al consumo de proteinas de origen
animal (como las proteinas hidrolizadas del suero de
leche), las cuales presentan un alto contenido de aminoa-
cidos esenciales de cadena ramificada.

Conclusiones: Sin embargo, todavia no hay un con-
senso respecto a la cantidad y calidad proteica capaz de
reducir o bien mantener en equilibrio homeostatico la
concentracion de glucosa con el fin de conseguir un buen
estado de salud sin llegar a producir efectos adversos.

(Nutr Hosp. 2011;26:669-676)
DOI1:10.3305/nh.2011.26.4.5062
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Abbreviations

CVD: Cardiovascular diseases.

GIP: Glucose-dependent insulinotropic polypeptide.

GLP-1: Glucagon-like Polypeptide-1.

kg: Kilogram.

g: Gram.

BMI: Body mass index.

kg/m?: Kilogram/square meter.

%: Percentage.

mv: milivolts.

BCAA: Branched-chain amino acids.

LEU: Leucine.

CHO: Carbohydrate.

PTN: Protein.

DM2: Type 2 Diabetes.

PEPCK: Phosphoenolpiruvate carboxykinase.

PGC-1a: Receptor and co-activator 1 o of activated
reproducer of peroxisome.

[: Beta.

g/kg/h: Gram/kilogram/hour.

g/L: Gram/liter.

mmol: milimol.

LIP: Lipid.

HDL-c: High Density Lipoprotein-cholesterol.

LDL-c: Low Density Lipoprotein-cholesterol.

Introduction

The maintenance of blood glucose concentration at
the normal range is important to health throughout life.
However, the occurrence of abnormalities in this para-
meter has become very frequent, leading to the meta-
bolic syndrome and the development of several chronic
diseases, such as type 2 diabetes (DM2) and cardiovas-
cular diseases (CVD).">? It has been claimed that the
level of physical activity, body composition and some
characteristics presented by food (For example: fruit
ripeness, food physical form, processing method and
preparation time, macronutrient contents, etc.) may sig-
nificantly affect the postprandial glycemic response.>**

Scientific evidences suggest that the ingestion of
high-protein meal, presenting low to moderate quanti-
ties of carbohydrate increases insulin secretion.® This
effect may be attributed to the synergistic effect associ-
ated to increased protein and reduced carbohydrate
ingestion, which result in the improvement of insulin
sensitivity and in glucose uptake. Besides being potent
insulin secretagogues (valine, leucine, isoleucine),
some amino acids stimulate the incretin system: Glu-
cose-dependent insulinotropic polypeptide (GIP) and
Glucagon-like Polypeptide-1 (GLP-1), thus reducing
the speed of gastric leakage, stimulating insulin secre-
tion and inhibiting glucagon secretion.”s*10!!

Furthermore, some authors suggest that the source
(animal or vegetable) and the amino acid composition
of proteins may also cause different effects on blood
glucose concentration.'? Therefore, the present study

aimed at discussing the role of different protein sources
on glycemic and insulinemic responses, after critical
analysis of studies on this subject already published.

Proteins and Glycemic Response

The intake of normal quantities of protein (0.8 g pro-
tein/kg/day, according to recommendations of the
Institute of Medicine') stimulates insulin secretion,
and may reduce significantly blood glucose concentra-
tion, depending on the amino acid profile presented by
the protein ingested. This insulinotropic effect is also
frequently observed after the consumption of high
quantities of proteins.'>'* However, there is no consen-
sus in the literature about how much protein would
cause such effect, without affecting health. A study
involving normal weight individuals verified that the
insulinemic response curve was higher as the protein
intake and glycemic response curve were lower in
response to the consumption of breakfast containing
protein/glucose (g) (50/0, 0/50, 10/50, 30/50, 50/50).
However, the gradual increase in protein intake did not
result in a significant increase in insulinemic response. '

In type 2 diabetic people, the increase in insulin
secretion stimulation may be beneficial to hyper-
glycemia reduction, preventing the occurrence of lipol-
ysis and excessive release of fatty acids, thus avoiding
the occurrence of problems related to CVD.'" In a pre-
vious study involving non-treated type 2 diabetics,
which used the same protocol adopted by the authors of
the above mentioned study," the area under the insu-
linemic response curve increased linearly and the
glycemic response decreased according to the quantity
of protein ingested. This demonstrates that insulin
secretion response is much more sensitive to protein
intake by diabetic people.'” However, it is important to
emphasize that, in a long term, the excessive intake of
proteins may lead to the occurrence of renal overload,
development of CVD and osteoporosis. !>

Effects on the regulation of blood glucose
concentrations

The insulinotropic effect presented by proteins may
lead to significant increase (over 200%) in insulinemic
response and glucose uptake. This effect has been
observed specially for the consumption of animal pro-
tein (such as whey hydrolyzed protein), which presents
high amount of essential branched-chain amino acids.!**'

Gannon et al.® verified that the intake of a high-pro-
tein (30% of protein) and low-carbohydrate (40% of
carbohydrate) diet, during five weeks, reduced the
postprandial blood glucose concentration in type 2 dia-
betic people and improved the glycemic control, if
compared to the control diet (15% of protein, 55% of
carbohydrate, and 30% of lipid). It is worth stressing
that in this stud,® the consumption of high-protein diet
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during five weeks did not affect the release of creatinin
and urinary microalbumin, which are indicators of
renal function. In spite of the importance of such
results, it cannot affirm that such parameters would
remain unchanged if such diet were applied for a long
period. Furthermore, the participants of such study did
not present homogeneous characteristics of age (39-79
years-old) or body mass index (BMI of 22-37 kg/m?),
which may have influenced the results. It has been
observed that individuals at the age of 60 years and/or
BMI higher than 24.99 kg/m?could have reduced
insulin secretion and tolerance to the blood glucose
level. Anther factor to be considered is that the effect
observed in the blood glucose level was due to the
increased protein intake or reduced carbohydrate in the
diet, or a synergetic effect of both factors.

Weigle et al.™ verified a greater stimulus for insulin
secretion after two weeks of eucaloric high-protein diet
consumption (30% protein, 20% lipid and 50% carbo-
hydrate) compared to the control diet (15% protein,
35% lipid and 50% carbohydrate) in overweight and
obese individuals. This effect was attributed to the
higher ability of proteins to stimulate insulin secretion,
in comparison to lipids. In this work, the quantities of
carbohydrates remained constant in the tested diets in
order to isolate the insulinotropic effect of protein. But,
since this evaluation was not carried out in this study,"
the glycemic response could not be inferred from these
individuals.

It was evaluated the dose-response effect of 0 to 30 g
(0,5, 10 or 30 g) of soy protein concentrate or maize oil
on glycemic response and insulin sensitivity, after the
intake of 50 g of glucose, in non-diabetic individuals
(normal insulinemic and hyperinsulinemic). The con-
sumption of the meals tested did not affect the average
blood glucose level in the groups of normal insuline-
mic and hyperinsulinemic individuals. However, it was
observed a higher reduction (p < 0.05) in the glycemic
response when the dose of 30 g of protein was
ingested.” This is an interesting result, but it must be
emphasized that the meals tested in this study were lig-
uid. Liquid food does not need chewing, and requires
less time to pass through the intestine. Besides, its
nutrients are more bioaccessible and bioavailable,?
which could lead to a bigger postprandial glycemic ele-
vation. Thus, it cannot be determined if these results
could be inferred for solid food.

Some authors** suggest that different proteins may
stimulate the release of insulin differently. The
insulinotropic effect of amino acids may occur because
they allow the entrance of calcium, by a voltage-depen-
dent mechanism related to the depolarization of the cell
membrane. This depolarization occurs when there is a
reduction in cell potassium exit, followed by the open-
ing of sodium channels, leading to an intracellular
increase of sodium and a reduction of calcium efflux.
Consequently, the difference in the membrane poten-
tial reaches O mv. Thus, the channels of dependent volt-
age calcium open up themselves, promoting an

increase in the cytoplasmatic calcium concentration,
which carries on to a maximum insulin secretion. Other
possible mechanisms of amino acid actions also occur
to the blood glucose level, in other words, the stimulus
to insulin secretion does not occur by fixation of glu-
cose to a membrane receptor, but by a receptor that
would be an enzyme of its own metabolism. For exam-
ple, the insulinotropic effects of leucine seems be
related to the glutamate dehydrogenase and dehydro-
genase of branched keto acids.**

Some authors®* consider that leucine stimulates
insulin secretion, acting both as a metabolic substrate
and allosteric activator of the enzyme glutamate dehy-
drogenase, leading to increased glutaminolysis. Gluta-
mate dehydrogenase is the key enzyme controlling
aminoacids and ammonia metabolism in pancreatic 3
cells, liver, and brain. It is believed that leucine or its
transaminated product, a-ketoisocaproate, regulates
K,,, channel activity and results in increased free
cytosolic Ca*, which triggers insulin secretory granule
exocytosis via mechanisms involving the activation of
some protein kinases and protein acylation.

Another possible mechanism by which leucine can
stimulate insulin secretion is the regulation of gene
transcription and protein synthesis in pancreatic islet §
cells through the activation of the protein serine-threo-
nine (mammalian target of rapamycin-mTOR). The
activation of this protein significantly stimulates the
phosphorylation of p705¢ and increases protein synthe-
sis in pancreatic 3 cells in a rapamycin-sensitive and
insulin-independent manner at physiological concen-
trations ranging from 0.4 mM to 4 mM.>

It is known that high concentrations of branched-
chain amino acids (BCAA) contribute to the produc-
tion of glucose in the liver (gluconeogenesis), through
the alanine-glucose cycle. The degradation of these
amino acids in the skeletal muscles is connected to the
production of alanine and glutamine, and the mainte-
nance of glycemic homeostasis. This cycle involves a
continuous release of BCAA from the liver and splenic
circulation to the skeletal muscle. The amino acid gain
by the muscular tissue leads to intracellular concentra-
tion increase and stimulates BCAA transamination for
alanine production. This amino acid is released from
the muscle to the blood and is captured by the liver to
participate in the gluconeogenesis, which contributes
to the homeostasis of the blood glucose level. The
amino acids arising from the alanine-glucose cycle,
which serve as the main carbon sources for endogenous
production of glucose, represent about 40% of this pro-
duction during the extended exercise and approxi-
mately 70% after nocturnal fasting.”

Furthermore, it has been verified the occurrence of a
positive correlation between the postprandial insuline-
mia and the increase of amino acid levels in the plasma.
This effect is more intense in response to the presence of
some specific amino acids, such as: leucine, valine,
lysine and isoleucine. This fact can be explained by
their structure, making digestion easier and resulting in

Protein in glycemic and insulinemic
responses
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Fig. 1.—Schematic representation of glycidic homeostasis mo-
dulated by amino acid ingestion.

faster release of peptides or amino acids bioactive in the
bloodstream, where incretins are activated.*'*?' There-
fore, the postprandial metabolic pathway of amino
acids could be a crucial step for the insulinotropic prop-
erties of dietary proteins. A schematic view of such
effects could be observed in the figure 1.

The effects of the hydrolyzed casein and leucine
(LEU) on insulinemia and blood glucose concentration
were evaluated after the intake of three beverages with
different contents: 0.7 g/kg of carbohydrate (CHO) or
0.7 g/kg of CHO + 0.3 g/kg of protein (PTN) or 0.7
g/kg of CHO + 0.3 g/kg PTN + 0.1 g/lkg LEU. The bev-
erages were offered to type 2 diabetic people and
healthy controls in three different events, with an inter-
val of at least seven days between the tests. It was veri-
fied a significant increase in the plasma insulin
response after the consumption of beverages CHO +
PTN and CHO + PTN + LEU, corresponding to 141
and 204% in the diabetic individuals. In the control
individuals, this increase was 66 and 221% respec-
tively, if compared with the beverage that contains
CHO (p < 0.05) only. There was a significant reduction
of 12 and 15% for the glycemic response in the group
with DM2 and 92, and 97%, in the controls after the
consumption of beverages CHO + PTN and CHO +
PTN + LEU, respectively (p < 0.05). Although the
insulinemic response is not different among the experi-
mental groups, the blood glucose concentration was sub-
stantially higher in diabetic patients in all classifications,
if compared to the controls (p < 0.01).% The results of
this study indicate that the ingestion of proteins with or
without leucine increases the insulin secretion in dia-
betic and non-diabetic individuals, and lead to a reduced
glycemic response of these individuals.

Another study evaluated the effects of increased
leucine intake in the diet, during 14 weeks, on the
improvement of the glycemic control of rats. It was veri-

fied that leucine supplementation significantly prevented
the hyperglycemia observed after the consumption of a
high-fat diet, which is related to the improvement in
insulin sensitivity and an increase in glucose tolerance,
reduced glucagon concentrations and gene expressions
of glucose-6-phosphatase, phosphoenolpiruvate car-
boxykinase (PEPCK) and peroxisome proliferator-acti-
vated receptor-y co-activator 1o (PGC-1a) involved in
hepatic gluconeogenesis.?

Nilsson et al.’ evaluated the effect of different pro-
tein sources (cod fish, milk, whey, cheese) on insulin
secretion in healthy individuals. The quantities of lac-
tose were equivalent to those in dairy meals. Dairy
products, mainly whey, presented more insulinotropic
properties than other proteins probably because the
amino acid composition of such food presents a great
quantity of branched-chain amino acids, which are
potent insulin secretagogue.®!°?!

In a study® involving type 2 diabetic people, it was
evaluated the effect of adding whey, in high glycemic
index meals on insulin secretion and glycemic control.
The evaluation occurred on two different days, with at
least one-week interval, for each person. Two reference
meals were ingested (breakfast — bread, ham and lactose;
lunch — mashed potatoes, meat cakes, ham and lactose)
on the same day, with an interval of four hours between
them. After one-week interval, the individuals received
two test meals, which were similar to the reference
meals, but replaced the protein source by whey. The ref-
erence and test meals were isocaloric. In the end of the
experiment, it was verified increased insulinemic response
both after breakfast (31%) and after lunch (57%) with
the addition of whey. According to the authors, the most
insulinotropic effect observed in breakfast could be
related to the fact that resistance to insulin is higher in the
morning, after a nocturnal fasting, resulting in lower
reduction in blood glucose after the first meal. In addi-
tion, the quantity of carbohydrate provided at lunch was
lesser than in breakfast. It was verified more GIP secre-
tion after the intake of whey. However, the treatments
applied in this study did not affect the GLP-1 concentra-
tions. Therefore, these results demonstrate that whey is
potentially able to reduce glycemic response throughout
the day and, according to the authors, it could be indi-
cated for the treatment of DM2.%

However, it is worth to point out that the participants
of that study® presented a wide range of BMI (26.2 +
3.1 kg/m?) and age (27-69 years). Furthermore, it was
not described for how long they had been diabetic. All of
these factors could cause changes in insulin secretion
and tolerance to glucose. Increased body fat may lead to
hyperinsulinemia or hyperglycemia and aging may be
related to reduced secretion of this hormone.**'* [t is
also very important to consider the time of the disease to
evaluate the degree of compromise of pancreatic §
cells and the organism’s capacity to maintain the
homeostasis of blood glucose concentration.

Akhavan et al.*® described the effect of beverages
containing different amounts of whey protein or of a
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single amount of hydrolyzed whey protein associated
with different quantities of whey protein in blood glu-
cose and insulin concentrations in healthy young
adults. These beverages were consumed 30 minutes
before the ad libitum consumption of pizza (experi-
ment 1) or the ingestion of a meal containing a fixed
amount of pizza (12 kcal/kg, experiment 2). The results
of that study indicated that the consumption of rela-
tively small quantities of whey protein before a meal
reduces postprandial glucose and insulin responses.
Although the mechanism responsible for this effect is
still unclear, it may be explained by the effect of pro-
tein on gastric emptying, reducing the postprandial
concentrations of glucose and insulin.

In another study,* the insulinotropic effect of two
milk protein fractions, casein and whey protein, intrin-
sically labeled with L-[1-13C] Leucine was evaluated.
These proteins present high content of BCAA, differ-
ing only in physical-chemical properties. It was veri-
fied that both protein fractions increased plasma
insulin concentrations. In this study, the authors report
that it is unlikely that this insulinotropic effect is asso-
ciated with biodisponibility and the presence of a bal-
anced score of amino acids, because casein and whey
protein were given in large amounts and have a high
digestibility and a well balanced amino acid score.*
However, it is know that casein coagulates when it
reaches the stomach, and its digestion is slower, result-
ing in slower release of amino acids into the circulation
and lower oxidation of plasma amino acids, with
smaller increase in protein synthesis and increase in
inhibition of protein breakdown than what is observed
after whey consumption. On the other hand, whey does
not coagulate and is digested quickly. Thus, there is a
faster release of its amino acids in the blood, resulting
in a stronger plasma insulin response.*

Van Loon et al.”? performed a crossover double blind
study, involving 8 normal weight men, with average
age of 21 = 0.4 years old, to evaluate the insulinotropic
effect of the amino acid or protein mixture co-ingested
with carbohydrate. In each experimental section, after
12 hours of fasting, ten different beverages were
ingested in random sequence, containing 0.8 g/kg/h of
carbohydrate and 0.4 g/kg/h of an amino acid or
hydrolyzed protein mixture. It was verified that the
insulinemic response corresponded positively with the
leucine, fenilalanin and tirosin concentration. Still, it
was evidenced that the protein mixture of hydrolyzed
wheat, free leucine, fenilalanin and carbohydrate
increased significantly the insulin concentration. How-
ever, it is worth stressing that amino acids and proteins in
the isolated form should be used with caution. In this
work, adverse effects were observed in the participants,
such as several diarrheas, mainly after the administration
of 57.1 g/L arginine. The authors suggest that such gas-
trointestinal symptoms seemed to reduce the intestinal
uptake of arginine, because fewer plasma concentrations
of arginine were observed after uptake of beverages with
higher content of this amino acid.

According to some authors, GIP is secreted at the
intestine in response to carbohydrate, lipid and protein
intakes.”* However, Nordt et al.* did not observe any
effect on the GIP’s response in type 2 diabetics after
intake of high-protein diet.

Johnston & Buller® evaluated the effect of peanut
products as complementary food for the reduction of
postprandial protein. Eleven healthy individuals partic-
ipated of this study (ten women and one man), with
BMI22.7 £ 1.0 and 27.9 + 2.9 years of age. These par-
ticipants ate two test meals (bagel and juice or chicken
and rice) with and without addition of peanut, in a ran-
domized crossover experimental design. It was
observed that the consumption of peanut reduced the
postprandial blood glucose. This effect was attributed
to the high content of arginine of this oleaginous,
which is a potent secretagogue of insulin. However, it
must also be considered that peanuts present high con-
tents of lipids (about 50%, mainly monounsaturated)
and fibers. These compounds may influence the
glycemic response by slowing gastric emptying and/or
activating the incretine system with consequent reduc-
tion of glucose uptake.*** Furthermore, it is believed
that the physical form of peanuts impedes the complete
breaking/grinding of grains by chewing, which affects
the digestive process. According to some authors, the
absence of rupture of the fibrous cell walls by mechani-
cal processes (chewing), enzymatic and bacteriological
affects the bioaccessibility.*#

According to a review by Brito and Volp,* arginine
was considered the most potent insulin secretagogue
among other nine supplemented amino acids. How-
ever, Gannon et al.* in a research involving nine
healthy individuals (5 men and 4 women, 21 to 52
years of age), which ingested at 08:00 AM 1 mmol
arginine/kg of lean mass or 1 mmol arginine/kg of lean
mass + 25 g glucose or 25 g glucose alone or just water,
in random order, on separate occasions. It was
observed that arginine did not stimulate the secretion of
insulin, but it was verified that this amino acid reduced
the increase of blood glucose when administrated
together with glucose. A difference in gastric emptying
rate could be a possible explanation for these results.
However, the mechanism responsible for such effect
remains unclear, since gastric emptying time was simi-
lar after ingestion of glucose alone or arginine plus glu-
cose. It should be emphasized that the concentration of
arginine (1 mmol arginine/kg of lean mass) ingested
approached the content of a high-protein meal, which
may not reflect a habitual intake.

In a recently published study,* the authors proposed
anew index (Food insulinemic index-FII) for the treat-
ment of diabetes. This new tool considers the effect of
fat and protein on insulin secretion, since these nutri-
ents can affect blood glucose and are not considered in
the daily treatment of diabetes. The study verified that
the consumption of mixed meals presenting similar
contents of carbohydrate produced different insuline-
mic responses in healthy subjects. It was observed that
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low-fat and high-protein meals lead to higher insuline-
mic response. This result corroborates those observed
in the other studies and demonstrates that amino acids
are potent insulin secretion stimulators,'># especially
after the consumption of meals with high carbohydrate
and low fat content. However, according to the authors,
more research is still needed to validate the concept of
FII and to evaluate its ability to predict the relationship
between diet and disease.

Possible adverse effects

The increase in protein consumption has been con-
sidered a new alternative for the treatment of diabetes
mellitus. However, it must be considered that there
may be consequences related to the long term protein
supply. The increased consumption of food of animal
origin, the main source of this macronutrient, is usually
connected to higher intake of lipids, mainly saturated,
and cholesterol and a lower intake of fibers, which
could result in increased CVD risk.'s+

Furthermore, protein intake above the organic needs
leads to increased catabolic reactions of its amino
acids, increasing the production of byproducts (urea,
adenosine triphosphate, carbonic gas, glucose, acetyl
Coenzyme A and ketone bodies). Some of them may
bring adverse effects to the organism, such as renal
overcharge, blood ketosis and CVD.#4 Therefore, the
recommendation of high-protein diet intake by diabetic
individuals has still been discussed by researches.

Verhoef et al.'® conducted a randomized, controlled,
crossover trial that involved twenty health men, aged
18-44 years, which were kept under free-living condi-
tions, and were divided into two groups. In that study,
each man underwent two dietary treatments: a high-
protein diet and a low-protein diet. Each treatment
period lasted 8 days, and the intervening washout
period, during which the men consumed their habitual
diet, lasted 13 days. After the washout period, the treat-
ments were reversed. It was verified that the high-pro-
tein diet (21% of protein) led to increased homocys-
teine plasma concentrations throughout the day and
after 1 week of habituation. However, in fasting condi-
tion, the concentrations were not affected, indicating
that concentrations had returned to baseline levels after
an overnight fast. This fact is consistent with the four
hours half-life that has been reported for homocysteine
in humans. High concentrations of postprandial homo-
cysteine have been considered a risk factor for CVD."

In a study with healthy individuals, it was verified
that the consumption of high-protein diet, in relation to
a hyperglycemic diet, results in increased concentra-
tions of high-density lipoprotein-cholesterol (HDL-c),
and no effects in the risk marker of CVD, such as reac-
tive C protein’, were observed. Similarly, Farnsworth
et al.* observed a decrease in fatty acid concentrations,
triglycerides, low-density lipoprotein-cholesterol
(LDL-c) and increased HDL-c. Parker et al.* verified

reduced total cholesterol and LDL-c concentrations
after individuals ate a high-protein diet rich in monoun-
saturated lipids.

On the other hand, according to review performed by
Halton & Hu," there are evidences that high-protein
ingestion leads to renal overcharge, which results in
increased glomerular filtration and increased risk of
kidney stone. However, this renal change has not been
always identified. Gannon et al.’ evaluated the con-
sumption effects of a diet with high content of protein
(CHO: 40%, LIP: 30%, PTN: 30%) and other normo-
proteic (CHO: 55%, LIP: 30%, PTN: 15%), for five
weeks, in non-treated diabetic individuals. In that
study, it was verified a significant decrease in the
triglyceride concentrations (20%) and total cholesterol,
without any changes in the fractions of HDL-c and
LDL-c. It was not verified change in the indicators of
renal function (microalbumine and clearance of creati-
nine),’ either. However, these results must be carefully
analyzed, since the patients were under medicine treat-
ment for lipid control. Thus, long-term studies must be
performed in order to investigate the effects of the con-
sumption of a high-protein diet on the renal function.

Similar results were observed in another study, in
which 18% versus 30% of proteins were ingested dur-
ing nine weeks. In this study, it was not verified any
change in the renal function. On the other hand, benefi-
cial effects were observed related to weight reduction
and body fat, which could be considered indicators of
improvement in cardiovascular health.® In another
study, the consumption of a high-protein diet (27%),
containing vegetable protein (wheat gluten), during a
month, provided reduced oxidated LDL-c concentra-
tions, triglycerides and uric acid, without affecting the
release of creatinine.”'

Meanwhile, according to Barzel & Massey* and
Massey,* the excessive consumption of protein in such
diet may cause hypercalciuria, which may affect bone
health. To Massey,* the effects of animal or vegetable
protein on urinary calcium and bone metabolism may
be influenced by other nutrients, such as soya
isoflavones, vitamin D, caffeine and salt.

During twenty weeks, in a work with Sprague
Dawley rats, the consumption of high-protein diets
(6% of casein + 24% of a protein source) demon-
strated that diets with soy and beef did not affect cal-
ciuria, in opposition to the diets with lactalbumin,
egg, gelatin and casein. All diets presented equivalent
quantities of magnesium, phosphor and calcium.*
According to the authors, high-protein diets increase
the glomerular filtration, thus contributing to higher
loss of calcium. In addition, the end products of
amino acid catabolisms, such as sulfate, oxalate and
sodium may hinder or compete with dietary calcium
renal re-absorption, which promotes the loss of this
macronutrient through the urine. A significant corre-
lation was observed among these parameters (sulfate,
oxalate and sodium) and the excretion of urinary cal-
cium.* However, according to Bell et al.,** bone re-
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absorption does not seem to be affected by high pro-
tein consumption when the intake of calcium and
phosphor is adapted. However, Allen & Hall* declare
that rats are not appropriate animals for this type of
study, since they excrete a low percentage of calcium
from the diet through the urine.

Notwithstanding, the evidences from studies with
human beings are still insufficient to evaluate the pos-
sible renal changes connected to the high-protein diet
intake, mainly in relation to protein of animal origin.
Thus, further studies are necessary to find out the long-
term effects of the increase of this macronutrient on
daily nutrition, especially for susceptible groups, such
as diabetics and individuals with organic disorders,
mainly renal diseases.

Conclusion

Results of short-term studies have evidenced several
beneficial effects of the intake of diets with high con-
tent of proteins (22 to 30% of daily calorie intake) from
different sources (animal or vegetable) on glycemic
control. However, long-term clinical tests are still
necessary for further knowledge about the conse-
quences of high protein consumption for the renal
function, bone health and CVD development risks. The
results of the mentioned works also suggest that the
consumption of proteins of high biological amount,
such as those of animal origin, mainly whey, which is
rich in branched-chain amino acids, presents beneficial
effects on glycemic homeostasis, resulting in increased
insulin secretion and glucose gain by cells.

However, the results of the studies in which the
effects of quantity and quality of proteins on glycemic
response were evaluated are very controversial. The
methodological problems they presented may be the
cause of divergences. Thus, well-controlled studies are
necessary, with the participation of individuals that
have presented such diseases for a long time (for dia-
betics), with homogenous age and BMI, to avoid dif-
ferences in secretion and/or insulin resistance that
affect the glycemic response differently. Furthermore,
the carbohydrate content in the tested diets will be
maintained constant to prevent differences in the con-
tent of this macronutrient from affecting the blood glu-
cose concentration and the results. The tested diets
should not differ in consistency, since liquid diets do
not require chewing and could present faster intestinal
transit and absorption, resulting in more postprandial
glycemic increase, in comparison to diets with solid
consistency.

Therefore, we conclude that studies without the
interference of confusing factors, such as those above
mentioned, are necessary to identify the mechanisms
and magnitude of protein effects on glycemic response,
and identify the quantity and quality of this macronutri-
ent to be ingested for the achievement of beneficial
effects, without harm to health.
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Resumen

Introduccién: Se estima que dos terceras partes de los
pacientes con cancer sufren de anorexia o pérdida signifi-
cativa de apetito, lo que conduce a la disminucién acen-
tuada de peso y desnutricién, con repercusiones significati-
vas en la calidad de vida y morbimortalidad de los
afectados. Ain se desconocen los mecanismos precisos que
originan la pérdida de apetito; diversas hipétesis proponen
que la patogénesis es multifactorial, destacandose las
caracteristicas bioldgicas del tumor, del huésped y las rela-
cionadas al tratamiento. Existen nuevas teorias que sefia-
lan diversas substancias con efectos antimetabélicos en el
sistema nervioso central y que parecen asociarse con resis-
tencia a sefales periféricas que informan al hipotalamo
sobre el estado de consumo y gasto energético corporal. El
objetivo de la revision es describir conceptos actuales sobre
la patogénesis de la anorexia asociada al cancer, con parti-
cular interés en alteraciones del sistema nervioso central.

Conclusiones: Es necesario continuar investigando los
mecanismos participantes a nivel neural involucrados en
la regulacién alimentaria, con la finalidad de implemen-
tar mejores medidas de alimentacion y tratamiento de los
pacientes oncolégicos con perdida de apetito, mejorar su
estado nutricio, su calidad de vida y sobre todo, reducir la
morbimortalidad asociada a desnutricién.

(Nutr Hosp. 2011;26:677-684)
DOI:10.3305/nh.2011.26.4.5129

Palabras clave: Cdncer. Anorexia. Regulacion de apetito. Sis-
tema nervioso central.

Abreviaturas

SNC: Sistema Nervioso Central.
VMH: Hipotdlamo ventromedial.
HLA: Hipotdlamo lateral.

Correspondencia: Karla Sdnchez-Lara.

Fundacién Clinica Médica Sur.

Puente de Piedra No. 150. Col. Toriello Guerra. Tialpan.
14050 México D. F.

E-mail: ksanchez@medicasur.org.mx

Recibido: 22-111-2010.
1.*Revision: 23-VI-2010.
2.*Revision: 28-1X-2010.
3.*Revision: 8-X1-2010.
Aceptado: 28-X1-2010.

NEURAL PATHOPHYSIOLOGY OF CANCER
ANOREXIA

Abstract

Introduction: Approximately two thirds of cancer
patients at advanced stages of the disease suffer from
anorexia. Defined as the loss of the desire to eat, anorexia
lower the energy intake which further exacerbates a pro-
gressive deterioration of the patient nutritional status.
Malnutrition has a large impact on morbidity and mor-
tality affecting the quality of life. Cancer anorexia etiol-
ogy is multifactorial including complex interactions
among the tumor, host metabolism and antineoplastic
treatment. New related theories include peripheral and
brain mechanisms affecting hypothalamic pathways;
inducing behavioral and metabolic failure of responses to
energy balance. The aim of this review is to describe
actual concepts involved in the pathogenesis of cancer
anorexia with special interest in brain mechanisms.

Conclusions: Anorexia and reduced food intake are
important issues in the management of cancer patients,
more knowledge about pathogenic mechanism is needed
to improve therapeutic options, prognosis and quality of
life in cancer patients.

(Nutr Hosp. 2011;26:677-684)
DOI:10.3305/nh.2011.26.4.5129

Key words: Cancer anorexia. Appetite regulation. Central
nervous system.

NPV: Niicleo paraventricular.

POMC/CART: Pro-opiomelanocortina/transcriptor
regulado por cocaina y anfetamina.

NPY/AgRP: Neuropéptido Y/ Proteina relacionada
al agouti.

TNF-au: Factor de necrosis tumoral alfa.

IL-6: interleucina 6.

Introduccion
Las neoplasias malignas son responsables de 6,2
millones de muertes al aflo en el mundo', en México, es

la tercera causa de muerte?, con incidencia de 55,2 x
100.000 habitantes®. Uno de los primeros sintomas y de
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los principales motivos por los que un individuo acude
a consulta médica antes de tener el diagndstico de cdn-
cer, es la pérdida de peso aguda sin causa aparente.
Ademds del gran impacto en los costos de salud*’, la
pérdida de peso y desnutricién condicionan la calidad
de vida del paciente y constituyen los principales facto-
res prondsticos para respuesta al tratamiento® y de
supervivencia global’. La pérdida de peso en el
paciente con cancer es de origen multifactorial®; una de
las principales causas es la disminucién de la ingestion
alimentaria debida a la anorexia®''. En esta revision
abordaremos los mecanismos involucrados en la pato-
génesis de la anorexia en cdncer, con particular interés
en las alteraciones del Sistema Nervioso Central
(SNC).

Regulacién de hambre y apetito

Para comprender mejor el desarrollo de la anorexia
asociada al cancer, es importante describir los mecanis-
mos fisiologicos que regulan el hambre. E1 SNC se
encarga de mantener el equilibrio energético del orga-
nismo mediante la regulacion de la ingestién alimenta-
riay el gasto energético. El hambre es un factor primor-
dial para regular la ingestion de alimentos que
contienen grasas, proteinas e hidratos de carbono y
determinar la sensacion de saciedad, asi como el
tiempo para requerir nueva ingestién de alimentos. El
término hambre se define como la sensacién fisiol6-
gica subjetiva que acompaiia la necesidad de ingerir
alimentos que se presenta cuando han transcurrido
varias horas después de la tltima toma de alimento.
Durante este periodo puede haber sensaciones de vacio
en el estdbmago, contracciones gastricas, cefaleas y

hasta sensacion de ndusea si el periodo es sumamente
prolongado'>.

Centro de hambre y saciedad

La ingestion de alimentos estd regulada principal-
mente por el hipotdlamo'*. Los primeros estudios experi-
mentales mostraron que la lesion bilateral del hipota-
lamo ventromedial (VMH) producia marcada hiperfagia
y obesidad en ratas, mientras que lesiones bilaterales
en el hipotdlamo lateral (HLA) causaban anorexia y
muerte'®. Estas observaciones dieron lugar a plantear la
existencia de un centro hipotaldmico responsable de la
saciedad, localizado en el VMH y uno de hambre loca-
lizado en el HLA. La ingestion de alimentos parece
inhibirse por una sefial de saciedad generada en propor-
cion a la cantidad de alimento ingerida'®. Actualmente
se han descrito varios nicleos hipotaldmicos que parti-
cipan en la regulacién alimentaria, como el nicleo
arcuato, donde coexisten circuitos neuronales con efec-
tos opuestos sobre el apetito que envian sus proyeccio-
nes hacia el Nucleo paraventricular (NPV) y otros
nucleos hipotaldmicos, en respuesta a sefiales periféri-
cas y sensoriales capaces de atravesar la barrera hema-
toencefdlica, producidas por el sistema gastrointestinal
y tejido adiposo [leptina, ghrelina, galanina, colecisto-
quinina (CCK), neuropéptido YY (PYY) y péptido simi-
lar al glucagon (GLP-1)]'"?!, que en general sefializan la
falta o el consumo de nutrimentos, produciendo asi
modificaciones en la conducta alimentaria (tabla I)*.

En condiciones normales, cuando existe un déficit de
energia se inhiben las neuronas anorexigénicas
POMC/CART  (Pro-opiomelanocortina/transcriptor
regulado por cocaina y anfetamina), y se activan las neu-

Tabla I
Hormonas y péptidos que disminuyen o aumentan la ingesta de alimentos y los niveles séricos reportados
en pacientes oncoldgicos

Hormona/Péptido Ingesta En cdncer Sintesis

Gastrina Disminuye e Estémago

Ghrelina Aumenta Nlo 11 Estomago, intestino y cerebro
GLP-1 Disminuye P Estomago, intestino y cerebro
Colecistoquinina Disminuye Nlo | 212 Intestino delgado
Péptido YY Disminuye i Estémago

Insulina Disminuye s Pincreas

Leptina Disminuye Nlo |22 Tejido adiposo y estémago
AGRP Aumenta 7 Cerebro

POMC Disminuye P Cerebro

CART Disminuye i Cerebro

NPY Aumenta ' Cerebro

o-MSH Disminuye p Cerebro

CRF Disminuye fo0 Cerebro
Serotonina Disminuye o Cerebro

Opioides Aumenta - Cerebro
Citoquinas Disminuye ps Estémago e intestino, tumor
Corticoesteroides Aumenta - Intestino delgado, exdgenos

NI =niveles normales.
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ronas orexigénicas NPY/AgRP (Neuropéptido Y/ Prote-
ina relacionada al agouti), dando como resultado un
incremento en la ingestién de alimentos®. La mayor
parte de las células productoras de NPY/AgRP o
POMC/CART expresan receptores de leptina®. La lep-
tina es una hormona ampliamente estudiada que se sinte-
tiza a partir del tejido adiposo, disminuye la ingestion de
alimentos y aumenta el gasto energético® mediante la
modulacién de sefiales neuroendocrinas aferentes vaga-
les originadas en el estdmago y la interaccién con gran
cantidad de neuronas que participan en la regulacién
hipotaldmica de la conducta alimentaria***’. Ademads, la
leptina estimula la actividad de varios neuropéptidos
anorexigenos como la hormona estimuladora del mela-
nocito (o-MSH), péptido similar al glucagon (GLP-1),
POMC, CART e inhibe la sefial de alimentacion del
grupo de péptidos orexigenos a través de NPY, hormona
concentradora de melanina (MCH) y opioides endége-
nos. Por lo tanto, la leptina transmite informacién del
estado nutricional del organismo directamente desde los
depdsitos energéticos hacia los centros reguladores en el
encéfalo®. Ademds, la leptina es un potente inhibidor de
ghrelina, péptido con funciones reguladoras en el cere-
bro y tejidos periféricos que promueve el consumo de
alimentos, la ganancia de peso y de tejido adiposo®.

Otras areas del SNC involucradas
en la regulacion alimentaria

En el proceso de ingestion de alimentos, el cerebro
integra informacion sensorial, preferencial, emotiva,
afectiva y de memoria; para ello utiliza diversas dreas
neurales como son las areas limbicas, relacionadas a la
regulacion del comportamiento alimentario; el tallo
cerebral, el nicleo del tracto solitario y el drea postrema
adyacente que reciben fibras de receptores gustativos de
la boca y garganta, asi como la informacién aferente del
estémago, intestino, pancreas e higado. Estas dreas emi-
ten y reciben proyecciones neuronales del hipotdlamo, la
amigdala y otras porciones del sistema limibico, asi
como del tdlamo y la corteza gustativa, integrando de
esta manera la informacién emocional y cognitiva que
participa en el control de la ingestion®'2.

Otras dreas implicadas en los procesos de regulacion
alimentaria son las de memoria y aprendizaje, dentro de
estas las dreas se encuentran la corteza orbital prefrontal
(COP)* ubicada en el cingulo anterior del drea subge-
nual; se ha descrito que la COP participa en la modula-
cién del comportamiento, mds especificamente en la res-
puesta cognitiva de defensa por miedo y de
comportamientos dirigidos a recompensas. Se ha obser-
vado un aumento del flujo cerebral en esta zona cuando
se induce tristeza, pensamiento obsesivo y ansiedad en
individuos sanos*¥. Se ha postulado que la regién sub-
genual derecha facilita la respuesta visceral al estrés y la
region izquierda modula esta respuesta. De las dreas dor-
somedial y dorsoanterolateral de la COP se ha postulado
que modulan la expresién emocional, disminuyendo la

Informacion cognitiva y
emocional: dreas limbicas,
amigdala, COP

Anorexigenos
POMC/CART
Serotonina
Dopamina
Leptina
o-MSH
GLP-1

CCK

PYY

Orexigenos -
NPY (&
AGRP JJ

Opioides

Leptina

MCH Ghrelinagy Telidoadiposo
AGRP 7
Ghrelina
Galanina
POMC/CART =P i i iptor i cocainay

a-MSH = Proteina estimuladora del a melanocito.
GLP-1 = péptido similar al glucagon.

CCK = colecistoquinina.

PYY =Péptido YY.

NPY = Neuropéptido Y.

AGRP = Proteina relacionada al Agouti.

MCH = Hormona concentradora de melanina.

Fig. 1.—Regulacion de hambre saciedad a través de fibras afe-
rentes vagales y secrecion de hormonas de tejido adiposo y
grastrointestinales. En el hipotdlamo interactiian el grupo de
sustancias anorexigenas y orexigenas. Ademds del hipotdlamo,
otros centros neurales afectan este sistema a través de mecanis-
mos cognitivos y sensitivos.

ansiedad y la frecuencia cardiaca. El niicleo estriado, en
especial el nicleo accumbens, participa en mecanismos
de recompensa relacionados al consumo de téxicos y
tiene un papel importante en la regulacién del humor. La
amigdala condiciona en forma fundamental la respuesta
aestimulos de temor y a los agradables, es decir, elabora
la memoria emocional® (fig. 1).

Anorexia asociada a cancer

La Anorexia o pérdida del apetito, es el sintoma mas
frecuente de los pacientes oncoldgicos™, esta presente
en 15% a 25% de los sujetos con cancer y es casi univer-
sal en pacientes con enfermedad metastésica, presentdn-
dose en mas de 80% de los casos#. DeWys y cols.*” han
descrito que aproximadamente 50% de los individuos al
tiempo del diagndstico tienen anormalidades en su con-
ducta alimentaria. Una de las principales consecuencias
de la anorexia es la pérdida sustancial de peso, desenca-
denando desnutricién e inanicién progresiva®.

Anorexia asociada a cancer
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Desafortunadamente, la pérdida acentuada de peso
tiene importante impacto en la calidad de vida del
paciente*, en disminucion de la respuesta a tratamiento
de quimioterapia, radioterapia y cirugia'>+-% asi
mismo contribuye al desarrollo de mayores efectos
toxicos del tratamiento’2, y en la morbimortalidad,
siendo en mds del 20% de los pacientes oncoldgicos, la
mayor causa de muerte’.

Patogénesis de la anorexia secundaria a cancer

La patogénesis es multifactorial, las caracteristicas del
tumor (sitio, estadio, agresividad, etc.), el tipo de trata-
miento antineopldsico, algunas alteraciones como depre-
sién y una amplia gama de sintomas (malabsorcién, disfa-
gia, mucositis, xerostomia, obstrucciones mecdnicas,
disgeusia, ndusea,vomito, aversion a la comida, saciedad
precoz, ayunos prolongados, etc.) impactan disminuyendo
el consumo energético de los pacientes™* y ocasional-
mente son estimulos negativos para la alimentacion, como
ejemplo los desencadenados por ndusea y dolor. Sin
embargo, hay periodos donde no estdn presentes algunos
de estos factores en la génesis de la anorexia, lo que permite
especular sobre su desarrollo, buscando nuevas teorias,
que toman en cuenta la participacién de substancias que se
asocian a la resistencia a sefiales periféricas del estado de
consumo y gasto energético™* como son las citoquinas:
interleucinas 1y 6 (IL-1, IL-6)°*%, factor de necrosis tumo-
ral alfa (TNF-o)”™, hormonas como la leptina y ghrelina 'y
neurotransmisores como la serotonina y dopamina’.
Dichas substancias fomentan la anorexia secundaria a cin-
cer mediante la hiperactivacién de neuronas anorexigéni-
cas (POMC/CART) y supresién de las orexigénicas
(NPY/AgRP)"". En estudios de anorexia en modelos muri-
1n0os, se ha observado una disminucién en las concentracio-
nes de NPY, reversible con la reseccion tumoral (tabla IT)™
s, En estudios clinicos, la medicion de NPY durante la
pérdida de peso ha sido muy dificil de evaluar, en un estu-
dio realizado por Jatoi y cols.” se reporté una disminucién
en los niveles plasmdticos de NPY en pacientes con anore-
xia secundaria a cdncer, comparado con controles.

Citoquinas

Las citoquinas proinflamatorias han sido amplia-
mente asociadas a la respuesta protéica de fase aguda,
catabolismo muscular, anorexia y caquexia en pacien-
tes oncoldgicos dichas sustancias tienen la propie-
dad de sefializar al SNC por medio de diversos meca-
nismos; en el caso del TNF-a, IL-1 e IL-6, son
transportadas a través de la barrera hematoencefélica
por sistemas de transporte saturable; también se ha des-
crito que pueden llegar al cerebro a través de regiones
ventriculares como el drea postrema, donde la barrera
hematoencefdlica estd ausente™.

En modelos murinos con anorexia, se ha observado
incrementada la expresién del mRNA de IL-1 hipotald-

Tabla IT
Causas de anorexia en pacientes oncologicos

Caracteristicas del tumor

— Localizacién

— Obstruccién

— Dolor

— Incremento de produccion de citoquinas

Sintomas

— Mucositis

— Disgeusia

— Disfagia

— Ndusea/vémito
— Saciedad precoz
— Malabsorcion

Otras causas

— Tipo de tratamiento antineopldsico

— Depresion

— Integracién de informacion cognitiva y emocional

— Desregulacién de hormonas y neurotransmisores (ghre-
lina, leptina, serotonina, dopamina, CCK, etc.)

— Hiperactivaciéon de POMC/CART

— Supresién de NPY/AgRP

mico, correlacionando inversamente con el consumo
energético. La inyeccidn intraperitoneal de receptores
recombinantes de TNF-o incrementa la anorexia, Estu-
dios in vitro han mostrado que el TNF-at y la IL-1 inhi-
ben la oxidacién de 4cidos grasos, si estos efectos son
similares in vivo, dichas citoquinas podrian actuar en las
neuronas hipotaldmicas de la oxidacion a sintesis de 4ci-
dos grasos, incrementando las concentraciones hipotala-
micas de malonyl-CoA y suprimiendo el consumo cal6-
rico®. Algunos medicamentos oncoldgicos como el
tamoxifeno se han asociado al incremento de malonil-
CoA en el hipotdlamo, especificamente en el NVM?'.

Hormonas

En presencia del sindrome anorexia caquexia, se ha
observado que los niveles de leptina se encuentran dis-
minuidos y los niveles de ghrelina se han reportado
normales o elevados, sin embargo, el consumo energé-
tico de los pacientes oncoldgicos no se incrementa,
como se esperaria ante el catabolismo®, lo que podria
estar relacionado con la resistencia hipotaldmica a
estas hormonas. Al respecto, se ha observado que la
administracion de ghrelina en pacientes con caquexia
mejora el consumo energético, reduce la actividad sim-
pética e incrementa la masa magra®.

Neurotransmisores

Durante estados catabdlicos, se ha observado el
incremento hipotaldmico de IL-1 en conjunto con los
niveles de serotonina, los cuales interactiian con el
ntcleo arcuato para influir en la actividad del sistema
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de melanocortina, manteniendo la inhibicién de la acti-
vacion neuronal NPY/AgRP y la supresion de la inhibi-
cion de las neuronas POMC/CART®. Asimismo, la
inyeccion intrahipotaldmica de antagonistas de seroto-
nina mejora el consumo energético en modelos muri-
nos con anorexia por cancer®. Por otro lado, en estu-
dios clinicos se ha observado un incremento en los
niveles plasmaticos y de fluido cerebroespinal del pre-
cursor de serotonina, el triptéfano, en un estudio como
estrategia terapéutica se redujo el aporte dietético de
triptéfano en pacientes oncolégicos y se observé una
mejoria en el consumo caldrico y el estado nutricional
de los sujetos®. Dichos hallazgos confirman la partici-
pacion de la serotonina en la génesis de anorexia.

Rol del sistema nervioso

El creciente entendimiento de la modulacién del SNC
sobre el comportamiento alimentario sugiere que la ano-
rexia en cdncer se asocia a trastornos de la sefializacién
por segundos mensajeros neuronales y a otros mecanis-
mos hipotaldmicos receptores de sefiales periféricas que
hemos mencionado, ademads, las nuevas teorfas incluyen
trastornos de factores participantes en mecanismos regu-
ladores de la ingestién de alimentos, como la integracién
de funciones neurofisioldgicas, emotivas y conductuales.
Se ha demostrado que el estrés, las emociones y algunos
estados de animo afectan el comportamiento alimentario,
interviniendo en los procesos y velocidad de ingestion,
masticacion, la motivacién para comer, la cantidad de
comida ingerida, metabolismo y digestiéon®**". La prefe-
rencia condicionada a ciertos sabores, favorece el
aumento en las porciones ingeridas de alimentos®, en
cambio las disminuyen las aversiones condicionadas pro-
venientes de la asociacion de estimulos orosensoriales y
postingestivos negativos® como ocurre con la ndusea y
efectos secundarios de quimioterapia®.

Se ha descrito que el sistema nervioso auténomo parti-
cipa también en la patogénesis del SAC, informando sobre
los cambios periféricos y mediando las respuestas meta-
bélicas en otros 6rganos como el tejido adiposo pardo. En
un modelo murino con caquexia tumoral se observé la
activacion de la termogénesis a través del SNA”'. Por otro
lado, se ha descrito que muchas sefiales periféricas en el
control del apetito, viajan via vagal; Bernstein” demostr6
la prevencion de anorexia en modelos murinos con tumo-
res que se les practic6 una vagotomia. Los mecanismos de
la activacion vagal durante el crecimiento tumoral no han
sido del todo elucidados, pero las propuestas concuerdan
con la participacién de las citoquinas®.

Perspectivas del diagnéstico de mecanismos
neurales asociados a anorexia

Los procedimientos de neuroimagen cuentan con téc-
nicas que permiten explorar la fisiologia del SNC'y anali-
zar las variaciones de la actividad funcional neuronal en

procesos mentales especificos del ser humano. Depen-
diendo de la sensibilidad de las técnicas de neuroimagen
para detectar la actividad neuronal, pueden considerarse
como métodos principales aquellos que registran activi-
dad electromagnética como la electroencefalografia, los
métodos hemodindmicos, que captan cambios en el flujo
sanguineo local del metabolismo cerebral, entre ellos, la
resonancia magnética funcional (RMf)*** y la tomografia
por emision de positrones™; este tltimo visualiza image-
nes de los sistemas de neutrotransmisiéon marcando los
neuropéptidos transmisores de sefiales con isétopos espe-
cificos emisores de positrones, obteniendo de ese modo
informacién de la actividad cerebral®.

Los estudios estructurales y funcionales de neuroima-
gen han permitido analizar las respuestas cerebrales a
varios tipos de estimulos, como la comida* dichos estu-
dios se han utilizado en patologias como anorexia ner-
viosa (AN)*1%, no asi en la anorexia por cdncer que
empieza a investigarse. Los estudios realizados en AN
muestran que la pérdida de apetito se asocia con cambios
en la estructura cerebral y alteraciones en su metabo-
lismo; sin embargo, la etiologia de los cambios contintia
siendo desconocida y motiva a investigar qué mecanis-
mos contribuyen al desarrollo de la anorexia y si son el
resultado de la propia pérdida de peso y desnutricion™.

Tratamiento

Se han empleado diversos medicamentos tratando
de incrementar el apetito y disminuir la pérdida de peso
en pacientes oncoldgicos como son los corticoesteroi-
des (prednisolona, dexametasona) y los agentes pro-
gestacionales como el Megestrol y acetato de
medroxyprogesterona; éstos ultimos son los mas utili-
zados, su eficacia se ha demostrado en mas de 15 ensa-
yos clinicos aleatorizados!'”, sin embargo, los mecanis-
mos de accion de los agentes progestacionales no han
sido bien establecidos, se ha propuesto que actian
mediando la produccién de citoquinas, con efecto en la
regulacion hipotaldmica del centro de apetito'®.

Como parte del tratamiento de la anorexia en cdncer,
se ha empleado la suplementacién con dcidos grasos
poliinstaurados, en especial el dcido eicosapentaenoico
(EPA), que propicia la supresion de Interleucina 6 y
TNF-a'™. En una revision sistemdtica del uso de EPA
en pacientes oncoldgicos'® que incluyeron 3 ensayos
clinicos utilizando 2-4 g/dfa de EPAs y la valoracién
del apetito con escalas andlogas, no se encontraron
diferencias significativas en dos estudios y en otro
estudio se reportd mejoria significativa del apetito con
EPAs y acetato de megestrol'''.

Existen nuevas lineas de investigacion en el trata-
miento de anorexia secundaria a cdncer, al respecto, se
ha propuesto el uso de ghrelina''?, dado que dicho pép-
tido actda estimulando de los centros hipotaldamicos de
hambre''*', en la coordinacion de la homeostasis ener-
gética'' y en la inhibicién de citoquinas proinflamato-
rias como IL-1, IL-6 y TNF-a, via vagal'''’s,
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Conclusiones

La regulacién del hambre y saciedad por el hipota-
lamo y otras dreas del SNC requieren concentrar ain
mas estudios sobre las propiedades y mecanismos que
influyen en la pérdida de apetito y de las preferencias
de consumo de ciertos nutrimentos en el paciente con
céancer, cuyo principal sintoma es la anorexia. Los
resultados mejorardn la comprensién de los mecanis-
mos neurales involucrados en la regulacién alimentaria
para asi poder implementar medidas en la alimentacién
y tratamiento farmacolégico de los pacientes oncolégi-
cos con anorexia y contribuir a la disminucién a la de la
frecuencia pérdida de peso y desnutricion.
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Resumen

Justificacion: Las consecuencias derivadas de la acu-
mulacion de grasa abdominal por encima de niveles salu-
dables infligen un considerable dafio a nivel organico.
Entre las consecuencias fisioldgicas destacan las enferme-
dades cardiovasculares, hipertension, diabetes tipo 2,
obesidad y sindrome metabélico, que reducen drastica-
mente la calidad y esperanza de vida. Hay evidencias de
que la mejora de la salud es proporcional al incremento
de actividad fisica. No obstante, el ejercicio fisico puede
ocasionar daiio oxidativo en 6rganos y tejidos musculares
mas acusado en personas con un elevado porcentaje graso
abdominal. En este trabajo se determinan cuales son las
variables fundamentales del programa de ejercicio para
optimizar sus beneficios y minimizar el estrés oxidativo.

Objetivo principal: Conocer las variables determinan-
tes de una acumulacién de masa grasa abdominal por
encima de los niveles saludables y el papel que juega el
ejercicio en su prevencién y mejora.

Objetivos especificos: 1) Identificar las variables funda-
mentales de un programa de ejercicio enfocado a reducir
la grasa abdominal; 2) Comprender la relacién entre
grasa abdominal, salud y ejercicio; 3) Revisar las dltimas
investigaciones en relacion a la practica de ejercicio fisico
y su efecto sobre el tejido adiposo abdominal.

Metodologia: Se llevara a cabo una busqueda e identifi-
cacion en articulos originales y de revision publicados en
revistas de impacto indexadas en las principales bases de
datos.

Discusion: El ejercicio fisico habitual, fundamental-
mente el de caracter aerébico, produce una disminucion
en los depésitos de tejido adiposo corporal y abdominal
en las personas obesas y con sobrepeso.

(Nutr Hosp. 2011;26:685-691)
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POSITIVE EFFECTS OF PHYSICAL EXERCISE
ON REDUCING THE RELATIONSHIP BETWEEN
SUBCUTANEOUS ABDOMINAL FAT
AND MORBILITY RISK

Abstract

Introduction: The consequences related to the accumu-
lation of abdominal fat above healthy levels create a con-
siderable organic damage. Among the physiological con-
sequences we can highlight heart diseases, hypertension,
type-2 diabetes, obesity and metabolic syndrome, which
drastically reduce life expectancy and quality. Evidence
shows that health improvement is correlated to greater
levels of physical activity. However, physical exercise can
create oxidative damage on organs and muscular tissue,
more relevant in subjects with a high percentage of
abdominal fat. This piece of work determines which are
the fundamental variables of the exercise program in
order to optimize its advantages while minimizing oxida-
tive stress.

Main purpose: To know the key variables in the accu-
mulation of abdominal fat above healthy levels, and the
role of exercise in prevention and improvement of such
issue.

Specific purposes: 1) to identify the key variables in an
exercise program aimed at reducing abdominal fat; 2) to
understand the relationship between abdominal fat,
health and exercise; 3) to review the latest research
related to physical exercise and its effect on abdominal
adipose tissue.

Methodology: A search and identification of original
and reviewed articles will be carried out in indexed
impact journals within the main databases.

Discussion: Regular physical exercise, most notably
aerobic one, reduces body adipose tissue deposits in gen-
eral, and abdominal ones in particular, both in obese and
overweight subjects.

(Nutr Hosp. 2011;26:685-691)
DOI:10.3305/nh.2011.26.4.5201

Key words: Metabolic syndrome. Leptine. Abdominal adi-
pose tissue. Waist perimeter. Aerobic capacity.
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Introduccion

En los dltimos afios se ha comprobado que un
exceso de peso graso estd estrechamente relacionado
con el riesgo de sufrir diferentes enfermedades, tales
como problemas cardiovasculares, hipertension, dia-
betes tipo 2, obesidad, sobrepeso, ciertos tipos de
cédncer, dislipidemia, sindrome metabdlico, altera-
ciones en el sistema inmune, etc.'*.

Son los condicionantes bioldgicos, genéticos y
metabdlicos los que determinan, en aproximadamente
un 70%, la acumulaciéon de masa grasa en la region
abdominal, en visceras y en la cadera’.

Los expertos en metabolismo y enfermedades
metabdlicas han agrupado los factores de riesgo
cardiovasculares, el anormal metabolismo de la
glucosa, la dislipemia aterégena, la hipertension
arterial y la obesidad abdominal, definiéndolo
como Sindrome X, Sindrome Plurimetabdlico o,
como se conoce actualmente, Sindrome de Resis-
tencia a la Insulina'. Hay coincidencia entre auto-
res en que estos cuatro factores provocan mayor
riesgo de padecer accidentes cerebrovasculares,
muerte subita y gran nimero de enfermedades
degenerativas®.

Asimismo, a dia de hoy la obesidad estd conside-
rada como la epidemia del siglo XXI". Los tltimos
estudios que se vienen realizando en nuestro pais
reflejan que la prevalencia de la obesidad infantil se
ha duplicado en los dltimos diez afios. De esta
manera, los datos procedentes de la Sociedad Espa-
fiola para el Estudio de la Obesidad’, reflejan que el
13,2% de los hombres y el 17,5% de las mujeres de
entre 25 y 60 afios son obesos.

Una de las herramientas consideradas mds eficaces
en la prevencién y tratamiento de la obesidad y el
excesivo porcentaje graso abdominal es el ejercicio
fisico. No obstante, desde la perspectiva de la pre-
sente revision se considera que no existe suficiente
informacion acerca de las variables 6ptimas (intensi-
dad, frecuencia y duracién, fundamentalmente) que
ha de cumplir un programa de ejercicio fisico para
favorecer una pérdida de peso y, mds concretamente,
una pérdida de masa grasa abdominal. Asimismo, se
entiende que, en no pocas ocasiones, dichos progra-
mas de ejercicio no tienen en cuenta las caracteristi-
cas de la poblacion a que van dirigidos y, a veces,
obedecen a intenciones que se alejan de lo puramente
saludable y recreativo, pudiendo tener efectos adver-
sos sobre la salud.

En esta revision partimos de la hipétesis de que un
programa de ejercicio fisico con el objetivo de redu-
cir el porcentaje graso abdominal implican una
mejora significativa del estado de salud y de la condi-
cidn fisica del individuo, siendo el ejercicio de cardc-
ter aerdbico, realizado a una intensidad moderada y
durante una duracién prolongada, el mds favorable
para disminuir la grasa acumulada en la regién abdo-
minal.

Objetivos
General

Conocer las variables determinantes de una acumu-
laciéon de masa grasa abdominal por encima de los
niveles que se consideran saludables y el papel que
juega el ejercicio fisico en su prevencién y mejora.

Especificos

1. Identificar las variables fundamentales de un pro-
grama de ejercicio fisico enfocado a la reduccién
de masa grasa abdominal

2. Comprender la relacion entre masa grasa abdo-
minal, estado de salud y ejercicio fisico.

3. Valorar el dafio oxidativo que determinados pro-
tocolos de ejercicio fisico pueden tener en deter-
minadas poblaciones, para poder ser prescrito y
supervisado por profesionales adecuados.

Metodologia

En el presente estudio se ha llevado a cabo un disefio
de investigacion establecido segun los pardmetros de
una revision sistematica®.

La seleccidn de los articulos que forman parte de la
presente revision fue consultada de las bases de datos
PubMed, EMBASE, MedLine, Web of Science, Dialnet,
Teseo, DoCuMed, SportDiscus, y el diccionario de
Descriptores en Ciencias de la Salud DeCS.

Mencién aparte merecen las bases de datos de revi-
siones sistemadticas, que se erigieron en uno de los
pilares fundamentales y en una herramienta impre-
scindible en la elaboracién del trabajo. Dentro de éstas,
cabe destacar la base de datos de Cochrane, que pro-
porciond una informacion en castellano orientada a la
toma de decisiones clinicas, al mismo tiempo que nos
ofreci6 la posibilidad de acceder a evidencias cientifi-
cas no publicadas pero si de gran importancia’. Por otra
parte, dentro de la base de datos Cochrane, las que se
emplearon en mayor medida fueron Cochrane Data-
base of Systematic Reviews, donde consultamos revi-
siones sistemdticas que sintetizan el estado actual de la
tematica abordada; DARE (del inglés Database of
Abstracts of Reviews of Effectiveness), muy ttil al ofre-
cernos la posibilidad de consultar resimenes estruc-
turados en los que se incluyen los métodos de revision,
resultados y conclusiones, al tiempo que presenta un
comentario critico sobre la revisién; y Cochrane
Methodology Register, donde se incluyen referencias
de articulos acerca de aspectos metodoldgicos rela-
cionados con las revisiones sistemdticas.

Los términos de bisqueda empleados para localizar
fuentes pertenecientes al tema fueron “waist hip circum-
ference”, “metabolic syndrome”, “body AND/OR vis-
ceral adiposity”, “physical activity AND adiposity”,

686 Nutr Hosp. 2011;26(4):685-691

G. Gonzilez Calvo y cols.



“physical activity AND body composition”, “fat oxida-
tion”, “body mass index”, “estimation of body fat
mass”, “bioelectric impedance analysis”, “anthropom-
etry”, “dual energy X-ray absorptiometry”, “oxidative
stress AND adiposity”, “oxidative stress AND exer-
cise”, “free radicals AND exercise”.

En la seleccidn de los articulos seguimos una serie
de criterios de validez, entre los que destacan los sigu-
ientes: 1) que existiera una homogeneidad en cuanto a
la problemadtica abordada; 2) que el articulo hubiera
sido publicado en una revista con indice de impacto; 3)
que tuvieran una antigiiedad inferior a quince afios,
salvo en el caso de tratarse de textos cldsicos; 4) que
valoraran adecuadamente el estado del problema
objeto de estudio; 5) que indicaran el modo de hacer
frente al problema, esto es, las medidas llevadas a cabo
para su cuantificacion y tratamiento; 6) que ofrecieran
resultados con un alto nivel de robustez.

Consecuencias de la acumulacién de tejido graso
abdominal sobre la salud, la calidad de vida
y la composicién corporal

Un exceso de masa grasa abdominal y visceral estd
considerado, en los estudios epidemioldgicos, como
uno de los mds importantes factores de riesgo de enfer-
medad cardiovascular''*'*.

Durante los tltimos afios se han llevado a cabo gran
nimero de investigaciones acerca de la acumulacién de
masa grasa en diferentes regiones corporales, obser-
vandose una estrecha relacion entre ésta y diversas
patologias. Una de las alteraciones mas cominmente
estudiadas ha sido el conocido como sindrome metabo-
lico', el cual esta asociado con obesidad abdominal',
dislipidemia'’>'e, resistencia a la insulina y diabetes tipo
2141120 ateroesclerosis y fallo cardiaco!”!$21-22,

La relevancia del sindrome metabdlico reside en
que, al tratarse de una disfuncion del tejido adiposo, se
puede asociar facilmente en el diagndstico clinico del
fallo cardiovascular y coronario®.

Recientemente, el National Institutes of Health pre-
senta una tercera version de las guias para el diagnés-
tico y atencion de las dislipidemias donde, por primera
vez, se consideraba el sindrome metabdlico como una
entidad separada, y se establecia una definicion clinica
basada en los factores de riesgo que se pueden observar
en la siguiente tabla’ (ver tabla I).

Por lo tanto, debemos ser conscientes de que, de
entre todas las patologias y riesgos para la salud y la
calidad de vida, aquéllos que mayor impacto ocasionan
en la salud publica se relacionan con los factores de
riesgo cardiovascular, destacando desérdenes como
trombosis, arterioesclerosis, hipertension arterial, dis-
lipidemias, fallos coronarios y retinopatias.

Respecto a las implicaciones para la composicion
corporal de un exceso de masa grasa abdominal, estu-
dios epidemioldgicos han demostrado que un indice
cintura/cadera mayor de 1,0 en varones y de 0,90 en

Tabla I
Definicion de Sindrome Metabdlico para Adultos
segun el National Institute of Health, a propdsito
del IlI Panel de Tratamiento del Adulto (ATP III)
del Programa Nacional de Educacion en Colesterol
(NCEP)

Factores de riesgo de sindrome metabdlico
Se deben cumplir tres 0 més de los siguientes criterios:
1) Circunferencia de cintura

> 102 cm en hombres
> 88 cm en mujeres

2) Triglicéridos = 150 mg/dl (= 1,69 mmol/litro)
3) Tension arterial = 130/85 mm de Hg

4) HDL colesterol:
<40 mg/dl en hombres (<1,04 mmol/litro)
<50 mg/dl en mujeres (< 1,29 mmol/litro)

5) Glucosa= 110 mg/dl (= 6,1 mmol/litro)

mujeres se correlaciona con resistencia a la insulina y
enfermedad cardiovascular’. Dicha relacién puede ser
interpretada como medida especifica para la acumula-
cion de tejido graso abdominal, si bien también estd
influenciada por la cantidad de masa grasa acumulada
en laregion glitea?.

En sintesis, la cantidad de grasa corporal acumulada
en exceso por un individuo, va asociada a un gran
nimero de enfermedades. Probablemente, dichas enfer-
medades son ocasionadas por modificaciones en la com-
posicion corporal que derivan, entre otras, en una acu-
mulaciéon de masa grasa en determinadas regiones,
disfunciones del tejido 6seo, cambios en el metabolismo
energético y basal, colapsos coronarios, distrofia ventri-
cular e incremento del daflo oxidativo en tejidos celula-
res, especialmente en el tejido muscular’3,

Principales factores asociados a la acumulacién
de masa grasa abdominal

Una de las medidas indicadoras de la distribucién de
grasa en el cuerpo con gran exactitud y precision es el
indice cintura-cadera (ICC)’¥3-%, De este modo, hay
autores que se decantan por emplear Unicamente la
ratio cintura-cadera para estimar el tejido adiposo
abdominal con gran precision (coeficiente de variacién
< 2,6%) en personas jovenes, adultas y mayores®. Si
bien es cierto que la relacién cintura-cadera ha sido,
tradicionalmente, el indicador mas comun en la evalua-
cion de la obesidad central, la mayor parte de las inves-
tigaciones recientes parecen corroborar que el perime-
tro de la cintura es uno de los indices mas precisos y
fiables en la evaluacion de la distribucién de grasa cor-
poral, dada su mayor correlacién con las diferentes
alteraciones metabdlicas y con el riesgo de enfermedad
cardiovascular’.

Por otra parte, en los ultimos veinte afios se ha experi-
mentado un extraordinario avance en lo que a técnicas de
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imagen se refiere, dejando a los métodos como la pletis-
mografia, el agua doblemente marcada y/o la bioimpe-
dancia eléctrica relegadas a un segundo plano respecto a
técnicas como la Absorciometria Dual Foténica de
Rayos X (DEXA), la Tomografia Axial Computerizada
(TAC) y la Resonancia Magnética Nuclear™.

Los principales expertos en metabolismo han agru-
pado los factores de riesgo cardiovasculares, el anormal
metabolismo de la glucosa, el perfil lipidico desfavora-
ble, la hipertension arterial y la obesidad abdominal en
una Unica patologia, conocida con el nombre de sin-
drome X o sindrome de resistencia a la insulina'. Los
expertos coinciden en considerar que estas cuatro pato-
logias provocan un mayor riesgo de accidentes cere-
brovasculares, muerte, enfermedades degenerativas y
sindrome metabdlico' ¢,

Ciertas hormonas que intervienen en el metabolismo
de los dcidos grasos y en el crecimiento se correlacio-
nan con una mayor predisposicion a acumular grasa en
la regiéon abdominal. De entre todas ellas, destacan
especialmente la hormona del crecimiento, la hormona
luteinizante, la leptina, el factor de necrosis tumoral
(TNF), los factores de crecimiento insulinicos, las
interleuquinas, resistina, adiponectina y las somatome-
dinas (IGF-1 e IGF-2)**. Asimismo, hay autores que
consideran que la mala regulacién en la secrecion de
hormonas esteroideas ocasiona una ralentizacién en la
actividad de los adipocitos, lo que deriva en una acu-
mulacién de masa grasa en regiones corporales locali-
zadas mas rapida'’.

Posiblemente, el factor determinante de obesidad en
nuestra sociedad actual tiene que ver con el estilo de
vida, esto es, los hdbitos comportamentales cotidianos
de la persona, como el tipo de dieta, el nivel de activi-
dad fisica, los modelos de ocio y recreacion y las moti-
vaciones e intereses®. Asi, parece existir una clara rela-
cién intrinseca entre el nivel de inactividad fisica e
ingesta dietética, siendo factores clave en la acumula-
cién de tejido adiposo a nivel regional y total*-#.

Estudios longitudinales'* en los que se llevé a cabo
un control de los niveles plasmaticos de LDL, HDL y
triglicéridos, evidenciaron que existe una correlacion
entre estos niveles y los espesores de grasa abdominal y
visceral. Gracias a estas investigaciones se pudo deter-
minar que, concentraciones elevadas de LDL y HDL
en plasma sanguineo, derivan en un riesgo incremen-
tado de padecer arterioesclerosis, cardiopatias, neuro-
patias e hipervolemia, al tiempo que un exceso en la
concentracion de triglicéridos en plasma aumenta la
masa grasa visceral, especialmente la cardiaca, con el
consiguiente riesgo de infarto de miocardio®.

Ejercicio fisico y tejido adiposo abdominal

Las investigaciones sobre grasa abdominal y ejerci-
cio fisico hasta la fecha han sido, fundamentalmente,
investigaciones de cardcter longitudinal, centradas en
el andlisis de los efectos del entrenamiento a lo largo

del tiempo, variando el periodo de aplicacion del trata-
miento desde las ocho hasta las treinta semanas.

Por ejemplo, Buemann y Tremblay* realizaron un
estudio en el que analizaron la influencia de la adiposi-
dad visceral con los factores de riesgo cardiovascular,
hipercolesterolemia, hipertrigliceridemia, la distribu-
cién de los dep6sitos de masa grasa y una reducida acti-
vidad fibrinolitica. Asi, dividieron a los sujetos en un
grupo control (n =20) y otro grupo de personas sin nin-
glin tipo de enfermedad (n = 50) para someterlos a un
programa de ejercicio fisico aerdbico de baja intensi-
dad como andar, correr en tapiz rodante, bicicleta estd-
tica y natacion (intensidad menor del 60% de VO, .5
sesiones por semana de cuarenta minutos cada una de
ellas, durante un total de ocho semanas consecutivas).
Los resultados reflejan que el ejercicio fisico de cardc-
ter aerébico constituye un vehiculo no farmacolégico
excelente en el tratamiento de la obesidad abdominal y
las alteraciones metabdlicas, tal como se ha corrobo-
rado en estudios posteriores*-.

Por otra parte se encontraron diferencias en la com-
posicion corporal y en los niveles de leptina con rela-
cién a la grasa subcutdnea en dos grupos de deportistas
de élite’’. Un grupo practicaba deportes de resistencia
aerdbica, mientras que el otro grupo practicaba entre-
namiento de fuerza. Los atletas que entrenaban fuerza
tenian niveles superiores de masa grasa y de porcentaje
de grasa corporal respecto al grupo que entrenaba resis-
tencia. Los resultados obtenidos en este estudio y otros
estudios similares reflejan que los pardmetros metabd-
licos y la estimacion de adiposidad estan asociados con
la leptina de una forma especifica segin el deporte,
especialmente la grasa subcutdnea en el caso de los
atletas de resistencia y los que entrenan con pesas®'.

En una revision reciente®, el objetivo principal con-
sistia en establecer la relacion dosis-respuesta entre
pérdida de grasa visceral y ejercicio de cardcter aerd-
bico. Se seleccionaron nueve estudios aleatorios con-
trolados y siete no aleatorios. En la mayor parte de los
estudios, los sujetos realizaron un programa de ejerci-
cio aerébico a una intensidad de 10 METS x hora/peso
corporal o mayor. Del total de grupos, diecisiete de
ellos (582 sujetos) vieron disminuido significativa-
mente su nivel de grasa visceral, pero no asi en los otros
cuatro grupos. Los resultados encontrados reflejan que
no parece existir una relacion significativa entre METs
x hora/peso corporal y la variacion en el porcentaje de
masa grasa visceral por semana en todos los grupos
seleccionados. No obstante, cuando los sujetos con
enfermedades metabdlicas no fueron incluidos (425
sujetos), la intensidad del ejercicio aerébico estimada
en METs x hora/peso corporal tuvo una significativa
correlacion con la variacién en el porcentaje de masa
grasa visceral por semana (r = -0,75). Mds aun, la
reduccién de masa grasa visceral se correlaciond con la
pérdida de peso a lo largo del programa de ejercicio
aerébico, a pesar de que una significativa reduccion de
grasa visceral podria ocurrir sin una pérdida de peso
significativo. Los resultados de esta revision sugieren
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que el ejercicio aerébico realizado a una intensidad de,
al menos, 10 METs x hora/peso corporal, como pueda
ser el paseo rapido, la carrera moderada o el ejercicio
sobre ergémetro estacionario, es necesario para la
reduccioén de tejido adiposo a nivel visceral, al tiempo
que existe una manifiesta dosis-respuesta entre el ejer-
cicio aerdbico y la reduccién de grasa visceral en suje-
tos obesos sin patologias metabdlicas.

Asimismo, se llevé a cabo un estudio con la finalidad
de determinar la independencia y el efecto que tiene una
estrategia combinada de ejercicio regular y dieta sobre la
distribucién de masa grasa corporal®. Para ello, se llevo
a cabo un disefio sobre 77 sujetos obesos (tanto hombres
como mujeres) distribuidos en tres grupos: grupo que
solo realizaba ejercicio fisico (12 semanas de ejercicio
sin restriccion dietética), grupo de dieta hipocaldrica (8
semanas de dieta de muy bajo aporte calérico, 600
kcal/dia seguidas de 4 semanas de dieta de manteni-
miento de peso) y grupo de ejercicio y dieta hipocalérica
combinados (12 semanas de ejercicio fisico combinadas
con 8 semanas de dieta hipocaldrica de 800 kcal/dia
seguidas de 4 semanas de dieta de mantenimiento de
peso). La distribucién de masa grasa corporal fue cuanti-
ficada mediante resonancia magnética. Los resultados
reflejan que el grupo que realizé ejercicio tuvo una pér-
dida de peso (3,5 kilogramos) y una reduccién del tejido
adiposo visceral (18%) significativamente menor es si
las comparamos con la pérdida de peso de los grupos
sometidos a dieta hipocaldrica y dieta mds ejercicio (12,
3 kilogramos, P < 0,01) y la reduccion en el tejido adi-
poso visceral (30-37%, P < 0,01). Asi, parece ser que el
ejercicio fisico no tiene efectos adicionales sobre la
reduccién de los depdsitos de masa grasa visceral si los
comparamos con las mayores efectos de la dieta hipoca-
I6rica sola®. Es mads, los efectos del ejercicio sobre el
tejido adiposo visceral son relativamente limitados,
dado que estdn estrechamente relacionados con la pér-
dida de masa grasa.

Discusion

La obesidad y la acumulacién excesiva de tejido adi-
poso a nivel abdominal estdn asociadas a un gran
nimero de patologias relacionadas con la salud, desta-
cando un deterioro de la funcién cardiaca, diabetes tipo
2, hipertension, trastornos ortopédicos, incapacidad
para realizar trabajo fisico, enfermedad renal, dislipi-
demia y disfuncion respiratoria, entre otras.

A estas patologias le podemos afiadir las frecuentes
alteraciones de conducta y problemas de autoestima de
las personas obesas. Asi, el delicado equilibrio emocio-
nal de las personas obesas, los miedos por el entorno
que les rodea, los recurrentes sentimientos de soledad,
el incremento de enfermedades y de dependencia
fisica, etc., pueden terminar derivando en una ausencia
de bienestar mental acompafada de sintomas de depre-
sidn, ansiedad, desesperacion y bajo control personal
percibido®.

Mencién aparte merece una reciente patologia aso-
ciada a la obesidad, conocida como sindrome metabo-
lico, definido éste como la presencia concomitante de
al menos tres de las condiciones siguientes: circunfe-
rencia de la cintura mayor de 102 centimetros para
hombres y de 88 centimetros para mujeres; concentra-
ciones de HDL menores de 40 mg/dl en hombres y de
50 mg/dl en mujeres; valores de tension arterial mayo-
res o iguales a 130/85 mm de Hg, y glucosa basal
mayor a 110 mg/dl, siendo un trastorno mas comun en
personas mayores que en jovenes (la prevalencia de la
enfermedad es del 4% a la edad de 20 afios, y de casi un
50% a la edad de 60). Las personas que padecen dicho
sindrome tienen el doble de probabilidades de fallecer
por enfermedad cardiaca, el triple de probabilidades de
padecer un fallo cardiaco y hasta cinco veces mds proba-
bilidades de padecer diabetes tipo 2%. La asociacién de
factores que componen el sindrome metabélico estd con-
siderada, por tanto, como el principal motor que impulsa
la epidemia de enfermedades cardiovasculares.

La deteccién precoz de la obesidad es imprescindi-
ble para la prevencion de la mortalidad y morbilidad de
la poblacién adulta, lo que requiere trabajar bajo un
enfoque multidisciplinar dirigido a modificar de forma
positiva los factores de riesgo que subyacen en el estilo
de vida actual. De esta manera, parece prioritario esta-
blecer unas medidas orientadas a la poblacién del peli-
gro que lleva asociado un estilo de vida predominante-
mente sedentario y una alimentacién poco saludable.
De ahf la importancia de llevar a cabo unas medidas de
prevencién que permitan centrar la atencion y estable-
cer la “poblacién diana” a quien deben ir dirigidas, en
mayor medida, las estrategias de prevencién de la obe-
sidad y el sobrepeso.

Una herramienta imprescindible para modificar
dichos factores de riesgo y promover la salud de la
poblacidn es la realizacién de un programa de ejercicio
fisico regular y sistematico. Estd ampliamente docu-
mentado que niveles altos de actividad fisica se asocian
a un riesgo de mortalidad disminuido en personas de
mediana y avanzada edad, al tiempo que estd estrecha-
mente vinculada con menores niveles de grasa corporal
y mejor salud cardiovascular. Ademds, la inclusién de
un programa de ejercicio fisico se justifica por las
siguientes razones:

1. El mantenimiento de la practica de ejercicio es
uno de los mejores predictores de mantenimiento
alargo plazo®=.

2. Es necesaria un nivel considerable de actividad
fisica para el mantenimiento del peso corporal™.

3. Disminuye la pérdida del peso libre de grasa que
va asociada a la pérdida de peso, al tiempo que
mejora la salud cardiovascular y metabdlica inde-
pendientemente de la reduccién de peso corpo-
ral’ss,

El ejercicio fisico, en particular el ejercicio de resis-
tencia aerébica, produce una reduccion significativa en
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los niveles plasmadticos de colesterol, en los perimetros
y pliegues adiposos antropométricos, en los espesores
grasos asi como un descenso del porcentaje de riesgo
para la salud y la muerte®. Bien es cierto que parece

que,

afortunadamente, la préctica de la actividad fisica

va arraigdndose cada vez mds en los habitos de las per-
sonas, hecho sin duda facilitado por las evidencias de
los multiples beneficios que la misma produce en el
estado de salud y calidad de vida. Por ello, el nimero
de practicantes habituales se va incrementando de dia
en dia.
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Abstract

Objectives: To review the nutritional evaluation in
burned patient, considering the literature descriptions of
nutritional evaluation and energy requirements of these
patients.

Introduction: Thermal injury is the traumatic event
with the highest metabolic response in critically ill
patients. Various mathematical formulas have been
developed to estimate nutritional requirements in burned
patient. Indirect Calorimetry is the only method consid-
ered gold standard for measuring caloric expenditure.

Methods: A survey of the literature and data was col-
lected based on official data bases, LILACS, EMBASE
and PubMed.

Results: The metabolic changes involved in hyperme-
tabolism are designed to supply energy to support
immune function, brain activity, wound healing, and
preservation of body tissues. Body weight is considered
the easiest indicator and perhaps the best to assess the
nutritional status. The most common formulas utilized in
these patients are the Curreri, Pennisi, Schofield, Ireton-
Jones, Harris-Benedict and the ASPEN recommenda-
tions. For children is the Mayes and World Health Orga-
nization formula. The majority of mathematical formulas
overestimate the nutritional needs. The regular use of
Indirect Calorimetry supplies adequate nutritional sup-
port to the burn patient.

Discussion: The traditional nutritional evaluation con-
siders anthropometry, biochemical markers and estima-
tion of nutritional requirements. The weight provides a
basis for decisions that are established in the clinical con-
text. Classic parameters can be adapted to intensive care
environment.

Conclusions: The use of Indirect Calorimetry is crucial
to ensure the safety of the nutritional support of burn
patients and this should be widely encouraged.
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QUEMADURAS, EL METABOLISMO
Y LOS REQUERIMIENTOS NUTRICIONALES

Resumen

Objetivos: Revisar la evaluacion nutricional del
paciente quemado, considerando las descripciones biblio-
graficas de la evaluaciéon nutricional y de los requeri-
mientos energéticos de estos pacientes.

Introduccion: la lesion térmica es el acontecimiento
traumatico con la mayor respuesta metabolica en los
pacientes criticos. Se han desarrollado diversas formulas
matematicas para estimar los requerimientos nutriciona-
les del paciente quemado. La calorimetria indirecta es el
tinico método de referencia para medir el gasto calérico.

Meétodos: se realizé una revision bibliografica y una
recogida de datos a partir de las bases de datos oficiales
LILACS, EMBASE y PubMed.

Resultados: Los cambios metabélicos que implican un
hipermetabolismo estan disefiados para aportar energia
para mantener la funcion inmunitaria, la actividad cere-
bral y la curacién de las heridas asi como la conservacion
de los tejidos corporales. Se considera que el peso corpo-
ral es el indicador mas sencillo y quizas el 6ptimo para
evaluar el estado nutritivo. Las férmulas mas frecuente-
mente empleadas en estos pacientes son Curreri, Pennisi,
Schofield, Ireton-Jones, Harris-Benedict y las recomen-
daciones de ASPEN. En los niiios son la de Mayes y la de
la Organizaciéon Mundial de la Salud. La mayoria de las
formulas matematicas sobreestiman las necesidades
nutricionales. El uso habitual de la calorimetria indirecta
proporciona un soporte nutricional adecuado en el
paciente quemado.

Discusion: La evaluacion nutricional tradicional consi-
dera la antropometria, los marcadores bioquimicos y la
estimacion de los requerimientos nutricionales. El peso
proporciona la base para las decisiones que se establecen
en el contexto clinico. Los parametros clasicos pueden
adaptarse al ambiente de los cuidados intensivos.

Conclusiones: el uso de la calorimetria indirecta es cru-
cial para asegurar la seguridad del soporte nutricional de
los pacientes quemados por lo que deberia potenciarse.

(Nutr Hosp. 2011;26:692-700)
DOI:10.3305/nh.2011.26.4.5217

Palabras clave: Quemaduras. Metabolismo. Evaluacion
nutricional.



Abbreviations:

TBSA: Total Body Surface Area.

ESPEN: European Society for Clinical Nutrition and
Metabolism.

NRS: Nutritional Risk Screening.

ASPEN: American Society for Parenteral and
Enteral Nutrition.

IC: Indirect Calorimetry.

Introduction

Thermal injury is the traumatic event with the highest
metabolic response in critically ill patients.'? This
response is proportional to the size of the burn and dam-
age continue years after the incident.* Pathophysiologi-
cal changes induce an acute inflammatory response,
peripheral resistance to insulin and immunodefi-
ciency.*’

The effect of continuous and prolonged secretion of
cytokines on metabolism can lead to an unstable and
hypercatabolic condition, causing multiple organ failure.®

Objective determination of nutritional needs should be
accurately evaluated to ensure adequate nutrition for this
condition. Knowledge of the patient’s profile is essential
to prevent under-nutrition or over-nutrition and to mini-
mize the complications of nutritional support.”

Various mathematical formulas have been devel-
oped to estimate nutritional requirements in burned
patient.® The objective of this study is to review the
nutritional evaluation in burned patient, considering
the literature descriptions of nutritional evaluation and
energy requirements of these patients.

Methods and materials

A survey of the literature and data was collected uti-
lizing the key words burns, metabolism, nutritional
evaluation and intensive care unit based on official
data bases from LILACS, EMBASE and PubMed.

Metabolic response to burns injury

The patient essentially exhibits two phases: the first
is referred to the ebb stage, in which the patient shows
a deficit in plasma volume and insulin levels, initial
signs of shock, hypothermia, lowered oxygen con-
sumption and a decrease in overall metabolic rate.
After this, the body undergoes hormonal modifica-
tions and, the ebb phase evolves to the flow phase.
This stage is characterized by an increased concentra-
tion of catabolic hormones regulating the metabolic
response. An increase in heart rate, body temperature,
calorie consumption, proteolysis and neoglycogenesis
is observed.’ These reactions result of metabolic events
aimed at wound healing."
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Fig. 1.—Resting metabolic rate of patients with more than 40%
TBSA in thermal neutral temperature (33°C). Source: Herndon
DN, Tompkins RG. Support of the metabolic response to burn
injury. The Lancet. 2004;363:1895-902. Adapted.

Hypermetabolism begins at about the fifth post-burn
day and persists for close to twenty-four months, caus-
ing loss of lean body mass, reduced bone density and
muscle weakness, among other events.'"?

The intensive use of energy substrates predisposes
the patient to malnutrition, which can cause a defi-
ciency in the immune system, infections, an important
nitrogen loss, delayed wound healing, prolonged hos-
pital stay and mortality.'>!*

The catabolic state is maintained by the inflamma-
tory events activated by the damaged tissues. The
cytokines released from these tissues transform the
modified basal metabolism and keep it altered for long
periods after acute trauma.'

Metabolic response in patients with more than 40%
TBSA represents values above 100% of the resting
metabolic rate.” (fig. 1).

Nutrition

Currently the concept that nutritional support plays
an indisputable role in treating critically ill patient is
well-accepted by scientific and health professional
societies.'® The metabolic changes involved in hyper-
metabolism are designed to supply energy to support
immune function, brain activity, wound healing and
preservation of body tissues.”

Tissue repair, accentuated and persistent muscle
catabolism, and wound losses promote an increased
protein needs after thermal injury. A clear recommen-
dation is more problematic, although numerous inves-
tigators have discussed the increased protein needs of
the thermally injured patient.'*

The molecular mechanism of the hypermetabolic
response to burn injury is not completely understood.
Studies indicate that approximately 60% of the
increased metabolic response to burn injury is attribut-
able to an increased protein synthesis, gluconeogene-
sis, urea production and substrate cycling."”

Nutritional therapy aims: to offer favorable condi-
tions for the establishment of the therapeutic plan, to
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offer energy, fluids and nutrients in adequate quantities
to maintain vital functions and homeostasis, recover
the activity immune system, reduce the risks of over-
feeding, ensure offers of protein and energy necessary
to minimize the protein catabolism and nitrogen loss.”

Metabolic transformations involving nutrients

Exogenous protein, while capable of enhancing pro-
tein synthesis, cannot totally abate muscle protein
breakdown despite high nitrogen intakes.?! Protein
breakdown may increase two to four times the usual
levels, particularly in burn. Liver gluconeogenesis
rises from 2.0 to 2.5 mg/kg body weight/min to 4.4 to
5.1 mg/kg body weight/min in the stressed patient.'”?
Proteins play the most important role throughout the
entire wound-healing process.”

Numerous studies have established that hypercata-
bolic and hypermetabolic states are associated with
profound glutamine deprivation. A study conducted by
Peng et al. (2005) found that when supplemented at a
rate of 0.5 g/kg/day burned patients were capable of
reversing the changes made during the burn.*

Hyperglycemia from metabolic perspective results
from an increase in hepatic gluconeogenesis and a
resistance to the action of insulin to clear glucose into
muscle.”

Futile recycling of free fatty acids and triglycerides
results of the enhanced lipolysis combined with fat oxi-
dation.

Nutritional evaluation

Assessment is used to identify patients who would
benefit from nutritional support and suggests a design
for that therapy.” In general, the same methods are
used for other patients to conduct an assessment of
nutritional status of critically ill patients, such as
anthropometric and biochemical markers. However,
nutritional assessment is limited in the burned patient.”

Most nutritional assessment tools available in a clin-
ical setting are confounded by the physiological ele-
ments of the inflammatory response. Despite their limi-
tations, many of markers of nutritional status when
used collectively can help in daily monitoring of nutri-
tional support.*

Table I
Nutritional Risk Screening (NRS)

Initial screening

Yes No

Is BMI <20.5?

Has the patient lost weight within the last 3 months?

Has the patient had a reduced dietary intake in the last week?
Is the patient severely ill? (e.g. in intensive therapy)

Yes: If the answer is “Yes’ to any question, the screening in table Il is performed.
No: If the answer is ‘No’ to all questions, the patient is re-screened at weekly intervals. If the patient e.g. is scheduled for a major operation, a pre-

ventive nutritional care plan is considered to avoid the associated risk status.

Final screening
Impaired nutritional status Severity of disease (E increase in requirements)
Absent Score 0 Normal nutritional status Absent Score 0 Normal nutritional requirements
Mild Score 1 Wtloss >5% in 3 mths or Food intake below 50-75% Mild Score 1 Hip fracture* Chronic patients, in particular with
of normal requirement in preceding week acute complications: cirrhosis*, COPD*. Chronic
hemodialysis, diabetes, oncology
Moderate Score2 ~ Wtloss > 5% in 2 mths or BMI 18.5-20.5 + impaired Moderate Score 2 Major abdominal surgery* Stroke*
general condition or Food intake 25-60% of normal Severe pneumonia, hematologic
requirement in preceding week Malignancy
Severe Score 3 Wtloss >5% in 1 mth (>15% in 3 mths) or Severe Score 3 Head injury* Bone marrow transplantation*
BMI>18.5 + impaired general condition or Food Intensive care patients (APACHE410)
intake 0-25% of normal requirement in preceding
week in preceding week.
Score Score Total score:

Score = 3: the patient is nutritionally at-risk and a nutritional care plan is initiated.
Score < 3: weekly rescreening of the patient. If the patient e.g. is scheduled for a major operation, a preventive nutritional care plan is considered to

avoid the associated risk status.

*indicates that a trial directly supports the categorization of patients with that diagnosis.
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Table IT

Description of peculiarities of burned patient that must be constantly monitored with the anthropometric assessment

Parameters Restrictions Clinical Relevance Method Frequency
It is affected by the presence of  Provides monitoring of nutritional status of the
edema in burned patientand is a diffi- ~ patient while showing a simplified and general . .
. ) - ° : Biweekly during the acute phase
X cult variable to be monitored because  condition of the body compartments. This mea- N . X
Weight e . . . Measuring with the aid of balance. ~ and once a week during the conva-
of the patient’s inability to walk by~ sure serves as a foundation of nutritional status
L I . - . . . lescence.
their clinical condition or bedridden  and facilitates the monitoring during hospitaliza-
for medical advice. tion.
In some cases the patient may not The measurement can be per-
) P y Assists in the investigation of nutritional status by~ formed with the patientin a supine -
Height want to cooperate or be unable to i A . On admission.
- . BMI nutritional needs. position with the aid of a fixed
assist with measuring.
scale or tape measure properly.
BMI May overestimate the nutritional sta- It is a noninvasive and practical tool for assessing ~ Mathematical formula: Weekly.
(Body Mass tus of patients with edema. nutritional status. The use of BMI is considereda ~ Weight/height”.
Index) good method of evaluation. Rates below 20kg/ ~ * Always consider the presence
m? are indicative of malnutrition and are associ-  orabsence of edema.
ated with significant increase in mortality in dif-
ferent types of patient.
Evaluation of R . Constitutes a practical and noninvasive evalua-
Impossible in patients with use of . [ . ) . .
subcutaneous . h tion. Help in the verification of a deficiency status ~ Symptomatic evaluation. Weekly.
. occlusive dressings and edema. .
tissue of long or short duration.
. P . Constitutes a practical and noninvasive evalua-
Evaluation of It may be impossible in patients with . P . .
) ) tion. Demonstrates the reduced intake of solid . .
the Temporal facial burns due to use of occlusive . . Symptomatic evaluation. Monthly.
. food and therefore calories and macronutrients. It
Muscle dressings or edema. . . L .
is considered a physical sign of malnutrition.
Nutritional . - . . . Questionnaire and verification . X
No specific restrictions. Important tool for improving the nutritional therapy. . During all the hospital stay.
Risk P P proving Py of nutritional status. ¢ P y
Whereas energy expenditure is proportional to the
length of the burn, the monitoring of wound heal-
. . ing must be done by the nutritionist to avoid over- . .
Depends on the evaluation of plastic " . . . TBSA Diagram, adaptation
%TBSA s‘urge P nutrition when the IC is not available. Practically scheme Lunngrow der P Weekly.
surgerny: speaking, the knowledge of %TBSA assists in '
monitoring and allows the application of predic-
tive equations.
Observation can be used as a tool to assess dietary P .
. . - . . . Verification of patient records .
Fasting No specific restrictions. intake and the clinical course of patients when . Daily.
and with the team.
analyzed together.
Predictive equations tend to estimate
Estimation o the energy expenditure above or . Lo » . .
f &y eXp . Assists in the determination of nutritional therapy ~ Mathematical formulas described
energy below the real, predisposing the . . . . Weekly.
; . - when the IC s not available. in the literature.
requirements patient to over-nutrition or under-
nutrition.
It is considered the only valid method for deter-
Measurement . . . I, . .
. The high equipment cost preventsthe  mining the nutritional requirements by measuring .
of nutritional . . . . - Specific exam. Weekly
. wide use of it in clinical practice. the oxygen consumption and carbon dioxide
needs with IC .
excretion.
X It is important for the detection of nitrogen and N .
Assessment of _— . o . T Interview with the patient com-
" Depends on the patient’s memory  calorie balance. Assists in detecting eating disor- ) .
nutritional . L . PP pleting the 24-hour recall or ~ Daily.
) when it is made orally. ders in which an excessive food restriction is .
intake food record diary.
adopted.
Adaptation of:

1. American Burn Association. Advanced Burn Life Support Course Provider’s Manual. Chicago, Illinois: American Burn Association; 2000.
2. Gonzilez JCM, Culebras-Ferndndez JM, Mateos AGL. Recomendaciones para la valoracion nutricional del paciente critico. Rev Méd Chile 2006; 134: 1049-56.
3. Prelack K, Dylewski M, Sheridan RL. Practical guidelines for nutritional management of burn injury and recovery. Burns 2007; 33: 14-24.
4. Dias MCG, Horie LM, Waitzberg DL. Exame fisico e antropometria. In: Waitzberg DL. Nutri¢io oral, enteral e parenteral na pratica clinica. Sao Paulo: Atheneu, 2009; 1: 383-420. 4ed.
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Nutritional risk is defined as “the chances of a better
or worse outcome from disease or surgery according to
actual or potential nutritional and metabolic status” by
the European Society for Clinical Nutrition and Metab-
olism (ESPEN), Nutritional Risk Screening (NRS)
2002.2>(table I).

According to the study by Hart et al. (2000) the five
most significant variables in determining the magni-
tude of the catabolic response to severe burn were
admission weight, percentage of TBSA burned, meta-
bolic rate expressed as the percentage of the predicted
energy expenditure, time from burn to the primary
excision of the wound and burn sepsis.*

Anthropometric variables

Body compartments and evolution of hydration sta-
tus in burn patients invalidate anthropometric variables
for nutritional evaluation.” Body weight is considered
the easiest indicator and perhaps the best to assess the
nutritional status.’> Moreover, presence of edema are
common.”’

The anatomical point for the anthropometry mea-
surements may be inaccessible and surgical procedures
require days of bed rest. Semiologic analysis is impor-
tant to detect the signs of depletion and some situations
must be constantly monitored (table II).

Energy requirements

The size of the burn will proportionally influence the
hypermetabolic response, inflammation, catabolism,
changes in body composition, hormone production and
organic dysfunction.>»

The increase in energetic expenditure significantly
contributes to the development of malnutrition and pre-
dicts that all adult patients with over 20% of TBSA
must receive specific and individualized nutritional
support.*

The majority of mathematical formulas overestimate
the nutritional needs of burn patient." It is difficult for a
single formula to define individual nutritional needs
with satisfactory precision, since all the factors
involved in affecting metabolism are very complex.
Predetermined equations to estimate energy expendi-
ture are not recommended.

Between 1970 and 1980 the most frequently used
formula for estimating the nutritional needs of burn
patients was developed by William Curreri.”** In 1976,
Pennisi created a more comprehensive formula,
designed for adults and children, estimating both the
energetic needs in calories and protein needs in
grams.” Other formulas developed for critically ill and
burn patients include Toronto,* Schofield,* Ireton-
Jones,”? Harris-Benedict,** and the American Society
for Parenteral and Enteral Nutrition (ASPEN) recom-
mendations.* The most widely formulas used in chil-

6,000
5228.6
5,000 q
4,000 -

3,000 4

Kcal/day

2,000 4

Formulas to estimate nutritional requirements

Fig. 2.—Distribution of nutritional requirements estimated by
mathematical formulas for one adult burned patient. Electronic
archive study, 2010.

dren are those of Harris and Benedict, Mayes and the
World Health Organization*(table III).

A study by a group of researchers analyzed the accu-
racy of these formulas in children comparing caloric
expenditure determined by IC. All the formulas overes-
timate the patient’s caloric expenditure, predisposing
him to over-nutrition."

In order to compare the energy requirements sug-
gested by the formulas most commonly used in adults, it
was hypothesized a case of burn, and all formulas were
employed. Hypothetically, was taken as reference for
the use of formulas to a patient following conditions: 30
years old, weighing 72 kg, height 170cm, 40% of TBSA,
bedridden, with eight days of burning, body temperature
of 37°C, breathing spontaneously and with average
intake of 2.000 calories per day (fig. 2).

Over-nutrition predisposes the patient to hyper-
glycemia, overload of the respiratory system, steatosis
and hyperosmolarity. When dealing with under-nutri-
tion, the patient could suffer from malnutrition and
subsequent reduction of immunocompetence, pro-
longed dependency on mechanical ventilation and
delay in the healing processes, increased risk of infec-
tion, morbidity and mortality.*

In 1783, a study on the physiology of breathing —
Mémoire sur la Chaleur, published by Lavoisier and
Laplace for a periodical on the study of heat, generated
the initial concepts of energy metabolism. The study
explained the relationship between the inspired oxygen
and the heat lost by the body.*

With respect to the study of energy metabolism,
Indirect Calorimetry (IC) is the only research method
considered gold standard for measuring caloric expen-
diture.” Identifying the patient’s metabolic rate is
essential to prevent deficits in energetic equilibrium.
The regular use of IC supplies adequate nutritional sup-
port to the burn patient and is useful in the early detec-
tion of under-nutrition and over-nutrition.**'

Due to its high cost, the use of IC for nutritional eval-
uation occurs mainly for research and few profession-
als have access to it. In the past 33 years, about 111 sci-
entific articles reporting on burn injuries and IC have
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Table III
Formulas for calculating approximate nutritional needs in burn cases. Electronic archive study, 2010

Author

Gender

Formula

Harris & Benedict
BMR

Male
Female

Estimated Energy Requirements: BMR x Activity factor x Injury factor
66+ (13.7 x weight in kg) + (5 x height in cm) - (6.8 x age)
665 + (9.6 x weight in kg) + (1.8 x height in cm) - (4.7 x age)

Activity factor

Confined to bed: 1.2
Minimal ambulation: 1.3
Injury factor

<20% TBSA: 1.5
20-40% TBSA: 1.6
>40% TBSA: 1.7

Curreri

For all patients

Estimated Energy Requirements:
(25 keal x w) + (40 x %9TBSA)

Pennisi

Adults
Calories
Protein

Children
Calories
Protein

Estimated Energy Requirements:
(20x w) +(70x %TBSA)
(Igxw)+(3gx %TBSA)

(60 kcal x w) + (35 Kcal x %TBSA)
Bgxw)+(1gx %TBSA)

Toronto Formula

For all patients

Estimated Energy Requirements:
[-4343 4+ (10.5 x %TBSA) + (0.23 x kcals) + (0.84 x Harris Benedict)
+(114x T (°C)) - (4.5 x days post-burn) ] x Activity Factors

Activity factors non-ventilated.:
Confined to bed: 1.2

Minimal ambulation: 1.3
Moderate act, 1.4

Ventilated-Depedent: 1.2

Modified Schofield

Women

Estimated Energy Requirements: BMR x Injury factor
10-18 yrs =(0.074 x w) +2.754

18-30 yrs = (0.063 x w) +2.896

30-60 yrs = (0.048 x w) + 3.653

60 yrs =(0.049 x w) +2.459

10-18 yrs = (0.056 x w) +2.898
18-30 yrs = (0.062 x w) + 2.036
30-60 yrs = (0.034 x w) +3.538
> 60 yrs=(0.038 x w) +2.755

Injury Factors:
<10% TBSA=1.2
11-20% TBSA=1.3
21-30% TBSA=1.5
31-50% TBSA=1.8
>50% TBSA=2.0

ASPEN

For all patients

25 a 35 kcal/kg/day

Ireton—Jones Formula

For spontaneously breathing patients

Ventilated-Dependent

Estimated Energy Requirements:
629 — (11 x yrs) + (25 x w) - (609 x O)

1784 — (11 x yrs) + (25 x W) + (244 x S) +( 239 x 1) + (804 x B)

WHO For Children
Male < 3 years (60.9 x weight inkg) — 54
Male 3 to 10 years (22.7 x weightin kg) + 495
Female < 3 years (61 x weightin kg) —51
Female 3 to 10 years (22.5 x weightinkg) + 499
Mayes For Children Estimated Energy Requirements:
Male & Female < 3 years 108 + (68 x weightinkg) + (3.9 x %TBSA)

Male & Female 3 to 10 years

818 +(37.4 x weightinkg) + (9.3 x %TBSA)

Kcals: calorie intake in past 24 hours;

Harris Benedict: basal requirements in calories using the Harris Benedict formula with no stress factors or activity factors;
T: body temperature in degree Celsius;
Days post burn: the number of days after the burn injury is sustained using the day itself as day zero;

w: weightinkg;
yrs: age in years;
S:Male =1/Female =0

t: trauma present: 1 / No trauma present :0
O: presence of obesity >30% above IBW: 1/ absent: 0
B: burn present = 1/ No burn present =0
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been published. The rate of publications over the last
three decades follows an irregular pattern.

Nutritional support

The American College of Chest Physicians suggests
that enteral nutrition should be initiated as soon as pos-
sible after resuscitation.” Burn patients frequently
receive inadequate nutrition, initially because of hemo-
dynamic instability and paralytic ileus. Eventually,
nutrition is still inadequate due to required fasting for
surgical procedures or diagnostic exams, the difficulty
in chewing solid foods because of facial burns and due
to anorexia and vomiting.*

The introduction of nutritional support cannot sup-
press hypermetabolic and hypercatabolic responses
produced by a burn. Nevertheless, simply providing
enteral nutrients in the first 24 hours postburn, reduces
the caloric deficit.*

A study designed to compare the benefits of enteral
nutrition when provided in different amounts was veri-
fied that the mortality of patients in the group receiving
enteral nutrition in the proportion of 30 kcal/kg/day or
more had lower mortality rates.5s

In general rule critically ill adults require around 2 g
of protein/kg/day or approximately 15% to 20% of
total caloric intake in 24 hours.* The nutrients often
used for Pharmacological nutrition in burned patients
are glutamine, arginine and omega-3. These compo-
nents, when supplied in quantities 2-7 times higher
than those commonly eaten by healthy people, appear
to have a beneficial effect on the pathophysiological
changes induced by burns.”

Discussion

Nutritional support has become a major focus in the
care of severely burned patients to overcome clinical
events.” Malnutrition is an increasing problem in critically
ill adults and can have a profound impact on outcomes.
Given the ongoing challenges associated with nutrition
screening, assessment, and support processes, this situa-
tion is perhaps not surprising. There is an unacceptably
high prevalence of malnutrition in critically ill adults.*

Nutrition support may reduce morbidity and mortal-
ity after severe thermal injury, but excessive caloric
and protein intakes cannot overcome the catabolic
response to critical illness.'®

Some patients do not exhibit the expected hyperme-
tabolic response from their wounds. There are other
individual factors that interfere with this response and
advance the patient’s progress to hypometabolism. The
chief factors responsible for this unusual response are:
the use of analgesia and sedatives, the presence of mal-
nutrition, hypothyroidism, shock or hemodynamic
instability, cellular bio-energetic failure, hypothermia
and advanced hepatitis.**

This unusual response of some patient’s causes an
increase in the risk of developing clinical complica-
tions related to over-nutrition, because this picture is
“masked” by typical hypermetabolism of burn
patients. Accurate determination of resting energy
expenditure is necessary in patients receiving nutri-
tional support to ensure that their energy needs are
met and to avoid the complications associated with
over or underfeeding.”

Determining nutritional needs in burns becomes a
challenge for nutritionists. The valorization of meta-
bolic aspects of critical ill patient should be promoted
with the inclusion of IC equipment. Nutritional evalua-
tion should include a specific investigation, considering
the clinical condition and patient’s exposure to situa-
tions that may interfere with nutritional support.

In clinical practice, the burned patient is constantly
exposed to periods of fasting, mostly due execution of
examinations or surgical procedures. However, what
differs this from other patients in intensive care is the
constant need to make bandages. The frequency of
these procedures can be daily and also require fasting.
Moreover, it is widely described in literature that some
inflammatory markers induced anorexia in patients
submitted to metabolic stress.®'

Keeping patients “fasted” to avoid aspiration com-
plications when attempting extubation and a variety of
other reasons generally delay enteral feeding. Several
studies and reviews have shown that only about 75% of
prescribed nutrients are actually delivered, with sub-
stantial variability.®?

Even in a simple fasting, as a prolonged fasting, the
body of an average adult loses about 60 to 70 g of pro-
tein (240 to 280 g of muscle tissue) per day. In severe
trauma or sepsis, this loss can reach 150 to 200 g (600
to 1,000 g of muscle tissue) per day.”’

The constant development of nutritional assessment
reveals a promising future for the discipline. The
results of these investigations will allow professionals
in the field to broaden knowledge and devise new treat-
ment strategies, improving the quality of care. Nutri-
tion occupies a central role in our lives and for this rea-
son it should be approached seriously, especially in
pathological states.

Conclusion

There are lists of possible markers for nutritional
assessment, but a minimum set of standards should be
established. The use of IC is crucial to ensuring the
safety of the nutritional support of burn patients and
this should be widely encouraged.

References

1. Boucher J, Cynober L. Protein metabolism and therapy in burn
injury. Ann Nutr Metab 1997; 41: 69-82.

698 Nutr Hosp. 2011;26(4):692-700

N. Mendong¢a Machado et al.



10.

12.

20.

21.

22.

23.

24.

25.

26.

217.

Waymack JP, Jenkins M, Gottschlich M, Alexander JW, War-
den GD. Effect of ibuprofen on the postburn hypermetabolic
response: a case report. J Burn Care Rehabil 1990; 11: 340-2.
Jeschke MG, Micak RP, Finnerty CC, Norbury WB, Gauglitz
GG, Kulp GA et al. Burn size determines the inflammatory and
hypermetabolic response. Crit Care 2007; 11: R90.

Hart DW, Herndon DN, Klein G, Lee SB, Celis M, Mohan S et
al. Attenuation of Posttraumatic Muscle Catabolism and
Osteopenia by Long-Term Growth Hormone Therapy. Ann
Surg2001;233: 827-34.

Ramakrishnan MK, Sankar J, Venkatraman J, Ramesh J. Infec-
tions in burn patients: experience in a tertiary care hospital.
Burns 2006; 32: 594-6.

Saffle RJ. What’s new in general surgery: burns and metabo-
lism. J Am Coll Surg 2003; 196: 267-89.

Miles JM. Energy expenditure in hospitalized patients: implica-
tions for nutritional support. Mayo Clin Proc 2006; 81: 809-16.
Pereira JL, Vizquez L, Gdmez-Cia MG, Parejo M, Mallen JM,
Fraile J et al. Evaluation of energy metabolism in burn patients:
indirect calorimetry predictive equations. Nutr Hosp 1997; 12:
147-53.

Tredget EE, Yu YM. The Metabolic Effects of Thermal Injury.
World J Surg 1992; 16: 68-79.

Herndon DN, Tompkins RG. Support of the metabolic response
to burn injury. Lancet 2004; 363: 1895-902.

Dickerson RN, Gervasio JM, Riley ML, Scott BJ, Daugherty
SA, Koh YO. Accuracy of predictive methods to estimate rest-
ing energy expenditure of thermally-injured patients. JPEN J
Parenter Enteral Nutr 2002;26: 17-29.

Hart DW, Wolf SE, Mlcak R, Chinkes DL, Ramzy PI, Obeng
MK et al. Persistence of muscle catabolism after severe burn.
Surgery2000; 128: 312-9.

De-Souza DA, Greene LJ. Pharmacological Nutrition After
Burn Injury. The Journal of Nutrition 1998; 128: 797-803.
Barbosa ASAA, Calvi AS, Pereira PCM. Nutritional, immuno-
logical and microbiological profiles of burn patients. J Venom
Anim Incl Trop Dis 2009; 15: 768-77.

Nguyen T. Current Treatment of Severely Burned Patients. Ann
Surg 1995;223: 14-25.

Mateos AGL, Aguilar TCF, Malpica AB. Multiple trauma and
burns. Nutr Hosp 2000; 15 (Suppl. 1): 121-7.

Cartwright MM. The metabolic response to stress: a case of
complex nutrition support management. Crit Care Nurs Clin N
Am2004; 16: 467-87.

Dickerson RN. Estimating Energy and Protein Requirements of
Thermally Injured Patients: Art or Science? Nutrition 2002; 18
(5):439-42.

Yu YM, Tompkins RG, Ryan CM, Young VR. The metabolic
basis of the increase in energy expenditure in severely burned
patients. JPEN J Parenter Enteral Nutr 1999; 23: 160-8.
Medeiros NI, Schott E, Silva R, Czarnobay SA. Efeitos da tera-
pia nutricional enteral em pacientes queimados atendidos em
hospital ptblico de Joinville/SC. Rev Bras Queimaduras 2009;
8(3):97-100.

Prelack K, Dylewski M, Sheridan RL. Practical guidelines for
nutritional management of burn injury and recovery. Burns
2007;33: 14-24.

Piccolo NS, Correa MD, Amaral CR, Leonardi DF, Novaes FN,
Prestes MA et al. Projeto Diretrizes Queimaduras. Associagdo
Médica Brasileira e Conselho Federal de Medicina, Sociedade
Brasileira de Cirurgia Plastica, Brasil. 2002: 3-18.

Wild T, Rahbarnia A, Kellner M, Sobotka, Eberlein T. Basics in
nutrition and wound healing. Nutrition 2010; 26: 862-6.

Peng X, Yan H, You Z, Wang P, Wang S. Clinical and protein
metabolic efficacy of glutamine granules-supplemented enteral
nutrition in severely burned patients. Burns 2005; 31: 342-6.
Jahoor F, Herndon DN, Wolfe RR. Role of insulin and
glucagon in the response of glucose and alanine kinetics in
burn-injured patients. J Clin Invest 1986; 78: 807-14.

Sue Slone D. Nutritional support of the critically ill and injured
patient. Crit Care Clin 2004; 20: 135-57.

Maicd AO, Schweigert ID. Avaliagdo nutricional em pacientes
graves. Rev Bras Terap Int 2008; 20 (3): 286-95.

Burns, metabolism and nutrition

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Fontoura CSM, Cruz DO, Londero LG, Vieira RM. Avaliagio
nutricional de paciente critico. Rev Bras Ter Int 2006; 18 (3):
298-306.

Lochs H, Allison SP, Meier R, Pirlich M, Kondrup J, Schneider
S et al. Introductory to the ESPEN Guidelines on Enteral Nutri-
tion: Terminology, Definitions and General Topics. Clin Nutr
2006; 25: 180-6.

Hart DW, Wolf SE, Chinkes DL, Gore DC, Mlcak RP, Beau-
ford RB et al. Determinants of Skeletal Muscle Catabolism
After Severe Burn. Ann Surg 2000; 232 (4): 455-65.

Gonzélez JCM, Culebras-Fernandez JM, Mateos AGL. Reco-
mendaciones para la valoracion nutricional del paciente critico.
Rev Méd Chile 2006; 134: 1049-56.

Chan MM, Chan GM. Nutritional therapy for burns in children
and adults. Nutrition 2009; 25: 261-9.

Grau Carmona T, Ferrari MDR, Labajo DG. Nutricién artificial
en el paciente quemado. Nutr Hosp 2005; XX (Suppl. 2): 44-6.
Deitch EA. Nutritional support of the burn patients. Crit Care
Clin 1995; 11: 735-50.

Diener JRC. Calorimetria indireta. Rev Ass Med Brasil 1997,
43:245-53.

Mann S, Wenstenskow DR, Houtchens BA. Measured and pre-
dicted caloric expenditure in the acutely ill. Crit Care Med
1985;13: 173-7.

Purdue GF. American Burn Association Presidential Address
2006 on Nutrition: Yesterday, Today, and Tomorrow. J Burn
Care Res 2007, 28: 1-5.

Curreri PW, Richmond D, Marvin J, Baxter CR. Dietary
requirements of patients with major burns. J Am Diet Assoc
1974;65: 415-7.

Pennisi VM. Monitoring the nutritional care of burned patients.
J Am Diet Assoc 1976; 69: 531-3.

Allard JP, Pichard C, Hoshino E, Stechison S, Fareholm L,
Peters W1J et al. Validation of a new formula for calculating
energy requirements of burns patients. JPEN J Parenter
Enteral Nutr 1990; 14: 115-8.

Schofield WN. Predicting basal metabolic rate, new standards
and review of previous work. Human Nutrition. Clinical Nutri-
tion 1985; 39 (Suppl. 1): 5-41.

Ireton-Jones CS, Jones JD. Should predictive equations or indi-
rect calorimetry be used to design nutrition support regimens?
Nutrition in Clinical Practice 1998; 13: 141-5.

Harris JA, Benedict FG. A Biometric Study of Basal Metabo-
lism in Man. Washington DC: Carnegie Institution of Washing-
ton, 1919, Publication n. 279.

Brito S, Dreyer E. Terapia Nutricional: Condutas do Nutricio-
nista. UNICAMP, 2003.

Guidelines for the use of parenteral and enteral nutrition in
adult and pediatric patients. JPEN 2002; 26 (Suppl. 1): ISA-
138SA.

Schulman CI, Ivascu FA. Nutritional and Metabolic Conse-
quences in the Pediatric Burn Patient. The J Craniofacial Surg
2008; 19: 891-4.

Liusuwan RA, Palmieri TL, Kinoshita L, Greenhalgh DG.
Comparison of measured resting energy expenditure versus
predictive equations in pediatric burn patients. J Burn Care
Rehabil 2005; 26: 464-70.

Passos JC. Os experimentos de Joule e a primeira lei da termo-
dindmica. Rev Bras Ens Fisic 2009; 31: 3602-9.

Suman OE, Mlcak RP, Chinkes DL, Herndon DN. Resting
energy expenditure in severely burned children: analysis of
agreement between indirect calorimetry and prediction equa-
tions using the Bland-Altman method. Burns 2006; 32: 335-
42.

Peck MD, Kessler M, Cairns BA, Chang YH, Ivanova A,
Schooler W. Early enteral nutrition does not decrease hyper-
metabolism associated with burn injury. J Trauma 2004; 57:
1143-8.

Gottschlich MM, Jenkins ME, Mayes T, Khoury J, Kagan RJ,
Warden GD. The 2002 Clinical Research Award. An evalua-
tion of the safety of early vs delayed enteral support and effects
on clinical, nutritional, and endocrine outcomes after severe
burns. J Burn Care Rehabil 2002; 23: 401-15.

Nutr Hosp. 2011;26(4):692-700

699



52.
53.

54.

55.

56.

57.

700

Harrington L. Nutrition in critically ill adults: key processes
and outcomes. Crit Care Nurs Clin N Am 2004 16: 459-65.
Wolfe RR, Martini WZ. Changes in intermediary metabolism
in several surgical illness. Word J Surg 2000; 24: 639-47.
Kreymann KG, Berger MM, Deutz NEP, Hiesmayr M, Jolliet
P, Kazandjiev G et al. ESPEN Guidelines on Enteral Nutrition:
Intensive care. Clinical Nutrition 2006; 25: 210-23.

Rimdeika R, Gudaviciene D, Adamonis K, Barauskas G,
Pavalkis D, Endzinas Z: The effectiveness of caloric value of
enteral nutrition in patients with major Burns. Burns 2006; 32:
83-6.

Beaver WL, Wassermann K, Whipp BJ. On-line computer
analysis and breath-by-breath graphical display of exercise
function tests. J Appl Physiol 1973; 34: 128-32.

De-Souza DA, Greene LJ. Correlagdo entre as alteragdes fisio-
patolégicas de pacientes queimados e o suporte nutricional.
Revista Virtual de Medicina 1998; 1 (2).

58.

59.

60.

61.

62.

McClave SA, Snider HL, Greene L. Effective utilization of
indirect calorimetry during critical care. Intensive Care World
1992;9: 194-200.

Davis KA, Kinn T, Esposito TJ, Reed RL, Santaniello JM,
Luchette FA. Nutritional Gain Versus Financial Gain: The Role
of Metabolic Carts in the Surgical ICU. J Trauma 2006; 61:
1436-40.

Borish LC, Steinke JW. Cytokines and chemokines. J Allergy
Clin Immunol 2003; 11: S460-S75.

Cederholm T, Wretlind B, Hellstrom K, Andersson B, Engstron
L, Brismar K. Enhanced generation of interleukins 1 and 6 may
contribute to the cachexia of chronic disease. Am J Clin Nutr
1997; 65: 876-82.

Berger MM, Revelly JP, Wasserfallen JB, Schmid A, Bouvry S,
Cayeux MC et al. Impact of a computerized information system
on quality of nutritional support in the ICU. Nutrition 2006; 22:
221-9.

Nutr Hosp. 2011;26(4):692-700

N. Mendong¢a Machado et al.



- i '611-
Hospitalaria

Original

Nutr Hosp. 2011;26(4):701-710
ISSN 0212-1611 « CODEN NUHOEQ
S.V.R. 318

Multidisciplinary consensus on the approach to hospital malnutrition

in Spain

A. Garcia de Lorenzo!, J. Alvarez Hernédndez?, M. Planas®, R. Burgos* and K. Araujo’; the
multidisciplinary consensus work-team on the approach to hospital malnutrition in Spain

'Hospital La Paz. Madrid. *Hospital Principe de Asturias. Madrid. *Escola Universitaria de Ciencies de la Salut. Universitat
de Vic. Barcelona. *Hospital Vall d’Hebron. Barcelona. *“Medical Affairs Department. Nestlé Healthcare Nutrition. Spain.

Abstract

Rationale: Disease-related malnutrition constitutes a
highly prevalent healthcare problem with high costs asso-
ciated. In Spain, the prevalence of malnutrition in hospi-
talized patients has been reported from 30% to 50%.

Objectives: Main purposes of this consensus document
were to establish recommendations that facilitate deci-
sion-making and action to prevent and early-diagnose
disease-related hospital malnutrition, on the manage-
ment of nutritional support methods and actions to evalu-
ate nutritional treatment compliance and efficacy.

Methods: A systematic bibliographical search of authors
was performed, complemented by updated bibliography
by author references up to 2010. From this review, some
recommendations were defined, modified and critically
evaluated by the representatives of scientific societies in a
consensus conference (Dec 2010) following a structured
brainstorming technique: the Metaplan® technique. A
double validation process was undertaken until final rec-
ommendations were obtained.

Results: 30 consensus recommendations for the pre-
vention and management of hospital malnutrition are
presented in this document. Recommendations cover all
clinical care settings as well as prevention, screening,
diagnosis, treatment and follow-up of disease-related
malnutrition.

Conclusions: Nutritional screening is strongly recom-
mended at all clinical settings when nutritional risk fac-
tors are identified or there is clinical suspicion of malnu-
trition. Nutritional assessment should be designed and
performed according to centers’ resources, but clearly
identified protocols should be available.
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CONSENSO MULTIDISCIPLINAR SOBRE
EL ABORDAJE DE LA DESNUTRICION
HOSPITALARIA EN ESPANA

Resumen

La desnutricion relacionada con la enfermedad consti-
tuye un problema sanitario de elevada prevalencia y altos
costes. En Espaiia, la prevalencia de desnutricion de los
pacientes hospitalizados se ha estimado entre el 30% y el
50%.

Objetivos: El objetivo principal de este consenso fue
establecer recomendaciones para facilitar la toma de
decisiones para la prevencion y el diagnostico precoz de la
desnutricion hospitalaria, el manejo del soporte nutricio-
nal, y las acciones para evaluar el cumplimiento de la
intervencion nutricional y su eficacia.

Meétodos: Se realizé una bisqueda sistematica de autor
complementada por bibliografia actualizada por referen-
cias de autor hasta el afio 2010. A partir de esta revision,
se definieron algunas recomendaciones que fueron criti-
cadas y modificadas por los representantes de las Socie-
dades Cientificas participantes en una conferencia de
consenso (Diciembre 2010) siguiendo una técnica de
brainstorming estructurado: la técnica Metaplan®. Se
realizaron dos vueltas de validacién de las recomendacio-
nes hasta obtener las recomendaciones finales.

Resultados: Este documento presenta 30 recomenda-
ciones para la prevencion y el manejo de la desnutricion
hospitalaria. Las mismas cubren todas las areas de actua-
cion clinica asi como la prevencion, cribado, diagnéstico,
tratamiento y seguimiento de la desnutricion hospitalaria
relacionada con la enfermedad.

Conclusiones: Se recomienda enérgicamente el cribado
nutricional en todas las areas de actuacion clinica cnando
se identifiquen factores de riesgo nutricional o sospecha
clinica de desnutricion. La valoracion del estado nutricio-
nal debe disefiarse y realizarse de acuerdo a los recursos
disponibles en cada centro, disponiendo de claros proto-
colos de actuacién.

(Nutr Hosp. 2011;26:701-710)
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Abreviattions

ASPEN: American Society of Parenteral and Enteral
Nutrition.

ENHA: European Nutrition Health Alliance.

ESPEN: European Society for Clinical Nutrition and
Metabolism.

EU: European Union.

MNA: Mini-Nutritional Assessment.

MNA-SF: Mini-Nutritional Assessment Short Form.

MUST: Malnutrition Universal Screening Tool.

NICE: National Institute for health and Clinical
Excellence.

NRS 2002: Nutritional Risk Screening 2002.

PREDYCES®: Prevalence of Hospital Malnutrition
and Additional Costs in Spain.

SENPE: Spanish Society of Parenteral and Enteral
Nutrition.

SIGN: Scottish Intercollegiate Guidelines Network.

Rationale

Disease-related malnutrition constitutes a highly
prevalent healthcare problem with high costs associated.
It affects some 30 million people in Europe and entails an
associated annual cost of around 170 billion euros.'

Under the Czech presidency of the European Union
(EU), representatives from the EU member states’ Min-
istries of Health, medical experts, representatives of
healthcare administrations and healthcare insurance
groups, ESPEN (European Society for Clinical Nutrition
and Metabolism) and ENHA (European Nutrition Health
Alliance), signed the Prague Declaration on June 11th,
2009, and came to the unanimous conclusion that dis-
ease-related malnutrition is an urgent public health and
healthcare problem in Europe. This declaration empha-
sizes the importance of adopting appropriate actions to
prevent malnutrition, a cause of unnecessary morbidity
and mortality. Thus, progress should be made to help the
efficacy of European healthcare systems? and maintain
ongoing commitment to improve patient quality of life.

The actions to fight against disease-related malnutri-
tion should be integrated to the EU healthcare strategy
(“Together for health: a Strategic Approach for the EU
2008-2013”)*¢ continuing along the recommendation
lines proposed in the resolution on Food and Nutritional
Care in hospitals, promulgated by the Council of Europe
Committee of Ministers in 2003.% This resolution high-
lighted the importance of malnutrition in hospitals, as
well as measures aimed at its prevention and treatment.

Hospital Malnutrition

Malnutrition in the hospitalized patient is the result
of a complex relationship between disease, food and
nutrition. When the nutritional status is deficient there
is a delay in recovery, hospital stay is prolonged, the

rate of premature re-admission increases, there is
greater susceptibility to infection and the individual’s
independence and quality of life is considerably
altered, contributing to an increase in morbidity and
mortality as well as an increase in healthcare costs.*"

Malnutrition is a clinical situation caused by nutritional
deficiency, either due to inadequate intake; increase in
losses or because of an increase in nutritional require-
ments. Malnutrition increases during hospital stays
because of several factors. First, the patient’s disease may
involve an inadequate intake of nutrients due to anorexia,
difficulties in food intake, chewing problems, dysphagia,
mucositis or lack of autonomy for eating, but also other
factors involved may be, difficulty in digestion or absorp-
tion of foods, or even an increase in nutritional require-
ments either due to metabolic stress or varying levels of
loss of nutrients. Furthermore, certain diagnostic or thera-
peutic procedures may contribute to the development of
malnutrition if fasting is indicated to conduct specific
examinations, if the patient is in the postoperative period,
or if digestive rest is required as part of the treatment for
certain pathophysiological situations.

There may also be questionable dietary indications or
not taking into account possible negative effects of certain
therapeutic actions on nutritional status. Furthermore, it is
a reality that hospital food services may be incurring in
deficiencies for not offering attractive menus, not always
using best quality ingredients and, occasionally, using
deficient dietary protocols that are poorly suited to spe-
cific patients. Finally, the lack of awareness of healthcare
professionals cannot be overlooked, given the limited
training received regarding nutrition, the ignorance of the
significance of malnutrition in patient evolution, and the
dilution of responsibilities regarding patient nutrition and
nutritional support protocol availability. This means that
methods for detecting and monitoring patients with nutri-
tional problems are not applied and existing resources for
nutritional support are poorly used.!!

Itis worth pointing out that there is not a universally-
accepted definition for disease-related malnutrition.
Some authors use elements related to clinical and bio-
chemical expression,* functionality,” or the aetiopath-
ogenic concept of it, as was most recently brought-up
in a consensus written by an International ad-hoc Com-
mittee (ASPEN — ESPEN).>+%

The prevalence of disease-related malnutrition is
reported to be from 20-50%.2** The use of screening
tools is the first step in the prevention and treatment of
patients at risk of malnutrition and undernourishment.
The information obtained from the EuroOOPS Study,
which used Nutritional Risk Screening 2002 (NRS
2002) tool to evaluate 5061 patients admitted to Euro-
pean hospitals, shows a risk of malnutrition of 32.6%.%

Hospital Malnutrition in Spain

In Spain, the prevalence of malnutrition in hospital-
ized patients has been reported from 30% to 50%, and
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as in other countries, it increases with the duration of
in-hospital stay. However, these data were extracted
from partial studies with that did not allow us to know
the real extent of the healthcare (prevalence) or finan-
cial (costs) problem.?'**

The recent PREDYCES® study (Prevalence of Hos-
pital Malnutrition and Additional Costs in Spain) con-
ducted by the Spanish Society of Parenteral and Enteral
Nutrition (SENPE) provides very important data.* It
was conducted on 1597 patients in 31 hospitals, repre-
sentative of the healthcare map throughout the national
territory and under regular clinical practice conditions.
The results include:

* 23% of patients admitted to a Spanish hospital are at
risk of malnutrition (according to NRS 2002®).
Patients over the age of 70 have a significantly
greater risk than the rest of patients (37% vs. 12.3%;
p<0.001). Both at admission and discharge, the
greatest prevalence of malnutrition was found in the
group over the age of 85 years, with 47% malnutri-
tion at admission and 50% at discharge.

Conditions significantly associated to a greater
prevalence of malnutrition were dysphagia, neuro-
logical diseases, cancer, diabetes and cardiovascu-
lar disease. Furthermore, poly-medicated patients
presented double the prevalence of malnutrition
with respect to non poly-medicated patients.

9.6% of patients not malnourished at admission
developed malnutrition during hospitalization and
28.2% of patients who were admitted at nutritional
risk did not present malnutrition upon discharge.
Patients with malnutrition (at admission or dis-
charge) had a significantly higher mean in-hospi-
tal stay (11.5 days vs. 8.5 days; p<0.001 and 12.5
days vs. 8.3 days; p<0.001). In financial terms,
hospital costs were higher in patients who were
admitted with nutritional risk compared to those
who did not present risk on admission (€ 8 207 vs.
€ 6 798; p<0.05), with a mean difference of € 1
409 per patient. After analyzing costs related to
nutritional status, the most marked difference was
found between those who underwent malnutrition
during hospitalization (malnourished at discharge
but not at nutritional risk upon admission) com-
pared to those who did not present malnutrition at
any time (€ 12 237 vs. € 6 408; p<0.01).

Objectives

1. To establish recommendations that facilitates
decision-making in different clinical care settings
to prevent disease-related hospital malnutrition.

2. To establish recommendations that facilitate
action in different clinical care settings to early-
diagnose disease-related hospital malnutrition.

3. To establish recommendations to facilitate action
in different clinical care settings in order to man-

age and set-up nutritional support methods for
patients with disease-related hospital malnutri-
tion.

4. To establish recommendations to facilitate action
in different clinical care settings to evaluate nutri-
tional treatment compliance and efficacy.

Consensus methodology

The methodological process for drafting this docu-
ment started from a previous study consisting in sev-
eral phases. At first stage, a systematic bibliographi-
cal search of authors was performed, in which the
reference document that most corresponded with the
requirements of the references formulated, by their
practical and healthcare characteristics, was the
NICE review “Nutrition Support for Adults Oral
Nutrition Support, Enteral Tube Feeding and Par-
enteral Nutrition”,* complemented by updated bibli-
ography by author references up to 2010. From this
review, some recommendations were defined, modi-
fied and critically evaluated by the representatives of
scientific societies in a consensus conference follow-
ing a structured brainstorming technique: the Meta-
plan® technique.

This conference was held in December 2010. In
order to study in detail the recommendations for pre-
vention and management of malnutrition, participants
were divided into 3 working groups. All of them rep-
resented different scientific societies and were joined
by a member of SENPE (coordinators). Each group
focused on a period of time when condition can be
prevented, detected or treated: prior to admission and
hospital discharge, at hospital admission and during
hospital in-stay. In order to facilitate team-debate, the
groups independently studied the previously pro-
posed recommendations.

The main objective of Metaplan® methodology was
that said technique allows free and structured knowl-
edge to be obtained—based, when available, on clini-
cal guidelines and evidence—from those consulted,
with the aim of achieving an organized debate, the
structuring of knowledge and, as a result of contribu-
tions from all the participants, the identification of con-
sensuses and disagreements, individual reflection and a
free and structured participation.

After the working group stage, in-office work was
carried out in which the contributions of each group
were collected and synthesized. New recommenda-
tions were drawn up from said information, and first
validated by the consensus coordinators.

The final recommendations were classified accord-
ing to the modified Scottish Intercollegiate Guidelines
Network (SIGN) system (Table 1), which is character-
ized by allowing the quality of scientific evidence to be
classified and grading the strength of the recommenda-
tions with simplicity and transparency and is based on
the Centre for Evidence-Based Medicine in Oxford

Multidisciplinary consensus on the
approach to hospital malnutrition in Spain
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Table I
Sign levels of Scientific Evidence and Grades of Recommendations”

Levels of Scientific Evidence

1++ High quality meta-analyses, systematic reviews of Randomized Clinical Trials (RCTs) or RCTs with a very low risk of bias.
1+ Well conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias.
1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias.

High quality systematic reviews of case control or cohort studies.

el High quality case control or cohort studies with a very low risk of bias and a high probability that the relationship is causal.
2+ Well conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is causal.
2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal.
3 Non-analytical studies, e.g. case reports, case series.
4 Expert opinion.
Grades of Recommendation

Atleast one meta-analysis, systematic review, or clinical study rated as 14++ and directly applicable to the target population; or
A A body of evidence consisting principally of studies rated as 1+, directly applicable to the target population, and demonstrating overall

consistency of results.

Abody of evidence including studies rated as 2++, directly applicable to the target population and demonstrating overall consistency of
B results; or

Extrapolated evidence from studies rated as 1++or 1+

Abody of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall consistency of
C results; or

Extrapolated evidence from studies rated as 2++
D Evidence level 3 or 4; or

Extrapolated evidence from studies rated as 2*

Good Clinical Practice

v Recommended practice, based on clinical experience and the consensus of the drafting team.

Occasionally, the drafting group realises that there is some important practical aspect they wish to emphasise but for which there is probably no sci-
entific evidence to support it. In general, these cases are related to some aspect of treatment considered to be good clinical practice and normally no
one would question it. These aspects are assessed as points of good clinical practice. These messages are not an alternative to the scientific evi-
dence-based recommendations, but rather should be considered only when there is no other way to highlight said aspect.””

(CEBM) system for screening and diagnostic methods
questions (Table 2) and SIGN for the rest of the ques-
tions.”” Given the difference in the experimental
designs according to objective types, this modification
allows us to avoid underestimation in the critical
assessment of the evidence studies collected. Subse-
quently, said recommendations were sent twice via e-
mail to all the participating scientific societies to obtain
their final validation.

Consensus recommendations for the prevention
and management of hospital malnutrition
Recommendations prior to hospital admission
Screening in the primary care setting

1. The use of a nutritional status screening method
should be implemented in primary care centers for any

patient who presents clinically suspicious criteria for
malnutrition.**** Grade of recommendation: D

Clinical suspicion includes, for example, involun-
tary weight loss, substantial muscle and subcutaneous
fat loss, persistent lack of appetite, problems regarding
food-intake, swallowing, digestion or absorption of
nutrients, as well as an increase in nutrients loss (pro-
longed vomiting and diarrhea) and the presence of pro-
longed intercurrent disease, among others.*

2. Itis advisable to use The “Malnutrition Universal
Screening Tool” (MUST)* for adults in primary care.
Grade of recommendation: D.

Level of evidence of the MUST screening method
validation: II.

3. The Mini-Nutritional Assessment Short Form
(MNA SF)## is the most suitable for use in the elderly
in primary care.” Grade of recommendation: D.

4. Screening should be performed by trained and
experienced healthcare professionals, involved directly
in the patient’s care.” Grade of recommendation: D.
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Table IT

Oxford CEBM System. Scientific Levels of Evidence and Formulation of Recommendations for Questions on Diagnosis®

Scientific Levels of Evidence

Type of Scientific Evidence

Ia Systematic revision with homogeneity of level 1 studies.
Ib Level 1 studies.
I Level 1 studies.
Systematic review of level 2 studies.
1 Level 3 studies.
Systematic review of level 3 studies.
v Consensus, expert opinions without explicit critical appraisal

Level 1 Studies

Comply:
- Masked comparison with a valid reference test (“gold standard”).
- Adequate spectrum of patients.

Level 2 Studies

Present only one of these biases:

- Non-representative population (the sample does not reflect the population in which the test will be applied).

- Inadequate comparison with the reference standard (“gold standard”) (the test to be evaluated is part of
the gold standard or the result of the test influences the conduct of the gold standard.)

- Non-masked comparison.

- Case control studies.
Level 3 Studies Present two or more of the criteria described in the level 2 studies.
Recommendation Evidence
A TaorIb
B I
C it
D v

5. In general medicine offices, after recording the
screening test result at the opening of a patient’s med-
ical record, screening should be repeated at 6 months or
in the event of any additional medical condition.*
Grade of recommendation: D.

Screening in the geriatric residencies setting

6. Institutionalized patients should be screened
(Grade of recommendation: D, for the options described):

a) Upon admission to the centre.

b) If they present clinical suspicion criteria for mal-
nutrition* (*See recommendation 1).

c) If they present risk of malnutrition, understood
as: having eaten little or nothing for more than 5
days and/or having a tendency to eat little or
nothing in at least the next 5 days or more, or
increase in nutritional needs due to acute disease
or worsening of digestive function.

7. Screening should be performed by trained and
experienced healthcare professionals, involved directly
in the patient’s care.*® Grade of recommendation: D.

8. In institutionalized patients, after recording the
screening test result at the opening of a patient’s med-
ical record, screening should be repeated at 6 months as

a minimum, or beforehand if there are clinical changes
or clinical suspicion of malnutrition.” Grade of recom-
mendation D.

Diagnosis in primary care and residential settings

9. A nutritional status assessment should be per-
formed in those patients with positive screening results. It
should be performed by trained and experienced staff,
according to the available resources. The methodology to
be used will depend on the patient and the available sci-
entific evidence.” Grade of recommendation: D.

Recommendations at hospital admission
Screening

10. In the first 24-48 hours of hospital admission,
screening should be performed for early detection of
malnutrition.* Grade of recommendation: A.

Level of evidence Ib/1++: results of trials have
shown that the prevalence of malnutrition can be
reduced with suitable nutritional care and nutritional
therapy in malnourished patients after early detection.
They have shown a significant reduction in length of
hospital stay and costs associated to treatment.**+

Multidisciplinary consensus on the
approach to hospital malnutrition in Spain
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Several publications have studied the benefits and cost-
effective relationship of an early therapeutic approach,
showing that associated morbidity and mortality are
reduced significantly, as is length of hospital stay.

11. Each centre should use the screening method
most feasible to apply. The following are to be consid-
ered as minimal screening variables: BMI (<18.5
kg/m2), involuntary weight changes (weight loss >5%
in 3 months or >10% in 6 months) and modifications in
regular food-intake in the previous month.* Grade of
recommendation: D.

12. Screening should be performed by trained and
experienced healthcare professionals, involved directly
in the patient’s care.*® Grade of recommendation: D.

13. A methodology should be established (accord-
ing to the action algorithm and the screening tool cho-
sen) so that patients with positive screening results can
be identified for necessary subsequent actions.* Grade
of recommendation D.

Diagnosis

14. A nutritional status assessment should be per-
formed in those patients screened positive at hospital
admission. It should be performed by trained and expe-
rienced staff, according to the available resources.
Methodology to be used will depend on the patients’
characteristics as well as available scientific evi-
dence.” Grade of recommendation: D.

Recommendations during hospitalization
Screening

15. Patients screened negative for nutritional risk at
admission should be reassessed; frequency will depend
on the patient’s condition and nutritional risk factors
present. It is recommended to re-screen at least every
week.* Grade of recommendation: D.

Diagnosis

16. Each hospital should clearly establish malnutri-
tion criteria. Those established by the SENPE-SEDOM
consensus document, published in bulletin no. 29 of the
Technical Office of the ICD-9 of the Spanish Ministry
of Health, Social Policy and Equality in June 2008 are
recommended. Each hospital should define the malnu-
trition diagnosis protocols and circuits.” Grade of rec-
ommendation: V.

Follow-up

17. For those patients with malnutrition at hospital
discharge, it should be prescribed nutritional council

and/or support to be followed at home. Patient and
caregivers should be adequately informed regarding
prescribed treatment, both verbally and written, and
should be included in the discharge report.’*® Grade of
recommendation: D.

18. Disease-related malnutrition as well as the dietary
intervention (including both enteral and parenteral nutri-
tion), should be noted in the discharge report so it can be
encoded.* Grade of recommendation: D.

Recommendations for nutritional intervention
in patients with positive nutritional assessment
or screening

19. Food intake assessment should be performed in
patients screened positive.* Grade of recommenda-
tion: D.

20. Once diagnosis of malnutrition has been estab-
lished (documented in the patient’s medical record),
the patient’s nutritional requirements should be deter-
mined, based on their clinical situation and baseline
condition. Requirements should be re-evaluated over
time according to evolution. This should be performed
by trained and experienced healthcare professionals
involved in direct patient care.’*” Grade of recommen-
dation: D.

21. When food intake is insufficient, properly quali-
fied personnel from the centre should assess the causes
and record them systematically. In these cases, intake
should be individualized, adapted and enriched, if nec-
essary, to cover patient’s requirements.* Grade of rec-
ommendation: D.

22. When food intake is insufficient, menus should
be individualized and enriched, adapting them, if nec-
essary, to cover requirements. Grade of recommenda-
tion: A.

Level of evidence 1++: multiple studies results and
added meta-analysis have shown scientific evidence of
the effectiveness of oral nutritional supplements. An
exhaustive systematic literature review that included
all types of combinations and specialties (complete
supplements containing a balanced mixture of proteins,
energy, vitamins and minerals, other homemade sup-
plements, incomplete supplements, etc.) have shown
their capacity to decrease the prevalence of malnutri-
tion and with adequate nutritional care in malnourished
patients contribute to a significant reduction in mean
in-hospital stay as well as costs associated with treat-
ment.4],42.57788

23. Prescribe nutritional supplementation if diet
modifications do not cover the nutritional needs of the
patient (energy, proteins, minerals, vitamins, etc.). If
the prescription of oral nutritional supplements is con-
sidered, selection of supplement should attend:

— Patient’s requirements according to their needs
— Physiological and pathological conditions of the
patient
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— Suitability of the presentation given the patient’s
situation and preferences

Grade of recommendation: A. Based on the refer-
ences of scientific evidence from the previous recom-
mendation.

24. If the patient presents inadequate oral intake
despite diet modifications and the use of oral nutri-
tional supplements, administration of enteral nutrition
should be considered as long as, based on clinical judg-
ment, the gastrointestinal tract is functional both in
terms of absorption capacity and motility.* Grade of
recommendation: A.

Level of evidence 1+: despite evidence showing
improvement of nutritional status in these cases (p
gamma <0.0001 to 0.012) results are not convincing
with respect to in-hospital stay improvement or associ-
ated morbidity and mortality, perhaps due to the wide
variability in patients requiring this type of therapy and
also sometimes because of the short recording period,
not allowing the relationship between intervention and
healthcare endpoints to be confirmed.****

25. In those patients requiring enteral nutrition
because of their clinical situation or baseline disease, the
most suitable digestive access shall be chosen based on:

— The patient’s disease

— The current clinical condition of the patient
Safety and tolerance of access

Foreseen length of enteral nutrition
Availability of resources

If gastric access is not believed to be safe, post-
pyloric access should be assessed. Grade of recom-
mendation:

26. The selection and administration of enteral
nutrition will, at all times, depend on the patient’s
requirements according to their needs as well as their
physiological and pathological conditions. All deci-
sions will be reported to and agreed upon with the
patient.’® Grade of recommendation: D.

27. Parenteral nutrition shall be reserved for those
cases in which enteral nutrition is contraindicated, cannot
be carried out, or is unable to meet the patient’s nutri-
tional requirements.* Grade of recommendation: D.

28. Interventions shall include a nutritional support
plan for those patients needing it, after nutritional
assessment. The professional or team responsible for
treatment should be identified and nutritional interven-
tion protocols should be established at each healthcare
level. This will involve the medical team, nursing and
auxiliary staff at centers that do not have a nutritional
support unit to manage at-risk and/or malnourished
patients. The team responsible will be clearly identi-
fied.** Grade of recommendation: D.

29. Compliance, efficacy, tolerance and safety of
any nutritional action should be monitored and
recorded. For this, a specific form should be designed.*
Grade of recommendation: D.

30. Nutritional action procedures should be distrib-
uted to the personnel involved to facilitate compliance
via the contribution of necessary measures. Compli-
ance with procedures should be evaluated periodically
with the aim of improving them and adjusting them to
the needs of each healthcare level (primary care, spe-
cialized care).* Grade of recommendation: D.
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Abstract

Background: The aim of our study was to investigate
the allelic frequency of the G308A polymorphism in the
TNF alpha gene and the influence of G308A this polymor-
phism on cardiovascular risk factors and adipokine levels
in obese patients.

Design: A population of 834 obesity patients was ana-
lyzed. A nutritional evaluation and a blood analysis were
performed. The statistical analysis was performed for the
combined G308A and A308A as mutant group and type
G308G as wild group.

Results: A total of 630 patients (181 males/449 females)
(75.5%) had the genotype G308/G308 (wild genotype
group) with an average age of 43.5 + 14.8 years, 188
patients (61 males/127 females) (22.5% ) had the genotype
G308/A308 (mutant genotype group-heterozygote) and
16 patients (5 males/11 females) (1.9 %) with an average
age of 44.5 + 14.2 years had the genotype A308/A308
(mutant group-homorozygote) with an average age of
44.3 = 11.4 years, without statistical differences in the
mean age or sex distribution. Genotypes G308/A308 and
A308/A308 was designed (mutant genotype group) as a
dominant model.Allelic frequency of the A substitucion -
308 was 13.19%. Anthropometric, adipokines, insulin
resistance, lipid levels ad dietary intake were similar in
both genotypes.

Conclusion: In conclusion, allelic frequency of G308A
polymorphism is is in accordance with allelic frequencies
observed in other populations. Carries of A308 allele have
the same anthropometric and metabolic profile than wild
type carriers.
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FRECUENCIA ALELICA DEL POLIMORFISMO
G380A DEL FACTOR DE NECROSIS TUMORAL
ALPHA Y RELACION CON FACTORES DE RIESGO
CARDIOVASCULAR Y ADIPOCITOQUINAS
EN PACIENTES OBESOS

Resumen

Antecedentes: El objetivo de nuestro estudio fue inves-
tigar la frecuencia alélica del polimorfismo G308A del
gen TNF alfa y su influencia en los factores de riesgo car-
diovascular y los niveles de adipocinas en pacientes obe-
S0S.

Diserio: Se estudié una poblacién de 834 pacientes obe-
sos. Se realizaron una evaluacion nutricional y un analisis
de sangre. El analisis estadistico se realizé para el
genotipo combinado G308A y A308A como grupo de
mutantes y G308G tipo de grupo salvaje.

Resultados: Un total de 630 pacientes (181 varones/449
mujeres) (75,5%) tenian el genotipo G308/G308 (grupo
con genotipo salvaje) con una edad media de 43,5 + 14,8
anos, 188 pacientes (61 varones/127 mujeres) (22,5%) con
una edad media de 44,5 + 14,2 aiios tuvieron el G308/A308
genotipo (grupo de mutantes genotipo heterocigoto) y 16
pacientes (5 varones/11 mujeres) (1,9%) tuvieron la
A308/A308 genotipo (mutante grupo homorozygote) con
una edad media de 44,3 = 11,4 afios, sin encontrar difer-
encias en la edad media o la distribucién por sexo. La fre-
cuencia alelica de la substitucion A-308 fue 13,19%. Las
variables antropométricas, adipoquinas, resistencia a la
insulina, perfil lipidico y la ingesta dietética fueron simi-
lares en ambos genotipos.

Conclusion: En conclusion, la frecuencia alélica del
polimorfismo G308A esta de acuerdo con las frecuencias
alélicas observadas en otras poblaciones. Los obesos por-
tadores del alelo A308 tienen los mismos perfiles
antropométricos y metabdélicos que los pacientes obesos
con el genotipo salvaje.

(Nutr Hosp. 2011;26:711-715)
DOI:10.3305/nh.2011.26.4.5204

Palabras clave: Adipoquinas. Factores de riesgo cardio-
vascular. Polimorfismo G380A. Obesidad.
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Introduction

Some evidences have linked tumor necrosis factor
alpha (TNF alpha) to the metabolic abnormalities of
obesity and adipose tissue has been shown to be a site
for TNF-alpha synthesis, with a direct correlation
between adipokines, adipose tissue, TNF-alpha and
insulin levels.'

Mutation analysis has identified a G- > A transition
in the promoter region of TNF-alpha gene (-308), this
polymorphism has been shown to affect the promoter
region of the TNF-alpha gene leading to a higher rate of
transcription compared to the wild allele.> Association
studies have been conducted on the G-308 variant, with
conflicting results. One study? has reported a signifi-
cant association between the G-308A variant and
insulin resistance, body mass index and leptin levels.
Nevertheless, other studies have not reported correla-
tion between TNF alpha mutation and insulin resis-
tance.*

Adipose tissue is considered an endocrine organ,
sending out and responding to signals that modulate
appetite, insulin sensitivity and inflammation. Adipocy-
tokines (leptin, adiponectin, resistin, IL-6, TNF alpha)
are proteins produced mainly by adipocytes.® These
molecules have been shown to be involved in the
pathogenesis of insulin resistance and the metabolic
syndrome. Some reports suggest that leptin contributes
to atheroscleoris and cardiovascular disease in obese
patients.® Hypoadiponectinemia increased risk of coro-
nary artery disease, indicating that adiponectin is a key
factor of the metabolic syndrome.” TNF alpha and
interleukin 6 are increased in most animal and humans
models with obesity and insulin resistance.® The role of
resistin in linking human obesity with type 2 diabetes
mellitus is thus questionable.’

The aim of our study was to investigate the allelic
frequency of the G308 A polymorphism in the TNF
alpha gene and the influence of G308A this polymor-
phism on cardiovascular risk factors and adipokine lev-
els in obese patients.

Subjects and methods
Subjects

A sample of 834 obese patients (body mass index
> 30) was enrolled in a cross-sectional survey. These
patients were studied in a Nutrition Clinic Unit and
signed an informed consent. Exclusion criteria included
history of cardiovascular disease or stroke during the pre-
vious 24 months, total cholesterol > 300 mg/dl, triglyc-
erides > 400 mg/dl, blood pressure > 140/90 mmHg, fast-
ing plasma glucose >110 mg/dl, as well as the use of
sulphonilurea, thiazolidinedionas, insulin, glucocorti-
coids, antineoplasic agents, agiotensin receptor blocker,
angiotensin converting enzyme inhibitors and psy-
choactive medications.

Procedure

Weight, blood pressure, basal glucose, c-reactive
protein (CRP), insulin, total cholesterol, LDL-choles-
terol, HDL-cholesterol, triglycerides and adypoci-
tokines (leptin, adiponectin, resistin, TNF alpha, and
interleukin 6) levels were measured at basal time.
Genotype of G308A gene polymorphism was studied.

Genotyping of G308A gene polymorphism

Oligonucleotide primers and probes were designed
with the Beacon Designer 4.0 (Premier Biosoft Interna-
tional®, LA, CA). The polymerase chain reaction
(PCR) was carried out with 50 ng of genomic DNA, 0.5
uL of each oligonucleotide primer (primer forward: 5°-
CTG TCT GGA AGT TAG AAG GAA AC-3’; primer
reverse: 5°-TGT GTG TAG GAC CCT GGA G-3),
and 0.25 uL of each probes (wild probe: 5’-Fam-AAC
CCC GTC CTC ATG CCC-Tamra-3’) and (mutant
probe: 5’-Hex-ACC CCG TCT TCA TGC CCC-
Tamra -3’) in a 25 uL final volume (Termociclador
iCycler I1Q (Bio-Rad®), Hercules, CA). DNA was dena-
turized at 95°C for 3 min; this was followed by 50
cycles of denaturation at 95°C for 15 s, and annealing at
59.3° for 45 s). The PCR were run in a 25 uL final vol-
ume containing 12.5 uL of IQTM Supermix (Bio-Rad®,
Hercules, CA) with hot start Tag DNA polymerase.

Biochemical assays

Serum total cholesterol and triglyceride concentra-
tions were determined by enzymatic colorimetric assay
(Technicon Instruments, Ltd., New York, N.Y., USA),
while HDL cholesterol was determined enzymatically
in the supernatant after precipitation of other lipopro-
teins with dextran sulphate-magnesium. LDL choles-
terol was calculated using Friedewald formula.

Plasma glucose levels were determined by using an
automated glucose oxidase method (Glucose analyser 2,
Beckman Instruments, Fullerton, California). Insulin was
measured by enzymatic colorimetry (Insulin, WAKO
Pure-Chemical Industries, Osaka, Japan) and the home-
ostasis model assessment for insulin sensitivity (HOMA)
was calculated using these values.’

C reactive protein and adipocytokines

CRP was measured by immunoturbimetry (Roche
Diagnostics GmbH, Mannheim, Germany), with a nor-
mal range of (0-7 mg/dl) and analytical sensivity 0.5
mg/dl.

Leptin was measured by ELISA (Diagnostic Sys-
tems Laboratories, Inc., Texas, USA) with a sensitivity
of 0.05 ng/ml and a normal range of 10-100 ng/ml.
Resistin was measured by ELISA (Biovendor Labora-
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tory, Inc., Brno, Czech Republic) with a sensitivity of
0.2 ng/ml with a normal range of 4-12 ng/ml.
Adiponectin was measured by ELISA (R&D systems,
Inc., Mineapolis, USA) with a sensitivity of 0.246
ng/ml and a normal range of 8.65-21.43 ng/ml. Inter-
leukin 6 and TNF alpha were measured by ELISA
(R&D systems, Inc., Mineapolis, USA) with a sensitiv-
ity of 0.7 pg/ml and 0.5 pg/ml, respectively. Normal
values of IL6 was (1.12-12.5 pg/ml) and TNFalpha
(0.5-15.6 pg/ml).

Blood pressure and anthropometric measurements

Blood pressure was measured twice after a 10 min-
utes rest with a random zero mercury sphygmo-
manometer, and averaged. Waist (narrowest diameter
between xiphoid process and iliac crest) and hip
(widest diameter over greater trochanters) circumfer-
ences to derive waist-to hip ratio (WHR) were mea-
sured. Body weight was measured to an accuracy of 0.1
kg and body mass index calculated as body weight/
(height?). Tetrapolar body electrical bioimpedance was
used to determine body composition'

Dietary assessment

Patients received prospective serial assessment of
nutritional intake with 3 days written food records
(including a weekend day). Records were analyzed
with a computer-based data evaluation system.'? Regu-
lar aerobic physical activity (walking was allowed, no
other exercises) was maintained during the period
study (3 times per week).

Statistical analysis

Sample size was calculated to detect differences over 4
kg in weight loss with 90% power and 5% significance (n
=700). The results were expressed as average + standard
deviation. The distribution of variables was analyzed with
Kolmogorov-Smirnov test. Parametric variables were
analyzed with a two-tailed, paired Student’s-t test. Non-
parametric variables were analyzed with the W-
Wilcoxon test and U Mann Whitney test. Qualitative vari-
ables were analyzed with the chi-square test, with Yates
correction as necessary, and Fisher’s test. The statistical
analysis was performed for the combined G308/A308 and
A308/A308 as a mutant group and wild type G308/G308
as second group (dominant model). A p-value under 0.05
was considered statistically significant.

Results

Eight hundred and thirty four obese subjects gave
informed consent and were enrolled. This sample has a

Table I
Anthropometric parameters and blood pressure
G308/A308
Characteristics (3(?10;9/?33038 and A308/A308
(n=204)
BMI 36.4+5.9 36.7£6.5
Weight (kg) 96.6+18.7 97.5+19.9
Fat free mass (kg) 49.6+15.5 497148
Fat mass (kg) 41.1£13.3 421148
Waist circumference 111.1£14.2 111.9+15.2
Waist to hip ratio 0.92+0.08 0.92+0.09
Systolic BP (mmHg) 129.1+16.8 1273+134
Diastolic BP (mmHg) 82.1+10.9 80.7£10.2

No statistical differences between groups.

mean age (44.1 + 14.2 years and the mean BMI 36.5 +
6.2, with 247 males (29.6%) and 587 females (70.4%).

A total of 630 patients (181 males/449 females)
(75.5%) had the genotype G308/G308 (wild genotype
group) with an average age of 43.5 + 14.8 years, 188
patients (61 males/127 females) (22.5%) had the geno-
type G308/A308 (mutant genotype group-heterozygote)
and 16 patients (5 males/11 females) (1.9%) with an aver-
age age of 44.5 = 14.2 years had the genotype A308/A308
(mutant group-homorozygote) with an average age of
44.3 + 11.4 years, without statistical differences in the
mean age or sex distribution. Genotypes G308/A308 and
A308/A308 was designed (mutant genotype group)as a
dominant model. Allelic frequency of the A substitucion
-308 was 13.19%. The observed genotype frequencies in
our sample were in Hardt-Weinberg equilibrium.

Table I shows anthropometric variables and blood
pressure. No statistical differences were detected.

Table II shows cardiovascular risk factors. In mutant
genotype group did not have worse metabolic profile
tan wild genotype group.

Table I1
Clasical cardiovascular risk factors
G308/A308
Characteristics G(iOf/g%(jS and A308/A308
(n=204)
Glucose (mg/dl) 100.3+23.8 100.4+23.4
Total ch. (mg/dl) 202.6 +40.7 200.9+40.3
LDL-ch. (mg/dl) 1229+39.8 120.1+£384
HDL-ch. (mg/dl) 54.8+21.5 55.1£20.1
TG (mg/dl) 122.6+66.3 1285+71.2
Insulin (mUI/L) 159+13.1 17.1+13.1
HOMA 4.05+38 432+44
CRP (mg/dl) 49+54 6.0+6.1

Chol: Cholesterol. TG: Triglycerides. HOMA: homeostasis model assessment.
No statistical differences between groups.

G380A polymorphism of tumor necrosis
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Table III
Dietary intake
G308/A308
Characteristics (3(?10:9/?33038 and A308/A308
N (n=204)
Energy (kcal/day) 1,935.1£710 1,981.2+503
CH (g/day) 194.5£88.1 201.1+80.2
Fat (g/day) 85.7+42.1 85.6+37.3
Protein (g/day) 91.5£33.1 90.5+28.6
Exercise (hs./week) 1.7+£3.1 14+25

No statistical differences between groups. CH: carbohydrate.

Table III shows nutritional intake with 3 days writ-
ten food records an exercise. No statistical differences
were detected in calory, carbohydrate, fat, and protein
intakes.

Table IV shows levels of adipocytokines, without
statistical differences.

Discussion

In our sample of obese subjects, the alleic frequency
of the substitution at position -308 was 13.19%, which
is in accordance with allelic frequencies observed in
French,” Britich,'* White American," African Ameri-
can,'® Australian'” and Danish subjects'® but lower than
the frequency observed in the Irish population.”® There
were no differences between genotype groups with
respect to estimates of obesity (weight, fat mass by
bioimpedance, waist circumference, body mass index),
serum insulin, insulin resistance by HOMA, serum
lipids or adipocitokines.

Patients with A308 variant did not have higher con-
centrations of adipocitokines, insulin resistance, IL6
and TNf-alpha than G308 variant. Data in the literature
are contradictories,'®'"? some studies did not demon-
strate a major role of the -308 substitutions of the TNF
alpha gene in the pathogenesis of high levels of TNF
alpha or insulin resistance. Others studies (20) have
reported that the polymorphism at position -308 (TNF

Table IV
Circulating adypocitokines
G308/A308
Characteristics (3(?10:9/?33038 and A308/A308
N (n=204)
Adiponectin (ng/ml) 29.7£27 21.8£225
Resistin (ng/ml) 45+23 46+24
Leptin (ng/ml) 75.6+34.1 67.7+66.5
IL-6 (ng/ml) 1.9+£3.1 2115
TNFalpha (ng/ml) 5837 6.1+4.4

No statistical differences between groups. CH: carbohydrate.

-308 G->A) leads to a higher rate of TNF alpha gene
transcription, followed by raised TNF alpha concentra-
tions and decreased insulin sensitivity). The disparity
between previous studies might reflect differences in
genetic backgraound, sex distribution or age.

In previous studies,'®* dietary intake has not been
controlled. In our study, we reported a similar energy
and macronutrient intakes in both groups, and this fac-
tor was controlled. However, dietary intake might
interact with this polymorphism in previous designs. In
this hypothesis, our group® > has demonstrated that
weight loss secondary to hypocaloric diet had different
metabolic response depending of G308 A genotype.
These results have not been reported after bariatric
surgery.”

Relation of blood pressure and G308A polymor-
phism in TNF alpha gene remains unclear. Some
studies* have found no difference in systolic blood
pressure between genotypes. In other work,> high sys-
tolic blood pressure was detected in A variant patients.
Our data have shown similar blood pressure in both
genotypes.

Our results of adipokines levels are interesting,
adipokine levels was not different across genotypes.
Only one earlier study has shown an association of the
A308 allele with leptin levels.* The most important
variable that determines circulating leptin concentra-
tion is body fat mass. These differences in the literature
may partially explain by differences in baseline BMI,
weight loss and basal leptin levels of participants.
Therefore, interaction between gene and diet could
explain these differences with bias in previous studies,
too. Patients with A 308 allele did not decrease leptin
concentrations after weight loss?2 and this is a vari-
able to consider in further studies, as our design.

Finally, body mass index, fat mass or weight was not
different across genotypes. In some studies,* the allele
A was associated with obesity, but this association has
been demonstrated in individuals between 50 and 60
years. The mean age of our population was 46 years,
this may indicate that obesity may either be related
with this polymorphism after the fifth decade of life.

In conclusion, allelic frequency of G308A polymor-
phism is is in accordance with allelic frequencies
observed in other populations. Carries of A308 allele
have the same anthropometric and metabolic profile
than wild type carriers.
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Abstract

Flaxseed has a high content of n-3 fatty acids and its
intake associated with an environmental enrichment may
promote distinct behavioral results upon habituation and
animal behavior. This work aimed to evaluating animal
behavior under the use of these two tools in the Open
Field Test. Thirty-six male Wistar rats were divided into
6 groups (n = 6): FEEG, receiving chow made up of
flaxseed and kept in enriched environment; FSEG,
receiving flaxseed based diet and kept in a standard envi-
ronment; CEEG, receiving casein based diet and kept in
enriched environment; CSEG, receiving casein based
chow and kept in standard environment; MCEEG,
receiving chow made up of casein but modified so as to
provide the same content of fibers and lipids found in
flaxseed diet and kept in enriched environment; MCSEG,
receiving modified casein based diet and kept in standard
environment. All animals were kept under controlled
temperature, collective cages and dark/light cycle, receiv-
ing chow and water ad libitum, except for MCEEG and
MCSEG, which were pair fed with FEEG and FSEG,
respectively. Chow intake and animal body weight were
evaluated twice in a week. Animals were maintained in
these groups from the first until the second month of life,
by the time when 3 day tests in Open Field Test began.
Finishing the tests, animals were sacrificed and their
brains were obtained in order to calculate the relative
brain weight. Our results show an interplay between
flaxseed and environmental enrichment in habituation to
a new environment, making the animals more manage-
able and less stressed.
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ANALISIS DEL COMPORTAMIENTO DE RATAS
WISTAR ALIMENTADAS CON UNA DIETA A BASE
DE LINAZA ANADIDOS A UN ENRIQUECIMIENTO

AMBIENTAL

Resumen

La linaza posee una gran cantidad de acidos grasos n-3
y su consumo asociado a ambiente enriquecido, puede
promover diferentes resultados comportamentales sobre
el animal y su habituacion. Este trabajo tubo por objetivo
evaluar el comportamiento animal utilizando dos her-
ramientas en el Open Field Test. Treinta y seis raton Wis-
tar fueron divididos en 6 grupos (n=6): FEEG, que
recibio dieta a base de linaza y fué mantenido en ambiente
enriquecido; FSEG, que recibio6 dieta a base de linaza y
fué mantenido en ambiente padron; CEEG, que recibio
dieta a base de caseina y fué mantenido en ambiente
enriquecido; CSEG, que recibié dieta a base de caseina y
fué mantenido en ambiente padron; MCEEG, que recibié
dieta a base de caseina con modificaciones de modo a pro-
porcionar el mismo contenido de fibras y grasa encontra-
dos en la dieta a base de linaza, y mantenido en ambiente
enriquecido; MCSEG, que recibié dieta a base de caseina
modificada y fué mantenido en ambiente padrén. Todos
los animales tubieron temperatura ambiente controlada,
jaulas colectivas (n = 3) y ciclo claro/oscuro (12 h), recibi-
endo agua y racién ad libitum, excepto los grupos
MCEEG y MCSEG que fueron sometidos a sistema pair
feeding con los grupos FEEG y FSEG, respectivamente.
El consumo y peso corporal de los animales fué medido
dos veces por semana. Los animales fueron mantenidos
en sus respectivos grupos a partir del primer més de vida
y hasta el segundo, cuando se inici6 un periodo de pruebas
en el Open Field Test. Al término de las pruebas se sacrifi-
caron los animales y se retiraron sus cerebros para calcu-
lar el peso relativo. Nuestros resultados muestran una
interaccion entre la linaza y el enriquecimiento ambiental
en la habituacién a un nuevo ambiente,haciendo que los
animales sean mas manipulables y menos nerviosos.

(Nutr Hosp. 2011;26:716-721)
DOI:10.3305/nh.2011.26.4.4859

Palabras clave: DHA. Enriquecimiento ambiental. Openf
Field test. Raton. Comportamiento.



Introduction

Currently, environmental enrichment is a very com-
mon means of improving animal well-being, especially
for laboratory animals. Although environmental
enrichment seems to be a possible way for improving
the well- being of animals, the consideration of hous-
ing laboratory animals should not only focus solely on
animals well-being, manpower and economics but also
on the precision and accuracy of the experimental
results.'

Environmental Enrichment (EE) has been drawing
attention of many studies on the grounds that besides it
can be used as a tool for recuperation of lesions and
cerebral diseases,? it can also imitate natural habitat of
experimental animals, causing improvement in welfare
under laboratorial environment.** Countless studies
have shown its effects under behavior development
and cognitive skills acquisition.’ In fact, precocious
interventions can affect sociability, learning, physical
development and neurogenesis in some species of
rodents.® For that reason, researches on environmental
enrichment have often focused in investigating the
impacts of different environmental conditions of
breeding upon behavioral organization and/or nervous
system of studied animals.”®

The Canadian psychologist Donald O. Hebb was the
first researcher to be interested in environmental
enrichment impact upon behavior in the last century.
He discovered that animals bred in large environment
and with wide range of objects and spatial configura-
tions presented more superior learning skills than ani-
mals bred in laboratories in smaller and not enriched
environments.” Environmental enrichment produces
effects that go beyond behavioral/physiological out-
comes; it offers responses in cerebral plasticity, which
varies from biochemical parameters to dendritic trees,
gliogenesis, neurogenesis and finally improvement of
learning and memory.

Docosahexaenoic acid (DHA) is known for its
effects upon cerebral function, humor and behavior. It
acts as one of the “building blocks” of cerebral growth
and development-cell membranes of brain are highly
enriched with DHA”®. This fatty acid is incorporated in
high amount into structural lipids during central ner-
vous system development, being a deficient accumula-
tion related with behavioral abnormalities.>'*'"1>13, Fur-
thermore, many animal studies show that this acid
improves learning, visual processes, memory and con-
centration.”!"* Consequently, it is not controversial
that DHA can affect cerebral and behavioral functions
and that its intake leads to fetal development.'*!

Flaxseed also contributes to behavioral response as
it contains high content of alpha linolenic acid (C18:
3n-3, ALA), which is a long chain polyunsaturated
fatty acid (LC-PUFA), essential, from n-3 series, that is
converted to eicosapentaenoic acid (C20:5n-3, EPA)
and docosahexaenoic acid (C22:6n-3, DHA), two com-
pound known by their benefits upon cardiac health,

arthritis, thrombotic diseases and, especially, cerebral
functions.'®

A powerful tool to measure behavior is the Open
Field Test. Since its introduction, 80 years later, it has
reached the status of one of the most used instrument in
animal psychology. This popularity stems from its sim-
plicity and agility to measure behavior and wide
applicability, which is generally accepted as interpreta-
tion."”

Considering that not only enrichment environmental
but also flaxseed exerts related functions upon cerebral
physiology, especially in habituation and behavior, this
study aimed at evaluating the behavior of rats fed with
flaxseed in enrichment environmental using the Open
Field Test.

Material and methods
Animals

Thirty-six males Rattus novergicus were used in the
biological assay, albinus variety, Rodentia mammalia,
Wistar strain, offspring (F1), stemmed from Experi-
mental Nutrition laboratory (LABNE), males, off-
spring (F1), stemmed from Experimental Nutrition
Laboratory (LABNE) from Nutrition and dietetic
department of Nutrition College at Fluminense Federal
University, Niterdi, RJ, Brazil. Animals came from
other generation (F0), fed with the respective chow at
the moment of the monogamic match. The protocol of
this experiment was approved by the Ethics Committee
in Research from Federal Fluminense University
(UFF). All procedures were carried out in accordance
with the norms from Brazilian College of Animal
Experimentation (COBEA).

Experimental design

Pups were divided into three groups (n = 12)
according to the chow received by F,: Flaxseed group
(FG), receiving chow made up of casein with 25% of
flaxseed, Control group (CG), receiving casein based
chow, Modified Control group (MCG), receiving
chow made up of casein added to 4% of fibers and 2%
of soy oil, aiming at reaching the same amount of
these nutrients in flaxseed chow. These dietetic
groups were divided into 6 groups: FG with EE
(FEEG); FG without EE (FSEG); CG with EE
(CEEG); CG without EE (CSEG); MCG with EE
(MCEEG) and MCG without EE (MCSEG). Animals
received diet and water ad libitum, except for
MCEEG and MCSEG, which were maintained in a
pair feeding scheme with FEEG and FSEG, respec-
tively. Chow intake and animal body weight were
evaluated twice in a week throughout the experiment.
All animals were kept under controlled temperature
(22°C), and dark/light cycle (12/12 h).

Behavioral analysis of Wistar rats
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Environmental enrichment

Animals subjected to this process were maintained
24 hours per day in a propylene cage with total dimen-
sions of 25.5 cm, 33.5 cm and 40.5 cm (height, width
and profundity, respectively), with a unit of each
object: metal wheel for exercise with 12 cm diameter,
plastic shelter with dimensions of 9.5 cm, 14.2 cm and
10.2 cm (height, width and profundity, respectively),
metal seesaw with dimensions of 4.5 cm, 6.0 cm and
26.0 cm (height, width and profundity, respectively),
plastic cubes with dimensions of 5.0 cm edge and rub-
ber balls with 6.5 cm diameter. Such objects were alter-
nated at random twice per week. Animals without
enriched environment were kept in similar cages with-
out these objects. Three animals were placed in each
cage.

Behavioral analysis

Open-field test was used for behavioral analysis, in
which a square arena with 33.0 cm of height and 80.5
cm in each side, divided into 16 quarters. The analyses
were performed at the end of the period of enriched
environment always at the same time, with 24 hours
interval, once a Day, during three consecutive days.

Each animal, separately, was allocated at the center
of the arena and had its behavior registered for 4 min-
utes. The behavioral variables were measured accord-
ing to duration (in seconds) at three degrees of activity'®
(Van De Weerd, 1996): high activity: walk and run;
low activity: sit down, including small movements of
head and feet and inactivity: no movement (“freezing”
and “resting”). A software for behavioral register was
used “X-Plot-Rat 2005 for Windows” (version 1.1.0
developed by Exploring behavior laboratory from Sao
Paulo University, Philosophy college, sciences and arts
of Ribeirdo Preto, Ribeirdo preto, SP, Brazil).

Brain measurement

After the last test, animals received intraperitoneally
a lethal dose of Thiopentax (sodium Thiopental) 1 g
(DOSE_, = 0.15 x animal weight g/100), sedating them
and decapitating with a guillotine. Brains were excised
and weighted in an analytic scale, Bosch, S 2000
model, with precision of 0.0001 g in order to obtain rel-
ative cerebral weight (RCW) that was registered by the
division of cerebral weight by body weight and multi-
plying this result by 100.

Statistical analysis
S-Plus (version 6.0) software was used to analyze all

answer variables. For Open-field test results in each
Day of the test, Kruskal-Wallis rank sum test was used

Inactivity
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Fig. I.—Inactivity on first day test for CG (Control Group), FG
(Flaxseed Group) and MCG (Modified Control Group).

to test differences among dietetic groups and Exact
Wilcoxon rank-sum test to evaluate differences
between EEG and SEG. Significance level established
for both situations was p < 0.05. For relative brain
weight, Kruskal-Wallis rank sum test was used to ver-
ify statistical differences with significance level of p <
0.005 for diet and EE.

Results

At the first Day of test, diet was the unique factor
interfering (p < 0.03) with the duration of animal activ-
ity in the Open—field arena, more precisely in the inac-
tivity response variable (fig. 1). FG presented higher
inactivity (10 £ 8s), followed by CG (6 + 18s) and
MCG (3 +4s).

At the second Day, both diet and EE promoted dif-
ferences among the groups. The high activity was
influenced by diet (p < 0.02), while inactivity was
influenced by diet (p <0.03) and EE (p <0.01). FG (fig.
2a) was the group with the lowest activity (36 + 20s),
above this was MCG (54 £ 17s), and after the CG (58 +
19s). Conversely, in inactivity (fig. 2b), FG (19 + 20s)
was superior when compared to CG (8 = 22s) and
MCG (5 + 10s). EEG was the most inactive (15 + 19s)
(fig. 2¢), comparing to SEG (7 + 17s). When the analy-
sis was concentrated in each dietetic group (fig. 2d), it
was perceived that FG was the only one that did not fol-
low the previous result, being FEEG (20 + 9s) similar
to FSEG (17 + 28s). However, within CG, the CEEG
(15 £ 31s) and CSEG (1 £ 1s), and within MCG;
MCEEG (9 * 6s) and MCSEG (2 * 2s) behaved like-
wise FG concerning inactivity at the second day of test.

At the third Day of test, the last one, diet was not sig-
nificant to activities during the test. Nevertheless, EE
interfered with low activity more specifically (p < 0.03)
and inactivity (p <0.01). SEG stayed more time sit, mak-
ing small movements with head and feet (194 + 12s) in
relation to EEG (186 + 11s) (fig. 3a). The opposite is
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Fig. 2.—Second day for (a) Higher activity between, (b) Inactivity between CG, FG and MCG, (c) Inactivity between EEG and SEG and
(d) Inactivity between CEEG, CSEG, FEEG, FSEG, MCEEG and MCSEG.

observed in inactivity, where SEG presented a low dura-
tion (4 £ 4), whereas EEG presented more pronounced
inactivity (19 +7) (fig. 3b). Low physical activity is simi-
lar concerning different dietetic groups, CG-CEEG, 182
+3; CSEG, 192 + 5 and FG-FEEG 179 + 11; FSEG, 196
+ 7, except for MCG, with MCEEG (197 + 9) surpassing
MCSEG (193 + 20), implying that animals in not
enriched environment had bigger values than enriched
ones (fig. 3c). However, inactivity follows the same pat-
tern inside the three groups: MCG- MCEEG (9 + 6) and
MCSEG (4 +5), CG-CEEG (13 + 12) and CSEG (3 = 4),
and FG-FEEG (34 + 19) and FSEG (5 +4) (fig. 3d).

As far as cerebral development is concerned, there
was influence of the sort of chow consumed (p < 0.05)
upon this response variable (table I). Experimental
group (FG) obtained the biggest relative cerebral
weight (0.63 + 0.05), followed by MCG (0.56 + 0.05)

and by CG (0.50 + 0.03). When enriched animals were
compared to non-enriched ones, there is a huge numer-
ical difference in the percentage, but not statistically
significant, suggesting a better response with environ-
mental enrichment groups.

Table I
Relative cerebral weight of the animals studied
Group RCW (%)
FG 0,63 £0,05*
CG 0,50 +0,03°
CMG 0,56 +0,05¢

FG: Flaxseed Group (n = 6); CG: Control Group (n = 6) and CMG:
Control Modified Group (n =6).
Different letters denote statistical difference (p =0,05).

Behavioral analysis of Wistar rats
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Discussion

Open-field tests behavioral effects in non-familiar
environments, measuring animal emotional activity'.
Animals that present low levels of activities (locomo-
tion) in this new environment are classified as more
emotive than animals with opposite behavior.'”* Fur-
thermore, high activity implies environmental explo-
ration, whereas its decrease or opposite activities indi-
cate habituation'. In our study, among the three diets,
FG is more familiar to new environments. Analyzing
total time of inactivity during the day so as to calculate
the percentage in which each group contributed to this
finding, it was observed that FG had percentage equal
or bigger than 55%, being followed by CG (25-30%)
and MCG (maximum of 17%). This information agrees
with Hamazaki et al. (1999), who described DHA as a

facilitator of habituation. Likewise, Fedorova & Salem
(2006) state that habituation makes animals less
stressed, a beneficial effect of DHA.

In the same way of DHA, one of the benefits of EE is
to accelerate habituation process.?’ In our study,
enriched animals showed less activity level than ani-
mals in standard environment, even considering differ-
ent dietetic approaches. In two out of three days of test,
EE obtained significance when EEG was compared to
SEG. It’s important to highlight that at the second day
despite behaving similar to FEEG, FSEG presented
level of inactivity much more similar to CSEG, empha-
sizing the importance of EE apart from the presence of
flaxseed in the diet.

FG showed relative brain weight superior to all other
groups due to high concentration of lipids in the cell
membranes.'°? This correlation can be accounted for
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Estabilidad de la capacidad antioxidante y pH en leche humana
refrigerada durante 72 horas: estudio longitudinal
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Resumen

La leche materna es la via 6ptima de alimentacion del
lactante durante, al menos, los primeros 6 meses de vida.
Su eleccion se basa en el aporte de nutrientes y, de forma
especial, en proporcionar al neonato diversos compuestos
de accion beneficiosa que mejoran su crecimiento y le
protegen frente a patologias propias de esta etapa. Estas
propiedades de la leche materna justifican los procesos de
manipulacién previos a su ingesta, con el fin de promover
y asegurar su seguimiento, tanto a nivel casero como a
nivel hospitalario, de mayor importancia en lactantes
prematuros y/o de bajo peso, por su destacada vulnerabi-
lidad, a pesar de que durante estos procesos se pueden
perder parcialmente algunas de sus propiedades. Es por
ello que interesa conocer el efecto que los tratamientos
aplicados a la leche humana ejercen sobre sus principales
cualidades, como su capacidad antioxidante.

Objetivo: Este trabajo analiza la estabilidad de la capa-
cidad antioxidante de la leche humana durante su alma-
cenamiento a 4°C, de forma longitudinal desde su extrac-
cion hasta las 48 horas de refrigeracion, asi como las
variaciones del pH.

Método: Se analiza la leche madura procedente de 30
mujeres sanas. El poder antioxidante de la leche se evalia
através de los parametros: capacidad antioxidante total y
concentracion de malondialdehido. Los resultados obte-
nidos muestran que el pH disminuye de forma creciente
desde el inicio del almacenamiento, mientras que la capa-
cidad antioxidante, con diferente comportamiento segiin
el parametro evaluador considerado, permanece estable
durante las primeras 24 horas, a partir de las cuales se
presentan cambios significativos.

Conclusiones: Cuando es preciso recurrir a la extrac-
cion y refrigeracion de la leche antes de su ingesta es reco-
mendable minimizar el tiempo de almacenamiento, pro-
curando que no supere las 24 horas si se quiere preservar
del estrés oxidativo.
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STABILITY OF THE ANTIOXIDANT CAPACITY
AND pH OF HUMAN MILK REFRIGERATED FOR 72
HOURS: LONGITUDINAL STUDY

Abstract

Maternal milk is the optimal feeding way for the infant
at least for the first six months of life. Its properties
include nutrients intake and, particularly, to provide the
infant with several beneficial compounds improving his
growth and protecting him from the diseases typical of
this time period. These properties justify the manipulat-
ing processes before its intake in order to promote and
warrant the adherence to it, both at the hospital and at
home, being more important in premature infants and/or
with low birth weight given their increased vulnerability,
is spite of the fact that during these processes some of its
properties may be partially lost. There exist, therefore, an
interest in knowing the impact of the procedures applied
to human milk on its qualitative properties, such as the
antioxidant capacity.

Objective: This work assesses the stability of the antiox-
idant capacity of human milk during its storage at 4° C,
longitudinally from its extraction until 48 h of refrigera-
tion, as well as the pH changes.

Method: the milk from 30 healthy women was ana-
lyzed. The milk’s antioxidant capacity was assessed by
the following parameters: total antioxidant capacity and
level of malondialdehyde. The results obtained showed
that pH decreases gradually from the storage beginning,
whereas the antioxidant capacity remains constant for
the first 24 hours, with a different result depending on the
parameter used, and thereafter significant changes were
observed.

Conclusions: In case of needing extraction and storage
of maternal milk before its consumption, the storage time
should be minimized, preferably less than 24 hours in
order to preserve the oxidative stress.

(Nutr Hosp. 2011;26:722-728)
DOI:10.3305/nh.2011.26.4.4871

Key words: Human milk. Antioxidant capacity. Refrigera-
tion. Malondialdehyde. pH.



Introduccion

La leche materna es la mejor opcién en la ali-
mentacion del lactante, al menos, durante los primeros
seis meses de vida. Los beneficios que aporta exceden
al mero aporte de nutrientes, contribuyendo a la mejora
en los sistemas defensivos y de proteccion del lactante
frente a diversos agentes agresivos, origen de
numerosas patologias. Estas propiedades son de espe-
cial importancia en la alimentacién del lactante pre-
maturo y/o de bajo peso, que por su inmadurez presenta
mayor vulnerabilidad frente a dichos agentes.

Los componentes activos no nutricionales de la
leche humana identificados actualmente presentan
diversa naturaleza y han sido identificados como: célu-
las, oligosacdridos, proteinas, enzimas, inmunoglobu-
linas, factores de crecimiento, hormonas y sistemas
antioxidantes'. Estos elementos mantienen su integri-
dad tras el proceso digestivo y muestran actividad en la
mucosa del lactante donde desempefian su funcion,
evitando la accién agresiva de microorganismos y
otros agentes txicos>.

A pesar del reconocido y undnime interés por pro-
longar la lactancia®, son diversas las causas que llevan a
un abandono temprano, entre ellas se encuentra la
incorporacién de la madre a la vida laboral. En esta
situacion, la extraccion de la leche y su almace-
namiento en el domicilio permite el seguimiento de la
lactancia incluso en la ausencia de la madre. Este pro-
ceder es de habitual seguimiento por la mayor parte de
mujeres motivadas por continuar su lactancia a pesar
de su alta laboral u otras circunstancias que impidan la
alimentacion directa a pecho. A su vez, esta practica es
empleada en el sistema hospitalario para la ali-
mentacién de lactantes ingresados en UCI con leche de
madres donantes, procesada y almacenada en Bancos
de Leche, de creciente y deseable implantacién a nivel
mundial, también en Espafia.

Tal manipulacion puede conducir a pérdidas en las
propiedades nutricionales y funcionales de la leche,
menguando parcialmente los beneficios que proporcio-
nan y que justifican su calidad*®. Estas alteraciones han
sido estudiadas por numerosos autores, aunque no sufi-
cientemente y, en la actualidad, todavia no son del todo
conocidas. Asf, aunque se conoce en parte la estabili-
dad de la capacidad antioxidante de la leche humana
cuando €ésta se mantiene en almacenamiento en frio, no
se han encontrado estudios previos que evalden su
evolucién de forma longitudinal durante la refrig-
eracion, ni su posible relacidon con otros parimetros
posiblemente relacionados como el pH.

La peroxidacién lipidica es uno de los procesos de
oxidacién mas importantes que se desencadenan en el
organismo, por accion directa del oxigeno o de otros
agentes oxidantes sobre los dcidos grasos insaturados
de la membrana celular, con dafios directos sobre la
membrana y orgdanulos celulares, liberacion de radi-
cales libres y formacién de productos con caracter tox-
ico como el malondialdehido (MDA). El control de su

evolucion y sus daifiinas consecuencias es funcién, en
el organismo, del sistema de antioxidantes obtenidos
por via endégena y fortalecido por el aporte dietético
de los mismos.

El riesgo de estrés oxidativo es especialmente elevado
en los neonatos, y sobretodo en el caso de prematuros,
debido a la inmadurez fisioldgica de sus sistemas de
defensa y a su exposicion a altas concentraciones del
oxigeno inspirado, consecuencia de la deficiente
gestion de los pulmones en temprana formacion®.

Los radicales de oxigeno pueden contribuir al desar-
rollo de numerosas enfermedades propias de neonatos
prematuros, como la enfermedad pulmonar crénica,
enterocolitis necrotizante, retinopatia, hemorragia
intraventricular y periventricular, entre otras’. Asi, la
proteccion demostrada en los lactantes alimentados
con leche materna frente a la enfermedad enterocolitis
necrotizante se relaciona con su actividad antioxidante,
lo que justifica el interés en el empleo de leche de ban-
cos para su alimentacion’.

La oxidacién de la grasa lactea requiere, como paso
previo, la hidrdlisis de los triglicéridos constituyentes y
la liberacion de los dcidos grasos, por accién de las
lipasas, enzimas presentes y activas en leche humana,
con el consiguiente descenso del pH. Lo que podria
relacionar las variaciones del pH y el estrés oxidativo
delaleche.

El presente estudio tiene por objeto analizar la evolu-
cion del estrés oxidativo de la leche humana cuando se
mantiene almacenada en refrigeracion a lo largo de 48
horas, condiciones recomendadas en los protocolos de
manipulacién, eligiendo como pardmetro evaluador la
capacidad antioxidante global de la leche y la concen-
tracién de malondialdehido, producto de la peroxi-
dacién lipidica y por ello considerado un buen mar-
cador del proceso oxidativo, relacionando su contenido
con el los cambios mostrados en el pH.

Objetivos

Analizar, de forma longitudinal, la evolucién de la
capacidad antioxidante de la leche humana, evaluada
mediante: capacidad antioxidante total (CAT) y la con-
centracién de malondialdehido (MDA), asi como el pH
cuando se almacena en refrigeracion a 4°C durante: O h,
12 h, 24 h, 36 y 48 h. Estudiar la posible relacién entre
ambos pardmetros.

Material y métodos
Mujeres donantes

El estudio se llev6 a cabo con leche donada por 30
mujeres sanas, no fumadoras que acudian al Box de
Lactancia de la Unidad de Neonatos del Hospital Uni-
versitario La Fé (Valencia) para la extraccion de su
leche con el fin de alimentar a su hijo all{ ingresado.

Evolucién de la capacidad antioxidante
de la leche humana en refrigeracién
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Con la colaboracién del personal técnico del box se
seleccionaban las mujeres donantes de acuerdo a su
disponibilidad y caracteristicas, éstas eran informadas
sobre el interés y objeto del estudio y, en su caso, daban
su consentimiento para participar en €l. La recogida de
muestras se llevo a cabo con la aprobacién de la
Comisién Etica del Hospital.

Recogida de muestras

Se analizaron 30 muestras de leche madura, recogidas
bajo condiciones estandarizadas con el fin de eliminar al
maximo las fuentes de variabilidad entre ellas®. La extrac-
cién se llevé a cabo, bajo la supervision del personal téc-
nico del box de lactancia del citado hospital, en horario de
maiana entre las 9 y las 13 h, con ayuda de sacaleches
automdtico con regulador de vacio (MAMILAT SM
122), directamente sobre recipiente de polipropileno, evi-
tando asi su contaminacion. Tras la extraccion, las mues-
tras se trasladaban inmediatamente a la Universidad
CEU-Cardenal Herrera, ubicada en Moncada (Valencia),
para su andlisis, en todo momento bajo condiciones de
refrigeracion y en oscuridad, con el fin de evitar el pro-
ceso oxidativo durante este breve periodo.

Procesado de las muestras

En base a estudios previos que confirmaron la esta-
bilidad de la capacidad antioxidante de la leche
humana cuando ésta se mantiene en congelacioén a -
20°C durante 10 dias’, el procesado de las muestras se
diseid de la siguiente forma: cada muestra se dividia en
5 alicuotas de unos 3-4 mL cada una y se identificaban.
Una de ellas se sometia a control inmediato, leche
fresca, y el resto para su andlisis tras mantener el refrig-
eracion a 4°C durante 12 h, 24 h, 36 h y 42 h, respecti-
vamente. A cada tiempo se procedia a la determinacién
del pH y posterior congelacién de la alicuota a -20°C.
En un tiempo inferior a 5 dias se descongelaban y se
sometian al resto de determinaciones segtin los méto-
dos seguidamente indicados.

Ensayos bioquimicos

La determinacién de pH se realiz6 en todas las mues-
tras, por medida potenciométrica con pH-metro Basic
20 (Crisol).

La concentracién de MDA se determind en las cinco
alicuotas de 16 muestras, como producto de peroxi-
dacién lipidica por cromatografia liquida de acuerdo a
la modificacién sobre el método de Richard y cols."
puesto a punto previamente''.

La capacidad antioxidante total se evalud en las
cinco alicuotas de 14 muestras mediante el kit comer-
cial (Antioxidant Assay kit (Cayman Chemical Co.
Ann Arbor, MI)). El ensayo se basa en la cuantificacién

de la capacidad de los antioxidantes en la muestra por
inhibicién de la oxidacién del radical ABTS + y com-
paracion con la del Trolox, un andlogo del tocoferol
soluble en agua, y se cuantificacién como milimoles
equivalentes de Trolox.

Andlisis estadistico

El estudio estadistico de los resultados obtenidos se
realizé con ayuda del programa Statgraphics Plus 5.0.
Las diferencias estadisticas se consideran con una
probabilidad del 95% (p < 0,05).

Los valores se expresan en valor medio + desviacion
estdndar. La normalidad de las poblaciones estudiadas
se confirmé mediante la aplicacion del test de Kol-
mogorov (p > 0,100), con el fin de poder analizar los
datos con analisis de la varianza (ANOVA).

El efecto del tiempo de permanencia en refrig-
eracion se evalu6 teniendo en cuenta la variabilidad
debida a la mujer donante, efectuando para ello un
ANOVA de dos factores y posterior test de LDS (test
de minima diferencia significativa, prueba empleada
por el programa informatico Statgaphics para localizar
las diferencias significativas tras la aplicacion de la
ANOVA) . La relacién entre pardmetros se evalué
mediante regresion lineal.

Resultados

Los valores medios de los pardmetros evaluados,
para cada etapa de refrigeracion considerada se mues-
tran en la tabla I.

Todas las poblaciones estudiadas, en los tres
pardmetros analizados, mostraron una distribucién
normal, lo que permitié aplicar ANOVA multifactorial
como pruebas estadistica.

El estudio longitudinal de la evolucién de los
pardmetros mostroé los siguentes resultados:

Los valores de pH en leche fresca presentaron una
amplia variabilidad, con valor mdximo de 7,68 y min-
imo de 7,07, siendo la mediana 7,56.

El pH de la leche presenta variaciones altamente sig-
nificativas para los dos factores analizados: mujer
donante y tiempo de almacenamiento (p = 0,0000, en
ambos). El pH desciende desde leche fresca hasta el
final del estudio de forma progresiva y significativa
entre cualquiera de las etapas consideradas, como
puede observarse en la figura 1. Asi, el pH es mdximo
en leche fresca (7,50 = 0,16) y, a partir de este
momento, desciende bruscamente, presentando en
cada una de las etapas un valor significativamente
mayor que en la siguiente, obteniendo el minimo valor
de pH a las 48 horas de extraccién (6,70 + 0,19). El pH
a cada tiempo de refrigeracion es significativamente
inferior al de la etapa anterior, teniendo en cuenta las
diferencias también significativas, que presenta el pH
de las madres donantes entre ellas.

724 Nutr Hosp. 2011;26(4):722-728

M. Miranda y cols.



Tabla I
pH, concentracion de MDA vy capacidad antioxidante total, en leche fresca y en leche mantenida a 4° C durante 12 h,
24 h, 36 h'y 48 h. (Valor medio * desviacion estdndar)

Tiempo de almacenamiento PH (21 valores = todos) MDA (uM) CAT (mmoles equivalentes de Trolox)
Fresca 7,50x0,16 1,15+0,07 68,55+ 15,74
12h 7,28+0,15 1,36 +0,23 67,48 +18,58
24h 7,09+0,22 1,70+0,49 63,07 + 14,87
36h 6,83 0,26 2,50+0,32 67,78 £17,81
48h 6,70+0,19 2,47+1,02 63,02 20,56

Means and 95,0 percent LSD intervals
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Fig. 1.—pH de leche humana: evolucion longitudinal. Leche
fresca (punto 0) y leche mantenida a 4° C durante 12 h, 24 h, 36
h'y 48 h. Intervalos para la media. Test LSD.

Los valores de MDA leche fresca presentaron una
amplia variabilidad, con valor mdximo de 1,09 y min-
imo de 1,28, siendo la mediana de 1,15.

En la tabla I puede comprobarse el incremento de la
concentracién de MDA que se obtuvo a lo largo del
estudio. La aplicacion del ANOVA multifactorial
indica que los cambios presentados en este marcador
de oxidacidn lipidica son estadisticamente significativos
en relacion al tiempo de almacenamiento en refrig-
eracién (p = 0,0015), pero no respecto a la variabilidad
encontrada entre las mujeres donantes (NS). Las diferen-
cias existentes entre las etapas analizadas se evidencia-
ron por aplicacion posterior del test LDS (fig. 2). Como
puede observarse en la figura 2, la concentracién de
MDA aumenta ligeramente desde el inicio, en leche
fresca (1,15 = 0,07 mM), aunque este incremento no es
significativo durante las primeras 24 horas de refrig-
eracion. A partir de este punto, si la refrigeracion se
prolonga hasta las 36 horas, la concentracién obtenida
de MDA alcanza valor 2,50 + 0,49 mM, aumento signi-
ficativo estadisticamente respecto a los anteriores, per-
maneciendo constante a partir de aqui hasta el final del
estudio.

Al igual que los pardmetros anteriormente evalua-
dos, la CAT obtenida en leche fresca presenté una
amplia variabilidad, con valor maximo de 90,95 y min-
imo de 39,45, siendo la mediana 73,80. Como puede

Fig. 2—Concentracion de malondialdehido (MDA, uM) en lec-
ce humana: evolucion longitudinal. Leche fresca (0 h) y leche
mantenida a 4° C durante 12 h, 24 h, 36 h'y 48 h. Intervalos pa-
ra la media. Test LSD.

comprobarse en la tabla I, la determinacién de la
capacidad antioxidante global de la leche humana pre-
senta una gran variabilidad en todas las poblaciones
analizadas. El analisis estadistico multifactorial indica
variaciones significativas entre las mujeres donantes
(p = 0.0000), sin embargo no los son en relacién al
tiempo de almacenamiento (NS), indicando que la
capacidad antioxidante global permanece sin cambios
significativos desde el inicio, leche fresca hasta el final
del estudio, tras refrigeracién durante 48 horas, tal
como muestra la figura 3.

La posible relacién entre los pardmetros evaluadores
de la capacidad antioxidante de la leche y el pH de la
misma se analizé por aplicacién de un andlisis de regre-
sién lineal.

Los resultados encontrados no mostraron relacion
significativa entre el pH y la CAT en leche humana. Sin
embargo, el descenso en el pH si se relaciona, inversa-
mente, con la concentracién de MDA segtin la sigu-
iente ecuacion:

MDA =11,3058-1,35819*pH
En la figura 4 se muestra la representacion del andli-

sis de regresion lineal entre los valores de pH y MDA
obtenidos en la evolucién longitudinal en leche
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Fig. 3.—Capacidad antioxidante total de leche humana (CAT,
mmoles equivalentes de Trolox): evolucion longitudinal. Leche
fresca (0 h)y leche almacenada a 4° C durante 12 h, 24 h, 36 h
y 48 h. Intervalos para la media. Test LSD.

4 F MDA = 11,3058-1,35819%pH
Correlation Coefficient = 0,687576

3p T 1
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Fig. 4.—Correlacion entre concentracion de MDA y pH en le-
che humana: evolucion longitudinal en refrigeracion a tiempo 0
h, 12 h, 24 h, 36 hy 48 h.

humana refrigerada. El coeficiente de correlacion del
andlisis (R =-0,6876) indica que entre ambas variables
existe una relacion inversa de fuerza moderada. Pudi-
endo afirmar que dicha relacién entre ambos paramet-
ros es altamente significativa, con intervalo de confi-
anza del 95%, (p =0,0001).

Discusion

Cuando es necesario proceder a la refrigeracion de la
leche materna previo a su ingesta, es importante cuidar
las condiciones y el periodo de mantenimiento con el
fin de minimizar su alteracion y las pérdidas de sus
cualidades. Entre las propiedades que interesa preser-
var destaca la capacidad antioxidante, como factor de
proteccion frente a patologias propias del neonato, a las
que estd especialmente expuesto dada su inmadurez de
drganos y sistemas®'2. La oxidacién de los lipidos de la
leche origina productos de reaccién que contribuyen a
la formacién de radicales y derivados reactivos del

oxigeno que parece pueden contribuir en el desarrollo
de patologias como enterocolitis necrotizante o displa-
sia broncopulmonar, entre otras".

Diversos autores han evaluado previamente la esta-
bilidad de esta propiedad de le leche humana durante su
manipulacién, sin embargo sus resultados no son con-
cluyentes ni en muchas ocasiones contrastables entre
ellos, por considerar diversas condiciones de almace-
namiento o evaluar pardmetros diferentes®.

La eleccién de la concentracién de MDA como eval-
uador del estado oxidativo de la leche, se justifica no
s6lo por su interés como indicador del proceso de per-
oxidacion lipidica, del que es producto directo, sino
también por el riesgo que supone en si mismo dado su
cardcter toxico.

Estudios anteriores han mostrado la presencia de
MDA en leche humana recién extraida y su incremento
significativo cuando se almacena 48 horas'', sin
embargo se desconocia la evolucion de este aumento y
a partir de qué tiempo se producia.

Los resultados obtenidos han corroborado la presen-
cia de MDA en todas las muestras frescas analizadas,
con baja variabilidad entre ellas, posible consecuencia
de la seleccién de las donantes entre mujeres no
fumadoras, ya que estudios previos han demostrado la
diferente concentracién de MDA entre mujeres
fumadoras y no fumadoras'>**.

Como puede observarse en la figura 2, el contenido
de MDA en leche fresca es minimo, a partir de aqui el
tiempo de almacenamiento conlleva un incremento,
suave en las primeras 24 horas, a partir de las cuales la
concentracién de MDA muestra un marcado aumento
con significacidn estadistica, asi, a las 36 horas de
almacenamiento la concentracion de MDA es signi-
ficativamente mayor, manteniéndose estable a partir de
aqui. Este resultado coincide y completa el obtenido en
estudios anteriores®, corroborando la inestabilidad de la
leche, respecto a la concentracion de MDA tras alma-
cenamiento 48 horas en refrigeracion pero detallando,
ademds, que esta alteracion se produce en etapas pre-
vias, concretamente a las 36 horas, siendo estable hasta
este momento.

El estudio de la capacidad antioxidante de la leche se
completa con la evaluacién de la capacidad antioxi-
dante global de la leche. En este pardmetro confluye la
contribucién a esta propiedad de numerosos compo-
nentes de la leche, algunos identificados y considera-
dos en trabajos de otros autores, como glutation
(GSH)*, enzima glutation peroxidasa®’®, enzima
superdxido dismutasa® y vitaminas antioxidantes C, A
y E, entre otros. Este pardmetro ha sido anteriormente
evaluado por otros autores® y por nuestro equipo'® en
otros estudios en leche humana. Los resultados
obtenidos presentan una gran variabilidad entre las
mujeres donantes, estas variaciones posiblemente
puedan estar enmascarando el efecto de los otros fac-
tores afectantes, como la permanencia a 4°C. Asf, en
este trabajo no se han encontrado variaciones significa-
tivas en el poder antioxidante total de la leche durante
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las 48 horas de almacenamiento. Este resultado dis-
crepa, o al menos no era de esperar dado el conocido
efecto que la permanencia de la leche humana en estas
condiciones tiene sobre la estabilidad y actividad de
algunos de los compuestos con accién antioxidante,
contribuyentes a esta propiedad®®'"'s.

La acidez de la leche es un pardmetro de control de
calidad muy valorado en la manipulacién en bancos de
leche, determindndose como grados dérnic o como pH.
El empleo de la titulacién dérnic es de mayor uso y fre-
cuencia®.

Es conocida la caida del pH de leche humana durante
su almacenamiento®*?', tanto si el almacenamiento se
realiza en refrigeracion como en congelacién. Nuestro
trabajo obtiene resultados concordantes con dichos
estudios. En leche fresca se han encontrado pH entre
7,07 y 7,68, valores maximo y minimo (7,50 + 0,16
como media), datos ligeramente superiores a los publi-
cados previamente® e incluidos en el rango obtenido
por otros autores?'. Cuando la leche se almacena en
frio, desde el inicio se presenta una marcada y signi-
ficativa disminucion del pH, asi a las 24 horas de alma-
cenamiento el pH medio es de 7,09 + 0,22, habiendo
pues descendido -0,41 unidades, respecto al valor ini-
cial. El trabajo publicado por Hedge y Vikyath, 20072,
realiza el seguimiento del pH durante este periodo,
mostrando similar comportamiento del pH aunque con
menor pendiente de descenso (-0,17 unidades de pH de
diferencia) entre leche refrigerada 24 h y leche fresca).
Resultados asi mismo concordantes con otos autores®?.
Nuestro estudio prolonga el periodo de almace-
namiento durante mds tiempo, observando que la caida
de pH se mantiene bruscamente durante todo el periodo
evaluado, alcanzando el minimo valor (6,70 = 0,19) a
las 48 h. Igualmente esta bajada de pH se prolonga en
otros estudios hasta tiempos mds largos como 8 dias de
refrigeracion'®.

Asi, estos resultados confirman que la leche humana
aumenta su acidez desde el inicio de su refrigeracion,
tanto mds cuanto mayor es el tiempo de manten-
imiento.

Al margen de la relacion que el aumento de la acidez
de la leche pueda mantener con el desarrollo de
microorganismos, relacion valorada en algunos estu-
dios?, el aumento de acidez desencadenado durante la
refrigeracion tiene su origen en el incremento de dcidos
grasos libres que conlleva la actividad de las enzimas
lipasas presentes en la leche y activas a pesar de las
bajas temperaturas, incluso en congelacion®. La activi-
dad lipasa es mayor y con ello el descenso de pH si la
leche se almacena a temperatura ambiente entre 15 a
25°C%.

El aumento de dcidos grasos libres, especialmente
insaturados registrado en diversos trabajos'>*, puede
llevar a un aumento del proceso oxidativo y con ello la
formacién de productos de oxidacién como MDA. En
base a ello, en este trabajo se ha tratado de relacionar
las variaciones entre ambos pardmetros: pH y concen-
tracién de MDA, no habiendo encontrado estudios pre-

vios que traten de relacionarlas. Los resultados
obtenidos confirman una relacién lineal inversa entre
ambas con fuerte significacion estadistica, de forma
que el descenso de pH conlleva un aumento en la con-
centracién de MDA.

Sin embrago no hay relacién entre la variacion del
pH con la capacidad total antioxidante, aunque este
resultado parece poco concluyente dada la elevada
variabilidad interindividual de la CAT, lo que impide
sacar conclusiones al respecto y precisa, para su confir-
macion, nuevos estudios con mayor nimero de mues-
tras.

En base a los resultados expuestos y con el fin de
paliar estas modificaciones parece aconsejable inacti-
var las enzimas lipasas, desencadenantes de estas
alteraciones con la liberacion de dcidos grasos de sus
estructuras originales en los triglicéridos, con el
tratamiento térmico como la pasteurizaciéon®.

Los resultados obtenidos en este trabajo justifican la
recomendacion de disminuir en lo posible el tiempo de
almacenamiento de leche en refrigeracion. Cuando la
mujer debe proceder a almacenar su leche antes de la
ingesta del lactante, el periodo no deberia superar las
24 horas con el fin de mantener la integridad de su com-
ponente lipidico y evitar sus alteraciones.
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Factores de riesgo para las anormalidades de enzimas hepaticas
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Resumen

Introduccion: Las anormalidades en las pruebas de
funcionamiento hepatico (APFH) y las complicaciones
Hepaticas (CH) de la Nutricion Parenteral (NP) son fre-
cuentes y a menudo multifactoriales. Atin no han sido
evaluados dichos factores de riesgo en poblacién mexi-
cana adulta.

Objetivo: Determinar si la dosis de lipidos prescrita de
mayor a 1 g/kg es factor de riesgo para las anormalidades
en pruebas de funciéon hepatica (APFH) de la NP.

Material y métodos: Cohorte que incluyo pacientes
mayores de 15 afios de edad y excluy6 aquellos que fueron
manejados en la unidad de cuidados intensivos o con
anormalidades en las enzimas hepéticas previo al inicio
de NP. Los grupos expuesto (GE) y no expuesto (GNE)
fueron aquellos que recibieron mas de un gramo y un
gramo o menos por kilo de peso de lipidos respectiva-
mente. Las APFH fueron definidas como un incremento
mayor al 50 % de lo normal de AST, ALT, FA o Bilirubina
Total.

Resultados: Laincidencia de APFH fue de 20 (47,6%) y
15 (41,6 %), en los GE y GNE respectivamente (RR 1,14
IC 95% 0,69-1,88; p = 0,59). El patrén de daiio hepatico
mas comiun fue el colestasico, seguido del mixto y final-
mente el hepatocelular. La dosis de lipidos prescrita de
mas de 1 g/kg, no se asocié con el desarrollo de CH de la
APFH. A mayor dosis de proteinas menor frecuencia de
APFH

Conclusion: La dosis de lipidos prescrita de mas de 1
g/kg, no se asocié con el desarrollo de APFH de la NP en
nuestra poblacion. Estos hallazgos requieren ser confir-
mados en Ensayos clinicos.
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RISK FACTORS FOR ABNORMAL LIVER FUNC-
TION TESTS OF PARENTERAL NUTRITION IN A
REFERRAL HOSPITAL IN MEXICO

Abstract

Introduction: the abnormalities in liver function tests
(LFTs) and liver complications (LC) from parenteral
nutrition (PN) are common and usually multi-factorial.
These factors have not yet been assessed in the adult Mex-
ican population.

Objective: To determine whether the dose prescribed >
1 g/kg is a risk factor for the abnormalities in liver func-
tion tests (LFTs) from PN.

Material and methods: Cohort study including patients
older than 15 years and excluding those managed at the
intensive car unit or with abnormalities in liver enzymes
before the start of PN. The exposed and non-exposed
groups were those receiving > 1 g of lipids per kg of body
weight or < 1 g/kg, respectively. LFTs were defined as an
increase higher than 50% of the normal range for AST,
ALT, AF or total bilirrubin.

Results: the incidence of LFTs abnormalities was 20
(47.6%) and 15 (41.6 %) in the exposed and non-exposed
groups, respectively (RR 1.14 95% IC: 0.69-1.88; p =
0.59). The most frequent liver damage pattern was
cholestatic, followed by the mixed pattern and then hepa-
tocellular. The dose of prescribed lipids > 1 g/kg was not
associated with the development of LC from LFTs abnor-
malities. The higher the dose of proteins the lower the fre-
quency of LFTs abnormalities.

Conclusion: The dose of lipids prescribed >1 g/kg was
not associated with the development of LFTs abnormali-
ties from PN in our sample population. These findings
should be confirmed in clinical trials.

(Nutr Hosp. 2011;26:729-736)
DOI:10.3305/nh.2011.26.4.4892

Key words: Parenteral nutrition. Liver complications. Risk
Jactors.
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Abreviaturas

GE: Grupo Expuesto.

GNE: Grupo no Expuesto.

SNE: Soporte Nutricio Especializado.

NE: Nutricién Enteral.

NP: Nutricién Parenteral.

CH: Complicaciones Hepadticas.

APFH: Anormalidades en Pruebas de funciona-
miento hepdtico.

Introduccion

El Soporte Nutricio Especializado (SNE) se encarga
de la provision de nutrientes por la via oral, enteral o
parenteral. Este se fundamenta en que la desnutricién,
inanicién, deplecion de nutrientes o un consumo acele-
rado de éstos sin una suplementacién adecuada de estas
pérdidas incrementa la tasa de morbimortalidad de los
pacientes con estas condiciones clinicas y que la pre-
vencidn o la correccién de la deficiencia de nutrientes
puede minimizar o eliminar los efectos adversos de la
desnutricién'.La nutricion enteral (NE) involucra la
administracion de nutrientes a través del tracto gas-
trointestinal. La nutricion Parenteral (NP) es la admi-
nistracién de nutrientes intravenosos con el fin de
suplir los nutrientes que por diversas razones no se pue-
den administrar enteralmente, siendo este general-
mente por un tiempo finito?. La NP desde su invencién
por el Dr. Stanley Dudrick, un residente de cirugia que
trabajé bajo la supervision del Dr. Jonathan Rhoads,
hace mds de 40 afios, ha sido uno de los avances mds
importantes en la historia de la medicina modernal® La
NP es una medida de la cual dependen para sobrevivir
los pacientes que desarrollan insuficiencia intestinal®.
Esto puede deberse a multiples causas de muy diversas
etiologias, como pueden serlo inflamatorias, quirtirgi-
cas, neoplasicas, infecciosas, el sindrome de intestino
corto, enfermedad de Crohn, isquemia intestinal, entre
otras’.

La NP a pesar de que es un gran avance y ha logrado
que la morbimortalidad disminuya, no es innocua ya que
sabemos que puede causar multiples complicaciones.
Dichas complicaciones van en relacion con los aspectos
mecdnicos relacionados con la insercién de la linea cen-
tral, infecciones debidas a soluciones parenterales conta-
minadas o a cuidados inadecuados del catéter central,
metabdlicas, como la hiperglucemia, sindrome de sobre-
alimentacion, dislipidemia, hipercalcemia, deficiencia
de algunos nutrientes y complicaciones hepaticas
(CH)". Estas tltimas surgieron al poco tiempo después
del descubrimiento de la NP, describiéndose los prime-
ros casos de anormalidades de las pruebas de funciona-
miento hepdtico (APFH)en pacientes que la recibian
exclusivamente. El primer caso publicado fue en 1971,
en un paciente neonato que recibié NP durante 71 dias
debido a su patologia de base’. Ese fue tan solo el pri-
mer caso, sin embargo, desde entonces se han descrito

distintas CH tanto en pacientes adultos como en
nifios*’.

Las CH pueden ser tan variadas y severas que abar-
can un espectro que va desde la elevacion transitoria de
las enzimas hepdticas hasta la cirrosis hepdtica con
falla hepdtica secundaria. Se han realizado diferentes
reportes de frecuencia de esta complicacion, se consi-
dera que la prevalencia de APFH (elevacidn significa-
tiva 50% por encima del valor basal) se reportan en un
rango que va del 40-70% de los casos'®. Esta gran varia-
bilidad se explica por varios hechos: la definicién de la
propia afectacion (segtn se considere s6lo la anormali-
dad en los resultados de laboratorio o se exija la demos-
tracion histologica) y las modificaciones en la propia
técnica de NP que han ocurrido en el tiempo (disminu-
cion del aporte caldrico total, en especial de glucosa,
disponibilidad de soluciones de aminodcidos purifica-
dos y el uso rutinario de lipidos intravenosos).

Las CH y las APFH son mds frecuentes en pacientes
pedidtricos que en pacientes adultos' y existen tres
patrones reconocidos y bien descritos: colestasis, (ele-
vacién de la bilirrubina directa, fosfatasa alkalina y
Gamma Glutaril transpeptidasa), esteatosis (elevacion
de la Aspartato aminotransferasa, alanino aminotrans-
ferasa) disfuncion de la vesicula y de la via biliar( for-
macién de lodo biliar y/o litos). Sin embargo puede
haber combinacién de cualquiera de estas tres compli-
caciones en un mismo paciente y en este caso, es consi-
derada una misma enfermedad en diferentes esta-
dios'2.Existen multiples factores de riesgo para las
APFH. Sin embargo, no se han realizado estudios en
poblacién mexicana. Por lo tanto nuestro objetivo fue
determinar los factores asociados al desarrollo de
APFH, en especial si la dosis de lipidos prescrita de
mayor a 1 g/kg se asocia con éstas, en nuestra unidad.

Material y métodos

Se realizo un estudio de tipo cohorte en el que se
incluyeron todos los pacientes mayores de 15 afios, que
se les prescribié NP y se ingresaron a la base de datos
del Servicio de SNE para recibir NP, del 1 de enero del
2005 al 31 de julio del 2007. Se excluyeron a todos los
pacientes que se identificaron con pruebas de funciona-
miento hepdtico anormales de acuerdo al laboratorio de
la unidad con fecha de la semana previa al inicio de su
NP o en los que se inicio NP en la Unidad de Cuidados
Intensivos. Se eliminaron del estudio aquellos en los
que no se tomaron pruebas de funcionamiento hepético
al menos una vez por semana durante el tiempo de
exposicion a NP. El grupo expuesto (GE) y no
expuesto (GNE) lo constituyeron aquellos que recibie-
ron mds de 1 g/kg/dia de lipidos y 1 g/kg/dia de lipidos
0 menos respectivamente. Debido a la heterogeneidad
de las patologias que se presentan en la unidad queda a
criterio del médico en cargo de cada caso en particular
y se hace un abordaje individualizado de los requeri-
mientos nutricionales y su prescripcion de la NP, por lo
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Tabla I
Caracteristicas de los pacientes que recibieron nutricion parenteral total en la UMAE 25 del IMSS del 2005 al 2007

Variable Mdsde I g por kg 1 g por kg o menos P
N=42 N=36
Edad 46,47+17,7 53,19+ 14.8 0,076
Tallaen m 1.613 0,06 1.6325 +0,08 0,276
™MC 22,32+495 26,72 +4,82 0,001
Peso en kg 58+129 71,315 0,001
Hombre (%) 23 (54%) 19 (52%) 0,861
Evaluacién Global Subjetiva:
A 9(21%) 6(16%) 0.473
B 6(14%) 9(25%)
C 27 (65%) 21 (59%)
Diagndstico:
Ingesta de cdusticos 6 (14%) 3 (8%) 0,955
Céncer digestivo perioperatorio 11 (26%) 14 (38%)
Fistula 12 (28%) 9 (25%)
Enfermedad inflamatoria intestinal 3 (7%) 3 (8%)
Pancreatitis 1 (2%) 1 (2%)
Sindrome de intestino corto 1 (2%) 1 (2%)
Otro perioperatorio 6 (14%) 4 (11%)
Otro diagn6stico médico 2 (4%) 1 (2%)
Tipo de paciente:
Médico 9(22%) 5(13%) 0,387
Quirdrgico 33 (78%) 31 (87%)
Antecedentes:
Hipertension 8 (19%) 12 (33%) 0,150
Diabetes 7 (16%) 11 (30%) 0,147
Hipercolesterolemia 2 (4%) 4(11%) 0,294
Hipertrigliceridemia 3 (7%) 4 (11%) 0,541
Alcoholismo 4(9%) 4(11%) 0,818
Tabaquismo 5(12%) 5(13%) 0,794
Laboratorio:
Linfocitos 1.065 (606-1.530) 1.125 (976-1.695) 0,14
Plaquetas (en miles) 296,5 (184-377) 275,5(212,5-407) 0,150
Glucosa (mg/dl) 109 (95-151) 136 (109-153) 0,15
Creatinina (mg/dl) 0,7 (0,5-0,9) 0,7 (0,6-0,85) 0,903
Urea(mg/dl) 20,5 (14-30) 23,5(14-31,5) 0,620
Sodio (mEq/L) 139 (137-141) 140 (137-144) 0,179
Potasio (mEq/L) 3,7(3,2-4,2) 3,8(3,3-4,10) 0,976
Cloro (mEq/L) 105 (103-110) 104 (101-110) 0,402
Albtmina (g/dl) 3,1(2,5-3,8) 3,3(2,8-3,85) 0,684
AST (UI/L) 18 (13-24) 21,5(13-28) 0,323
ALT(UI/L) 14,5 (10-21) 15,5(10,5-22,5) 0,833
Bil. Total (mg/dl) 0,5(0,4-0,8) 0,5(0,4-0,7) 0,958
Fosfatasa Alcalina (UI/L) 81,5 (65-100) 83 (63-101) 0,790
*Los datos son representados como media + desviacion estandar, mediana (amplitud intercuartilica) o Frecuencia (%).
Fuente: Encuesta directa.
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que las caracteristicas prescritas son muy variadas, lo
cual permiti6 la categorizacién en éstos grupos. Se
consideraron como APFH cuando la AST o ALT
alcanzaron valores de 60 o mds, Bilirrubina Total de 2
o mds o Fosfatasa Alcalina de 225 o mds, que corres-
ponden a una elevacion del 50% respecto al estandar de
referencia de laboratorio. Se adquirié de la base de
datos de la Unidad de SNE las caracteristicas de la
mezcla de cada uno de los dias que recibi6 cada partici-
pante la NP, comprendiendo la mediana de la dosis dia-
ria en gramos de glucosa o carbohidratos, lipidos, pro-
tefnas, asi como también las dosis totales prescritas de
cada una de ellas y por tltimo se incluyeron las calorfas
prescritas totales y por kg de peso. De su expediente
clinico electrénico se obtuvo informacién sociodemo-
gréfica, evaluacion del estado nutricional (Evaluacion
Nutricional Global Subjetiva), ingesta crénica de sus-
tancias hepatotéxicas y enfermedades concurrentes.
De la base de datos del laboratorio se obtuvieron los
resultados de los exdmenes rutinarios previo al inicio
de la nutricién parenteral y a posteriori, los cuales fue-
ron tomados por lo menos una vez por semana. Las
pruebas de funcionamiento hepatico y el resto de los
exdamenes de laboratorio fueron realizados por perso-
nal de laboratorio de la unidad al momento de recep-
cién de la muestra. Las pruebas de funcién hepdtica
fueron procesadas en un sistema de bioquimica de la
marca Abbott diagnostics modelo Architect c8000, con
sus respectivos reactivos de laboratorio los cuales fue-
ron de la marca Abbott Chlinical Chemistry. El segui-
miento se llevé a través de la base de datos de laborato-
rio a partir del inicio de la NP hasta que concluyo su
exposicion a la misma o antes si presenté APFH.

Andlisis estadistico

Se us6 estadistica descriptiva para caracterizar a los
participantes. Para las variables numéricas se emplea-
ron medidas de tendencia central con su respectiva
medida de dispersion de acuerdo a andlisis exploratorio
de datos y con la prueba de Shapiro Wilk. Para las
variables cualitativas se usaron frecuencias absolutas y
porcentajes. Se realizaron las pruebas de Chi cuadrada
o exacta de Fisher para determinar diferencia de en las

variables cualitativas, asi como prueba T de Student o
U de Mann-Whitney, segtin haya sido su tipo de distri-
bucién, para demostrar diferencia de media o mediana
de las variables cuantitativas. Se busc asociacién de
las variables con riesgo relativo y su intervalo de con-
fianza al 95%.Se realiz6 andlisis multivariado de las
variables con valor de p menor a 0,1 en el andlisis biva-
riado por medio del modelo de Regresion de Cox. Se
realizo el cdlculo de tamafio de muestra por medio del
programa estadistico epi info. versién 6.2.2, frecuencia
de 0,40, alfa de 0,05, poder de 90, riesgo relativo de 2
de acuerdo a la variable de exposicidn lipidos adminis-
trados de 1 g/kg/dia o mas, siendo un minimo de 34
pacientes a incluir por cada grupo en el periodo de
tiempo citado a priori. La realizacién de este estudio
fue aprobada por el Comité de Etica e Investigacién de
la Unidad.

Resultados
Caracteristicas de los participantes

Se seleccionaron 78 pacientes, de los cuales 42 se
incluyeron en el GE y 36 en el GNE. Las caracteristicas
clinicas de ambos grupos se describen en la tabla I. No
hubo diferencia estadisticamente significativa en las
caracteristicas clinicas de ambos grupos, a excepcion
del peso e indice de masa corporal, que fueron signifi-
cativamente menores en el GE. En lo que respecta a las
caracteristicas de la prescripcion de la NP (tabla II), los
pacientes del GE recibieron mayor aporte de carbohi-
dratos/kg (p = 0,001), proteinas/kg (p = 0,0001), kilo-
calorfas totales (p = 0,02) y kilocalorias/kg (p =
0,0001). No hubo diferencia significativa con respecto
alos dias de exposicion ala NP en ambos grupos.

Variables asociadas a APFH

La incidencia acumulada de APFH fue de 20
(47,6%) y 15 (41,6%), en los GE y GNE respectiva-
mente, sin alcanzar una diferencia estadisticamente
significativa (RR 1,14 IC 95% 0,69-1,88; p = 0,59). Al
comparar los grupos de pacientes que desarrollaron

Tabla IT
Caracteristicas de la prescripcion de nutricion parenteral otorgada a los pacientes seleccionados
Variable Mds de 1 g por kg de lipidos 1 g por kg 0 menos de lipidos P
N=42 N=36
Dias de exposicién a nutricion parenteral 18 (12-28) 16,5 (10-22,5) 0,41
Gramos de proteinas/kg 1,41 (1,13-1,7) 1,08 (0.94-1,29) < 0,001
Gramos de carbohidratos/kg 3,96 (3,17-4,66) 2,86 (2,33-3,47) 0,0014

Kcal 1.737,69 +329,83
Kcal/kg 30,67 (13,65-48,60)

1.550,57 +365,81 0,02
21,85(13,51-41,81) <0,001

*Los datos son representados como media + desviacion estandar o mediana (amplitud intercuartilica).
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Tabla III
Caracteristicas de los pacientes de acuerdo a la presencia y ausencia de APFH

Variable ConAPFH SinAPFH P
N=35 N=43

Edad en afos 48+17,6 50+16,1 0.69
Tallaen m 1,64 (1,6-1,7) 1,6 (1,56-1,65) 0,14
Peso en kg 64,8 +14,7 63,5+ 16 0,71
MC 242+48 244+57 0,90
Prot g/kg 1,26 £0,37 1,29 +£0,40 0,74
Cho g/kg 3,53+1,02 3,34+1,18 0,46
Lip g/kg 1.05(0.92-1.25) 1.06(0.88-1.27) 0.95
Relacion de g CHO:LIP 3,36+£0,78 3,08 +0,94 0,16
Kcal 1.683,54 +335,45 1.625,10 +375,79 0,47
Kcal/kg peso 26,73 (23,17-30,98) 25,11 (20,86-35,0) 0,78
Dosis total prescrita de proteinas en /kg 24,65 (12,69-38,49) 19,28 (9,44-28,82) 0,06
Dosis total prescrita de carbohidratos en g/kg 63,77 (36,08-112,5) 44,44 (27,78-70,50) 0,02
Dosis total prescrita de lipidos en g/kg 20,14 (12,59-34,5) 14,72 (11-23,06) 0,08
Dosis total prescrita de carbohidratos y lipidos en g/kg 83,91 (48,39-147) 65 (35,56-90,90) 0,03

*Los datos son representados como media (+ desviacion estdndar) o mediana (amplitud intercuartilica).

Fuente: encuesta directa.

APFH con los que no las desarrollaron (tabla III), llama
la atencién que no hubo una diferencia significativa
entre los grupos, excepto en lo que se refiere a la dosis
total prescrita de carbohidratos/kg, dosis total prescrita
de carbohidratos y lipidos, los cuales fueron significati-
vamente mayores en el grupo que desarrollo APFH. En
lo que respecta a los niveles mdximos de enzimas hep4-
ticas, es de notar una diferencia significativa entre los
grupos con y sin anormalidades significativas (tabla

1V), siendo menores en éstos ultimos. Los factores de
riesgo para el desarrollo de APFH en el presente estu-
dio se enumeran en la tabla V. No hubo diferencia esta-
disticamente significativa en lo que respecta al sexo,
uso de medicamentos hepatotdxicos, sepsis al inicio de
la NP, desarrollo de falla orgdnica multiple, el uso de
NE, administracion de insulina en infusidn, ni el desa-
rrollo de infeccidn de catéter central. Al aplicar el ana-
lisis multivariado de las variables con p < a 0,10 en el

Tabla IV
Niveles mdximos alcanzados de enzimas hepdticas y de bilirrubina durante la exposicion a nutricion parenteral
Variable Anormalidades significativas Sin anormalidades significativas P
AST 44,00 (27-70) 23,00 (17-27) <0,001
ALT 46,00 (31-145) 23,00 (13-35) <0,001
BT 0,60 (0,49-1,1) 0,40 (0,4-0,80) <0,001
BD 0,40 (0,2-0,80) 0,20 (0,2-0,40) 0,007
FA 280,00 (226-376) 101,00 (72-156) <0,001
*Los datos representan mediana (amplitud intercuartilica) y fueron comparados con U de Mann-Whitney.
Fuente: encuesta directa.
Tabla V
Factores asociados al desarrollo de complicaciones hepdticas
Variable ConAPFHN =35 SinAPFHN =43 RR (IC95%) P
Sexo: Hombre 21 (60%) 21 (48%) 1,29 (0,77-2,14) 0,32
Diagnéstico médico 3 (8%) 11 (25%) 0,43 (0,15-1,20) 0,05
Medicamentos hepatotdxicos 10 (28%) 16 (37%) 0,80 (0,46-1,40) 0,42
Sepsis previa al inicio de NP 8(22%) 8 (18%) 1,14 (0,65-2,02) 0,64
Diabetes mellitus 6(17%) 12 (27%) 0,69 (0,34-1,39) 0,26
Desarrollo falla orgdnica multiple 4(11%) 3 (6%) 1,31 (0,65-2,62) 0,49
Recibié nutricién enteral 5 (14%) 5(11%) 1,13 (0,58-2,23) 0,74
Se administro infusion de insulina 3(8%) 1(2%) 1,73(0,93-3,23) 0,2
Desarrollo infeccion de catéter 8(22%) 7(16%) 1,24 (0,71-2,16) 0,46
*Los datos son representados como Frecuencia (porcentaje).
Fuente: encuesta directa.
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Tabla VI
Andlisis multivariado por medio del modelo de regresion de Cox de las variables significativas en el andlisis bivariado

Variable RR IC 95% limite inferior IC 95% limite superior P

Protefnas prescritas g/kg 7,016 0,535 92,018 0,138
Dosis total prescrita de proteinas g/kg 0,889 0,795 0,994 0,04
Carbohidratos prescritos g/kg 1,776 0,395 7,987 0,454
Lipidos prescritos g/kg 39,389 0,230 6.749,978 0,162
Dosis total prescrita de lipidos en g/kg 0,874 0,695 1,100 0,252
Dosis total prescrita de lipidos y carbohidratos en g/kg 0,957 0,915 1,000 0,05
Relacién carbohidratos: lipidos 2,320 0,501 10,748 0,282
Diagnéstico médico 2,288 0,605 8,648 0,222

*La dosis total prescrita de Carbohidratos g/kg, se incluyo en el andlisis, pero se eliminé por colinearidad.

Fuente: encuesta directa.
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Fig. 1.—Tiempo libre de anormalidades en enzimas hepdticas
por grupo.

andlisis bivariado, s6lo una mayor dosis total prescrita
de proteinas en g se asocid con disminucion de anorma-
lidades significativas en enzimas hepdticas (tabla VI).
La mediana de tiempo libre de anormalidades signifi-
cativas en enzimas hepdticas global, en los grupos con
mas 1 g/kg de lipidos y con 1 g/kg de lipidos o menos
fue de 32 dias IC 95% 23,6 a 40,3, 32 dias IC 95% 25,3
a 38,7y 26 dias IC95% 19,9 a 32 respectivamente, p =
0,708 (fig. 1). La frecuencia de los diferentes patrones
de APFH, fueron 20%,18 y 7%, para el colestdsico,
mixto y hepatocelular respectivamente.

Discusion

El objetivo de nuestro estudio fue determinar si la
dosis de lipidos prescrita mayor a 1 g/kg se asocia con
APFH de la NP.

El presente estudio muestra que las APFH de la NP
son comunes, cuya frecuencia en nuestro estudio es
44%, lo cual se encuentra dentro de lo reportado en la
literatura que es de un 25 a 100%"*'*. No se presentaron

casos de colecistitis acalculosa, aunque ésta dltima es
mds comun en pacientes criticamente enfermos, los
cuales fueron excluidos de nuestro estudio, siendo una
posible explicacion a este hallazgo. Nuestros resulta-
dos muestran que el patrén colestdsico y el mixto fue-
ron los tipos mds frecuentes de presentacion de las
APFH de la NP, siendo estos los cambios mds a
menudo asociados con ésta'>'°. Cabe destacar que en
muchos casos, estas elevaciones en las enzimas son
transitorias (no indagado en el presente estudio), inclu-
sive sin interrumpir la nutricién parenteral y ocasional-
mente conduce a esteatosis, cirrosis y falla hepatica'”®.

Al buscar diferencias en la composicion de la mezcla
con respecto a los que desarrollaron APFH con los que
no, no encontramos una diferencia estadisticamente
significativa entre los grupos, excepto en lo que atafie a
la dosis total prescrita de carbohidratos/kilogramo y
dosis total prescrita de carbohidratos y lipidos. No
hubo diferencia estadisticamente significativa en lo
que respecta a el sexo, uso de medicamentos hepatotd-
xicos, sepsis al inicio de la NP, desarrollo de falla orga-
nica multiple, el uso de nutricién por via enteral, admi-
nistracién de insulina en infusién ni el desarrollo de
infeccion de catéter central. Una posible explicacién a
estos hallazgos es que se excluyeron todos los pacien-
tes que fueron manejados en Terapia intensiva, a que
en su gran mayoria eran pacientes postquirtrgicos y a
la necesidad de un tamafio de muestra mayor.

La unica variable asociada con la incidencia de
APFH de la NP fue: una mayor cantidad de proteinas
prescritas, lo cual se asocié negativamente. Una expli-
cacion a este resultado podria ser el limitado tamaifio de
muestra y el sesgo que implica excluir pacientes de
terapia intensiva y con pruebas de funcionamiento
hépatico anormales ya que esta variable, en particular
los aminodcidos tienen un efecto colestdsico. Existen
una serie de factores de riesgo ya conocidos para el
desarrollo de CH de la NP y son: la administracién de
mds de 1 g/kg/dia de lipidos”, colestasis crénica, facto-
res de riesgo conocidos para Hepatopatia crénica’’, lon-
gitud de intestino menor a 90 cm", los ligados a el tipo
de formulacion o a deficiencias nutricionales con el uso
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de NP™+221.2 tales como: deficiencia de dcidos grasos
escenciales®?, ingesta caldrica excesiva®, desbalance
en la composicién de los aminodcidos?, los sustratos
no proteicos?, deposicion de grasa en el higado®, una
ingesta caldrica exclusiva en grasas®, efecto colestd-
sico de los aminodcidos®, ausencia de colina®, produc-
cién de endotoxinas y dcido litoc6lico debido a sobre-
crecimiento bacteriano®, deficiencia de carnitina®,
ausencia de alimentacion enteral**. Recientemente se
identifico como factores de riesgo a la sepsis y la hipe-
ralimentacion®.

Respecto ala administracién de mds de 1 g/kg/dia de
lipidos, se ha asociado con CH pero a nivel domicilia-
rio y a largo plazo", a diferencia de nuestro estudio en
donde s6lo se midieron a corto plazo y a nivel hospita-
lario, siendo estas las posibles explicaciones a nuestros
hallazgos de ausencia de asociacién. En nuestro estu-
dio eliminamos aquellos con pruebas hepaticas de
laboratorio anormales, que incluye anormalidades
compatibles con colestasis crénica por lo cual aunque
si es factor de riesgo conocido para CH", en nuestro
estudio no se incluyeron a estos enfermos siendo este el
motivo de su ausencia como factor. Los factores de
riesgo conocidos para Hepatopatia crénica'’ no se aso-
ciaron con CH muy posiblemente a que se requiere un
tamafio de muestra mayor. S6lo hubo 2 participantes
con longitud de intestino menor a 90 cm', de los cuales
uno se encontraba en cada grupo de estudio, lo cual
explica la ausencia de asociacion con CH. La ingesta
caldrica excesiva no se asocié con CH hepaticas muy
posiblemente a que se requeria un tamafio de muestra
mayor. La sepsis no se asocié con CH debido a que se
requiere un tamafio de muestra mayor o a que se exclu-
yeron los pacientes manejados en la unidad de cuida-
dos intensivos.

Las principales limitaciones de nuestro estudio son:
se trabajo sobre la base de datos de la prescripcion de
nutricion parenteral de nuestro hospital; el estandar de
oro para el diagnéstico del dafio hepatico como colesta-
sis e higado graso es la biopsia hepética, sin embargo
esta ultima no se realiza de manera rutinaria y genera
un riesgo de complicaciones para nuestros pacientes.
Debido a que no hubo aleatorizacién no se puede elimi-
nar el sesgo de seleccion. No se evaluaron variables
confusoras tales como el sobrecrecimiento bacteriano,
medicién de marcadores de estress oxidativo, medicio-
nes de colina, niveles de acidos grasos escenciales y de
carnitina. No se midieron depdsitos de grasa en el
higado, ni se determind deficiencia de carnitina. Las
principales fortalezas son: su aplicabilidad clinica, ya
que se midieron variables que se emplean de manera
rutinaria en cualquier hospital del mundo. A pesar de
sus limitaciones, el presente estudio, es el primero en
realizarse en México y servird de marco de referencia
para investigaciones ulteriores en esta linea de investi-
gacion. En conclusion podemos decir que la incidencia
de complicaciones hepdticas asociadas a la nutricién
parenteral en nuestra poblacién de pacientes no es dife-
rente a lo reportado previamente en la literatura. La

dosis de lipidos prescrita de mds de 1 g/kg, no es factor
asociado a las APFH de la NP en nuestra poblacién y a
mayor dosis total prescrita de proteinas menor su fre-
cencia. Estos hallazgos requieren ser confirmados por
ensayos clinicos aleatorizados con un tamafio de mues-
tra mayor.
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Abstract

Objective: The aim of this study was to investigate
changes in dietary intake, anthropometric parameters
and markers of oxidative stress in 40 women who under-
went surgery, chemotherapy or radiation therapy for
breast cancer.

Methods: Pretreatment and post-treatment measure-
ments included data collected through a food frequency
questionnaire, weight and height to calculate the body
mass index (BMI) and oxidative stress markers assessed
from blood reduced glutathione (GSH), serum antioxi-
dant capacity (AC), plasma thiobarbituric acid reactive
substances (TBARS), serum lipid hydroperoxides (LH)
and plasma carbonyls. Differences were compared using
paired Student’s ¢-test or paired Wilcoxon’s test.

Results: A significant increase (P < 0.05) in the intake of
the food groups: meat and eggs, dairy products, beans,
oils and fats, as well as food from the subgroups: red
meat, milk and other dairy products rich in fat, fruit rich
in vitamin C and vegetable fats was found after treat-
ments. There was a significant increase in body weight
(P < 0.05), BMI (P < 0.05), levels of TBARS (P < 0.0001),
LH (P <0.005) and carbonyls (P < 0.0001) and a significant
decrease of levels of AC (P < 0.005) and GSH (P < 0.0001).

Conclusion: Breast cancer diagnosis and treatments
were associated with dietary intake changes and
increased body weight, BMI and oxidative stress. These
potential changes have important implications for pre-
ventive nutrition counseling.

(Nutr Hosp. 2011;26:737-744)
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INGESTION DIETETICA Y ESTRES OXIDATIVO
EN CANCER DE MAMA: ANTES Y DESPUES
DEL TRATAMIENTO

Resumen

Objetivo: El propésito de este estudio fue investigar los
cambios en la ingesta dietética, los parametros antropo-
métricos y los marcadores del estrés oxidativo en 40
mujeres sometidas a cirugia, quimioterapia o radiotera-
pia por ciancer de mama.

Meétodos: Los datos recogidos antes y después del trata-
miento fueron un cuestionario de frecuencia de consumo
de alimentos, el peso y la talla para calcular el indice de
masa corporal (IMC) y los marcadores de estrés oxida-
tivo evaluados mediante el glutation reducido (GSH) en
sangre, la capacidad antioxidante sérica (CA), las sustan-
cias reactivas del acido tiobarbitirico en el plasma
(SRAT), los hidroperéxidos lipidicos (HPL) séricos y los
carbonilos plasmaticos. Se compararon las diferencias
usando la prueba t de Student o la prueba pareada de
Wilcoxon.

Resultados: Después de los tratamientos se hallé un
aumento significativo (P < 0,05) en el consumo de los gru-
pos de alimentos: carne y huevos, licteos, legumbres,
aceites y grasas, asi como de los subgrupos: carnes rojas,
leche y otros lacteos ricos en grasas, fruta rica en vitamina
C'y grasas vegetales. Hubo un aumento significativo en el
peso corporal (P < 0,05), el IMC (P < 0,05), las concentra-
ciones de SRAT (P < 0,0001), HPL (P < 0,005) y carboni-
los (P < 0,0001) y un descenso significativo de la CA (P <
0,005) y de GSH (P < 0,0001).

Conclusion: El diagnéstico de cancer de mama y sus
tratamientos se asociaron con cambios en la ingesta dieté-
tica y un aumento del peso corporal, el IMC y el estrés
oxidativo. Estos cambios potenciales tienen implicaciones
importantes para el consejo sobre nutricion preventiva.

(Nutr Hosp. 2011;26:737-744)
DOI:10.3305/nh.2011.26.4.5067

Palabras clave: Cdncer de mama. Ingesta dietética. Pardme-
tros antropométricos. Estrés oxidativo. Tratamiento.
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Abbreviations

AC: Antioxidant capacity.

BMI: Body mass index.

GSH: Reduced glutathione.

LH: Lipid hydroperoxides.

TBARS: Thiobarbituric acid reactive substances.
FFQ: Food frequency questionnaire.

Introduction

Breast cancer is one of the most important public
health problems due to its growing incidence and mor-
tality rates. In all over the world, breast cancer is con-
sidered the most frequent type of cancer among
women. Every year, breast cancer accounts for 22% of
new cancers found in women. In Brazil, 49.240 new
breast cancer cases were expected for 2010, with an
estimated risk of 49 cases per 100.000 women. For the
Santa Catarina State, in southern Brazil, 1.570 new
breast cancer cases were expected for 2010, with an
estimated risk of 50 cases per 100.000 women. In spite
of its high incidence, breast cancer can be considered a
disease with a good prognosis if an early diagnose and
appropriate treatment are done. The estimated average
survival after five years of breast cancer is approxi-
mately 61%.!

Breast cancer is a disease with multiple etiological
factors linked to genetic, environmental, social demo-
graphic, behavioral, psychological and hormonal fac-
tors.>* Of the risk factors, nutritional factors can be asso-
ciated to 30-40% of disease cases.’ In the recent decades,
researches has studied the relationship between nutri-
tional and life style factors and the development and/or
progression of breast cancer. Original studies and litera-
ture reviews were carried out to clarify which elements
in the diet could play a protective or determining role in
the disease™, as well as the mechanisms through which
nutrients could be involved in the progression, recur-
rence or mortality from breast cancer.'*"" Additionally,
nutritional factors might be directly related to the gener-
ation of reactive oxygen species in the body, triggering
oxidative stress, causing cell oxidative damage and
therefore increasing the risk of disease.!'*

Besides to enhance, at least partially, the progression
of breast cancer, oxidative stress can also be involved in
cancer treatment efficacy.”” According to previous
reports, chemotherapy and/or radiation therapy induced
apoptosis by increasing the amount of reactive oxygen
species in cancer cells.'*' However, excess production
of reactive oxygen species can also damage healthy
cells, therefore a diet rich in antioxidant may be impor-
tant to minimize side effects resulted from oxidative
damage caused by treatment”, in addition to reduce the
probability of recurrence."”

In addition, cancer treatment may have a direct
effect on nutritional status'®, dietary intake" and in the
development of food aversion.*%

Therefore, the present study was conducted to inves-
tigate the possible changes in dietary intake, anthropo-
metric parameters and oxidative stress markers pro-
moted by breast cancer treatment in women living in
the state of Santa Catarina, southern Brazil.

Subjects and methods
Study characterization and design

This is a non-randomized clinical study conducted at
the Carmela Dutra Maternity Hospital in Florian6polis
City, Santa Catarina, southern Brazil, from October
2006 to June 2008. Clinical, anthropometric, social
demographic, dietary intake data and oxidative stress
markers were verified in a convenience sample of
women with breast cancer in two phases: a) Baseline
phase, conducted at the time of breast cancer diagnosis,
before cancer treatment (surgery, radiation therapy
and/or chemotherapy) and b) Post-treatment phase,
after the end of the cancer treatment (considering a
maximum period of 20 months).

Women with previous history of cancer and/or
benign tumors without suspicion of malignancy, who
had already undergone breast surgery, in addition to
women who had already started some type of neoadju-
vant cancer treatment were excluded from the study.
Only women with breast cancer diagnosis confirmed
by pathological examinations and living in the state of
Santa Catarina were included in the baseline phase the
study. Based on these criteria, 55 women were consid-
ered eligible to participate in the baseline phase. Out of
these, six were excluded from the second phase of the
study (post-treatment phase) because they were still
under radiation therapy and/or chemotherapy after
June 2008. Additionally, nine participants were lost to
follow-up in the post-treatment phase for the following
reasons: two women refused to return after the end of
treatment and seven could not be found after four
attempts to contact them by telephone. Therefore, a
total of 40 women with breast cancer participated of the
study.

All participants signed a free and informed consent
form and the research was approved by the Ethics
Committee of the Carmela Dutra Maternity Hospital
and by the Ethics Committee on Research with
Humans of the Federal University of Santa Catarina
(protocol number 099/08).

Clinical data

In order to obtain social demographic and clinical
data, a questionnaire adapted from the study conducted
by Di Pietro et al.! was administered in an interview.
The questionnaire contained identification and clinical
history information, social demographic and reproduc-
tive history questions. Disease’s stage was evaluated
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from pathological examination results according to the
Tumor-Node-Metastasis system.” Additionally, infor-
mation about the type and duration of cancer treatment
was collected in the second phase of the study.

Anthropometric assessment

To measure body weight and height, a mechanical
scale with a measuring rod (Filizola Industry S/A, Sao
Paulo, Brazil), with a capacity for 150 kg and 100 g
graduation, was used. Anthropometric measurements
at the baseline and post-treatment phases were assessed
according to the techniques recommended by the
World Health Organization. Body weight and height
measurements were used to calculate the body mass
index (BMI).>

Dietary intake assessment

Habitual dietary intake information was collected in
the two study phases by the administration of a food
frequency questionnaire (FFQ) adapted from the
Sichieri and Everhart validated questionnaire.?* The
questionnaire was administered by previously trained
nutritionists or undergraduate nutrition students. To
help participants identify and report the food intake
amounts, were used pictures® and various sized house-
hold utensils (dishes, glasses, cups and spoons). The
amounts of food reported as home measures were con-
verted into their respective weights and volumes, in
grams (g) or milliliters (mL), respectively, based on the
works previously published by Pinheiro et al.?* and
Ben.” Additionally, home measurement conversions
(g or mL) of fruit, doughnuts, lard, cream and yerba
mate infusion were made by assessing volume and
weighing measurements using the technique described
by Griswold* at the Dietary Technique Laboratory at
the Federal University of Santa Catarina. Seasonal
foods such as fruits and vegetables had their estimated
daily intake calculated considering the season. Dietary
intake of all food items obtained by the FFQ use was
classified and analyzed for eight food groups described
in the Dietary Guide for the Brazilian Population: cere-
als; tubers and roots; meat and eggs; milk and other
dairy products; fruits; beans; vegetables; oils and fats;
sugars and sweets.” The amount of beverages (in mL)
with or without alcohol that were not described in the
Dietary Guide was also recorded. Additionally, to ana-
lyze information about the intake of more specific
food, subgroups were created from the eight food
groups that make up the Dietary Guide, such as pastry
cereals; red meat; fish; poultry; processed meat; fatty
meat; low-fat meat; milk and dairy products rich in fat;
lean milk and dairy products; fruits rich in vitamin C;
fruits rich in carotenoids; cruciferous vegetables; veg-
etables rich in carotenoids; vegetable fats; and animal
fats.

All breast cancer patients did not received any
dietary treatment and/or advice during the study; they
only got guidance on healthy eating at the time of the
interview in the baseline phase.

Biochemical analysis

For the assessment of oxidative stress markers, blood
samples (15 mL) were collected from participants through
a puncture of the intermediate arm vein in tubes with or
without EDTA to obtain plasma and serum, respectively,
by centrifugation (1000 x g/10 min). A whole blood
aliquot was used for immediate measurement of blood
reduced glutathione (GSH), after red blood cell lyses and
protein precipitation with 20% trichloroacetic acid.®
Measurement of serum antioxidant capacity, thiobarbi-
turic reactive substances in plasma, and serum lipid
hydroperoxides levels were made immediately after sam-
ple collection, while plasma levels of carbonyls (a marker
of plasma protein oxidation) was determined after sample
stored at -70 °C for no longer than 30 days.

Serum antioxidant capacity was measured using the
ferric reducing antioxidant potential (FRAP) assay,
according to the technique proposed by Benzie and
Strain.”’ Blood GSH concentration was assessed using
the method proposed by Beutler et al.* Plasma lipid
peroxidation was determined by detecting the sub-
stances that react with thiobarbituric acid (TBARS),
particularly malondialdehyde, based on the method
described by Esterbauer and Cheeseman.* The lipid
hydroperoxides (LH) present in the serum were quanti-
fied by the ferrous oxidation method and complex for-
mation with xylenol orange, as described by Nourooz-
Zadeh et al.** Carbonyls were measured following the
method described by Levine et al.** All biochemical
tests were made in duplicates.

Statistical analysis

Collected data were organized in a double entry
database for later statistical analysis with STATA 9.0
software, and in all cases the level of significance was
established at 5%.

Continuous data were presented as median, mean
and standard deviation and categorical data in the form
of absolute and relative frequency.

Normality of data distribution was assessed using
the Shapiro-Wilk test. Variables with normal distribu-
tion were compared using the paired Student’s 7-test,
while the data with non-parametric distribution were
compared using the paired Wilcoxon’s test.

Results

Average age of the participants in the beginning of the
study was 51.5 +9.9 years (range of 35 to 77 years). Most

Dietary intake and oxidative stress
in breast cancer
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Table I
Distribution of clinical and therapeutic variables
of the women treated for breast cancer (n = 40),
Santa Catarina, Brazil

Clinical or
therapeutic variable

Number of
participants

Tumor classification

Invasive carcinoma 38 95.0
Carcinoma in situ 2 5.0
Tumor stage
0 2 5.0
I 13 325
I 17 425
111 8 20.0
Axillary lymph node involvement
Positive 15 37.5
Negative 25 62.5
Surgical procedure
Radical mastectomy! 21 52.5
Partial mastectomy with SLB or axillary
lymphadenectomy® 19 47.5
Radiation Therapy and/or Chemotherapy
Yes 36 90
Radiation therapy 9 225
Chemotherapy 12 30.0
Radiation therapy in association 15 375
with Chemotherapy ’
No 4 10.0
Hormone therapy
Yes 32 80
Tamoxifen 27 67.5
Aromatase inhibitor 5 12.5
No 8 20.0
Monoclonal antibody therapy
Yes 3 75
No 37 925

'Complete removal of breast and axillary lymph nodes. 'Quadrantectomy or sec-
tor resection with sentinel lymph node biopsy (SLB) and/or complete removal of
axillary lymph nodes.

women participating in the study were Caucasians
(92.5%) and there was a predominance of married women
(55.0%). The mean interval of time between the two
assessments was 13.25 +2.92 months (7 to 20 months).
Clinical and therapeutic characteristics of the 40
women with breast cancer are showed in table 1. There

was a prevalence of women with invasive carcinoma
(95.0%), stage I or II tumor (75.0%) without involve-
ment of axillary lymph nodes (62.5%). Regarding the
type of surgery performed, 52.5% of women under-
went radical mastectomy, while 47.5% underwent par-
tial mastectomy with sentinel lymph node biopsy or
axillary lymphadenectomy. Out of the 40 participants
studied, 32 (80.0%) reported hormone therapy and 27
out of those reported treatment with tamoxifen and five
with aromatase inhibitor (anastrozole). In respect to
therapies, radiation therapy alone was applied to nine
(22.5%) participants, chemotherapy alone was used by
twelve (30.0%) women and a combination of both
chemotherapy and radiation therapy was used by fifteen
(37.5%) women. Four (10%) women did not received
either chemotherapy or radiation therapy. Additionally,
three (7.5%) patients reported therapy with monoclonal
antibodies (trastuzumab).

The anthropometric parameters are shown in table
II. A significant increase in the mean body weight (P <
0.005) was found at the end of cancer treatments,
which had a direct effect on the mean BMI value (P <
0.005) (table II).

Regarding dietary intake, a significant increase in
the intake of the following food groups: meat and eggs
(P =0.02), milk and dairy products (P = 0.01), fruits
(P < 0.005), beans (P = 0.04) and oils and fats (P =
0.01), as well as in the following subgroups: read meat
(P =0.03), milk and dairy products rich in fat (P = 0.03),
fruits rich in vitamin C (P = 0.01) and vegetable fats
(P = 0.02) was observed after treatment (table III).
Results for the other food groups and subgroups studied
were not statistically significant (data not shown).

Table IV shows the results for biochemical markers
of oxidative stress in the baseline and post-treatment
phases. There was a significant decrease in the serum
antioxidant capacity (P < 0.005) and GSH levels (P <
0.0001), whereas TBARS (P < 0.0001), LH (P <0.005)
and carbonyls (P < 0.0001) levels increased signifi-
cantly after treatments.

Discussion
During cancer treatment, agents used in the

chemotherapy and radiation therapy can lead to the
generation of reactive oxygen species which may dam-

Table I1
Anthropometric parameters of women with breast cancer before and after cancer treatments (n = 40), Santa Catarina, Brazil

Anthropometric parameter Baseline Phase Post-Treatment Phase Difference between the Phases P
. 69.40 +12.83 71.94 +14.17 2.54+4.80 .
Weight (kg) (70.7) (70.75) 2.0) <0.005
27.68 +4.38 28.67 +4.65 0.99+1.83 .
2 +
BMI' (kg/m?) (26.95) (28.47) (0.85) <0.005

'BMI: Body Mass Index.

Dara are expressed as mean + standard deviation (median). ‘Paired Student’s #-test.
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Table III
Dietary profile of women with breast cancer before and after cancer treatments (n = 40), Santa Catarina, Brazil

Food groups and subgroups

(¢ or mL/day) Baseline Phase Post-Treatment Phase Difference between the Phases P
145.02 £70.05 184.23+101.12 39.21£104.32 .
Meat and eggs (145.17) (170.25) (33.17) 0.02
74.68 £47.76 105.42+79.53 30.74 £81.12 X
Red meat (67.38) (98.58) (24.53) 0.03
. . 314.39£209.95 390.98 £256.21 76.59 £214.09 .
Milk and dairy products (387.89) (324.96) (34.74) 0.01
. . _ 197.22+188.19 276.92 +264.56 79.70 £215.78 .
Milk and dairy products rich in fat (131.05) (20630) (18.63) 0.03
Fruits 326.59 + 188.77 503.55+417.45 176.95+370.83 <0.005'
(275.48) (398.79) (77.68) ’
L 212,75 £152.07 333.00+302.45 120.25 £255.34 .
Fruits rich in vitamin C (180.02) (290.29) (57.03) 0.01
Beans 65.57+60.31 86.37+78.51 21.00+84.81 0.04
(62.50) (63.56) (6.80) '
. 30.88 +14.25 38.93+18.54 8.05+17.51 .
Oils and fats (30.93) (38.42) (3.64) 0.01
. 27.87+14.63 34.97+18.29 7.10+15.82 .
Vegetable fat 2731) (32.65) 422) 0.02

Data are expressed as mean + standard deviation (median). “Paired Wilcoxon’s test; ‘Paired Student’s z-test.

Oxidative stress parameters before and after b;lézls):ec;nvcer treatments (n = 40), Santa Catarina, Brazil
Biochemical parameter Baseline Phase Post-Treatment Phase Difference between the Phases P
S e R
Whole blood GSH: 15(51 ngg 12(31 38541 0(3 o 10)'55 <0.0001"
Plasma TBARS® 4'9(2_153585 1 l'(7131.§g)'78 6'7(86337)'09 <0.0001
SenmLit 0302039 14 oms L4 coots
Plasma protein carbonyl® 06(?)2?)21 09(20§g) 13 02:3? ?)'27 <0.0001"

'AC, antioxidant capacity (umol/L).

2GSH, reduced glutathione (mmol/L).

‘TBARS, thiobarbituric acid reactive substances (umol/L).
“LH, lipid hydroperoxides (umol/L).

S(nmol/mg).

Data are expressed as mean + standard deviation (median). ‘Paired Wilcoxon’s test; ‘Paired Student’s #-test.

age healthy cells.”'¢ Excess production of reactive
oxygen species and the resulting increase in oxidative
stress in the body of cancer patients may affect treat-
ment response and contribute to tumor recurrence.*
Therefore, the importance of a diet rich in antioxidant
food should be emphasized, not only as a way to pro-
tect against disease development and progression, but

also to prevent breast cancer recurrence during and
after treatment.'>"”

In this study we clearly showed that surgery,
chemotherapy and/or radiation therapy increased the
levels of oxidative stress biomarkers in women with
breast cancer, which could be seen in the significant
decrease of antioxidant defense markers (AC and
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GSH) and increased concentrations of lipid (TBARS
and LH) and protein (carbonyls) oxidation markers
after treatment. Similar results have been reported by
other authors who found a reduction in total plasma
antioxidant capacity*® and increased lipid oxidation*’
in cancer patients after chemotherapy and/or radiation
therapy.

The results of this study have also shown several
changes in the dietary intake from the time of disease
diagnosis to the end of cancer treatment, particularly an
increase in the intake of meats and fats, fruits and
beans. The increased consumption of meat and fat by
the participants of this study is not in agreement with
data previously reported, where breast cancer patients
had a significant decrease in the intake of fats***, meats
in general® and red meat in particular® after disease
diagnosis and/or during cancer treatment. On the other
hand, the increased fruit intake by the participants is in
agreement with results previously reported by
Maskarinec et al.*, Salminen et al.* and Thomson et
al.* According to evidences in the literature, some
women diagnosed with and treated for breast cancer
start a healthier diet to improve their health status, pre-
vent disease recurrence or the emergence of new
tumors and other related diseases.**

A favorable finding in this study was that the
increased intake of fruits and beans is in agreement
with the recommendations described in the global per-
spective report on food, nutrition and cancer preven-
tion produced by the World Cancer Research Fund and
the American Institute for Cancer Research.” Accord-
ing to this document, the increased consumption of
fruits, non-starchy vegetables, non-processed grains
and beans contributes to the prevention of several types
of cancer and these recommendations should be also
followed by cancer survivors, both during active treat-
ment, when treatment is directed to the tumor in order
to prolong patient’s survival, and after treatment com-
pletion.

The significant increase in the dietary intake of fruit
found in this study, particularly fruits rich in vitamin C,
can also help the body’s defense mechanism against
the damage caused by reactive oxygen species, as pre-
viously shown in breast cancer survivors. A diet rich in
carotenoids, or fruits in general, has decreased oxida-
tive stress and/or improved prognosis in women previ-
ously treated for breast cancer.'"

However, the increased intake of meats and fats by
the participants of this study is contrary to the recom-
mendations of reports on the global perspective on
food, nutrition and cancer prevention.* Dietary fat is
one of the most investigated nutrients in relation to
breast cancer in epidemiological, experimental and
clinical studies and several studies have already proven
the positive association between high fat intake and
carcinogenesis.'>'* Additionally, it has been suggested
that dietary fat can stimulate lipid peroxidation, thus
favoring oxidative stress in cancer patients.'>'* Some
studies have also shown that reduced fat intake is asso-

ciated to lower recurrence rates and longer survival
after breast cancer diagnosis.'” Regarding excess meat
intake, particularly red meat, some studies have sug-
gested that these food items represent a risk factor for
breast cancer.” It should also be mentioned that the
intake of red meat by the participants of this study was
above the recommended level of 500 g per week.
According to the World Cancer Research Fund and the
American Institute for Cancer Research, the intake of
red meat and processed meat should be limited as a
minimum in order to prevent primary and recurrent
cancer.*!

The present study showed a significant increase in
the average intake of milk and dairy products rich in fat
by the participants during treatment. However, studies
that associated the intake of dairy products with disease
have shown contradictory results.* Regardless, it
seems desirable to avoid the intake of dairy products
rich in fat, such as whole milk, some types of cheese
and cream during and after treatment, since food rich in
saturated fat can, generally speaking, favor disease
recurrence. '’

Here, we showed a significant enhancement of weight
after treatment, resulting in a mean BMI of 28.67 kg/m?,
which corresponds to an average increase of 2.54 kg in
body weight after cancer treatment. Similar results were
found in the studies by Del Rio et al.* and Ingram and
Brown*®. According to Demark-Wahnefried et al.*,
weight gain generally ranges from 2.5 to 6.2 kg in the
first year after breast cancer diagnosis, particularly in
women who undergo chemotherapy as part of their treat-
ment. Although the relationship between excess body
weight and the development of breast cancer has not
been fully clarified, it should be mentioned that there is
evidence showing that weight gain after disease diagno-
sis can affect survival and recurrence in women with
breast cancer.!" Additionally, the average BMI of the
participants was not according to the official recommen-
dations of the global perspective report on food, nutri-
tion and cancer prevention in any of the study phases,
since the BMI recommendation for breast cancer pre-
vention ranges from 18.5 to 24.9 kg/m?, with a median
from 21 to 23 kg/m>.*

The significant increased in body weight and BMI,
as well as the intake of meat and food rich in fat and the
increase in oxidative stress markers in these women
deserve special attention, since these nutritional and
clinical aspects are known risk factors for disease
recurrence in addition to the already existing risks
linked to treatment procedures performed after disease
diagnosis. Based on these data, the importance of nutri-
tional follow-up during and after treatment becomes
evident in order to minimize the probability of recur-
rence or the development of other types of cancer in
these survivors. Therefore, advice on a balanced diet
rich in antioxidant nutrients that results in weight main-
tenance may affect positively cancer treatment effec-
tiveness in addition to diminish oxidative and physio-
logical damage caused by cancer treatment.
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Finally, some methodological limitations should be
considered when interpreting the results of this study. The
FFQ used for dietary data collection is considered to be an
instrument that estimates previous usual intake in popula-
tion groups. However, the accurate estimate of usual
dietary intake through this instrument is difficult because
itrelies on the memory of the interviewee to properly esti-
mate intake frequency and the size of food portions.*

Although some variation in the estimative of dietary
intake needs to be taken into account when evaluating
our study, it should be emphasized that care was taken to
minimize the potential measurement errors that could
result from the instruments of measure, since visual
resources were used in order to facilitate the reporting of
the dietary intake amounts. Additionally, the FFQ
administration, anthropometric assessment and bio-
chemical tests were performed by professionals and
nutrition students who were previously trained in data
collection methods and instruments. This enhances the
reliability of the research and enables the comparison
between the assessments of the studied population.

A second limitation refers to the fact the differences
in disease stages and the resulting exposure to different
treatment protocols did not allow for the identification
of the effects of different treatments in relation to bio-
chemical and nutritional results. Additionally, the rela-
tionship between changes in dietary intake and changes
in oxidative stress in each type of treatment or protocol
could not be determined, particularly due to the small
sample size. Therefore, new studies should be con-
ducted with larger number of participants in order to
confirm these results and get more solid evidence of the
effect of different treatment types on dietary intake,
anthropometric parameters and oxidative stress in
women with breast cancer.

Conclusion

The results of this study showed that women under-
going breast cancer treatment, such as surgery,
chemotherapy or radiation therapy, increased their
intake of meats, fats, dairy products, fruits and beans,
had increased body weight and BMI and increased lev-
els of oxidative stress markers.

Acknowledgements

The authors would like to thank the Brazilian Fed-
eral Agency for Support and Evaluation of Graduate
Education (CAPES/PROF), Foundation for the Sup-
port of Scientific and Technological Research of the
State of Santa Catarina (FAPESC), Carmela Dutra
Maternity Hospital, AP Anatomia Patologica Labora-
tory, Nutrition Pos-Graduate Program at the Federal
University of Santa Catarina and the National Council
for Scientific and Technological Development (CNPq)
for the support given to this research.

References

1. Brasil. Ministério da Sadde. Secretaria de Atengdo a Satde. Ins-
tituto Nacional do Cancer. Coordenacdo de Prevengdo e Vigi-
lancia. Estimativa 2010: Incidéncia de céncer no Brasil. Rio de
Janeiro: INCA; 2009.

2. Dumitrescu RG, Cotarla I. Understanding breast cancer risk —
where do we stand in 2005? J Cell Mol Med 2005; 9: 208-21.

3. Nkondjock A, Ghadirian P. Risk factors and risk reduction of
breast cancer. Med Sci 2005; 21: 175-80.

4. McPherson K, Steel CM, Dixon JM. Breast cancer-epidemiol-
ogy, risk factors, and genetics. BMJ 2000; 321: 624-28.

5. Divisi D, Di Tommaso S, Salvemini S, Garramone M, Crisci R.
Diet and cancer. Acta Biomed 2006; 77: 118-23.

6. Donaldson MS. Nutrition and cancer: a review of the evidence
for an anti-cancer diet. Nutr J 2004; 3: 19.

7. Gonzilez CA. Nutrition and cancer: the current epidemiologi-
cal evidence. Br J Nutr 2006; 96 (Suppl. 1): S42-5.

8. Key TJ, Allen NE, Spencer EA, Travis RC. Nutrition and breast
cancer. Breast2003; 12: 412-16.

9. Zhang S, Hunter DJ, Forman MR, Rosner BA, Speizer FE,
Colditz, GA et al. Dietary carotenoids and vitamins A, C, and E
and risk of breast cancer. J Nat. Cancer Inst 1999;91: 547-56.

10. Saxe GA, Rock CL, Wicha MS, Schottenfeld D. Diet and risk
for breast cancer recurrence and survival. Breast Cancer Res
Treat 1999; 53: 241-53.

11. Rock CL, Demark-Wahnefried W. Nutrition and survival after
the diagnosis of breast cancer: a review of the evidence. J Clin
Oncol 2002;20: 3302-16.

12. Wynder EL, Cohen LA, Muscat JE, Winters B, Dwyer JT,
Blackburn G. Breast cancer: weighing the evidence for a pro-
moting role of dietary fat. J Natl Cancer Inst 1997; 89: 766-75.

13. Loft S, Poulsen HE. Cancer risk and oxidative DNA damage in
man. J Mol Med 1996; 74: 297-12.

14. Vieira FGV, Di Pietro PF, Boaventura BCB, Ambrosi C, Rocken-
bach G, Fausto MA et al. Factors associated with oxidative stress
in women with breast cancer. Nutr Hosp 2011; 26: 528-36.

15. Borek C. Dietary antioxidants and human cancer. Integr Can-
cer Ther 2004; 3: 333-41.

16. Borek C. Antioxidants and radiation therapy. J Nutr 2004; 134:
3207S-09S.

17. Thomson CA, Stendell-Hollis NR, Rock CL, Cussler EC, Flatt
SW, Pierce JP. Plasma and dietary carotenoids are associated with
reduced oxidative stress in women previously treated for breast
cancer. Cancer Epidemiol Biomarkers Prev 2007; 16: 2008-15.

18. Del Rio G, Zironi S, Valeriani L, Menozzi R, Bondi M, Berto-
lini M, et al. Weight gain in women with breast cancer treated
with adjuvant cyclophosphomide, methotrexate and 5-fluo-
rouracil. Analysis of resting energy expenditure and body com-
position. Breast Cancer Res Treat 2002; 73: 267-73.

19. Lancheros L, Gamba M, Gonzalez H, Sédnchez R. Caracteriza-
cion de la evolucion del estado nutricional de pacientes con
cdncer de mama en tratamiento quimioterapéutico. Rev Colomb
Cancerol 2004; 8: 11-22.

20. Ames HG, Gee MI, Hawrysh ZJ. Taste perception and breast can-
cer: evidence of arole for diet. / Am Diet Assoc 1993; 93: 541-46.

21. Di Pietro PF, Medeiros NI, Vieira FG, Fausto MA, Bello-Klein
A. Breast cancer in southern Brazil: association with past
dietary intake. Nutr Hosp 2007; 22: 565-72.

22. Brasil. Ministério da Satide. Secretaria de Atencao a Saudde. Ins-
tituto Nacional de Cancer. TNM: classificagcdo de tumores
malignos. 6. ed. Rio de Janeiro: INCA; 2004.

23. World Health Organization. Phisical Status: the use and inter-
pretation of anthropometry, WHO technical report, series 854.
Geneva: WHO; 1995.

24. Sichieri R, Everhart MD. Validity of a brazilian frequency
questionnaire against dietary recalls and estimated energy
intake. Nutr Res 1998; 19: 1649-59.

25. Zabotto CB. Registro fotografico para inquéritos dietéticos.
Campinas: Unicamp; 1996.

26. Pinheiro ABV, Lacerda EMA, Benzecry EH, Gomes MCS,
Costa VM. Tabela para avalia¢do de consumo alimentar em
medidas caseiras. 2" ed. Sdo Paulo: Atheneu; 2004.

Dietary intake and oxidative stress
in breast cancer

Nutr Hosp. 2011;26(4):737-744 743



217.

28.

29.

30.

31

32.

33.

34.

35.

36.

744

Ben ML. Quanto pesa?: tabela de pesos e medidas de alimentos.
Porto Alegre: Ediplat; 2007.

Griswold RM. Estudo Experimental dos Alimentos. Sao Paulo:
Edgard Bliicher; 1972.

Brasil. Ministério da Satde. Secretaria de Atencdo a Sadde.
Departamento de Atengdo Basica. Coordenacao-Geral da Poli-
tica de Alimentagdo e Nutri¢do. Guia Alimentar para a popula-
¢do brasileira: promovendo a alimentac@o sauddvel. Brasilia:
Ministério da Sadde; 2006.

Beutler E, Duron O, Kelly BM. Improved method for the deter-
mination of blood glutathione. J Lab Clin Med 1963; 61: 882-
90.

Benzie IFF, Strain JJ. The ferric reducing ability of plasma
(frap) as a measure of antioxidant power: the frap assay. Anal
Biochem 1996;239: 70-76.

Esterbauer H, Cheeseman K. Determination of aldehydic lipid
peroxidation products: malonaldehyde and 4-hydroxynonenal.
Methods Enzymol 1990; 186: 407-21.

Nourooz-Zadeh J, Tajaddini-Sarmadi J, Wolff SP. Measure-
ment of plasma hydroperoxide concentrations by the ferrous
oxidation-xylenol orange assay in conjunction with triph-
enylphosphine. Anal Biochem 1994; 220: 403-09.

Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz
AG et al. Determination of carbonyl content in oxidatively
modified proteins. Methods Enzymol 1990; 186: 464-78.
Conklin KA. Chemotherapy-associated oxidative stress:
impact on hemotherapeutic effectiveness. Integr Cancer Ther
2004; 3: 294-300.

Durken M, Herrnring C, Finckh B, Nagel S, Nielsen P, Fischer
R et al. Impaired plasma antioxidative defense and increased
nontransferrin-bound iron during high-dose chemotherapy and

37.

38.

40.

41.

42.

43.

44,

45.

radiochemotherapy preceding bone marrow transplantation.
Free Radi. Biol Med 2000; 28: 887-94.

Cetin T, Arpaci F, Yilmaz MI, Saglam K, Ozturk B, Komurcu S
et al. Oxidative stress in patients undergoing high-dose
chemotherapy plus peripheral blood stem cell transplantation.
Biol Trace Elem Res 2004; 97: 237-47.

Maskarinec G, Murphy S, Shumay DM, Kakai H. Dietary changes
among cancer survivors. Eur J Cancer Care 2001; 10: 12-20.
Salminen E, Heikkila S, Poussa T, Lagstrom H, Saario R,
Salminen S. Female patients tend to alter their diet following
the diagnosis of rheumatoid arthritis and breast cancer. Prev
Med 2002; 34: 529-35.

Thomson CA, Flatt SW, Rock CL, Ritenbaugh C, Newman V,
Pierce JP. Increased fruit, vegetable and fiber intake and lower
fat intake reported among women previously treated for inva-
sive breast cancer. J Am Diet Assoc 2002; 102: 801-08.

World Cancer Research Fund; American Institute For Cancer
Research. Food, nutrition, physical activity, and the prevention
of cancer: a global perspective. Washington, DC: AICR; 2007.
Moorman PG, Terry PD. Consumption of dairy products and
the risk of breast cancer: a review of the literature. Am J Clin
Nutr 2004; 80: 5-14.

Ingram C, Brown JK. Patterns of weight and body composition
change in premenopausal women with early stage breast can-
cer: has weight gain been overestimated? Cancer Nurs 2004;
27:483-90.

Demark-Wahnefried W, Rimer BK, Winer EP. Weight gain in
women diagnosed with breast cancer. J Am Diet Assoc 1997,
97:519-29.

Willet WC. Nutritional Epidemiology. New York: Oxford Uni-
versity; 1998.

Nutr Hosp. 2011;26(4):737-744

G. Rockenbach et al.



Nutr Hosp. 2011;26(4):745-751
ISSN 0212-1611 « CODEN NUHOEQ
S.V.R. 318

Hooitatars
Original

Ground roasted peanuts leads to a lower post-prandial glycemic response
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Abstract

Introduction: Few studies have evaluated the effect of
nuts processing on the glycemic response and satiety.

Objective: To evaluate the effect of peanut processing
on glycemic response, and energy and nutrients intake.

Method: Thirteen healthy subjects (4 men and 9
women), with a mean age of 28.5 + 10 years, BMI 22.7 +
2.5 kg/m?, and body fat 23.7 + 5.7% participated in this
randomized crossover clinical trial. After 10-12 h of fast-
ing, one of the following types of test meals were con-
sumed: raw peanuts with skin (RPS), roasted peanuts
without skin, ground-roasted peanuts without skin
(GRPWS) or control meal. The test meals had the same
nutrient composition, and were consumed with 200 ml of
water in 15 minutes. Glycemic response was evaluated 2
hours after each meal. Energy and nutrients intake were
assessed through diet records reflecting the habitual food
intake and food consumption 24 hours after the ingestion
of test meal.

Result: The area under the glycemic response curve
after GRPWS was lower (p = 0.02) the one obtained for
RPS. There was no treatment effect on energy intake,
macronutrients and fiber consumption after the test
meal.

Conclusion: The consumption of ground-roasted
peanuts may favor the control and prevention of diabetes
due to its reduction on postprandial glucose response.
However, more prospective studies are needed to confirm
this hypothesis.
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MANI TOSTADO Y MOLIDO CONDUCE
A UNA MENOR RESPUESTA GLICEMICA
POSTPRANDIAL COMPARADO
CON MANI CRUDO

Resumen

Introduccion: Escasos estudios han evaluado el efecto
del procesado industrial de los frutos secos sobre la res-
puesta glicérica y la saciedad.

Objetivos: Evaluar el efecto del procesamiento de mani
sobre la respuesta glicémica y la ingesta de energia y
nutrientes.

Meétodos: Trece sujetos sanos (4 hombres y 9 mujeres),
con una edad media de 28,5 + 10 aiios, IMC 22,7 + 2,5
kg/m?, y un porcentaje de grasa corporal de 23,7 + 5,7%
participaron en este ensayo clinico aleatorizado y cru-
zado. Tras 10-12 h de ayuno uno de los siguientes tipos de
comidas test fueron consumidas: mani crudo con la piel
(RPS), mani tostado sin piel, mani tostado y molido sin
piel (GRPWS) o comida control. Las comidas test presen-
taban la misma composicion nutricional, y fueron consu-
midas con 200 ml de agua en 15 minutos. Se evaluo la res-
puesta glucémica 2 horas después de cada una de las
comidas. La ingesta de energia y nutrientes contenida en
la toma alimentaria y las 24 horas posteriores a la comida
test fueron determinadas mediante registros dietéticos.

Resultados: El area bajo la curva de respuesta glicé-
mica después de GRPWS fue menor (p = 0,02) que la de
RPS. No hubo efecto de los tratamientos sobre la ingesta
de energia, macronutrientes y fibra posterior a la comida
test.

Conclusion: El consumo de mani tostado y molido sin
piel, al reducir la respuesta glucémica postprandial
podria ser beneficioso para el control y prevencion de la
diabetes. Sin embargo son necesarios estudios de inter-
vencion a largo plazo que lo confirmen.

(Nutr Hosp. 2011;26:745-751)
DOI:10.3305/nh.2011.26.4.5024

Palabras clave: Mani. Arachis hypogaea. Glucemia. Diabe-
tes mellitus. Indice glucémico. Ingestion de alimentos.
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Abbreviations

AUC: Area under the curve.

BIA: Electrical bioimpedance.

BMI: Body mass index.

CM: Control meal.

GI: Glycemic index.

GL: Glycemic load.

GRPWS: Ground roasted peanuts without skin.
RPS: Raw peanuts with skin.

RPWS: Roasted peanuts without skin.

Introduction

Non-communicable diseases are responsible for
47% of the morbidity in the world. Among these dis-
eases, we emphasize cardiovascular diseases and dia-
betes mellitus. This percentage tends to increase due to
the adoption of inadequate life-style, represented
mainly by the consumption of unhealthy diets and by
low physical activity.' The results of several studies
illustrate the importance of the glycemic control to pre-
vent diabetes complications.>*

Among the dietary components, the carbohydrate is
the macronutrient that has a greater affect on blood glu-
cose levels. The consumption of low glycemic index
(GI) diets results in lower glucose response, favoring
an adequate glycemic control,*® a reduction in serum
cholesterol levels, and an increase in satiety.™® While
the consumption of high GI diet increases the risk of
insulin resistance, glucose intolerance, cardiovascular
disease, and obesity, the ingestion of low GI diet pro-
tects against these diseases."

Several factors can affect the post-prandial glycemic
response. Among these factors are the ratio of amylose
to amylopectin in the starch, the occurrence of starch-
nutrient interaction, the cooking method to which the
food is submitted; the ripeness of fruit; and food con-
tent of fiber, fat and protein.”> According to some
authors, "' highly processed foods are more rapidly
digested and absorbed, resulting in more rapid increase
on post-prandial glycemia. However, the effect of food
processing on glycemia is still controversial.

Nut consumption leads to a small increase in glucose
response,'*'® which might lead to a positive effect on
glycemic control."*?' Some authors believe that nuts can
improve lipid profile and reduce type 2 diabetes risk due
to their fat composition, and content of fiber, magnesium,
vitamins, minerals, antioxidants, and protein.*? Despite
its high fat content and high energy density, the consump-
tion of peanuts may exert a beneficial effect on body
weight maintenance. This effect can be attributed to
peanuts high fiber and protein content, the shape of the
nut, and its low GL. It is also possible that all these factors
act synergistically to promote an increase in satiety.*

The authors of a recently published study* empha-
sized the need to evaluate the effect of nuts (almonds,
chestnuts, walnuts, peanuts) on appetite, energy intake,

body composition, and substrate oxidation. To our
knowledge, there hasn’t been published any study that
evaluated the effect of peanut processing on glycemic
response. Therefore, main purpose of this study was to
investigate how peanuts roasting and grinding affect
glycemic response and food intake.

Methods
Experimental design

This randomized crossover study involved the par-
ticipation of thirteen subjects, which were recruited
through public advertisements. Participants were non-
smokers, not pregnant or lactating, non-diabetics, had
no family history of diabetes or glucose intolerance, no
diagnosis of type 2 diabetes and impaired fasting glu-
cose (ADA, 2009),* were not under medication
(except birth control pills), not on a therapeutic diet,
had no recent weight loss or gain + 3 kg over the previ-
ous 3 months, and ate breakfast regularly.

Participants were instructed to maintain their physi-
cal activity level constant throughout the study and not
to consume alcohol the day before the tests. Food
intake at the week before the beginning of the study
was assessed through a dietary record in which partici-
pants registered their daily food consumption for 3
non-consecutive days (2 week days and 1 weekend).”

After 10-12 hours overnight fasting, participants
reported to the laboratory and randomly consumed
within 15 minutes, one of 4 types of test meal (3 contain-
ing peanuts (Yoki, Brazil®) or a control meal). The con-
sumption of each test meal was separated by a washout
period of 2 days. For test meal randomization, before the
beginning of the study the names of each treatment were
written on paper and drawn for each participant. After
the ingestion of test meal, participants remained in the
laboratory for 2 hours for postprandial glycemic
response assessment. Following that, participants were
asked to pursue their normal activities, but were
instructed to keep free-feeding dietary records over the
24 hours after test meal consumption.

The protocol of this study was approved (n° 038/2009)
by the Ethics Committee in Human Research of the Fed-
eral University of Vicosa, Brazil. All volunteers were
informed about the objectives of the study and signed the
written informed consent. A sample calculation®® made
before the beginning of the study, was based on a mean
difference in glycemic response of 12 units,” assuming
80% power and a 5% significance level, indicated that a
total of 13 subjects was necessary for this study.

Anthropometric and body composition assessments
Body weight was assessed using an electronic plat-

form scale (Toledo Brazil, Model 2096 PP®), with
capacity for 150 kg and precision of 50 g. Height was
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measured using a stadiometer (SECA model 206°)
fixed to the wall. Body mass index (BMI) was com-
puted based on weight (kg) and height (m?) (kg.m?),
and classified according to the parameters of the World
Health Organization (2000).* Body fat percentage was
measured by a tetrapolar electrical bioimpedance
(BIA) (Biodynamics, Model 310°, TBW), according to
the protocol of Lukaski et al. (1986).*" Participants
were instructed not to use diuretics 7 days before the
assessment, not to exercise on the preceding 12 hours,
not to drink alcohol on the preceding 48 hours and to
avoid drinking any beverage before the test.

Test meals

On each testing occasion, participants were given a
test meal containing 63 g of raw peanuts with skin
(RPS), roasted peanuts without skin (RPWS), ground-
roasted peanuts without skin (GRPWS) or a cheese
sandwich as control meal (CM). Participants also
received 200 mL of water at each meal. The 4 types of
meals provided had the similar energy (~362.5 kcal),
carbohydrate (~14.5 g), protein (~14.7 g), fat (~27.3 g)
and fiber (~1.89 g) content.

The peanuts (3.000 g) were roasted in five medium
baking sheets (30 x 20 cm) in low temperature for 25
minutes in a household oven (DAKO, Model sensible-
ness®), pre-heated for 5 minutes. While in the oven, the
nuts were mixed frequently to ensure uniform roasting
without burning. After reaching a light brown color,
the nuts were kept in room temperature to cool off and
the skin was manually removed. Part (1.500 g) of the
roasted peanuts was ground for 40 seconds in a food
processor (Britania, Model Multipro Super®), with a
knife type metal blade, to obtain small peanut granules.
The control meal contained 24.9 g of whole wheat
bread, 51 of cheese, 12.5 g of butter and 3.1 of sugar.

Glycemic response assessment

Capillary finger-stick blood samples were taken in
the fasting state (0 min) and 30, 45, 60, 90 and 120 min-
utes after the start of each meal. Glucose levels were
measured using a One Touch Ultra® glucometer. The
positive area under the curve (AUC) changes in blood
glucose were computed by the trapezoidal method
(FAO, 1998)*, using the SlideWrite 7.0° software.

Test meal glycemic index

The glycemic index (GI) of the peanut containing
meals was estimated considering the mean values pub-
lished for peanuts.’** The control meal GI was
achieved by the sum of the values obtained by adding
the product of the proportion of carbohydrate con-
tained in bread and in sugar by their respective GI.*¢*

Since the carbohydrate content of cheese and butter in
the control meal is very low or absent, these ingredients
were not considered to estimate the GI of that meal.

Food intake assessment

Before the beginning of the study, all participants
were instructed to register their food intake on 3 non-
consecutive days (2 week days and 1 weekend)?” in
order to describe their eating habits at baseline. To
ensure accuracy, participants received written guide-
lines and were trained to estimate the consumed food
portions using household items. Participants received a
standardized record form to register the type and
amount of foods and beverages consumed before the
beginning of the study (baseline) and over the 24-hour
after the consumption of each test meal. Each dietary
record was reviewed in the presence of the volunteer in
order to ensure its accuracy and completeness. Food
portions were converted into grams and the subsequent
meal energy intake (satiety), 24 h-total post-meal
energy intake, macronutrients and fiber consumption
were analyzed using the software Avanutri®3.1.5.

Statistical analysis

Shapiro-Wilk test was applied to analyze data normal-
ity. Parametric tests were applied when data presented
normal distribution, otherwise non-parametric tests were
applied. Changes in glycemic response were assessed by
analysis of covariance (ANCOVA) test using baseline
values as covariate. Energy intake was assessed by analy-
sis of variance (ANOVA) with type of meal as indepen-
dent variable. Bonferroni’s test was used for multiple
post-hoc contrasts. Analyses were conducted using the
software SigmaPlot® 11.0 and SAEG® 9.1. The criterion
for statistical significance was p < 0.05. The results related
to the characterization of the sample are presented as
mean + standard deviation. Dietary intake and glycemic
responses results are presented as mean + standard error.

Results
Farticipants’ characteristics

A total of 13 (4 men and 9 women) healthy adults
(mean 28.5 = 10 years of age), BMI 22.7 + 2.5 kg/m?,
body fat 23.7 £ 5.7% were recruited. All the recruited
participants finish the study.
Estimated test meals glycemic index

While the GI value estimated for the peanut-based

meals were equivalent to 14.33 units, the control meal
Gl corresponded to 22.26 units.

Peanuts and post-prandial glycemic
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Table I
Mean + standard error glycemic response after the consumption of test meals

Time (min.) RPS RPWS GRPWS CM Pvalue
0 83,31 2,14 85,85+ 1,87 81,23+ 1,90 85,23+ 1,90 0.28
15 84,69 +2,05° 89,38 + 1,93+ 82,46 +£2,27° 92,62 +1,86* <0.05
30 91,00 + 3,59 88,31 1,93 84,08 £2,32 99,23 +3,26 <0.05
45 90,77 2,44 89,54 £2,02 84,08 £ 1,77 93,23 +3,69 0.19
60 90,23 £2,89 92,85+3,13 83,23 +2,52 87,38 +3,17 0.25
90 92,85 +2,08¢ 90,46 +2,22¢ 82,31 1,57 85,46 1,99 <0.05
120 94,08 +2,36° 88,31 £2,16% 82,85 +2,04 85,69 2,65 <0.05

RPS: Raw peanuts with skin; RPWS: Roasted peanuts without skin; GRPWS: Ground-roasted peanuts without skin; CM: Control meal. *"Mean
values for glycemic responses within a row with unlike superscript letters are significantly different from each other.

1,200.00 7
1,000.00 4
800.00 A

Area under the glycemic response curve

600.00
400.00
200.00
0.00 T T T "
RPS RPWS GRPWS CM
Test meals

Fig. 1.—Mean * standard error of the area under the glyce-
mic response curves (AUC) evaluated for 120 minutes after
ingestion of the study test meals (RPS: Raw peanuts with
skin; RPWS: Roasted peanuts without skin; GPRWS:
Ground-roasted peanuts without skin; CM: Control meal).
Mean RPS AUC value is significantly higher than GRPS AUC
values (*p = 0.02).

Glycemic responses

The GRPWS and RPS glycemic responses at 15
minutes were lower than CM responses (p < 0.05). The
GRPWS and RPWS glycemic responses at 30 minutes
were lower than the ones obtained after the ingestion of
the CM (p < 0.05). At 90 and 120 minutes after con-
sumption of GRPWS and CM these responses were
lower than the one obtained for RPS (p < 0.05) (table I).
The GRPWS AUC was significantly (p = 0.02) lower
than the one obtained for RPS (fig. 1).

Food intake

Mean baseline 24-h total post-meal energy intake
(1,794.29 + 166.82 kcal) did not differ (p = 0.93)
between treatments groups (1724.75 + 93.78 kcal for
RPS, 1,684.75 + 96.58 kcal for RPWS, 1,728.76 +

109.59 kcal for GRPWS, 1,738.40 + 125.91 kcal for
CM) (table II). There was also no effect of test meal on
the subsequent meal energy intake (p = 0.29), on 24h-
total post-meal energy intake (p = 0.28), or daily pro-
tein (p = 0.20), fat (p = 0.76) and fiber (p = 0.35) con-
sumption. However, daily carbohydrate consumption
was lower for RPWS, GRPWS and CM than at base-
line (p <0.05).

Discussion

Post-prandial glycemic response can be affected by
several factors, including the type of method used to
process starch; the amount of fiber, fat and protein pre-
sent in a meal and the digestibility of the carbohydrate
present in that meal.*** When submitted to dry heat,
starch is converted into dextrin, facilitating its diges-
tion and increasing post-prandial glycemic response.®
In the present study, the amount of fiber and macronu-
trient of the test meals were similar. Instead of starch,
the peanut-based test meals have sucrose, glu-
cosamine, raffinose and stachyose as carbohydrate
sources. Heat does not break these oligosaccharides
into glucose.*' Therefore, this is probably the reason
why the 120 minutes glycemic response AUC obtained
for raw (raw peanuts with skin) and roasted peanuts
(roasted peanuts without skin) did not differ in the pre-
sent study.

Peanuts are rich in fiber, fat and protein,'® which may
act synergistically to promote a reduction in the post-
prandial glycemic response.”” However, the physiolog-
ical effects observed after nut consumption may also be
affected by the integrity of its cell wall, which may
affect the release and subsequent absorption of fat and
other nutrients present.” In present study, the lower
glycemic response AUC observed after the ingestion of
ground roasted peanuts than after raw peanuts may
have occurred due to the grinding process to which the
nuts were submitted. It is possible that the cleavage of
the cell walls after this processing method release the
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Table IT
Mean + standard error of baseline and treatments daily energy, macronutrient and fiber consumption

Energy intake (kcal) Carbohydrate (g) Protein (g) Lipids (g) Fiber(g)
Baseline 1,794.29 +166.82 254.3 +18.48¢ 72.05+4.97 5791+7.78 13.61+1.27
RPS 1,724.75 +£93.78 221.2+15.58+ 64.78 £2.83 63.60 £ 6.06 11.39+1.68
RPWS 1,684.75 £96.58 206.78 £ 12.70° 77.00 +8.31 66.62+4.97 11.76 £1.26
GRPWS 1,728.76 +109.59 211.2+16.18 77.40+7.94 59.49£7.02 10.88 £0.99
CM 1,738.40 +125.91 209.65 +18.23¢ 73.58 £4.63 62.76 £7.51 11.79+£1.07
p value 0.93 <0.05 0.20 0.76 0.35

RPS: Raw peanuts with skin; RPWS: Roasted peanuts without skin; GRPWS: Ground-roasted peanuts without skin; CM: Control meal. **Mean
values for carbohydrate consumption within a column with unlike superscript letters are significantly different from each other.

fat content of the nuts, resulting in the lower glycemic
response observed.

According to some authors, the amount of fat released
and absorbed in the digestive system depends on the
degree of maceration and breakage of the cell wall,
affecting the glycemic and insulinemic responses. 7374
Fat reduces gastric emptying rate, reducing meal diges-
tion and absorption rate, favoring a reduction in its GI.'
While the total disruption of the cell wall of nuts may
occur with the use of multi processor, this does not
occur completely with mastication.*# This explains
why raw peanuts glycemic response AUC was signifi-
cantly higher than the one obtained for ground roasted
peanuts, but did not differ from the one for roasted
peanuts.

It has been reported that milling disrupts the starch
granules, facilitating their hydrolysis and increasing
prandial glycemic response.* However, the results of a
study? indicated that the processing type did not affect
the 2h post prandial glycemic response AUC for maize
(whole grains, broken grains and flour) and oats (whole
grains, flakes and flour). Similar results were observed
in another study where the glycemic response after the
consumption of whole wheat bread and ultrafine wheat
flour bread was not affected.? The results of these two
studies®?** suggest that this type of response is not
always affected by the processing to which the grain is
submitted.

According to Bornet et al. (2007),* due to the lower
rate of digestion and absorption, the consumption of
foods with low GI results in lower glycemic
responses, favoring an increase in satiety. In the pre-
sent study, although raw peanuts AUC glycemic
response was greater than ground roasted peanuts
AUC glycemic response, there was no difference in
food intake between these two treatments. Previous
studies indicate that peanuts GI varies from 7 to 23.3
5 On the other hand, the estimated GI for the control
meal tested in this study was equal to 22.26. There-
fore, the test meals evaluated in the current study are
considered low GI (GI = 55) meals according to the
classification proposed by Brand-Miller et al.

(2003b).“ These results suggest that meals that differ
in glycemic response, but have the same GI may not
affect food intake.

In another study, the effect of GI and glycemic response
on food intake was measured 60 minutes after the con-
sumption of foods differing in GI in adult men. However,
an inverse relationships were observed between glycemic
response AUC versus appetite (r = - 0.23, p < 0.05) and
food intake (r =- 0.24, p < 0.05).”” On the other hand, in
another study, although there was no correlation
between appetite and glycemic response, there was a
positive correlation was observed between the glycemic
response and energy intake (r = 0.33, p < 0.05) 3 hours
after the consumption of breakfast meals differing in
GI.* The results of these last two studies show that the
effect of the glycemic response on food intake is still
controversial.

It should be pointed out however, that in the present
study the nutritional composition of test meals was
determined according to food labels. In a recent study,
the nutritional composition displayed in the labels of
10 commercial brands of peanuts was compared to the
one obtained by physicochemical analytical methods.
The difference in terms of carbohydrate in 40% of the
samples, and in terms fiber content in 15% of the ana-
lyzed samples was greater than 20%*. Therefore, con-
sidering that the carbohydrate and fiber content of a
meal can affect the postprandial glycemic response,” a
difference in terms of these nutrient contents indicated
on the label and that obtained after chemical analysis
may have affected the reliability of the nutritional com-
position of this study test meals.

Conclusion

These results suggest that among the meals tested in
the present study, the ingestion of 63 g of ground-
roasted peanuts without skin in the breakfast leads to a
lower carbohydrate intake and reduces postprandial
glycemic response, which might contribute to improve
the glycemic control and reduce diabetes risk. How-
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ever, prospective studies are needed to confirm this
hypothesis.
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Nacer pequeiio parala edad gestacional puede depender de la curva
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Resumen

Introduccion y objetivo: Los estandares poblacionales de
crecimiento intrauterino son necesarios para evaluar si el
recién nacido (RN) ha crecido bien, si su estado nutricional
es adecuado y para identificar grupos de riesgo como los
pequeiios para su edad gestacional (PEG). Se analizan las
diferencias entre las curvas de crecimiento intrauterino uti-
lizadas habitualmente en nuestro medio y el nimero de RN
que cada una de ellas identifica como PEG.

Material y métodos: Estudio transversal en 4.486 RN
caucasicos (2.361 nifios y 2.125 nifias), con una edad ges-
tacional entre 35 y 41 semanas. La valoracion antropomé-
trica del RN (peso y longitud) se realizé siguiendo la meto-
dologia estandar. Se comparoé el porcentaje de RN que
quedaba con un peso y una longitud por debajo del per-
centil 10 (P10) para su edad gestacional a partir de cuatro
curvas de crecimiento intrauterino (Olsen et al. 2010,
Lubchenco et al. 1966, Delgado et al. 1996, Carrascosa et
al. 2008), siendo diagnosticado de PEG.

Resultados: El peso y longitud de los nifos eran signifi-
cativamente mayores que los de las nifias en todas las eda-
des estudiadas. Los valores para el P10 en cada edad ges-
tacional son globalmente similares entre las curvas
analizadas y superponibles a los de nuestra poblacion,
con la clara excepcion de la grafica de Lubchenco et al.
cuyos valores para el P10 son de hasta 300 g. menos en los
RN de mayor edad gestacional. Las graficas de Lub-
chenco et al. identifican un menor niimero de PEG que las
otras. El porcentaje de nifios PEG de nuestra muestra
oscilé entre un 1,7% y 14% en dependencia del estandar,
sexo y edad gestacional considerados.

Conclusion: El nimero de nifios clasificados como PEG
varia segun el estindar utilizado. Las graficas de Lub-
chenco, pese a su amplio uso, se alejan del patrén de creci-
miento de nuestra poblaciéon e identifican un menor
nimero de PEG. El resto de curvas son similares entre ellas
y parecen adecuadas para nuestro medio. La correcta
identificacion de los PEG permitira valorar con mejor cri-
terio los riesgos a corto y largo plazo de estos RN.

(Nutr Hosp. 2011;26:752-758)
DOI:10.3305/nh.2011.26.4.5020
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TO BORN SMALL FOR GESTATIONAL AGE
MAY DEPEND ON THE GROWTH CURVE USED

Abstract

Introduction and objective: Population standards of
intrauterine growth are necessary to evaluate if the new-
born has grown well, if their nutritional conditions are
appropriate and to identify groups at risk as those small
for gestational age (SGA). Differences in the number of
SGA newborns identified, depending on the standard
applied, have been analyzed in this study.

Material and methods: Cross-sectional study conducted
in 4,486 Caucasian newborns (2,361 boys and 2,125 girls),
born between 35 and 41 weeks. Weight and length valua-
tion was performed following the standard methodology.
Percentage of children under the 10" percentile for
weight and length was calculated depending on the stan-
dard used (Olsen et al. 2010, Lubchenco et al. 1966, Del-
gado et al. 1996, Carrascosa et al. 2008), being diagnosed
of SGA.

Results: Weight and length were significantly higher in
boys than in girls at all ages. 10" percentile values defined
for every gestational age are globally similar among the
different standards and our population, with the clear
exception of Lubchenco curves whose 10" percentile val-
ues are even 300 g. lower for the newborns at the highest
gestational ages. Lubchenco charts do not fit the pattern
of intrauterine growth of our population and identify a
smaller number of SGA. The percentage of SGA of our
sample ranged between 1.7% and 14 % in depending on
the standard, sex and gestational age considered.

Conclusion: The number of children classified as SGA
is different according to each standard used. Lubchenco
charts identify a smaller number of SGA than the others.
The rest of curves show similar values and seem to be well
adapted for our population. The correct identification of
SGA will allow a better assessment of short and long-term
risks of these newborns.

(Nutr Hosp. 2011;26:752-758)
DOI:10.3305/nh.2011.26.4.5020
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Introduccion

Las variables antropométricas al nacimiento, funda-
mentalmente el peso, longitud y perimetro craneal, se
utilizan para valorar el crecimiento fetal y el estado
nutricional del recién nacido. El pronéstico postnatal y
la morbilidad a corto y largo plazo pueden estar rela-
cionados con ciertos pardmetros que reflejen el creci-
miento intrauterino'. Aunque el crecimiento viene pre-
determinado genéticamente, es a su vez un proceso
dindmico que puede variar por distintas causas ambien-
tales y del flujo placentario (nutricién materna, enfer-
medades intercurrentes durante la gestacién, insufi-
ciencia placentaria, etc.). Los estdndares poblacionales
de crecimiento intrauterino son necesarios para evaluar
si el recién nacido ha crecido bien, si su estado nutricio-
nal es adecuado y para identificar grupos de riesgo. El
hecho de que un neonato se aleje de los valores consi-
derados como normales para su edad gestacional per-
mitird que nos anticipemos a problemas que se pueden
presentar tanto de forma precoz como tardia'.

En dependencia del peso es habitual clasificar al
recién nacido como grande, pequefio o adecuado para
su edad gestacional®** y para ello existen mdltiples
tablas de crecimiento con caracteristicas que varfan
segtin la poblacién estudiada. Los trabajos de Lub-
chenco et al.>* publicados en los afios 60, que fueron
pioneros y han sido ampliamente utilizados hasta la
actualidad, se realizaron con 7.827 nifios recién naci-
dos entre Julio de 1948 y Enero de 1961 en un hospital
de Colorado en los que se determing el primer dia de
vida el peso, longitud y perimetro cefdlico. Con estos
datos se construyeron finalmente tablas percentiladas
sin diferencias entre sexos.

Mas tarde, otros autores de distintos paises han ela-
borado curvas de crecimiento intrauterino a partir de
las medidas obtenidas de recién nacidos de diferentes
edades gestacionales y representativos de su poblacién
de referencia. En nuestro pais se han publicado varias
en las dltimas décadas entre las que se encuentran las
de Delgado et al.*¢ en 1996, realizadas a partir de
33.753 nifios nacidos en el Hospital de Cruces entre los
afios 1987 y 1992; o las de Carrascosa et al.” a partir de
1.470 recién nacidos vivos entre 1997 y 2002 en el
Hospital Materno-Infantil Vall d’Hebron de Barce-
lona, actualizadas posteriormente con los datos obteni-
dos en varias regiones (Andalucia, Barcelona, Bilbao y
Zaragoza) en 34.500 nacidos entre 2000 y 2004%.

Recientemente, la Academia Americana de Pediatria
ha publicado unas nuevas curvas de crecimiento realiza-
das a partir de las medidas antropométricas de 391.681
recién nacidos de entre 22 y 42 semanas de edad gesta-
cional de 33 estados diferentes de América del Norte en
las que han participado 248 hospitales’. Estas curvas han
sido comparadas con las de Lubchenco et al.>* y se ha
comprobado que hay diferencias importantes entre la
antropometria de los recién nacidos de hace cuatro déca-
das y los actuales, siendo recomendable el uso de estan-
dares poblacionales actualizados.

El objetivo de nuestro estudio es analizar si existen
diferencias entre las curvas de crecimiento intrauterino
que habitualmente se utilizan en nuestro medio y, en ese
caso, el nimero de recién nacidos que cada una de ellas
identifica como pequefios para su edad gestacional.

Material y métodos
Muestra, diseiio y variables

Para el presente estudio se han evaluado las variables
antropométricas de una muestra representativa de nues-
tra poblacién compuesta por todos los recién nacidos
caucdsicos, con edad gestacional entre 35 y 41 semanas,
nacidos entre enero de 2000 y diciembre de 2002 en el
Hospital Clinico Universitario “Lozano Blesa”, Zara-
goza. Se han excluido los nifios con malformaciones
congénitas mayores o cromosomopatias y aquellos en
los que no se disponia de la antropometria neonatal com-
pleta. Los datos antropométricos utilizados para el pre-
sente trabajo son los ya empleados en otros estudios
sobre nuestra poblacién de referencia neonatal'*!".

Los nifios fueron valorados en el dia del nacimiento,
siempre por el mismo personal sanitario debidamente
adiestrado, y segtn la técnica estdndar internacional-
mente aceptada. El peso se determiné mediante bascula
pesabebés, dotada de precision suficiente para detectar
variaciones de cinco gramos y la longitud mediante
plataforma plana con medidor mévil sobre escala que
permite apreciar variaciones de 1 milimetro'.

Todas las mediciones se realizaron por triplicado y
se consideré como valor definitivo la media de las tres
lecturas. Con las medidas antropométricas se calcula-
ron sus valores correspondientes de percentil para cada
tabla de crecimiento segln su edad gestacional y
Sexo'%.

Andlisis estadistico

Se realiz6 un andlisis descriptivo en el que se estu-
diaron las frecuencias, medias y desviaciones estdndar
del peso y la longitud al nacimiento. Se calcul6 el por-
centaje de recién nacidos que quedaban con un peso y
una longitud por debajo del percentil 10 (P10) para su
edad gestacional, siendo de esta manera clasificados
como pequefios para su edad gestacional (PEG), segin
el estandar utilizado: Lubchenco et al. 1966>3, Delgado
et al. 1996°¢, Carrascosa et al. 2008* y Olsen et al.
2010°.

Resultados

El nimero final de RN caucésicos incluidos en el
estudio fue de 4.486 nifos, 2.361 eran varones (52,6%)
y 2.125 mujeres (47,4%). En las tablas I y II se detallan
los valores de las longitudes y pesos de la muestra estu-
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Tabla I
Longitud media de la muestra al nacimiento
seglin edad gestacional

Tabla IT
Peso medio de la muestra al nacimiento
seguin edad gestacional

Nifios Nifias Niiios Nifias
EG Media (cm) £ DE Media (cm) + DE EG Media (cm) + DE Media (cm) + DE
N=2361 N=2.125 N=2361 N=2.125
% N=57 N=52 . N=57 N=52
§ 45,5422 45419 § 2339+365 2,276 +348
” N=133 N=101 ” N=133 N=101
§ 47,0422 46,6+23 § 2.595 =448 2515402
. N=136 N=126 . N=136 N=126
§ 48,7+2,1 47518 s 3.005 +465 2.778 +398
185 N=369 N=350 185 N=369 N=350
49.6+18 48,717 3175419 3.047 = 384
195 N=772 N=729 195 N=772 N=729
50,117 49,5+17 3.306+383 3.196 +375
05 N=600 N=500 05 N=600 N=500
507+1,3 50,0+1,7 3.415+399 3326+374
il N=294 N=267 il N=294 N=267
51417 503+ 1,4 3.558 +408 3398 £363

DE: Desviacion estdndar.

diada en las distintas semanas de gestacion al naci-
miento. Los nifios nacidos a término tienen significati-
vamente mas peso y longitud que las nifias.

En las tablas IIl y IV se detalla el total de recién naci-
dos (en nimero absoluto y porcentaje) que presentan un
peso y una longitud menor que el percentil 10 (P10) para
los distintos estdndares empleados. En las figuras 1y 2
se pueden ver graficamente los porcentajes de la muestra
que presentan un peso o una longitud < P10 para cada
referente poblacional. Se observa que en funcién del
estdndar que se utilice los resultados varfan considera-
blemente, obteniéndose en algunas ocasiones mas del
triple de nifios “fuera de los rangos de normalidad”.

Las gréficas de Lubchenco et al. se alejan del patrén
de crecimiento intrauterino de nuestra poblacion e
identifican un menor nimero de PEG (peso menor del
P10 para su edad gestacional). El porcentaje de nifios
PEG de nuestra muestra oscilé entre un 1,7% y 14% en
dependencia del estdndar, sexo y edad gestacional con-
siderados. A modo de ejemplo, de los 772 RN varones

DE: Desviacion estdndar.

de 39 semanas de gestacion de nuestra muestra, sélo 13
(1,7%) son PEG con las curvas de Lubchenco et al. y,
sin embargo, con las de Delgado et al. son 87 (11,2%),
con las de Olsen et al. 85 (11%) y con las de Carrascosa
etal. 62 (8%) RN PEG (tabla III).

Los puntos de corte del P10 que muestran las curvas
seleccionadas como referentes, para cada edad gesta-
cional y sexo, son globalmente similares y superponi-
bles a los valores P10 de nuestra poblacién, con la clara
excepcion de los obtenidos en la grifica de Lubchenco
etal. cuyos valores son de hasta 300 g menos en los RN
de mayor edad gestacional (fig. 3).

Discusion

El objetivo de nuestro estudio era profundizar en las
posibles diferencias que pueden aparecer a la hora de
interpretar la normalidad o no de las variables antropo-
métricas del recién nacido, en dependencia de que se

Tabla III
Niimero de nifios que presentan un peso < p10 segiin los distintos estandares empleados

Delgado et al.>*

Carrascosa et al.”®

Olsen et al.’

Lubchenco et al.*

Niiios Niiias Niiios Niiias Niiios Niiias Niiios Niiias

N(%) N(%) N (%) N (%) N(%) N(%) N(%) N(%)
37s <PI10 17(12,5) 18 (14,3) 11(8,1) 11(8,7) 11(8,1) 10(7,9) 6(4,4) 10(7,9)
38s <PI10 37(10,0) 35(10,0) 27(7,3) 28 (8,0) 33(8,9) 31(8,9) 7(1,9) 17 (4,8)
39s <PI10 87(11,3) 69 (9,5) 62 (8,0) 60 (8,2) 85(11,0) 73 (10,0) 13(1,7) 25(3,4)
40s <PI10 63 (10,5) 35(7,0) 45(7,5) 35(7,0) 63 (10,5) 55(11,0) 16 (2,7) 9(1,3)
41s <PI10 23(7,8) 14(5,2) 23(7,8) 17 (6,4) 28(9,5) 22(8,2) 3(1,0) 5(1,9)
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Tabla IV
Niimero de nifios que presentan una longitud < P10 seguin los distintos estdndares empleados

Delgado et al** Carrascosa et al.’* Olsen et al’ Lubchenco et al.*
Nifios Niiias Niiios Niiias Niiios Niiias Nifios Nifias
N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
37s <P10 13(9.6) 14 (11,1) 12(8.8) 14 (11,1) 7(5.1) 6(4,8) 0(0) 2(1,6)
38s <Pl10 37(10,0) 25(7,1) 37(10,0) 25(7,1) 20(5,4) 25(7,1) 1(0,3) 17(1,1)
39s <PI10 62 (8,0) 72(9,9) 57(74) 72(9,9) 57(74) 40(5,5) 4(0,5) 25(0,8)
40s <P10 46 (7.7) 38(7,6) 37(6.,2) 37(7,4) 46 (7,7) 37(7,4) 1(0,2) 9(0,6)
41s <P10 17(5.8) 23(8.,6) 16 (5.4) 10(3.,7) 17(5.,8) 21(7,9) 1(0,3) 5(0,4)
14 14
12 12
10 4—1 ] — 10
8 4 81
6 1 67
41 4
2+ 27
0 0
37s 38s 39s 40s 41s 37s 38s 39s 40s 41s
Delgado et al.>¢ Carrascosa et al.”®
" 14
12 12
10 10
8 4 8
6 6
4 4 A
2 4 2 rI
. . I ‘s B
37s 38s 39s 40s 41s 37s 38s 39s 40s 41s
Olsen et al.’ Lubchenko et al.>*
I:] Niflos
. Nifias

Fig. 1.—Porcentaje de nifios término de nuestra muestra con < P10 de peso para cada uno de los referentes.

utilicen unos estandares u otros. A veces, los limites de
la normalidad y los cortes poblacionales de peso y lon-
gitud que deciden si un nifio tiene un retraso pondoesta-
tural para su edad pueden variar segtin la muestra y el
método utilizado para la confeccidn de las graficas de
referencia’®. Podria darse el caso de que un nifio cum-

pliera criterios de riesgo de mayor morbilidad por ser
pequefio para su edad gestacional y que al ser evaluado
con otros estdndares ya no fuera asi. Para el andlisis
hemos seleccionado las tablas de crecimiento que habi-
tualmente recomiendan diversos autores por haber sido
elaboradas a partir de medidas de niflos que podrian
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37s 38s 39s 40s 41s
Delgado et al.>¢

37s 38s 39s 40s 41s

Olsen et al.®

14

12

10

37s 38s 39s 40s 41s

Carrascosa et al.”®

14

12
10

37s 38s 39s 40s 41s

Lubchenko et al.>*

Fig. 2.—Porcentaje de nifios término de nuestra muestra con < P10 de longitud para cada uno de los referentes.

representar a los de nuestro medio*®. Como se puede
ver en el presente estudio, existen diferencias entre
ellas que en algunos casos pueden ser significativas,
haciendo que un mismo valor de peso se considere
como normal o no en dependencia del estdndar. Sin
embargo, a pesar de estas diferencias, los valores
medios de nuestra muestra se ajustan en general bas-
tante bien a cualquiera de las graficas analizadas. Si se
observa el porcentaje de nifios con peso < P10 al naci-
miento aparecen diferencias, segin el estdndar utili-
zado, oscilando por ejemplo entre el 1,68 y el 11,27%
en los RN varones de 39 semanas de edad gestacional o
entre el 1,8 y el 11% en las mujeres de 40 semanas. En
general, las grificas de Lubchenco et al. son las que
menos nifios y nifias dejan por debajo del percentil 10.
Los resultados del presente estudio coinciden con el
reporte de Lara-Diaz et al.", en lo que se refiere al dis-
tinto comportamiento de las curvas de crecimiento
intrauterino con respecto a las referencias utilizadas
para valorar al recién nacido. Segtin la antropometria

de Lubchenco et al.>* que se desarroll6 en Colorado, los
recién nacidos tienen un peso significativamente mas
bajo en comparacién con los de nuestra muestra por lo
que el uso de estas graficas cominmente utilizadas
puede subestimar a los pequefios para su edad gestacio-
nal e incidir en una menor frecuencia de retraso de cre-
cimiento intrauterino en los nifios en nuestro medio.
Los resultados coinciden con el resto de curvas de cre-
cimiento que han sido comparadas, posiblemente
debido a la influencia de la tendencia secular y al incre-
mento en los pardmetros antropométricos del recién
nacido en los ultimos tiempos. Los trabajos de Lub-
chenco et al. tuvieron como novedad que exclusiva-
mente incluyeron a recién nacidos vivos y que se traza-
ron s6lo percentiles en lugar de media y desviacion
estdndar. Antes de esta publicacion ya se habian pre-
sentado curvas de crecimiento intrauterino referentes
al peso y que ademas incluian no sélo a los recién naci-
dos vivos sino a los muertos, ademds, el problema en
esta época era la determinacion de la edad gestacional
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Olsen et al.
Carrascosa et al.
— — — HCU Zaragoza
------ Lubchenco et al.
- Delgado et al.
3.000 3.000
2.800 2.800
2.600 o RS 2.600
. -
2.400 = 2.400
- NINOS - NINAS
22200 P10 Peso al 2.200 P10 Peso al
Nacimiento Nacimiento
2.000 2.000
37s 41s 37s 41s
50 50
49 49
48 48
47 47 =
-
7
46 46 P
// -7 -
45 45 < — -
" NINOS m .-~ NINAS
P P10 Longitud IR P10 Longitud
43 Nacimiento 13 Nacimiento
37s 41s 37s 41s

Fig. 3.—Comparacion de los valores de percentil 10 del peso y longitud al nacimiento segiin las distintas grdficas.

ya que los trabajos de Dubowitz et al. se publicaron en
los afios 70%.

Los diferentes autores y la Organizacién Mundial
de la Salud recomiendan que cada centro cuente con
una gréfica de crecimiento propia y representativa de
su poblacidn, ya que existen diferencias geogréficas,
étnicas y epidemioldgicas que contribuyen al subre-
gistro de recién nacidos con mayor morbilidad y mor-
talidad'e.

Los estdndares de crecimiento neonatal son importan-
tes porque se utilizan para la identificacién de aquellos
recién nacidos cuyo crecimiento se aleja de los patrones
normales y que por ello pueden estar expuestos mayor
morbilidad y mortalidad durante el periodo neonatal y en
la edad adulta. El nimero de nifios clasificados como
PEG en nuestro medio varfa segtn el estdndar utilizado.
Las gréficas de Lubchenco et al., pese a su amplio uso, se
alejan del patr6n de crecimiento de nuestra poblacién e
identifican un menor nimero de PEG. El resto de curvas
son similares entre ellas y parecen adecuadas para nues-
tro medio. La correcta identificacién de los PEG permi-
tird valorar con mejor criterio los riesgos a corto y largo
plazo de estos RN.
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Resumen

Objetivos: La obesidad y particularmente la obesidad
moérbida (OM), es una enfermedad cronica con graves
consecuencias en la salud por las comorbilidades asocia-
das y constituye un factor de riesgo desencadenante del
sindrome metabélico (SM) y de enfermedad cardiovascu-
lar (ECV). En el presente estudio analizamos las altera-
ciones que la OM produce sobre los niveles plasmaticos
de nutrientes (macro y micro).

Meétodos: Evaluamos retrospectivamente datos de 497
pacientes, 369 mujeres y 128 hombres diagnosticados de
OM. La edad media de los pacientes fue de 40,07 (rango: 16-
62). Previo al estudio se recogen medidas antropométricas,
tension arterial (TA) y niveles plasmaticos de: glucosa, lipi-
dos, insulina, macronutrientes y micronutrientes.

Resultados: El indice de masa corporal (IMC) superior en
las mujeres y la circunferencia de la cintura (CC) de ambos
sexos nos demuestra la existencia de obesidad visceral o
abdominal. Hipertension arterial (HTA) se encontré en el
18, 6% de los hombres y el 33,5% de las mujeres. Un 55,1 %
de los hombres y el 42,3% de las mujeres fueron portadores
de tres o mas criterios diagnésticos que definen el SM.
Encontramos glucemia e insulinemia y dislipemia. No existe
mal nutricién proteica, pero si valores elevados de proteina
C-reactiva. No estaban alterados los niveles plasmaticos de
los indicadores bioquimicos de macro y micronutrientes.

Discusion y conclusiones: La alta incidencia de pacien-
tes con HTA, portadores de tres o mas criterios diagndsti-
cos que definen el sindrome metabdélico (SM), nos sugiere
que una parte muy significativa de ellos sufria SM, el cual
puede ser responsable del agrupamiento de los factores
de riesgo de padecer ECV, que parecen confirmar la alta
frecuencia de hipertension arterial encontrada y los nive-
les elevados de proteina C-reactiva.

No encontramos alteraciones en los niveles plasmaticos
de marcadores bioquimicos de nutrientes.

(Nutr Hosp. 2011;26:759-764)
DOI:10.3305/nh.2011.26.4.5002
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NUTRITION, METABOLIC SYNDROME
AND MORBID OBESITY

Abstract

Introduction: Obesity, and specifically morbid obesity
(MO), is a chronic disease with serious health conse-
quences related to the associated comorbidities and consti-
tutes a leading risk factor for the metabolic syndrome (MS)
and cardiovascular disease (CVD). In the present study we
analyze the abnormalities related to MO in the plasmatic
levels of nutrients (both macro and micronutrients).

Methods: We retrospectively evaluated data of 497
patients, 369 women and 128 men diagnosed of MO. The
average age of the patients was 40.07 (rank: 16-62). Previ-
ous to the study anthropometric measures, blood pres-
sure (BP) and plasma levels of insulin and macronutri-
ents and micronutrients were measured.

Results: The higher body mass index (BMI) in women
and the waist circumference (WC) in both sexes demon-
strates the existence of visceral obesity. Hypertensive dis-
ease (HD) was found in 18.6% of men and 33.5% of
women. 55.1% of the men and 42.3% of the women had
three or more criteria defining the risk of developing
MetS. We found hyperglycemia, insulinemia and dys-
lipemia. We did not find protein malnutrition, but there
were elevated values of reactive C-protein. Biochemical
indicators of macro and micronutrients were not altered.

Discussion and conclusions: The high incidence of
patients with HD, carriers of three or more criteria that
defines the metabolic syndrome (SM), suggests that a
very significant part of our patients suffered the meta-
bolic syndrome (MS). The term metabolic syndrome
defines the group of factors of metabolic risk of CVD,
which is confirmed by the elevated levels of reactive C-
protein. We did not find abnormalities in the plasmatic
levels of biochemical markers of nutrients.

(Nutr Hosp. 2011;26:759-764)
DOI:10.3305/nh.2011.26.4.5002

Key words: Morbid obesity. Insulin resistance syndrome.
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Abreviaturas

OM: Obesidad mérbida.

SM: Sindrome metabdlico.

ECV: Enfermedad cardiovascular.

TA: Tension arterial.

IMC: Indice de masa corporal.

CC: Circunferencia de la cintura.

HTA: Hipertension arterial.

MO: Morbid obesity.

MetS: Metabolic syndrome.

CVD: Cardiovascular disease.

BP: Blood pressure.

BMI: Body mass index.

WC: waist circumference.

HT: Hypertension.

CRP: C-reactive protein.

OMS: Organizacién Mundial de la Salud.

SD: Desviacién Standard.

WHO: World Health Organization.

ATP III:Third report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Choles-
terol in Adults (Adults Treatment Panel III). Final
Report.

IDF: International Diabetes Federation.

IR: Resistencia a insulina.

PCR: Proteina C-reactiva.

DM tipo 2: Diabetes mellitus tipo 2.

IL-6: Interleucina 6.

IL-1: Interleucina 1.

Na*: Ion Sodio.

Ca*:Ion calcio libre.

Mg: Magnesio.

P: Fésforo.

Zn: Zinc.

Cu: Cobre.

Introduccion

La obesidad con un valor de indice de masa corporal
(IMC) =30 kg/m?y particularmente la obesidad mérbida
(OM), con una tasa de IMC = 40 kg/m? es una enferme-
dad crénica tratable caracterizada por un exceso de
tejido adiposo en el cuerpo, con graves consecuencias en
la salud: alto indice de morbilidad, alta tasa de mortali-
dad, aumento de su prevalencia, los costos econdmicos
que genera y constituye un factor de riesgo desencade-
nante del sindrome metabdlico (SM)"23¢,

La obesidad mérbida (OM) en la actualidad es un
verdadero problema de salud ptblica de los paises
desarrollados y la segunda causa de mortalidad en el
mundo detrds del tabaquismo.

En Espaila, estimaciones recientes de la Organiza-
ciéon Mundial de la Salud (OMS)3cifran que el 15,68%
de los hombres y el 15,44% de las mujeres sufre OM y
segtin un informe de la Sociedad Espaiola para el estu-
dio de la Obesidad del afio 2003 se estima que la preva-

lencia de la obesidad fue del 14,5%, resultando signifi-
cativamente mds elevada en el colectivo femenino
15,75%; que en el masculino 13,39%. La prevalencia
de obesidad aument6 significativamente con la edad en
varones y en mujeres, observdndose las proporciones
mds elevadas de personas obesas en el grupo de mayo-
res de 55 afios, el 21,58% en varones y el 33,9% en
mujeres®.

La digestion-absorcion de nutrientes tiene lugar
principalmente en el intestino delgado: hidratos de car-
bono, lipidos y hierro en el duodeno; proteinas en el
duodeno y yeyuno; calcio (dependiente de la vitamina
D,) en el yeyuno e ile6n; zinc en el yeyuno, magnesio
en el ile6n y colon, las vitaminas (hidro y lipoolubles)
en el duodeno y yeyuno y la vitamina B , también en el
ileén.

El objetivo del presente estudio es valorar las altera-
ciones que la OM origina sobre los niveles plasmaticos
de nutrientes.

Material y métodos

Evaluamos retrospectivamente los datos antropomé-
tricos y nutricionales de 497 pacientes, 369 mujeres
(74,2%) y 128 hombres (25,7%) diagnosticados de OM
en nuestro Hospital en un periodo de seis afios. La edad
media de los pacientes fue de 40,07 (rango: 16-62).

La toma de muestras de sangre para las determina-
ciones bioquimicas y la medida de la tension arterial
(TA) se realizaron por la mafiana (08.00 a.m.), con el
paciente en posicion de dectibito, con un reposo previo
de 60 minutos y con la finalidad de evitar errores bio-
quimicos debidos al estrés de la extraccion, a los 40
minutos de reposo se realiza una primera toma que se
desecha.

La dieta y la medicacién fueron retiradas entre 48 y
72 horas antes de las determinaciones, siempre bajo
estricto control clinico y bioquimico.

Andlisis estadistico

La comparacién de medias de datos antropométricos
y bioquimicos se realizé mediante la t de Student y test
de Wilconxon, previa comparacién de la bondad de
ajuste mediante Kolmogorov-Smirnov. Las compara-
ciones multiples mediante el test de ANOVA y la aso-
ciacion entre diferentes variables por los test de Pear-
son o Spearman. Se utilizé el paquete estadistico SPSS
17.0.

Resultados

La tabla I, recoge los valores de la media (SD) por
sexos de las medidas antropométricas de los pacientes de
nuestro estudio. Las mujeres muestran un valor de IMC
mds elevado que los hombres (46,18 vs 44,98), por el
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Tabla I
Valores de la media (SD) de las medidas antropométricas

Sexo " Edad Peso Altura mc C. cintura

(afos)* (kilogramos)* (centimetros)* (kg/m?)* (centimetros)*
Hombres 127 39,64 (13,6) 133,74 (19,9) 172,20 (19,9) 44,98 (6,3) 130,44 (15,1)
Mujeres 367 42,74 (13,1) 113,53 (16,0) 158,30 (0,07) 45,28 (5,6) 112,84 (18,7)
n: nimero de pacientes.
C. cintura: circunferencia de la cintura.
*Media (sd) de las medidas antropométricas de los pacientes.

Tabla IT
Criterios diagndsticos por sexos de sufrir el sindrome metabdlico

Criterios diagndsticos de sufrir SM Hombres % Hombres Mugjeres % Mujeres
Total n =497 n=128 n=369
1 22 15,8 119 32,2
2 36 28,6 95 25,5
3 38 30,2 77 21,0
4 22 17,5 55 15,0
5 10 7.9 23 6,3

contrario la media (SD) de la circunferencia de la cintura
(CC) es superior en los hombres (130,44 vs 118, 40).

En la tabla II se observa que al aplicar los criterios de
diagnéstico de sufrir el sindrome metabdlico (SM),
descritos por WHO, ATP III e IDF y sus revisiones
posteriores!'2343789 a nuestros pacientes encontramos
que 70 hombres (55,6%) fueron portadores de tres o
mds criterios, mientras que en las mujeres las portado-
rasn=155(42,3%).

La medida de tension arterial en los pacientes nos
muestra que el 18, 6% de los hombres (n = 38) y el
33,5% (n = 123) eran portadores de hipertension arte-
rial (HTA).

La tabla III, muestra los valores de la media (SD) de
los indicadores bioquimicos y de tension arterial por
sexos. La glucemia e insulinemia (ambas elevadas)
muestran un valor similar en ambos. En el examen de
los parametros lipidicos encontramos diferencias sig-

Tabla III
Valores de la media (SD) de glucosa, insulina, lipidos, proteinas, marcadores de nutricion proteica, transferrina, ferritina,
proteina C-reactiva (PCR) y tension arterial por sexos

Pardmetro Unidades V.R. Hombres Mujeres
Glucosa mg/dL 60-100 106,37 (21,0) 106,85 (24.,9)
Insulina pUI/mL 7,1-15,0 22,38 (13,2) 21,66 (13,2)
Colesterol total mg/dL <200 191,31 (29,0) 233,55(30,7)
HDL-Colesterol mg/dl >40 43,96 (12,7) 37,70 (10,6)
LDL-Colesterol mg/dL <130 87,56 (21,9) 129,41 (25.4)
Triglicéridos mg/dL <150 173,61 (35,0) 131,08 (61,8)
PT. g/dL 6,2-7,8 7,14 (0,4) 7,05 (0,6)
Albimina g/dL 3,4-4,8 4,03 (0,2) 4,09 (0,4)
Prealbimina mg/dL 20-40 25,36 (5,2) 22,63 (10,1)
RBP mg/dL 3,5-7,5 4,10(1,1) 3,5(1,2)
Ferritina ng/mL 12-300 204,83 (55,0) 72,44 (60,0)
Transferrina mg/dL 222-354 277,90 (47,8) 282,47 (48,4)
PCR mg/L <5 7,41(5,9) 5,28(9.4)
Tension arterial mm/Hg 155(2,0/99 (3,0) 144 (3,1)/97 (2,8)
V.R. = Valores de referencia.

RBP = Proteina ligadora de retinol.
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Tabla IV
Valores de la media (SD) de micronutrientes por sexos

Pardmetro Unidades V.R. Hombres Mugjeres
Sodio mEq/L 134-144 139,7 (2,0) 139,53 (2,7)
Potasio mEq/L 3,5-4,9 4,34 (0,39 4,31(0,3)
Hierro pg/dL 80-150 84,33 (35,5) 65,75 (30,5)
Calcio mg/dL 8,9-10,4 9,63 (0,42) 9,50 (0,5)
Fésforo mg/dL 3,4-4,5 3,5(1,0) 3,5(0,8)
Magnesio mEq/L 1,5-2,5 2,1(0,20) 2,09 (0,24)
Cobre pg/dL 80-155 95,72 (21,2) 116,02 (29,1)
Zinc pg/dL 60-150 80,16 (16,2) 69,37 (12,5)
Vitamina B, pg/mL 200-1.000 305,04 (113,8) 397,23 (123, 6)
Folato ng/mL 3-16 6,82 (4,0) 7,22 (4,4)
Vitamina A pg/mL 0,4-0,6 0,75 (0,3) 0,63 (0,2)
Vitamina D, ng/mL 9-38 11,79 (7,1) 10,72 (6,5)
Vitamina E ug/mL 5-15 14,4 (5,7) 13,09 (4,8)
V.R. =Valores de referencia.

nificativas, mientras que en los hombres estan elevados Tabla V

los niveles de triglicéridos y en su rango de referencia
el resto, en las mujeres los triglicéridos fueron norma-
les y estan alterados los niveles de colesterol total y
HDL-colesterol.

Los marcadores de nutricién proteica, ferritina y
transferrina se encuentran dentro de su intervalo de
referencia. Los niveles de proteina C-reactiva resulta-
ron moderadamente elevados en ambos sexos.

En la tabla IV, se observa que en la valoracién de los
indicadores bioquimicos de minerales y micronutrien-
tes, todos ellos se encuentran dentro de su rango de
referencia, destacando que los correspondientes a vita-
mina A estdn ligeramente aumentados.

Aunque el valor de la media (SD) de los niveles plas-
maticos de los micronutrientes evaluados se encuentra
dentro de sus intervalos de referencia, el porcentaje de
pacientes deficitarios, se muestra en la tabla V desta-
cando el elevado tanto por ciento deficitario del fésforo
y hierro en ambos sexos.

Discusion y conclusiones

El valor superior del IMC en las mujeres que en los
hombres, parece ser debido a su menor talla, ya que en el
peso existe diferencias significativas entre si, siendo
superiores en ellos. Por el contrario la circunferencia de
la cintura resulta superior en los hombres; no obstante en
ambos se encuentran por encima de los niveles que defi-
nen la presencia de obesidad central o abdominal (en la
poblacién europea = 0,94 para hombres y = 0,80 para
mujeres)'>3+37%2 ] a alta incidencia de pacientes encon-
trados con hipertension arterial (HTA) y portadores de
tres 0 mds criterios diagndsticos que definen el sindrome
metabdlico (SM), nos sugiere que una parte muy signifi-
cativa de los pacientes de nuestro estudio lo sufren.

Porcentaje de déficit de micronutrientes por sexos

Pardmetro % déficit en hombres % déficit en mujeres
Sodio 0,0 0,0
Potasio 0,78 0,54
Calcio 0,78 4,60
Fésforo 234 214
Magnesio 0,0 0,27
Hierro 10,1 18,1
Cobre 8,59 2,1
Zinc 0,78 6,1
VitaminaB , 7,0 43
Folato 0,78 2,1
Vitamina A 23 29
Vitamina D, 0,0 24
Vitamina E 0,0 0,54

El concepto de SM es controvertido y generalmente
asociado a la obesidad y a los riesgos de sufrir diabetes
mellitus tipo 2 tipo 2 (DM tipo 2) y/o enfermedad car-
diovascular (ECV)'.

Lainclusién de la obesidad y particularmente la obe-
sidad abdominal como riesgo principal del SM y que
actia como desencadenante del agrupamiento de los
factores de riesgo de enfermedad cardiovascular en
personas susceptibles se debe al ATP III’y especial-
mente a la Internacional Diabetes Federation (IDF)'*,
que define y establece criterios diagndsticos para el SM
en lugar de los propuestos por la Organizacién Mundial
de la Salud en 1999 (OMS)’. Por otra parte estd amplia-
mente demostrado que la hipertension arterial (HTA)
forma parte de un grupo de anomalias o factores de
riesgo de ECV y que incluyen obesidad abdominal,
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dislipemia, intolerancia a la glucosa, insulino-resisten-
cia (IR), hiperinsulinemia'®!*2, estados protrombéticos
y proinflamatorios que se pueden presentar de forma
simultanea en una persona y en diferentes grados''. El
término sindrome metabdlico constituye una anotacién
muy corta que define el agrupamiento de los factores
de riesgo metabdlico de ECV!'1213.1415.1617 Ep puestro
estudio los niveles de glucemia e insulinemia elevados
y la dislipemia encontrada en los pacientes parecen
confirmar este hecho.

No hemos encontrado malnutricion proteica.

Los valores de proteina C-reactiva (PCR) elevados
pueden indicar la existencia de una reaccion inflamato-
ria o constituir un factor de riesgo positivo para cardio-
patia'. La PCR, se sintetiza en el higado en respuesta al
aumento de varias citoquinas proinflamatorias (IL-6,
IL-1, etc.), secretadas por el adipocito'®.

Si el concepto de SM es controvertido atin lo son
mas los diferentes estudios realizados sobre los niveles
plasmdticos de nutrientes en la obesidad mérbida, su
relacién con insulino-resistencia (IR), la hiperinuline-
mia secundaria y el desarrollo de la hipertensién arte-
rial (HTA)?'. Se han descrito deficiencias proteicas,
evaluadas por los niveles disminuidos de albimina,
que no hemos evidenciado.

En el perfil lipidico, se puso de manifiesto la existen-
cia de dislipemia, con niveles elevados de triglicéridos
en los hombres y tasas elevadas de colesterol total y
HDL-colesterol en las mujeres.

Algunos autores opinan que los niveles de sodio
(Na*) y calcio i6nico (Ca*) libres se encuentran aumen-
tados en la membrana celular y pueden causar insensi-
bilidad a la insulina, el consiguiente aumento de dcidos
grasos poliinsaturados y el riesgo de sufrir HTA. Los
niveles de calcio (Ca) elevados se asocian con un peso
corporal mds bajo, una reduccién de la grasa abdomi-
nal®?# e inversamente con la tasa de IMC’. Numerosos
trabajos relacionan niveles de Ca, fésforo (P) y vita-
mina D, con obesidad, osteoporosis, arteriosclerosis,
enfermedad renal y SM311L1213 y otros autores estu-
dian la asociacion existente entre los niveles de magne-
sio (Mg), HTA, diabetes mellitus tipo 2 y SM>2%_ Los
niveles de zinc (Zn) y su papel en la insulinorresisten-
cia se han puesto de manifiesto en diferentes estu-
dios*** También se ha establecido la relacién entre los
niveles de cobre (Cu) y el riesgo de HTA y enfermedad
coronaria®.

Varios estudios establecen la relacién existente entre
vitaminas hidrosolubles: vitamina B,,y folato (consi-
derando el 4cido félico como vitamina) y obesidad,
HTA, riesgo cardiovascular y SM*. De igual forma,
existen otros estudios que establecen la asociacion
existente entre los niveles de vitaminas liposolubles
(A, D, yE), obesidad y SM (vitamina A, vitamina D, y
vitamina E*31%?),

En el andlisis de las vitaminas, tanto en las hidroso-
lubles (B, y folato), como en las liposolubles no
encontramos niveles alterados, ni diferencias por
sexos, sean o no portadores del SM.

En general en nuestro estudio, si valoramos la media
(SD) de los niveles plasmaticos de micronutrientes no
encontramos niveles alterados (ni por defecto ni por
exceso) de los elementos minerales (mayoritarios y
traza), ni diferencias entre sexos, pero si calculamos el
porcentaje de pacientes deficitarios en alguno de ellos,
observamos un elevado tanto por ciento deficitarios en
fosforo y hierro.
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Abstract

Objective: To investigate relationships between nutri-
tional status and growth among a sample of schoolchild-
ren and adolescents living in a rural district of Kenya.

Design: Cross-sectional nutritional and anthropomet-
ric survey.

Setting: The data are from schools in a rural district of
south-western Kenya.

Subjects: Schoolchildren and adolescents aged between
5 and 17 years of age. Anthropometric measurements and
interviews on dietary intake were carried out in 2001 and
2002 on 1,442 subjects.

Results: In this African rural sample, the degree of
malnutrition differs with age (increasing with age) and
sex (more accentuated in males). Several correlations (P <
0.05) were observed between nutrient adequacy ratios
and anthropometric values, particularly in males. There
were no correlations between anthropometric character-
istics and sodium or vitamin C (in males and females) and
vitamin A or potassium (in females).

Conclusions: Malnutrition was more evident in sub-
jects at puberty. The diet was deficient in sodium, calcium
and potassium. Although weight-for-age (WAZ) and
BMI-for-age (BMIZ) did not show significant relation-
ships with nutrients in girls, the anthropometric variables
were significantly correlated with micronutrients and thi-
amine in boys. To develop effective intervention strate-
gies, it is vital to understand both how changes in malnu-
trition do occur and how different factors influence
nutrient intake. The different growth pattern of boys and
girls could be caused by sexual differences in environ-
mental sensitivity, access to food and energy expenditure.

(Nutr Hosp. 2011;26:765-774)
DOI:10.3305/nh.2011.26.4.4841

Key words: Schoolchildren. Nutrients. Sexual dimorphism.
Rural environment. Kenya.

Correspondence: Samantha Semproli.

Department of Evolutionary and Experimental Biology.
University of Bologna.

Via Selmi, 3.

40100 Bologna. Italy.

E-mail: samantha.semproli2 @unibo.it

Recibido: 30-1IT-2010.
1.* Revision: 4-VI-2010.
Aceptado: 11-VI-2010.

APORTE DE NUTRIENTES EN CHICOS
Y CHICAS AFRICANOS DE 5-17 ANOS
EN UN DISTRITO RURAL DE KENIA

Resumen

A pesar de la emergencia en la prevalencia del sobre-
peso en escolares de paises en vias de desarrollo, se sigue
observando una deficiencia de micronutrientes en la
infancia. Algunos estudios realizados en Kenia han notifi-
cado algunos efectos beneficiosos de los suplementos die-
téticos en algunos escolares pero no en otros. De hecho,
estos estudios no detectaban la influencia de la ingesta
nutricional sobre el crecimiento de los escolares por edad
y sexo. Con el fin de investigar las relaciones entre el
estado nutricional y el crecimiento entre escolares y ado-
lescentes, diseiiamos un estudio nutricional transversal
que recogia datos de escuelas de educacion primaria en
un distrito rural de Kenia. Los individuos eran nifios de
entre 5y 17 afios. Se realizaron medidas antropométricas
y entrevistas sobre la ingesta diaria en 2001 y 2002 en
1.442 individuos. En esta muestra rural africana, el grado
de desnutricion diferia con la edad (aumentando con la
edad) y el sexo (mas acentuado en los chicos). Se observa-
ron fuertes correlaciones (P < 0,05) entre las tasas de ade-
cuacion de los nutrientes y los valores antropométricos,
particularmente en los chicos. No hubo correlaciones
entre las caracteristicas antropométricas y el sodio o la
vitamina C (en chicos y chicas) ni la vitamina A o el pota-
sio (en las chicas). La malnutricion fue mas evidente en
individuos en la pubertad. La dieta fue deficiente en
sodio, calcio y potasio. Aunque WAZ y BMIZ no mostra-
ron relaciones significativas con los nutrientes en las chi-
cas, las variables antropométricas se correlacionaron sig-
nificativamente con los micronutrientes y la tiamina en
los chicos. El diferente patrén de crecimiento en los nifios
y las nifias podria estar causado por las diferencias sexua-
les en la sensibilidad ambiental, el acceso a la comida y el
gasto de energia.

(Nutr Hosp. 2011;26:765-774)
DOI:10.3305/nh.2011.26.4.4841

Palabras clave: Escolares. Nutrientes. Dimorfismo sexual.
Ambito rural. Kenia.
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Introduction

Good nutrition during childhood is important for
healthy growth and development. In addition to affect-
ing physical growth and maturation, a child’s nutri-
tional status also influences a number of factors that are
central to his or her educational achievements.
Micronutrient malnutrition remains one of the most
serious nutritional problems worldwide (WHO, 2002;
Chopra and Darnton-Hill, 2006), and children are par-
ticularly vulnerable to micronutrient deficiency owing
to their high nutrient requirements for growth and sus-
ceptibility to infectious diseases such as diarrhoea and
respiratory infections, which can inhibit nutrient
absorption as well as decrease appetite (Ochoa et al.,
2004; Gribble et al., 2009).

Several diet studies have been carried out in Kenya
over the past 30 years. Kigutha et al. (1995) reported a
seasonal influence on energy and nutrient intake
among pre-schoolers from low-income rural house-
holds in Nakuru district, Rift Valley province (central
Kenya). Fujita et al. (2004) examined agricultural and
pastoralist samples of the Ariaal and Rendille ethnic
groups in northern Kenya and found no seasonal
effects of diet in the agricultural populations but sea-
sonality of starch consumption in the pastoralists.
Fujita et al. reported that the transition from pastoral-
ism to sedentism was associated with changes in diet,
seasonality, morbidity and socio-economic differentia-
tion; for example, starch replaced milk in the sedentary
diet.

Neumann et al. (2003), Sieckmann et al. (2003) and
Grillenbenger et al. (2006) studied the effect of food
supplementation in primary schoolchildren and found
that growth was positively predicted by energy and
nutrients provided in high amounts and in a bioavail-
able form in milk and meat. Macharia et al. (2004)
studied a sample of 6-59-month-old children from
Makueni district (Kenyan coast). Some children were
supplied with food supplementation and others not. No
significant differences were found, contrary to expec-
tations.

These studies dealt with malnourished subjects but
did not stratify the sample by age and sex. No data are
available concerning the influence of nutritional intake
on the growth of Kenyan schoolchildren.

Therefore, we designed a research project to detect
the influence of malnutrition on the growth of Kenyan
children living in poor conditions. In a preliminary data
analysis (Semproli and Gualdi-Russo, 2007), the
anthropometric values showed a medium-high preva-
lence of stunting (low stature for age values) in girls
between 12 and 14 years and a very high stunting
prevalence in boys 15-16 years old. The prevalence of
underweight (low weight-for-age values) increased
with age but remained low in girls, while there was a
high prevalence in 13-17-year-old boys. Wasting (low
weight-for-height values) was low in girls and high in
boys after 13 years of age. In addition to a higher preva-

lence of wasting in males and underweight in females,
we observed an emerging problem of overweight in the
younger age-groups of both sexes.

The main aims of the present cross-sectional study
were to analyse the relationship between nutrient
intake and child nutritional status, expressed as Z-
scores of height-for-age (HAZ), weight-for-age
(WAZ), weight-for-height (WHZ) and BMI (BMIZ),
and to identify the nutritional factors mainly responsi-
ble for the delay of physical growth in pre-pubertal and
pubertal Kenyan children.

Materials and methods
Subjects

The study was conducted in a rural area of Suba dis-
trict, Nyanza province, south-western Kenya, on the
north-eastern shore of Lake Victoria, in three of the
four divisions of the district: Mbita, Gwassi and Cen-
tral. The morphological characteristics of the land give
this area a high potential for agriculture, although the
inadequate water supply system prevents its full devel-
opment. Thus, only a few crops are available and the
general living conditions are poor..

The data were collected from December 2001 to
March 2002, in the dry season.

The subjects were primary school students in grades
1-8 from 12 public schools. The recruiting was done by
teachers of the schools, who asked students to volun-
teer for some body measurements and an interview
concerning food. Parental permission was required for
each student willing to participate. A total of 1,383 stu-
dents participated in the study: 702 boys (51%) and 681
girls (49%). No subject refused the anthropometric
measurements or interview on dietary intake. How-
ever, cases of dubious date of birth (~4% of the original
sample of 1,442 children) were excluded from the data-
base. The excluded cases concerned some of the chil-
dren in the youngest age-groups and/or orphans; their
date of birth was not available in the school registers
and it was not possible to obtain information from their
families. The subjects were between 5 and 17 years of
age. The data were collected with the local support of a
non-governmental organization that provides assis-
tance to poor children (Saint Margarita Development
Centre).

All experimental procedures were approved by the
Committee of the Science Faculty (University of
Bologna) in 2001, which granted permission to under-
take the project.

Dietary intake
The food intake data were collected by 24-hour

recall interviews, assisted by a local interpreter. To
assist the fieldworker in quantifying the portion sizes

766 Nutr Hosp. 2011;26(4):765-774

S. Semproli et al.



Table I
Summary of Kenyan boys’ anthropometric characteristics

?y@; ¢ ) S(‘é%g‘)’ H(‘i’i’;’ V‘]("’]jg” (@fnﬁ ) WAZ: HAZ: BMIZ: WHZ
5 10(10) 107.6(6.7) 232(6.1) 190018 LI(19)  03* (14 181  17QD
6 19(16) 133 (14.1) 242(45) 18020)  08(13)  04(28) 14018 18(12)
7 55(26) 124.5(10.3) 297(6.0) 18628  12(L1) 0.4(1.9) 1AL 13(16)
8 49(20) 1263(113) 302(9.0) 18425 06(L1)  -13#(18)  18%(15)  15(06)
9 5109) 131.0(10.2) 31782) 18723 02(12) 0517 1319 L1(16)
10 60 136.0(10.1) 37.0(179) 19029  04(L) 05016  08(10)

1 45 136.7 8.7) 34.5% (6.4) 184(30)  05(14)  -10¢(13)  0.0%(10)

12 64 142.2(1.1) 39.8(7.2) 19831 0309  -L0(L0)  04(LD)

13 78 144.1 (13.6) £22(18) 19632 06(1.0)  -16(18)  03(10)

14 94 148.6%(147)  445%(88) 199G.0)  -L0*(13)  -18%(14)  00(12)

15 81 1542¢(94)  487¢(105) 20929  -LI*(13)  -19¥(Ll)  -0.0(10)

16 51 157.8(9.6) 53.4(11.2) WAL  -LIFQS) 200120 00(LD)

17 19 163.5(9.6) S7.1(11.3) USED) 1267 -L6*(12)  03%(LD)

HAZ: Height-for-age Z-score; WAZ: Weight-for-age Z-score; WHZ: Weight-for-height Z-score.

Values are expressed as mean (standard deviation).
‘ANOVA significant values (p <0.05) among ages.
*p <0.05 between boys and girls (t-test).

of food eaten by children, a specially designed kit with
food model aids was used for food quantification
throughout the interviews. This kit included samples of
commonly eaten food items, household utensils, dry
food (e.g. beans) as well as empty containers.

Anthropometric assessment

A single trained fieldworker followed standardized
and internationally accepted methodologies (Weiner
and Lourie, 1981; Lohman et al., 1997) to take each
subject’s height and weight plus several other body
measurements reported previously (Semproli and
Gualdi-Russo, 2007). Height and weight were taken
with a portable anthropometer and a portable electronic
scale, respectively.

Data analysis

The nutrient adequacy ratio (NAR,%) was calcu-
lated for each of 10 micronutrients (sodium, potassium,
iron, calcium, phosphorus, thiamine, niacin, riboflavin,
vitamins A and C), energy, protein, carbohydrate and
total fibre. NAR was calculated as the intake of a nutri-
ent divided by the recommended intake for that nutri-
ent (RNI), based on the WHO/FAO recommended
intakes (2002), set at two standard deviations above the
average requirements, and the Dietary Reference
Intake (DRI, 2002-2005).

The anthropometric data, i.e. Z-scores of height-for-
age (HAZ), weight-for-age (WAZ), BMI-for-age
(BMIZ) and weight-for-height (WHZ), were compared

with those of the US National Center for Health Statis-
tics (HNANES III, Kuczmarsky et al., 2000) reference
population according to World Health Organization
suggestions (1986) for international use.

Descriptive statistics (means and standard devia-
tions) were calculated for all anthropometric data and
nutrient groups. All data were normalized when inde-
pendent t-tests (two-tailed) with unequal sample size
were used to compare boys and girls in each age-group.
ANOVA was applied to each variable to detect the
variability among age-groups. Pearson correlation tests
were performed between the anthropometric values
and NARs.

Statistical tests were considered significant at the
95% confidence level. The statistical analysis was car-
ried out with “Statistica” for Windows, Version 5
(2000; StatSoft Italia srl, Vigonza, Padua, Italy).

Results

The main characteristics of the sample are summa-
rized in table I and table II. The detailed anthropomet-
ric data have been published elsewhere (Semproli and
Gualdi-Russo, 2007). One-way ANOVA of the WAZ,
HAZ and BMIZ Z-scores showed that the degree of
malnutrition changed with age in both sexes. The mean
HAZ values of boys and girls were closer to the refer-
ence data values at earlier ages and showed a different
pattern in boys and girls during growth. HAZ was par-
ticularly low in boys from 14 to 17 years. WAZ values
became negative from 11 years in both sexes. Girls
showed an increase from 14 to 17 years while the mean
Z-score in boys continued to decrease until age 17. The

Nutrient intake in African boys and girls
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Table IT
Summary of Kenyan girls’ anthropometric characteristics

gizrs ) S(‘é%g H(‘i’i’;’ W(‘Zg” (@ﬁz ) WAZ: HAZ: BMIZ: WHZ
5 16(11) 1163 (13.5) 248(6.5) 18119 L6(L)  15%26) 1408 1407
6 19017) 115.7(11.3) 241 (43) 18025 09(L1) 02(25) 1309  15008)
7 46(29) 1218(6.8) 28(5.3) 18930)  09(12) 04(12) 0742 14(09)
8 56(21) 125.6(1.7) 29.5(5.4) 186(24) 06009  04¥(13)  09¢(08)  14(10)
9 46(9) 130.59.9) 32.1(19) 18626 03(L) 0516 0708  09(09)
10 68(2) 135.0(7.9) 35.6(6.8) 19428 020100 0512  07(10)  09(14)
1 81(1) 130.8%(7.3) 37.8%(1.1) 1933.0) 0109  -065(1.0)  04%(09)  09(0.0)
12 71 143.5(8.4) 409(9.5) 197(34) 0412 LI 03(10)
13 79 147.6(8.8) 437098) 19931 0512  -14(13)  02(09)
14 81 153.4% (8.5) 483%(9.3) 20534 04¥ (L) -LIF13) 00(12)
15 64 1573%(74)  528¢(106) 21235  02¢(1L5) 0T 0.1(16)
16 30 159.3(8.3) 56.7(10.5) 22030)  01%16) 05413 00(10)
17 9 163.6(6.8) 65.6(9.5) 4536) 08408  0I*(Ll) 08407

HAZ: Height-for-age Z-score; WAZ: Weight-for-age Z-score; WHZ: Weight-for-height Z-score.

Values are expressed as mean (standard deviation).
‘ANOVA significant values (p <0.05) among ages.
*p <0.05 between boys and girls (t-test).

male BMIZ values started at a higher mean than the
female values and then decreased below the girls’ val-
ues at 11 years of age and again from 14 to 17 years.
WHZ showed a similar pattern in both sexes. The high
values of WHZ at some age-groups were mainly due to
the low height with respect to age.

Table III and table IV show the NARs of individual
nutrients in the children’s diet. Nutrients with a mean
NAR of at least 100% were carbohydrate, thiamine,
vitamin A and vitamin C in both sexes. Riboflavin met
the requirements at all ages only in girls while the NAR
was lower at ages 10-17 in boys. Energy had low NARs
from 10 to 17 in boys and from 11 to 17 in girls. Iron
and niacin had low NARs from age 7 and phosphorus
from age 9 to 17 in both sexes. The mean NARs for
total fibre never met the requirements (except age 6 in
girls) but showed reasonable values, while sodium,
potassium and calcium were too low, i.e. less than 17%
for sodium, less than 58% for potassium and less than
48% for calcium at all ages in both sexes.

In boys (table V), the anthropometric variables were
correlated with the NARs for energy, protein, carbohy-
drate, iron, thiamine and niacin at all ages, with those for
fibre and phosphorus at younger (5-6) and older (10-17)
ages, and with those for potassium, calcium and vitamin
A mainly at the central ages (respectively 10-14, 9-14,
10-11 years). In girls (table VI), the correlations between
anthropometric characteristics and NARs were gener-
ally less significant than in males. There were significant
correlations between the anthropometric values and
NARs of energy, protein, carbohydrate, total fibre, iron,
phosphorus, thiamine, riboflavin and niacin at 7 years
and from 10 to 15 years, and between the Z-scores and
calcium from 12 to 16 years of age (table VI).

Nutrients with little or no correlation with the
anthropometric variables were sodium and vitamin C
in both sexes, and potassium and vitamin A in girls.

Discussion

The anthropometric features of the sample were
characterized by negative Z-scores for height and
weight, showing that the values were skewed to the
left, i.e. there was a high degree of stunting in the
schoolchildren in general and of underweight at the
older ages. The degree of malnutrition appeared to be
higher in boys than in girls during puberty.

Similar values were observed by various authors in
Kenya (Neumann et al., 2003, 6-14-year-old children;
Bwibo and Neumann, 2003, 8-9-year-old children)
and in other countries: Namibia (Vahatalo et al.,
2005, 8-15-year-old children), South Africa (Steyn et
al., 2006, 1-8-year-old children). The pattern of poor
growth performance observed in the Kenyan children
is common in African populations (Bénéfice, 1993;
Monyeki et al., 2000; Zverev and Gondwe, 2001;
Pawloski, 2002; Olivieri et al., 2008) and is probably
related to malnutrition. Stunted height associated
with appropriate weight-for-height and BMI-for-age
is typically found in cases of sufficient energy intake
but chronic poor-quality nutrition (Keller, 1991;
Dewey et al., 2008).

In our sample, certain micronutrients were particu-
larly deficient in the diet, namely sodium, potassium
and calcium. Sodium and potassium are vital minerals
for the human body. However, the sodium levels were
those contained naturally in foods. As sodium is widely
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available among the sample in the form of common salt
(sodium chloride), we assume that the sodium needs
can be assured for everyone. Calcium is another impor-
tant component of a healthy diet. The dietary habits
indicated that the calcium intake was low among all the
children interviewed due to poor access to milk prod-
ucts and the difficulty of keeping them refrigerated.
However, a similar trend was constantly observed in
studies of USA adult populations, with lower potas-
sium and calcium intake (or excretion) in Blacks than
in Whites, with consequent disparities in their health
status (Langford and Watson, 1990; Kant et al., 2007).

Despite the high levels of calciferol (vitamin D) due
to constant exposure to sunlight, we believe that there
is a risk of osteopaenia in the sample. Calcium intake
was not significantly correlated with stunting in boys
(except at 10 and 14 years), while the correlation coef-
ficients were significant in girls during adolescence
(12, 14, 15 years). The highest degree of stunting in
boys (from 11 to 17 years) and girls (12-14 years) was
correlated with thiamine, niacin, phosphorus and iron,
as well as the micronutrients. Iron, phosphorus (only in
boys) and niacin intakes appeared to be adequate
among younger children (5-8 years old) but decreased
drastically with age.

Even though the phosphorus and calcium intakes
were deficient, the P/Ca ratio seemed to be favourable
to calcium absorption and thus at least partially to its
metabolic utilization.

The correlation between underweight and nutrients
followed a similar pattern.

In agreement with the findings for South African
children (Steyn et al., 2006), the weight-for-age and the
BMI-for-age Z-scores did not show significant correla-
tions with nutrients in girls. However, unlike the cited
study, our means were correlated with macronutrients
and thiamine in boys. Therefore, it seems that body size
in boys is sensitive to dietary factors, while the girls’
body size is predominantly influenced by other factors
(most likely genetic). Greater environmental sensitiv-
ity in boys has been hypothesized before (Hiernaux and
Hartono, 1980; Corlett, 1986; Bénéfice and Malina,
1996; Monyeki et al., 2002). Our finding of sex differ-
ences in anthropometric characters, with a more
favourable growth status in girls than in boys, is consis-
tent with previous studies conducted in sub-Saharan
Africa (Corlett, 1986; Bénéfice and Malina, 1996;
Simondon et al., 1998, Olivieri et al., 2008). In addition
to the different environmental sensitivity, this pattern is
probably related to the greater access to food of Suba
girls (involved in cooking activities) and to the higher
energy expenditure of Suba boys (involved in heavy
work activities) (Semproli and Gualdi-Russo, 2007).

Most of the mean micronutrient intakes of Suba chil-
dren are consistent with the results of previous studies
conducted in Kenya and higher than those of Namibian
and South African children. Low intakes of iron,
niacin, riboflavin and calcium have been observed in
previous studies on malnourished children from Kenya

(Neumann et al., 2003; Bwibo and Neumann, 2003;
Gewa et al., 2007), Namibia (Vahatalo et al., 2005) and
South Africa (Steyn et al., 2006). In those studies, the
inadequate micronutrient intake also involved vitamin
A (Neumann et al., 2003; Bwibo and Neumann, 2003;
Vahatalo et al., 2005; Steyn et al., 2006), vitamin C
(Vahatalo et al., 2005; Steyn et al., 2006) and thiamine
(Steyn et al., 2006). Consistent with our findings, ade-
quate energy and protein intakes were previously
observed (Christensen et al., 2002; Neumann et al.,
2003) in different areas of Kenya, while low energy
and protein intakes were observed in Namibia (Vahat-
alo et al., 2005) and other Kenyan regions (Bwibo and
Neumann, 2003; Gewa et al., 2007).

In addition to the deficiencies of certain micronutri-
ents in the examined African children, there was also
little variety of the diet. As suggested by Steyn et al.
(2005), children with low dietary variety have weight-
for-age and weight-for-height Z-scores less than zero
and should be regarded as being at risk of undernutri-
tion.

The present study of age-specific patterns of anthro-
pometric characters and nutrient intake in a large sam-
ple of children has several limitations that should be
considered when interpreting the results.

The accuracy of estimates of energy and nutrient
intakes is dependent on a comprehensive food compo-
sition table for local foods. We used an international
table for these analyses, but this table does not consider
two important factors: (a) the maize (staple food for the
studied sample) in Kenya is a hybrid, as it has been
‘mixed” with maize from Ecuador to enhance the pro-
tein content (Christensen et al., 2002); (b) the kidney
beans (widely used by the studied sample) are high in
protein content. Since the protein intake of the sample
appeared adequate according to the international table,
the overall outcome of our analyses would have not
changed significantly if we had used a local table, as
the mean protein intake could only increase in view of
the high protein content of the local maize and beans.

Furthermore, the 24-h recall method continues to be
the method of choice in research involving dietary
assessment in Africa and elsewhere. However, rela-
tively high amounts of foods that children eat outside
the home are likely to be missed on a caretaker’s 24-h
recall of the child’s intake, because they may not be
aware of the child’s consumption of many of these
foods. Another limitation of our study was the assess-
ment of foods that children eat outside the home using
the child’s recall, because school children may not
have accurately reported all of them. However, dietary
recalls, with or without memory prompts, have been
shown to be feasible and relatively reliable among
school-aged children, with accuracy levels increasing
with the children’s age or grade (Gewa et al., 2007).

This study was carried out on a large sample of
schoolchildren in a previously unstudied Kenyan area.
The analyses were stratified by age and applied to a
wide age range. This allowed us to evaluate the state of
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growth at different growth phases over a wide age
range and to precisely identify the targets in need of
intervention. Our findings suggest that the physical
growth of Suba children (and probably their cognitive
function and school performance) would benefit from
interventions aimed at enhancing their niacin, phos-
phorus and iron intake from 7 (niacin and phosphorus)
and 9 years of age and at improving the quality of the
diet for children of all ages.
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Resumen

La disfagia orofaringea es un sindrome muy preva-
lente en la poblacion mayor, mas aiin entre ancianos insti-
tucionalizados. La causa mas frecuente de disfagia son las
enfermedades neurodegenerativas y vasculares cerebra-
les, especialmente la demencia, cuyas fases mas avanza-
das se acompaiian de trastornos deglutorios frecuentes
que exigen texturas espesas, tipo pudin en su alimenta-
cion. Los suplementos nutricionales de consistencia pudin
no estan financiados por el sistema de salud, por lo que, en
caso de precisar su uso, hay que afrontar su coste o espe-
sar los suplementos liquidos financiables, habitualmente
de forma individualizada, con espesantes comerciales en
polvo. Este es un proceso laborioso, altamente variable en
la consistencia obtenida y de apariencia poco homogénea,
por lo que es dificil de aplicar en los centros geriatricos
grandes.

Presentamos otra forma de usar estos suplementos
financiados, mezclandolos con gelatina comercial que
permite obtener una apariencia pulida, con textura
homogénea y que permanecen estables en su composicion
y seguros para su consumo durante 5 dias.
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GELATINOUS NUTRITIONAL SUPPLEMENTS:
A USEFUL ALTERNATIVE IN DYSPHAGIA

Abstract

The oropharingeal dysphagia is a very prevalent syn-
drome among the elderly, and even more among institu-
tionalized individuals. Dysphagia is frequently caused by
neurodegenerative and cerebrovascular conditions, the
dementia syndrome being the most common of them,
where the latest stages of the process are often accompa-
nied by frequent swallowing problems requiring to incor-
porate thick foodstuffs in the diet of the elderly, such as
the pudding. Nutritional supplements with a pudding-
like consistency are not financed by the National Health
System. Therefore, when they are needed, patients must
either pay their full price for them or thicken the liquid
supplements financed by the National Health System.
This is normally done in an individualized way, through
the powder thickeners in the market. It is a very laborious
and highly changeable process regarding the resulting
consistency, with a poor homogeneous aspect; thus, it is
complicated to implement this method in big community
dwelling.

We hereby present a different way to use these
financed supplements, this is: mixing them up with com-
mercial jelly resulting in a refined product with a homo-
geneous texture. These supplements will remain stable in
their composition and safe to be used within 5 days.

(Nutr Hosp. 2011;26:775-783)
DOI:10.3305/nh.2011.26.4.4897

Key words: Dysphagia. Dementia. Diet modification. Jelly.
Gelatinous supplements.
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Introduccion

La disfagia es un sindrome muy prevalente entre la
poblacién anciana, sobre todo en los usuarios de los
centros geridtricos' en los que la demencia, estd pre-
sente en un alto porcentaje de las plazas residenciales
para personas dependientes.

En la evolucién de la demencia la pérdida ponderal
es la norma‘. A los multiples mecanismos implicados
en la pérdida de peso en las personas con demencia® se
suma la alteracién progresiva de la deglucién’ con apa-
ricion de disfagia en las fases mas evolucionadas, en
las que las broncoaspiraciones son frecuentes y la
causa mds comun de las infecciones respiratorias de
repeticién que condicionan la fase final de esta enfer-
medad®®.

(Como podemos alimentar a estos pacientes?
Ademas de intervenir en el medio ambiental, el
abordaje postural, etc., las recomendaciones de
intervencion nutricional sefialan que, si la via oral es
utilizable, las alternativas a emplear son: dieta tritu-
rada, liquidos espesados, fortificacion de la dieta,
alimentacién bdsica adaptada y suplementacion
nutricional'®!'. La anorexia, las apraxias y los tras-
tornos conductuales explican, con frecuencia, que
los residentes no consuman la totalidad de la dieta
ofertada, precisando suplementos con alto aporte
energético en un volumen reducido para mejorar su
aporte nutricional'.

A raiz de la Orden SCO 3858/2006, las férmulas
nutricionales de consistencia pudin dejaron de ser
financiadas por el Sistema Nacional de Salud®. Esta
normativa ha supuesto una dificultad afadida a la
hora de asegurar un adecuado estado nutricional en
el paciente con disfagia. La alternativa de aumentar
la consistencia de las férmulas nutricionales liqui-
das mediante la ayuda de espesantes comerciales en
polvo, puede ser de gran utilidad en casos individua-
les pero, a nuestro juicio, es poco viable cuando son
muchos los suplementos a espesar, tal y como suele
ocurrir en los centros geridtricos. Esta alternativa
conlleva tiempo y trabajo, gran variabilidad en el
resultado final y dificultad para alcanzar una textura
y homogenizacién adecuadas, lo que limita su uso.
La gelatina comercial se obtiene habitualmente por
hidrélisis del coldgeno de distintos tejidos animales.
Su solubilidad, su capacidad de retener agua y geli-
ficarse con el cambio de temperatura, ha facilitado
su uso como agente modificador de texturas. Su
dosificacion es sencilla y la textura que proporciona
homogénea, pudiendo mezclarse con practicamente
cualquier liquido, por lo que ha tenido un amplio
uso terapéutico en la hidratacion de pacientes geria-
tricos.

Con el presente trabajo intentamos demostrar que las
férmulas nutricionales completas y liquidas mezcladas
con una gelatina comercial neutra son ttiles en pacien-
tes con disfagia, especialmente en aquellos institucio-
nalizados con demencia avanzada.

Material y métodos

El estudio se realiz6 en la Residencia San Prudencio,
residencia mixta con 175 plazas (99 asistidas) pertene-
ciente al Ayuntamiento de Vitoria-Gasteiz y se desa-
rroll6 en 2 fases: en la primera analizamos, durante
febrero y marzo de 2008, la estabilidad y seguridad de
los preparados en el Departamento de Salud y Con-
sumo del mismo ayuntamiento. En una segunda fase,
en septiembre de 2009, analizamos la viscosidad y
dureza de los preparados que veniamos utilizando, con
la colaboracién de la Universidad del Pais Vasco.

Las férmulas nutricionales liquidas se gelatinizaron
mediante ldminas de gelatina comercial neutra (Gelita,
Gelita AG) con un contenido proteico de 86%, segtin el
proceso de preparacion que se describe en la figura 1.
Para propiciar su capacidad gelificante, las ldminas de
gelatina se hidrataron primeramente con agua a tempe-
ratura ambiente para disolverlas posteriormente en
agua caliente. A continuacién y de forma rdpida, se
incorpor¢ el suplemento nutricional. Para este proceso
se tuvo en cuenta que cada gramo de gelatina retiene
aproximadamente 6 g de agua fria y precisa otros 5 g de
agua caliente para disolverse. Estas cantidades son
aproximadas y pueden variar en funcién del tiempo de
contacto entre el agua y la gelatina, la temperatura del
agua, etc. Una vez obtenida la mezcla (gelatina, agua y
suplemento) se dosifica en recipientes de policarbo-
nato con tapa, de 160 cc de capacidad y se mantienen
en refrigeracion hasta su consumo.

Utilizamos 5 férmulas nutricionales completas y
liquidas de diferente aporte energético (tabla I) finan-

AGUA GELATINA
v y | ambiente

| AGUA CALIENTE | |

GELATINA HIDRATADA |

| Mezclar + disolver |

AGUA + GELATINA
(estado liquido)

Afadir suplemento nutricional

RECIPIENTE

.
[ DOSIFICAREN VASITOS |

'

] SUPLEMENTO GELATINIZADO ‘
| Chetgenin |
CONSUMO |

Fig. 1.—Elaboracion del suplemento gelatinizado.
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Tabla I
Formulas nutricionales completas y liquidas utilizadas

Producto estudio Marca del suplemento nutricional Laboratorio Densidad energética
Gl T-Diet 20/2 Vegenat 2 kcal/ml

G2 T-Diet Plus Estandar Vegenat 1 kcal/ml

G3 Glucerna SR Abbott 0,89 kcal/ml
G4 Resource 2.0 Nestlé Healthcare Nutrition 2 kcal/ml

G5 Fortimel Complete Nutricia S.R.L. 1,3 kcal/ml

ciables por el Sistema Nacional de Salud , en las que
estudiamos las siguientes variables:

Valoracion sensorial: Para determinar la cantidad
de gelatina mds adecuada, realizamos una valoracion
de 5 muestras de 100 ml de suplemento nutricional
gelatinizado con 1,5 g de gelatina y de otras 5 muestras
gelatinizadas con 3 g. A cada muestra se le asigné una
numeracion correlativa precedida de la letra G y distin-
tos trabajadores del centro (jefa de cocina, auxiliar
enfermeria, enfermera, médico y dietista) valoraron de
forma ciega, textura, sabor y apariencia mediante una
escala ordinal de 0 a 5 puntos, donde el 5 representaba
la mejor puntuacién posible.

Andlisis fisico-quimico: En las 5 muestras de 100 ml
de suplemento nutricional gelatinizado con 1,5 g de
gelatina se determinaron los componentes de cenizas,
humedad, proteina y grasa total para conocer la estabi-
lidad nutricional a lo largo del tiempo. Tras refrigera-
cidn, se analizaron las muestras el dia de su elaboracion
(dia 0) y los dias 1, 2, 3 y 4 posteriores. Los procedi-
mientos empleados para la determinacién bromatold-
gica fueron los siguientes:

— Humedad: por formacién de una pasta homogé-
nea de la muestra con arena, ayudada por etanol al
96%, predesecada al bafio maria y desecada poste-
riormente en estufa Memmert SFP400 a 102° + 2°
C hasta peso constante.

— Cenizas: incineracién de la muestra en un horno-
mufla SELECTA a 550 °C y posterior pesada del
residuo.

— Proteinas: determinacion del contenido en protei-
nas por aplicacion del método Kjeldahl: minerali-
zacion dacida de la muestra en un digestor
SELECTA; destilacién por arrastre de vapor en
un destilador FOSS 2100 y valoracion final frente
a solucion de HCI normalizada.

— Grasa: extraccién de la grasa de la muestra, pre-
viamente hidrolizada y desecada, por medio de
éter de petrdleo en un extractor en continuo SOX-
TEC HT6. Eliminacién del disolvente por evapo-
racién y pesada del residuo tras enfriamiento en
desecador.

Andlisis microbiologico: Las 5 muestras de suple-
mentos nutricionales gelatinizados con 1,5 g de gela-

tina se prepararon por duplicado para el andlisis micro-
biolégico, que se realiz6 en las muestras mantenidas en
refrigeracion los dias 1, 2, 3, 4 y 7 posteriores al de su
elaboracion (dia 0). Se utiliz6 el recuento de Entero-
bacterias como indicador de higiene y el recuento de de
Aerobios mesoéfilos para conocer la flora inicial y ver la
evolucion del deterioro de las muestras.

El andlisis del recuento de enterobacterias se realizé
segin ISO 21528-2:2004: siembra en profundidad de
diferentes porciones de suplemento nutricional gelati-
nizado con agar VRBG e incubacién de las placas ino-
culadas a 37° C = 1° C durante 24 + 2 horas. Se con-
firmé la presencia de enterobacterias a partir de 10
ufc/g y segtin color, forma y grado de fermentacién.

El andlisis del recuento de aerobios mesdfilos a 30
°C se realiz6 segtin ISO 4833:2003: siembra en profun-
didad de diferentes porciones de suplemento nutricio-
nal gelatinizado en medio s6lido no selectivo PCA
(Plate Count Agar) y posterior incubacion de las placas
a30°C £ 1°C durante 72 + 3 horas. Se confirmo la pre-
sencia de aerobios mesofilos a partir de 100 ufc/g.

En una segunda fase se estudié la muestra con mejor
perfil de seguridad y mayor consumo en el centro, que
correspondia a la muestra G4. Las variables estudiadas
fueron viscosidad y dureza.

Andlisis de viscosidad: se determind en el suple-
mento nutricional G4, gelatinizado con 1,5 g de gela-
tina, mediante un viscosimetro rotacional (Brookfield
model DV III), variando los pardmetros de temperatura
de la muestra, tipo de husillo (spindle) y su velocidad
de rotacion.

Se realizaron determinaciones el dia de la elabora-
cién a temperatura ambiente (24° C) y tras 2 horas de
refrigeracion. Se repitieron las determinaciones pasa-
das 24-48 horas en refrigeraciéna 5 ° C.

Dureza de la muestra: se midié mediante el test de
extrusion que determina la dureza reflejada como la
fuerza necesaria para su compresion. Se realizé con un
texturémetro TA-XT2i (Texture Analyser, Microsys-
tem). Para ver la variacion de la dureza de las muestras
con larefrigeracion, realizamos la medicién en 2 mues-
tras del suplemento nutricional G4 tras 1 hora de refri-
geracion (muestras M1 y M2) y en 4 muestras refrige-
radas durante 4 dias (M3, M4, M5 y M6). Las muestras
se prepararon en recipientes cilindricos, con un didme-
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Tabla IT
Puntuaciones de la valoracion sensorial

Valoracién sensorial

Muestra Textura Sabor Apariencia .
Puntuacion total
Gl 18 15 18 51 puntos
G2 12 3 13 28 puntos
G3 16 18 13 47 puntos
G4 19 14 18 51 puntos
G5 14 16 13 43 puntos
Todas las muestras analizadas contenian 100 ml de suplemento + 1,5 g de gelatina.
85,00 10,007
= 80007 Gl 2
B 7500 3 oz S s
g - - G3 5 '
Z 7000 Z
= —— G4 ©
65003 ——G5 6,00
60,00 T T T 1
0 1 2 3 4 ‘
’ 4,00 . , | :
Dias 0 1 2 3 4
Fig. 2.—Andlisis fisico-quimico: determinacion de humedad. Dias

tro interior de 28 mm. La compresion se aplico al 20%
con una sonda cilindrica de aluminio de 25 mm de did-
metro y una velocidad de ensayo de 3 mm/s.

Costes: Para estimar el coste de la elaboracion de los
suplementos gelatinizados se tuvo en cuenta el nimero
de unidades elaboradas semanalmente en la Residencia
San Prudencio durante un afio, coste de la gelatina, coste
y amortizacién de los recipientes de policarbonato,
tiempo del personal destinado a la elaboracién, almace-
namiento, transporte y limpieza de los recipientes.

Resultados

Las 5 muestras de suplementos nutricionales gelati-
nizados con 3 g de gelatina fueron consideradas por los
investigadores excesivamente sélidas, motivo por el
que fueron rechazadas para el consumo. Por lo tanto los
resultados que se presentan a continuacion, correspon-
den a datos obtenidos al gelatinizar las 5 férmulas
nutricionales (tabla I) con 1,5 g de gelatina, guardadas
a5 °C después de su elaboracion (dia 0) y los dias 1, 2,
3y 4 posteriores.

0,90 -

" 0,804‘\*/\/x Gl
<
§ 070 | G2
3 . |-
= 080 s G4
050 **/’A\,\x —x G5
040 ‘ ‘ : ‘
0 1 2 3 4

Dias

Fig. 4.—Andlisis fisico-quimico: determinacion de proteinas.

Valoracion sensorial: las puntuaciones obtenidas en
la valoracién sensorial se detallan en la tabla II. Salvo
la muestra G2, todas las muestras se reconstituyeron
correctamente consiguiendo una apariencia homogé-
nea y sin grumos. De éstas, las muestras gelatinizadas
de mayor aporte energético (2 kcal/ml) fueron valora-
das por los investigadores con la mejor puntuacion.

Andlisis fisico-quimico: Aunque el preparado G4
fue el suplemento que mantuvo mejor las proporciones
de cenizas, proteinas, agua y grasa, todas las muestras
mantuvieron su composiciéon nutricional durante el
proceso de andlisis. Las diferencias maximas encontra-
das en las diferentes mediciones fueron inferiores al
1% en los pardmetros de humedad, cenizas y proteinas,
alcanzando entre el 1-2% en el contenido graso. Estos
resultados se reflejan en las figuras 2, 3,4 y 5.

Andlisis microbioldgico: El recuento de Entero-
bacterias en los dias 0, 4 y 7, se mantuvo por debajo
del limite de deteccién (10 ufc/g), lo que determina
una higiene correcta en la manipulacién las muestras.
El recuento de aerobios mesdfilos a 30 °C se mantuvo

8,00

w o
6,00 - G2
4,00 —— G4

Eﬁj& - G5
2,00 = —

0

% Grasa

1 2 3 4
Dias

Fig. 3.—Andlisis fisico-quimico: determinacién de cenizas.

Fig. 5—Andlisis fisico-quimico: determinacion de grasa.
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Fig. 6.—Andlisis microbioldgico, recuento de aerobios mesdfilos.

estable, por debajo del limite de deteccién (< 100
ufc/g) hasta transcurridos 4 dias después de su prepa-
racion. A partir del 5° dia de su elaboracién y tras
refrigeracién, comenzaron a observarse recuentos
bajos en 4 de las muestras, a excepcion de la muestra
G4 que no present6 mesodfilos detectables hasta pasa-
dos 6 dias. Tras 7 dias, los recuentos de aerobios fue-
ron muy elevados en todas las muestras, indicando el
deterioro de las mismas. Estos resultados se reflejan
en la figura 6.

Los andlisis de viscosidad y dureza realizados en la
segunda fase del estudio arrojaron los siguientes resul-
tados:

— Viscosidad: La viscosidad obtenida en diferentes
mediciones y bajo distintas condiciones de tempe-
ratura y velocidad, para el suplemento gelatini-
zado G4 se recogen en la tabla III. En ella pode-
mos apreciar que, tras 24 y 48 h de refrigeracion,
los valores de viscosidad obtenidos oscilaron
entre los 16.800 y los 18.220 cp.

— Dureza: Los resultados del test de extrusion se
recogen en la figura 7 y reflejan que la fuerza que
hay que realizar para comprimir las muestras tras
4 dias de refrigeracion (M3, M4, M5, M6) es un
50% superior respecto a la fuerza que debe reali-
zarse tras 1 hora en frigorifico después de su ela-
boracion (M1, M2). Estos datos son concordantes

Tabla IV
Costes del proceso de gelatinizacion de suplementos

nutricionales
Coste anual (€) Coste unidad (€)
Cocinero 1.853,28 0,28
Almacenamiento, limpieza 1.040,00 0,16
Envases 72,00 0,01
Gelatina 255,29 0,04
Coste total de gelatinizacion 3.220,57 €/afio 0,49 €/unidad

con el incremento de viscosidad observado al
aumentar los dfas de refrigeracion.

Andlisis de elaboracion y costes: En los 12 meses
comprendidos entre mayo de 2008 y mayo de 2009, se
elaboraron en el centro una media mensual de 545,5
suplementos gelatinizados, en funcién de las necesida-
des, lo que corresponde a una elaboracién aproximada
de 63 unidades, 2 veces por semana. En general, con
200 ml de dieta entera liquida se preparan 2 unidades
de suplemento gelatinizado. Hay que sefialar, que
hemos detectado variaciones de hasta un 10% en la
cantidad de suplemento gelatinizado vertido en los
recipientes, de unos dias a otros'. El tiempo estimado
para su elaboracién es de 2 horas/semana de un coci-
nero y de 2 horas/semana para trabajo de almacén,
transporte y limpieza de recipientes, lo que representa
un coste aproximado de 35,64 €/semana y 20,80
€/semana respectivamente. Se adquirieron 150 reci-
pientes de policarbonato cuyo coste fue de 2,40 € (tapa
incluida) con una duracién estimada de 5 afios y el
coste de la gelatina utilizada (1,5 g) es de 0,04 € por
unidad.

El total de los costes calculados para el proceso de
elaboracion de suplementos gelatinizados se resume en
la tabla IV. El coste medio por unidad de suplemento
nutricional gelatinizado fue de 0,49 €. Aqui no se
incluye el coste de las férmulas nutricionales comple-
tas empleadas ya que son productos financiados por el
Sistema Nacional de Salud. A modo de referencia, las
dietas enteras liquidas oscilan entre 2,71-4,87 €/uni-

Tabla III

Evolucion de la viscosidad en funcion del tiempo y de la temperatura
Tiempo transcurrido Temperatura Niimero Velocidad de giro Viscosidad?
tras la elaboracion muestra (°C) del Spindle del spindle’ en centipoises (cp)
3 horas 24,8°C n°2 20 rpm 1.020 cp
7 horas 24,2°C n°3 20 rpm 3.870 cp
9 horas o o
(2 horas en refrigeracion) 16,5°C n4 20rpm 9.030¢cp
Tras 24/48 horas 10°C °5 20 tpm (16.800-18.220 cp
enrefrigeracion )
'Velocidad de giro, medida en revoluciones por minuto (rpm).
*1 centipoise (cp): viscosidad del agua a 22 °C.
Suplementos nutricionales gelatinizados Nutr Hosp. 2011;26(4):775-783 779
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Fig. 7.—Andlisis del perfil
de dureza de las muestras.

dad, I.V.A. incluido, en funcién de si son férmulas
estandar o especificas y, para calcular un coste global,
habria que afiadir el precio de las férmulas nutriciona-
les completas empleadas.

Discusion

El envejecimiento afecta a la deglucién, habitual-
mente por alteraciones funcionales en la propulsion del
bolo o por el enlentecimiento de los reflejos orofarin-
geos®. También estd disminuida la percepcién orofa-
ringea de la viscosidad de los liquidos'.

El aumento de las enfermedades neurodegenerativas
y vasculares cerebrales, hace que la disfagia esté mas
presente en esta poblacion y, a nuestro juicio, deba con-
siderarse como un sindrome geridtrico mas. Ademds de
las modificaciones ambientales y la rehabilitacion, los
recursos habituales en el abordaje de la disfagia inclu-
yen el tratamiento postural y la modificacién de la tex-
tura de los alimentos'”'®. En una serie de 241 pacientes
en domicilio, la mitad con demencia, Botella y Ferrero
19 encontraron disfagia a liquidos en el 19%. En el
ambito institucional, entre 25.470 residentes, Castella-
nos VH et al.** encontraron, con gran variabilidad entre
centros, que un 8,3% de la poblacién tomaba liquidos
espesados y un 6% precisaba consistencia pudin. En
nuestro centro geridtrico, que es una residencia mixta,
los porcentajes son superponibles (liquidos espesados:
8,3%; consistencia pudin: 6%) pero, si analizamos solo
la poblacién dependiente, el porcentaje de residentes
que precisa liquidos con consistencia pudin alcanza el
16,6%, habitualmente pacientes con demencias avan-
zadas.

En esta poblacién, concurren la mayoria de las
caracteristicas del perfil de riesgo de malnutricién
seflalado para usuarios de centros geridtricos?': mayor
edad, pérdida de autonomia en las AVDs, alteraciones

cognitivas, dejar > 25% en la mayoria de las comidas,
polifarmacia, etc.

A pesar de las modificaciones dietéticas®** el aporte
energético habitual de la dieta consumida es habitual-
mente insuficiente?%, por lo que es frecuente la necesi-
dad de administrar suplementos nutricionales. Las indi-
caciones y los beneficios de la suplementacion han sido
recogidos en numerosos trabajos en el anciano®*?, en la
demencia®?!, en el accidente vascular cerebral®>®, en la
Corea de Huntingtton* y en el dafio cerebral con altera-
ciones conductuales ente otras causas de disfagia®-*.

El aporte caldrico prescrito habitualmente para com-
plementar una dieta insuficiente se sittia entre 400 y
500 kcal/dfa*323%. En pacientes con disfagia, este
aporte puede conseguirse con la administracién de 1 6
2 suplementos 200 ml y de un aporte energético de 2
kcal/ml, siempre que tengan la textura adecuada.

Al igual que en la alimentacién tradicional, se ha
destacado la importancia de la palatabilidad, apariencia
y sabor de los suplementos nutricionales®. Tedrica-
mente, la adicion de un espesante neutro a estas formu-
las nutricionales no deberia modificar el sabor del pre-
parado. Sin embargo, el sabor puede verse alterado
segtn el espesante empleado, el tipo y sabor del suple-
mento asi como las condiciones de su elaboracién®. La
apariencia y textura una vez espesado el suplemento,
estd sometida a muchas variables como son la tempera-
tura, tiempo de batido, cantidad y tipo de espesante,
persona que lo realiza, etc.”’. Estas diferencias se han
observado entre diferentes tipos de espesantes tanto
comerciales como naturales. En nuestra experiencia, la
apariencia conseguida con los espesantes comerciales
en polvo es mds grumosa, el proceso mds laborioso y la
textura final mds variable de una elaboracién a otra.

Las gelatinas han tenido gran difusién como estabili-
zadores y modificadores de texturas en el campo de la
alimentacion. En el campo sanitario, ademds de en la
disfagia, se han utilizado también para la hidratacién,
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rehabilitacion y como galénica para la medicacion*-.
Diversos autores han sefialado la apariencia homogé-
nea y pulida de las texturas gelificadas**. En nuestro
caso, con la cantidad de gelatina utilizada en la elabora-
cién de los suplementos, no hemos observado variacio-
nes en el sabor de base de los preparados comerciales,
la textura ha sido similar en cada elaboracion y la vis-
cosidad elevada, favoreciendo la deglucién en los
pacientes.

La viscosidad establece diferencias en el uso de pre-
parados comerciales administrados por via oral y por
sonda®. Deberia ser un dato conocido para poder eva-
luar intervenciones nutricionales* y comparar resulta-
dos. Sin embargo, muchos fabricantes no detallan la
viscosidad en las caracteristicas del producto. Algunos
autores encontraron que preparados comerciales tedri-
camente con textura néctar o miel, tenfan una viscosi-
dad que no se ajustaba a las recomendaciones de las
guias de disfagia*+. Las principales guias internacio-
nales para el tratamiento de la disfagia, contemplan la
consistencia pudin a partir de 1.751 cp, definiendo as{
el alimento que adopta la forma del recipiente que lo
contiene, no cae al verterlo ni puede ser bebido de un
vaso o taza y ha de tomarse con cuchara®*®. Sin
embargo existen diferencias notables entre preparados
comerciales de consistencia pudin como el Ensure Plus
Creme (Laboratorios Abbott; Viscosidad: 1.750 cp),
Fresubin Crema (Fresenius-Kabi; Viscosidad: 3.400 -
4.150 cp a 20° C), Resource Crema Frutas del Bosque
(Nestlé¢ Healthcare Nutrition S.A.;Viscosidad: 13.933
cp a 25° C) Forticreme Complet (Nutricia S.R.L:
17.000 cp) segtn datos facilitados por los propios
fabricantes. Aunque todos tienen consistencia pudin,
estas diferencias tan marcadas en la viscosidad condi-
cionan su uso en pacientes con demencia avanzada y
disfagia. Delimitar mds rangos de viscosidad y/o afladir
otras variables de textura como el andlisis de la dureza
del preparado, podria ayudar a definir productos mas
especificos para este perfil de pacientes.

Con 1,5 g de gelatina neutra por 100 ml de suple-
mento liquido, la viscosidad obtenida es alta, incluso
superior a la de los preparados comerciales de mayor
textura. Aunque las medidas de viscosidad y dureza
que hemos realizado son solo exploratorias, el aumento
de consistencia con los dias de refrigeracion nos anima
a rebajar la cantidad de gelatina empleada. Esperamos
contar con la colaboracién necesaria para poder reali-
zar, de forma independiente, un estudio mas pormeno-
rizado de las texturas de la dieta que toman nuestros
pacientes con disfagia orofaringea. En nuestra expe-
riencia si podemos afirmar que las variaciones obser-
vadas en la viscosidad y dureza del suplemento gelati-
nizado no han tenido repercusién en la ingesta por parte
del paciente.

Los suplementos gelatinizados son estables y segu-
ros. El andlisis fisico-quimico de las muestras elabora-
das segun el proceso descrito, demuestra que mantie-
nen la proporcién de cenizas, proteinas, agua y grasa,
con minimas variaciones a lo largo del tiempo de con-

sumo. La higiene de la elaboracién es correcta, como lo
demuestra la ausencia de enterobacterias en todas las
muestras analizadas. El recuento de gérmenes aerobios
meso6filos, indicador del deterioro endégeno de las
muestras, detecté pequefios crecimientos de gérmenes
a partir del 5° dia de refrigeracion. Después, los recuen-
tos son elevados inhabilitando esas muestras para el
consumo.

La recomendacion de los fabricantes es que los pre-
parados comerciales deben ser consumidos en las 24 h
posteriores a la apertura del envase. En nuestro caso,
los suplementos gelatinizados y refrigerados permiten
un consumo seguro hasta 4 dfas después del dia de ela-
boracién. Esto nos permite elaborar los suplementos 2
veces por semana, martes y viernes, respetando los
margenes de seguridad microbiolégica. El criterio
general para las condiciones de refrigeracion de estos
alimentos para consumo propio es de 5 +- 3° C, debida-
mente protegidos y colocados en el centro del frigori-
fico que es la parte mds fria®®*'. En los frigorificos
domésticos, habituales en los centros geridtricos, no
siempre se puede garantizar esta temperatura. En nues-
tro centro, los productos elaborados con gelatinas se
almacenan en las cdmaras frigorificas del servicio de
cocinay se distribuyen cada dia a los usuarios evitando
su almacenamiento en las plantas de la residencia.
Estas cdmaras pasan las revisiones de control de tem-
peraturas recogidas en el sistema APPCC vigente en el
Pais Vasco®. La residencia San Prudencio tiene instau-
rado un programa de autocontrol con controles micro-
bioldgicos realizados por el servicio de Salud y Con-
sumo del Ayuntamiento de Vitoria-Gasteiz. Desde
2010, hemos incorporado los productos gelatinizados
en este programa, realizdndose controles microbiol6gi-
cos trimestrales, como garantia de seguridad.

La elaboracién propia de estos preparados ha
supuesto también, la implicaciéon del personal de
cocina en el proceso, dando valor a una tipo de alimen-
tacion, la dieta triturada habitual en estos pacientes,
que dificilmente motiva al profesional de la cocina, por
lo que su esfuerzo e implicacion son puntos a destacar.
Las principales dificultades observadas son los medios
necesarios de los que quizds no dispongan muchas resi-
dencias, (horas del personal de cocina, compra de reci-
pientes para envasado,..) y la variabilidad en el llenado
de los vasitos, con diferencias de hasta el 10% de unos
dias de elaboracién a otros. Aunque, en nuestro centro,
los usuarios de estos preparados son mayoritariamente
demencias en fases avanzadas, los hemos empleado
igualmente en otras situaciones de disfagia como ACV,
Parkinson, Huntington y tumoraciones de cavum, por
lo que creemos que los suplementos gelatinizados pue-
den ser ttiles en la disfagia de cualquier origen.

Una elaboracion de suplementos nutricionales, esta-
ble y segura, homogénea en el tiempo para muchos
usuarios, exigiria, a nuestro entender, de la infraestruc-
tura, controles y garantias de la industria especializada.
Estos preparados comerciales de textura pudin estaban
financiados por el sistema de salud, pero la Orden
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SCO/3.858/2006 y el Real Decreto 1.030/2006, los
excluyd de la nutricién enteral por via oral para la dis-
fagia, permitiendo unicamente la financiaciéon de
moédulos espesantes para alimentos liquidos™*. El
gasto en productos de nutricion enteral domiciliaria por
via oral es alto y creciente™*. Es facil suponer abusos
en el consumo de estos productos, pero cuesta com-
prender que un numeroso grupo de pacientes, con un
sindrome bien definido como la disfagia y con el riesgo
de padecer complicaciones mortales, no puedan recibir
un suplemento nutricional financiado que ha demos-
trado su utilidad. La alternativa que se nos ofrece es la
de usar mddulos espesantes financiados y espesar los
suplementos liquidos de forma individual, método
laborioso, altamente variable, y con una apariencia
final heterogénea. Este sistema puede ser util para
casos individuales, pero no para un centro grande, con
muchos usuarios de estas caracteristicas. Considera-
mos légica y deseable la financiacién de férmulas
nutricionales completas de textura modificada, porque
la situacién actual, a nuestro juicio, margina a los
pacientes con disfagia, especialmente a la poblaciéon
con demencias avanzadas. Mientras esta situacion per-
dure, la elaboracion de suplementos gelatinizados,
mediante formulas nutricionalmente completas puede
ser una alternativa ttil y segura para mejorar el estado
nutricional y evitar complicaciones en el paciente con
disfagia.
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Abstract

Introduction: The increased number of articles pub-
lished in nutrition is a reflection of the relevance to scien-
tific community. The characteristics and quality of nutri-
tional studies determine whether readers can obtain valid
conclusions from them, as well as their usefulness for evi-
dence-based strategic policies.

Objective: To determine the characteristics of papers
published in nutrition journals.

Method: Descriptive study design. We reviewed 330
original papers published between January-June 2007.
From: American Journal of Clinical Nutrition (AJCN),
Journal of Nutrition, European Journal Nutrition, Euro-
pean Journal of Clinical Nutrition and Public Health
Nutrition. We classified them according to the subjects
studied; risk factors, study design and country of origin.

Results: Almost half the papers studied healthy people
(53.3%). The most frequent illness was obesity (13.9%).
Food consumption is the most frequent risk factor (63.3%).
Social factors appear exclusively only in 3.6% of the
papers. Clinical trials were the most common analytical
design (31.8%), mainly in the AJCN (45.6%). Cross-sec-
tional studies were the most frequent type of observational
design (37.9%). Ten countries produced over half of the
papers (51.3%). The US publishes the highest number of
papers (20.6 %), whilst developing countries make only
scarce contributions to scientific literature on nutrition.

Conclusions: Most of the papers had inferential power.
They generally studied both healthy and sick subjects,
coinciding with the aims of international scientific poli-
cies. However, the topics covered reflect a clear bias, pri-
oritizing problems pertaining to developed countries.
Social determinants of health should also be considered,
along with behavioral and biological risk factors.
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TEMAS PRIORITARIOS, DISENO DE ESTUDIOS
Y DISTRIBUCION GEOGRAFICA DE ARTICULOS
PUBLICADOS EN REVISTAS DE NUTRICION

Resumen

Introduccion: El crecimiento de la produccién cienti-
fica nutricional indica relevancia para la comunidad cien-
tifica. Las caracteristicas y calidad de los estudios deter-
minan si sus lectores pueden obtener conclusiones
validas, y su utilidad en la orientacion de estrategias poli-
ticas basadas en la evidencia.

Objetivo: Determinar las caracteristicas de las publica-
ciones en revistas de nutricion.

Método: Estudio descriptivo. Se revisaron 330 articulos
originales publicados entre enero-junio de 2007 en las revis-
tas: American-Journal of Clinical-Nutrition (AJCN), Jour-
nal of Nutrition, European-Journal Nutrition, European-
Journal of Clinical-Nutrition y Public-Health-Nutrition.
Los articulos se clasificaron segiin los temas estudiados,
factores de riesgo, disefio del estudio y pais de origen.

Resultados: Las personas saludables representan la
mitad (53,3%) de la poblacién estudiada. La obesidad fue
la enfermedad mas frecuente (13,9 %). El consumo de ali-
mentos fue el factor de riesgo mas frecuente (63,3%). Un
3,6% de articulos consideraron factores sociales. Los
ensayos-clinicos fueron los estudios analiticos mas comu-
nes (31,8%), principalmente en AJCN (45,6 %). Los estu-
dios-transversales mas frecuentes fueron observacionales
(37,9%). Diez paises producen mas de la mitad de los arti-
culos (51,3%). Los EEUU publican el mayor niimero de
articulos (20,6 %); siendo escasa la contribucion de los
paises en desarrollo.

Conclusiones: L.a mayoria de los articulos presentan
poder inferencial. La poblacion estudiada se distribuye
entre sana y enferma, coincidiendo con los objetivos de las
politicas cientificas internacionales. Sin embargo, los
temas tratados reflejan un sesgo, dando prioridad a los
problemas relativos a paises desarrollados. Deberian con-
siderarse determinantes sociales de la salud, junto con
factores de riesgo de comportamiento y biolégicos.

(Nutr Hosp. 2011;26:784-791)
DOI:10.3305/nh.2011.26.4.5060
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Introduction

The increased number of articles published on obe-
sity since the 1980s, and in particular as from the year
2000, is a clear reflection of the relevance this health
issue has within the scientific community.'? The major
research activity carried out on the 10 most important
health risks, as recognized worldwide, provides impor-
tant information on nutritional health problems, as 7 of
the aforementioned risks are directly related to nutri-
tion (underweight infants and pregnant women, over-
weight/obesity, hypercholesterolemia, high blood
pressure, smoking, alcohol and iron deficiency).** The
impact that the conclusions drawn up in this research
may have depends on the type of study design used and
the analysis carried out. Therefore, the characteristics
and quality of nutritional studies determine whether
readers can obtain valid and practical conclusions from
them, as well as their usefulness for evidence-based
strategic policies.’

Epidemiological study designs are widely used in all
kinds of medical specializations.® Almost 10 years ago, it
was concluded that there is a need for a review of scien-
tific evidence within the field of nutrition in order to
develop integrated and comprehensive national policies
on food and nutrition.” However, despite the number of
articles written on the characteristics of scientific papers
published on medical specializations in general,**!'" lit-
tle has been published about nutrition journals.

The effective implementation of recommendations
issued by international institutions will also depend on
the origin of the new knowledge and on the area where
it is to be applied, as, whilst increasingly homoge-
neous, food supply and dietary habits still vary accord-
ing to geographical location."

The aim of this study is to describe the frequency and
characteristics of articles published in nutrition jour-
nals that are related to priority issues, type of epidemio-
logical design and geographical location of the
authors’ country of origin.

Methods

We selected the journals for analysis from the Insti-
tute for Scientific Information (ISI) Web of Knowl-
edge Database, which contains a total of 55 journals
within the Nutrition & Dietetics category. We included
all journals with an impact factor of over 2.000 in the
ISI ratings for the year 2006 (n = 23 journals). After
eliminating all journals dedicated to publishing
reviews, proceedings, basic research and those special-
ized in one specific area (obesity, cancer or vitamins), 9
journals remained. Five predominant journals (2 from
the US and its 2 European counterparts as well as the
journal on public health) were selected for this study:
American Journal of Clinical Nutrition (Am J Clin
Nutr), The Journal of Nutrition (J Nutr), European
Journal of Nutrition (Eur J Nutr), European Journal of

Clinical Nutrition (Eur J Clin Nutr) and Public Health
Nutrition (Public Health Nutr).

All the original articles published in ordinary edi-
tions (no supplements) from January to June 2007 and
based on clinical or community human research were
included. The content of the full version of the selected
papers was analyzed. Brief papers, case reports, letters
to the editor, reviews, editorials and other sections that
were not classified as original research were excluded
as well as systematic reviews and meta-analyses.

The variables studied were:

1. Main topic of the article or pertinence:
1.1. Study subjects (healthy or sick).

1.2. Type of illness studied in the case of research
carried out on sick subjects, categorized in accordance
with the International Classification of Diseases (ICD-
10)."

1.3. Risk and associated factors studied (variable
with non-excluding categories): Behavioral determi-
nants, body composition and social factors. This vari-
able contains non-excluding categories. Specifically,
the category based on behavioral determinants and life
styles includes articles on:

a) Food consumption related with: the assessment
of dietary intake and nutritional behaviors; specific
nutrients such as vitamins and minerals; macronutri-
ents (proteins, fats and carbohydrates and their corre-
sponding specific micro-elements such as amino acids,
fatty acids, cholesterol and saccharides) and specific
foods or food groups. Articles were also included on
fast food intake, vegetarianism, frequency of meals,
eating places and food purchasing behavior, as well as
on the promotion and evaluation of breastfeeding.

b) Other lifestyle habits: physical activity (energy
consumption and intensity), smoking and alcohol con-
sumption.

The body composition category includes articles
that cover anthropometric assessment (size, weight,
folds and perimeters) and also those that refer to
methodologies which detect changes in body composi-
tion and the evaluation of growth standards.

The social determinant category includes articles on
all those aspects that are not directly controlled by indi-
viduals, i.e. social and economic, demographic, cul-
tural, educational and political factors. It also includes
the formulation, planning, implementation and evalua-
tion of food and nutrition policies, action-plans and
programs.

As many possible combinations of the aforemen-
tioned categories exist within one article regarding the
risk/associated factor variable, 5 categories were cre-
ated for the analysis: 1. Food consumption, 2. Body
composition, 3. Social factors, 4. Body composition

Priority issues in nutrition journals
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Table I
Priority issues in the original papers published in five scientific nutrition journals* (January-June 2007)

Body composition, Food consumption

i Food consumption Behavior and Behavior and Body composition Social Factors Total
Subjects/ Social Factors Social Factors
Determinants

Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%)

(%) (%) (%) (%) (%) (%)
Healthy people 83(47.16) (5220 35(19.89)  (41.67) 41(23.30)  (82.00) 12(6.82)  (48.00) 5084) (4167 176 (100)  (3.33)
Obesity 8(17.39)  (5.03) 29(63.04) (3452 0 6(13.04)  (24.00) 3(6.52)  (25.00) 46(100)  (13.94)

Circulatory diseases 23(76.67)  (1447)

Endocrine, nutritional

and metabolic diseases 9(3462) (560 6(23.08)  (7.14)

Cancer 15(68.18)  (943) 4(18.18) (476

Digestive diseases 6(75.00)  (3.77) 0 0

Diabetes 3(42.86)  (1.89) 3(42.86) (357 0

ér}tesﬂnal infectious S10000)  G.14) 0 0
iseases

Mental and behavioural

diseases 2(50.00)  (1.26) 1(25000  (L.19) 0

?km anFl subcutaneous 200000)  25) 0 0
issue diseases

Non classifiable 1(50.00) (0.63) 1(50.00) (1.19) 0

Total 159(48.18)  (100) (84(25.45 (100

51667 (5.95) 2(667)
4(153%)

3(13.64)

50(15.15)

4.00) 0 0 30(100)  (9.00)

(8.00) 5(19.23)  (20.00) 2(169) (1667 26(100)  (7.88)

(6.00) 0 0 201000 (667)
1(1250)  @00)  1(1250) (833  8(100)  (242)

1(1429)  (4.00) 0 70000 Q12)

0 0 51000 (152)

0 125000 (833)  4(100)  (121)

0 0 41000 (121

0 0 201000 (061)

(100) 25(7.58)  (100) 12(3.64)  (100) 330(100)  (100)

*AmJ Clin Nutr, Eur J Clin Nutr, J Nutr, Eur J Nutr, Public Health Nutr.

plus behavior plus social factors and 5. Food consump-
tion plus behavior plus social factors.

2. Type of study design

Epidemiological study designs: the epidemiological
classification was carried out according to the Fletcher cri-
teria with slight modifications (see table I'V). For this pur-
pose, the design named in abstracts or in the material and
methods section of papers was used. If the author(s) of the
article had not specified the design, and using a technique
used previously by our research group,'>' two researchers
(LIGZ, MTRC) separately classified the articles in order
to perform a simple concordance analysis, obtaining an
agreement of 94.4%. When discrepancies arose, the opin-
ion of a third evaluator (CAD) was necessary.

3. Country of origin of the authors. This was identi-
fied based on the origin of all the signing authors of the
articles. For comparison purposes, the information is
given for the ten countries which have published most
articles, and the rest of the countries are grouped into
their corresponding continents.

A descriptive study of the variables analyzed was
carried out using the SPSS 14.0 statistical software.

Results

53.3% (176 articles) of the papers reviewed repre-
sent research carried out on healthy populations and

46.1% on sick populations; mainly, obese population
(13.9%), with circulatory (9.1%) and nutritional
(7.9%) diseases and cancers (6.7%) (Table 1). The
determining factors studied in the selected articles refer
to food consumption (63.3%) and to a lesser degree to
body composition (33%). A small number of articles
(3.6%) tocus exclusively on the social context as a
nutritional determinant (table I).

The same table also shows that the healthy popula-
tion is the main target group of research published on
food consumption as a nutritional determinant together
with behavioral and social factors (82%); although it is
also considered as a sole factor (52%). However, the
number of articles published on food consumption as a
sole determining factor in relation to the obese popula-
tion is extremely low (5%) and there are no articles
related to social and behavioral factors for this sector at
all. As regards food consumption as sole determining
factor, circulatory diseases (76.7%) and cancer
(68.2%) are the more prominent illnesses studied.

Body composition together with behavioral and
social factors as nutritional determinants are more fre-
quently found in articles based on obese population
studies (63%) than in articles on healthy populations
(20%). This difference is also observed, although to a
lesser extent, when body composition is considered as
a sole nutritional determinant (13% in obese popula-
tion vs. 6.8% in a healthy population).

Table II shows that the Am J Clin Nutr is the journal
that publishes the most diverse range of health-related
topics, whilst the Publ Health Nutr and the J Nutr publish
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Table I1
Subject characteristics of the original papers published in five scientific nutrition journals (January-June 2007)

Am J Clin Nutr EurJ Clin Nutr J Nutr Eur J Nutr Public Health Nutr Total
Frequency (%) Frequency (%) Frequency (%) Frequency (%)  Frequency (%)  Frequency (%)
(%) (%) (%) (%) (%) (%)
Healthy people 44(25) 42.72) 38(21.59)  (46.91) 38(21.59)  (62.3) 4(2.27) (40) 52(29.55  (69.33)  176(100)  (53.33)
Obesity 17 (36.96) (16.5) 16(3478)  (19.75) 3(6.52) (4.92) 1(2.17) (10) 9(19.57) (12) 46(100)  (13.94)
;i:e“:elj““y 16(33)  (155) 501667 (617) 41333 (656) 41333  (40) 1633 (133 30(100)  (9.09)
Endocrine,
nutritional and 2(7.69) (1.94) 9(34.62) (11.11) 7(26.92) (11.48) 1(3.85) (10) 7(26,92) 9.33) 26(100) (7.88)
metabolic diseases
Cancer 11(50) (10.68) 3(13.64) (3.7) 4(18.18) (6.56) 0 4(18.18) (533 22(100)  (6.67)
Digestive diseases  3(62.5) (4585) 2(25) (247) 10125 (164 0 0 8(1000  (242)
Diabetes 1014290 (0.97) 45714 (494 1(1429)  (164) 0 114290 (133) 731000 (212
Intestinal infectious
diseases 2(40) (1.94) 1(20) (123) 2(40) (3.28) 0 0 5(100) (152)
Mental and
behavioural 2(50) (1.94) 2(50) (247) 0 0 0 41000 (121
disorders
Skinand
subcutaneous 3(75) 291) 0 1025) (1.64) 0 0 41000 (121
tissue diseases
Non classifiable 0 1(50) (1.23) 0 0 160)  (133) 201000 (0.61)
Total 1033121)  (100) 812455  (100) 61(1848)  (100) 10303 (1000 75(2273)  (100)  330(100)  (100)

a large number of articles on healthy populations, 69.3%
and 62.3% of their articles, respectively. More specifi-
cally, the highest percentage of studies on obesity are
published in the clinical nutrition journals —the Eur J
Clin Nutr (19.8%) and the Am J Clin Nutr (16.5%)—,
and a large number of articles in the latter journal are on
circulatory diseases (15.33%) and cancer (10.7%). As
well as papers on obesity, the Eur J Clin Nutr also pub-
lishes articles on endocrines and nutritional and meta-
bolic illnesses (11.1%), as do the J Nutr (11.5%) and
the Publ Health Nutr (9.3%).

Table III shows that the J Nutr (78.69%) and the Eur
J Nutr (90%) journals publish the most material on
food consumption in general. The number of articles
on food consumption as a sole determining nutritional
factor is notable in the Am J Clin Nutr (60.19%). On
the other hand, although 48% of the articles published
in Public Health Nutr are on food consumption in gen-
eral, this journal also contains the most articles on body
composition in general (42.6%), followed by the clini-
cal journals -Am J Clin Nutr (34.9%) and Eur J Clin
Nutr (34.5%). Finally, the few articles that have been

Table I1T
Nutritional determinants in the original papers published in five scientific nutrition journals (January-June 2007)
AmJ Clin Nutr EurJ Clin Nutr J Nutr EurJ Nutr Public Health Nutr Total
Frequency (%) Frequency (%) Frequency (%) Frequency (%)  Frequency (%)  Frequency (%)

(%) (%) (%) (%) (%) (%)
Food consumption 62 (38.99) (60.19) 45(28.30)  (55.56) 31(19.50)  (50.82) 8(5.03) (80.00) 138.18)  (17.33)  159(100)  (48.18)
Social Factors 0 4(33.33) (4.94) 1(8.33) (1.64) 0 7(58.33) (9.33) 12(100) (3.64)
Bodycomposition ~ 10(40.00)  (9.71) 12(4800)  (14381) 208000 (328) 0 1@400) (133 25(100)  (7.58)
Body composition,
Behavior and 2603095 (2524 16(1905) (1975 10(11.90)  (1639) 1(L19)  (1000)  31(3690) (41.33)  84(100)  (25.45)
Social Factors
Food consumption,
Behavior and 5(10.00) (4.85) 4(8.00) (4.94) 17(34.00)  (27.87) 1(2.00) (10.00)  23(46.00)  (30.67)  50(100)  (15.15)
Social Factors
Total 103(31.21) (100) 81(24.55) (100) 61(18.48) (100) 10(3.03) (100) 75(22.73) (1000 330(100) (100
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Table IV
Epidemiological study designs in the original papers published in five scientific nutrition journals (January-June 2007)

Am J Clin Nutr EurJ Clin Nutr J Nutr Eur J Nutr Public Health Nutr Total
Frequency (%) Frequency (%) Frequency (%) Frequency (%)  Frequency (%)  Frequency (%)
(%) (%) (%) (%) (%) (%)
Case Series 1(12.5) 0.97) 3(37.9) (37 2(25) (3.28) 2(25) (20) 0 8(100) (242)
Epidemiological
Deserptive 31667 (291) 50178) (617 4002) (656 0 6(3333) () 18(100) (545
Cross-Sectional 20(16) (19.42) 39312 4815 2(176)  (36.07) 1(0.8) (10) 43(344)  (57.33)  125(100)  (37.88)
Case control 54L6T) (489 201667)  (247) 201667 (329) 0 3(29) @ 1201000 (364
Follow up 27821 (2621) 132321)  (16.05) 8(1429)  (13.11) 3(5.36) 30) 5893) (667 56(100)  (1697)
Non randomized
clinical trials 6(28.57) (5.83) 52381 (6.17) 2(9.52) (328 1(4.76) (10) 7(3333)  (9.33)  21(100) (636
Randomized
clinical trials 41(50) (39.81) 13(15.85)  (16.05) 202439 (3279 3(3.66) (30) 5(6.1) (6.67)  82(100)  (24.89)
Qualitative research 0 1(25) (1.23) 0 0 3(75) 4 4(100) (1.21)
Ecological design 0 0 1(50) (1.64) 0 1(50) (133)  2(100) (0.61)
Non classifiable 0 0 0 0 201000 (267)  2(100)  (0.61)
Total 1033121)  (100) 81(2455)  (100) 61(1848)  (100) 103.03) (1000 75(2273)  (100)  330(100)  (100)

published exclusively on social factors as nutritional
determinants have mostly appeared in Publ Health
Nutr (58.3%).

Table IV shows the frequency of use of the different
epidemiological study designs in the five nutrition
journals under analysis. The lack of descriptive studies
can be considered to be a positive discovery. Observa-
tional designs (68.2%) are more frequent than experi-
mental designs (31.8%), with cross-sectional studies
being the most common (37.9%), followed by clinical
trials (24.9% randomized and 6.4% non-random) and
cohort studies (17%). Clinical trials are the most fre-
quent type of design published in the Am J Clin Nutr
(39.8% randomized and 5.8% non-random), the jour-
nal that publishes most trials in general (50% random-
ized and 28.5% non-random of the total trials pub-
lished during this period). Most research published in
the Eur J Clin Nutr is of a cross-sectional design
(48.2%), which represents 31.2% of the 125 cross-sec-
tional studies published during the six month period in
question. However, it is the Public Health Nutr that
published the highest number of cross-sectional studies
(34.4%), which is 57.3% of all the articles published in
this journal.

Table V refers to the country of origin of the signing
authors in the articles published in each of the nutrition
journals studied. Over half of the articles (51.3%) are
written by just 10 countries. The country with the high-
est production rate is the US, particularly in the two
American journals, the Am J Clin Nutr and the J Nutr,
in this order. Meanwhile, countries from developing
regions publish the least articles.

22.7% of the research published is carried out by
international networks from the different continents,
with Europe producing most articles of this type. 26%

of papers are drawn up as part of intercontinental net-
work projects, with a relatively high collaboration rate
between North America and Asia (6.1%), and North
America and Europe (5.8%).

Discussion

The scientific papers analyzed reflect the high-quality
of the research activity carried out in the field of nutrition
during the period studied. Most of the study designs had
inferential power, which implies a high impact on the
knowledge and practices of the readers and is also cru-
cial in order for food policies to be improved. The stud-
ied population was represented equally by healthy and
sick subjects, coinciding with the aims of international
scientific policies on this issue. However, the topics cov-
ered reflect a biased view of nutrition as they tend to deal
with problems affecting developed countries, such as
chronic diseases, rather than those suffered by develop-
ing countries, such as food insecurity. The underlying
and basic risk factors related to social determinants of
health must also be considered in scientific papers on
nutrition, along with behavioral and biological risk fac-
tors. Journals have become more international to a cer-
tain degree as regards the origin of their articles. How-
ever, those who publish most tend to be authors from the
same country of origin as the journal. This situation
could be improved, particularly by encouraging scien-
tific production from developing countries, where the
most prevalent food problems are to be found world-
wide.

As regards the limitations of our results, they merely
paint a partial picture of worldwide efforts being made
in nutrition research. Not all nutrition journals have

788 Nutr Hosp. 2011;26(4):784-791

R. Ortiz-Moncada et al.



Table V
Geographic origin of the authors of the original papers published in five scientific nutrition journals (January-June 2007)

Country/Continents AmJ Clin Nutr EurJ Clin Nutr J Nutr EurJ Nutr Public Health Nutr Total
% % % % % %
T1 Country'
USA 35.9 37 26.2 16.0 20.6
UK 29 49 33 16.0 6.4
Germany 1.9 49 1.6 60 13 42
Australia 39 74 4.0 39
Canada 5.8 1.2 49 1.3 33
Denmark 1.9 49 33 2.7 3.0
France 39 6.2 2,7
Holland 29 4.9 1.6 1.3 2.1
Spain 1.0 49 1.6 2.7 24
Japan 6.2 1.6 10 2.1
1 Continent
Europe 10.7 18.5 9.8 14.7 13.0
Asia 29 74 10 9.3 5.2
North America 29 33 2.7 2.1
Oceania 1.0 1.6 2.7 1.2
Africa 2.7 0.6
Latin America 2.5 0.6
2 Continents
Asia + North America 6.8 3.7 115 4.0 6.1
Europe + North America 10.7 49 1.6 4.0 5.8
Asia + Europe 49 6.6 2.7 3.0
Latin America + North America 1.0 1.2 6.6 10 1.3 24
Africa+ Europe 1.0 25 1.6 13 1.5
Asia + Oceania 2.5 2.7 1.2
Africa + North America 1.0 33 0.9
Europe + Latin America 1.2 1.3 0.6
Europe + Oceania 1.2 1.3 0.6
Africa + Oceania 10 0.3
3 and more Continents 33
Total 103 81 61 10 75 330

'First 10 countries with greater number of published articles

been analyzed which means that the true frequencies of
the variables studied may be underestimated. Further-
more, a great deal of information produced in this field
is published in journals with no specific relationship to
nutrition. However, the 5 selected journals are a good
sample of all the North American and European spe-
cialist journals. As mentioned in the methodology sec-
tion, there are only 9 journals with an impact factor
greater than 2 that publish original articles.

The substantial difference in the number of articles
published in the various journals makes comparisons
difficult. The Am J Clin Nutr published the most arti-
cles, with a contribution of 78.6% to the total number
of trials studied (47 trials), whilst the Eur J Nutr con-
tributes few trials, just 8.4% (4 trials). This is due to the
fact that the latter only published 10 articles in the
whole six-month period studied, whilst the Am J Clin
Nutr published 103 articles in the same period. How-
ever, this dispersion in the number of articles published
in each journal does not affect the identification of the
importance of each type of study and its comparison

with the other journals. For example, the most predom-
inantly published studies in the Am J Clin Nutr are clin-
ical trials (45.6%) and, secondly, follow-up studies
(26.2%). These proportions are similar in the Eur J
Nutr at 40% and 30%, respectively. The same is also
true for the remaining variables analyzed: study popu-
lations, determinants studied and country of origin of
the articles.

The articles published in the journals analyzed in
this study coincide only partially with the priority inter-
vention areas proposed within the framework of inter-
national nutrition meetings such as the International
Conference on Nutrition, 1992, and the World Food
Summit 1996." Their action plans referred to food-
related non-transmissible chronic illnesses as a prior-
ity, and a large number of articles related to such dis-
eases have indeed been detected in the journals
analyzed. However, these action plans also refer to
desnutrition, micronutrient-deficiency diseases and
breastfeeding, none of which are mentioned to any
great extent in any of the articles.

Priority issues in nutrition journals
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The papers analyzed also help to generate useful
knowledge for the prevention of avoidable chronic dis-
eases thanks to the number of articles produced on
determinants derived from risk behaviours. This result
coincides with the second international aim of institu-
tional scientific policies, which is based on the need to
carry out research in order to reduce the risks that cause
avoidable illnesses.** Obesity is the health problem and
risk factor for other illnesses about which the journals
analyzed publish most material, particularly and logi-
cally in clinical journals, both in the US and in Europe.
This is also the case for circulatory diseases and cancer.
Another fact that could have contributed to the increase
in papers on chronic health problems is the major
development and use of epidemiological studies in
health science research."

Our results show that research on healthy and sick
populations is equal in quantity, which coincides with
the first international aim of the institutional scientific
policies based on promoting a healthy lifestyle in order
to combat avoidable risks. Perhaps for this reason,
many articles and, consequently, much knowledge
have been generated on food consumption in both
healthy and sick populations.

Except in the Public Health Nutr, very few of the arti-
cles deal exclusively with social context factors (politi-
cal, cultural and economic). This is remarkable given
that such aspects are related to the underlying and basic
causes® that are possibly the reasons for the origins of
most of the world’s nutritional and food problems. The
underlying causes in food security include food supply,
distribution and consumption factors, which vary greatly
from country to country and determine the diversity and
differences in dietary patterns associated with nutritional
and food problems. Meanwhile, the basic causes are
linked to the economic, social and political structure of
each country and of the different regions, which in turn
affects the underlying causes,” i.e. food security and
diet’. Consequently, as the results of our analysis reflect,
the most studied factors are the immediate or behavioral
determinants. However, the importance given to
research on the immediate causes of nutrition and
dietary problems is currently being questioned in scien-
tific literature,” as it tends to suggest that individuals are
solely responsible and to blame for their nutritional
problems, whilst other contextual factors might also
restrict individuals’ choice options.* For example, cor-
porations not only influence the policymaking process,
but also the way in which the public perceives nutritional
problems, encouraging consumers to see the obesity epi-
demic as the result of their own decisions, rather than
social beliefs and environmental conditions promoted
by the industry.” Therefore, it is of utmost importance to
reflect upon and identify the interrelation processes that
exist between the immediate determinants and the
underlying and basic causes, including the explanatory
levels.

The papers analyzed reflect the high quality of the
research carried out on nutrition, due to the inferential

power of many of the study designs. It is also interesting
to note the high number of clinical trials and cohort stud-
ies published in the Am J Clin Nutr capable of establish-
ing causal relationships. Furthermore, the fact that most
of the studies published in the Publ Health Nutr journal
are cross-sectional may be due to its marked interest in
studying social determinants and its ability to establish
comparisons between different countries.

The greater production of new knowledge on
chronic diseases compared with micronutrient-defi-
ciency diseases may be related to the country of origin
of the leading scientific producers on nutrition, as
occurs in other health-related fields;?* i.e. the US and
Western Europe, whilst only a few authors come from
developing countries.

Evidence-based intervention policies on nutrition
positively affect the complex interrelations between
classic pathologies —both infectious and deficiency—
and prevalent chronic illnesses, which are now com-
mon to developing countries and most of the world
population. However, this type of policy is currently
reliant on the quality of knowledge presented in jour-
nals which, although of international interest, responds
only to extremely specific local characteristics. Creat-
ing a balance between the papers published in devel-
oped and developing countries as regards quality
knowledge remains a challenge for the scientific com-
munity as a whole, for instance by increasing the num-
ber of scientific networks between these two types of
countries.
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Resumen

Justificacion y objetivos: El precepto islamico del Rama-
dan (R) impone a las personas que lo practican, importantes
modificaciones fisiologicas y psicolégicas, debido a las res-
tricciones hidricas y dietéticas a las que se ven sometidos
durante las horas diurnas a lo largo de un mes, estableciendo
un modelo intermitente de ayuno absoluto, de naturaleza
singular, particularmente cuando éste se lleva a cabo en
sociedades multiculturales de tipo occidental, en las que no
se producen ajustes horarios en las actividades diarias, que
si son habituales en los paises de mayoria musulmana. Entre
las modificaciones, por esta causa, destacan la activacion de
mecanismos de adaptacion a la restriccion hidrosalina, con
consecuencias en la homeostasis de agua e iones plasmaticos.
Por la relevancia de la cuestion y ante el escaso conocimiento
de los efectos del (R) sobre el equilibrio ionico, se plantea
como objetivo de este estudio, el analisis del comportamiento
del i6n potasio durante este mes de ayuno, con el fin de pre-
venir algunos problemas que pudieran afectar a la salud.

Metodologia: Se seleccionaron 10 jovenes musulmanes,
varones, sanos y con edades entre 18 y 25 afios que realiza-
ron el Ry se analizaron parametros bioquimicos e iones en
sangre y orina, asi como niveles plasmaticos de Renina y
Aldosterona, una semana previa al R, primera y cuarta del
periodo de ayuno y una semana después de finalizado éste.

Resultados: Durante el mes del R, se produce, durante la
maiiana, un descenso de la excrecion de potasio en orina lo que
origina incrementos en la concentracion plasmatica de pota-
sio; a lo largo de la tarde tiene lugar un aumento de su excre-
cién que resulta mas eficaz durante la cuarta semana del R.

Discusion: Los cambios experimentados a nivel tubu-
lar que afectan a la disponibilidad de Na*, HCO, y pH,
por efecto del R, parecen estar limitando la excrecion del
ion, a pesar de que se mantiene estimulado el sistema
Renina-Aldosterona a lo largo del ayuyno.

Conclusion: Estos hallazgos ponen de manifiesto la
necesidad de estudios especificos sobre la homeostasis de
K+ durante el R, para dilucidar qué factores y mecanis-
mos estan determinando los incrementos observados en
los niveles plasmaticos del ion.

(Nutr Hosp. 2011;26:792-797)
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CHANGES OF THE POTASSIUM ION DURING THE
FAST OF RAMADAN. PRELIMINARY OUTCOMES

Abstract

Background and aims: The Islamic precept of
Ramadan (R), imposes on individuals who practice it
important physiological and psychological changes due to
water and dietary restrictions to which they are subjected
during the day, over a month. This fact makes a singular
constrat, particularly in multicultural Western societies,
where there is no schedule adjustments in daily activities,
which are common in predominantly Muslim countries.
Among the changes, includes the activation of mecha-
nisms of adaptation to the hydrosalin restriction, with
consequences on the homeostasis of water and ion
plasma. On the relevance of the issue and the limited
knowledge of the effects of (R) on the ion balance, the aim
of the present study is to analyze the behaviour of potas-
sium ion for this month, in order to prevent some prob-
lems that may affect health.

Methodology: We have selected 10 young Muslim healthy
men, aged between 18 and 25 years who perform Ramadan.
Then we have analyzed biochemical parameters including
ions, in blood and urineanalysis, and also plasma levels of
renin and aldosterone, one week before R, first and fourth
week of R, and one week after the fasting.

Results: During the month of R a decrease in potassium
urine excretion by the morning is observed. The conse-
quence of this fact is the increase of the levels in plasma
concentration of potassium; throughout the afternoon, an
increase in its excretion results more effective during the
fourth week of R.

Discussion: Changes in the availability of Na*, HCO3
and variability of pH, in the distal tubule, appear to be
responsible for the potassium limited excretion observed
during the fast of Ramadan.

Conclusion: These finding put into consideration the
need of further studies focussing on potassium homeosta-
sis during Ramadan in order to determine which factors
are implicated in the raised levels of K+ observed in
plasma.

(Nutr Hosp. 2011;26:792-797)
DOI1:10.3305/nh.2011.26.4.4970

Key words: Ramadan. Fasting. Potassium.



Abreviaturas

ATPasa Na*/K+: Bomba Na*/K* (adenin-tri-fosfatasa).

CIH: Clorhidrico.

EDTA dipotdsico: Acido etilendiaminotetraacético
(sal dipotdsica).

FENa: Fraccion de excrecion de sodio.

FEK*: Fraccion de excrecién de potasio.

FECI : Fraccion de excrecion de cloro.

GTTK: Gradiente transtubular de potasio.

HCO': I6n bicarbonato.

K*: I6n potasio.

Na*: I6n sodio.

R: Ramadén.

RIA: Radioinmunoanalisis.

SPSS: Statistical Package for the Social Sciences.

Introduccion

Aunque el control hidrosalino en situacién de ayuno
prolongado ha sido un tema ampliamente tratado en la
bibliografia, algunos aspectos relacionados con la home-
ostasis del i6n potasio contintian sin esclarecer'; en con-
creto, los mecanismos que provocan una disminucién en
su excrecion, especialmente en situaciones como el
ayuno de Ramadan (R), donde a diferencia de otros ayu-
nos completos y prolongados con aporte continuo de
agua y sales, éste se caracteriza por periodos intermiten-
tes de absoluta privacién hidrosalina, seguidos de una
fase nocturna de rehidratacién y recuperacion iénica, que
se suceden a lo largo de un mes lunar*’. Junto con modifi-
caciones metabdlicas, de la composicién corporal®'*y del
rendimiento ante los esfuerzos fisicos'*'”, se han comuni-
cado variaciones no significativas durante el ayuno en
relacién con el control hidroelectrolitico* y disminucién
en la excrecion del i6n K*, que resultarfan significativas a
partir de la 3*-4* semana del R°. También se han infor-
mado incrementos plasmaticos de potasio en escolares
musulmanes que practicaban R, que se mantenian una
semana después de terminar el R’; habiéndose destacado
este hecho como un importante estimulo para la libera-
cién de aldosterona a lo largo del ayuno.

El propésito de este trabajo ha sido valorar los cam-
bios en el perfil de potasio por la mafiana y por la tarde,
durante el periodo de ayuno y su relacién con el sistema
Renina-Angiotensina-Aldosterona y la homeostasis
del sodio y sus aniones.

Metodologia

Participaron en el estudio diez varones musulmanes
sanos, seleccionados al azar entre estudiantes que reali-
zaban el R, con edades comprendidas entre 18 y 25
afios, un peso medio de 63,5 (+ 3,7) kg, y estatura 171
(£ 2,7) cm; los cuales fueron convenientemente infor-
mados y decidieron participar voluntariamente en el
estudio, firmando su consentimiento.

Se ha seguido un disefio longitudinal de muestras
pareadas durante el periodo de ayuno, estructurado
en seis sesiones, Basal: Siete dias antes de iniciarse
el R por la mafiana (Sesion 1); Semana 1: A los siete
dias del comienzo por la mafiana y por la tarde
(Sesiones 2y 3); Semana 4: El dia 24° de ayuno por
la mafiana y por la tarde (Sesiones 4 y 5) y, final-
mente, Posterior: Una semana después de terminar el
ayuno, por la mafiana (Sesion 6). En cada sesion se
recogieron muestras de sangre y de orina, para deter-
minaciones bioquimicas, hormonales y hematologi-
cas, ademds de realizar medidas antropométricas y
registro de constantes fisiologicas. Las muestras se
obtuvieron los dias de las sesiones correspondientes
y en horarios de mafiana (08:00 a 09:00) y de tarde
(17:00 a 18:00). Del volumen de sangre extraido por
puncién antecubital (20 mL) se separaron dos alicuo-
tas de 10 mL, una para determinaciones hormonales,
en tubos con EDTA dipotasico como anticoagulante
a los que se afladieron 100 L de aprotinina. De los
otros 10 mL sin anticoagulante, se separ6 el suero
para determinar los iones. La Aldosterona se midid
por radioinmunoandlisis (RIA Serono Diagnostic,
Roma). La osmolalidad plasmdtica y urinaria se
determiné por osmometria directa (Knauer semiauto-
matico). La excrecion de iones se evalué mediante el
célculo de la fraccidn de excrecidn y, para la estima-
cién de la secrecion neta de potasio, se calcul6 su
gradiente transtubular (GTTK=U_-P_ /U _ -P)en
muestras de orina recogidas en las tomas de mafiana
y tarde.

Tratamiento Estadistico: Ademads de los estadisti-
cos descriptivos, para verificar la normalidad de las
variables se utiliz6 la prueba de Kolmogorov-Smir-
nov. Por las caracteristicas muestrales y la naturaleza
de los datos se opt6 por el uso de estadistica no para-
métrica utilizando para comparar promedios, el test
de Wilcoxon para muestras pareadas y el test de
Mann-Whitney para muestras independientes. Se ha
considerado como limite de significacion, valores de
probabilidad p < 0,05. Para el tratamiento informa-
tico de datos se han utilizado las aplicaciones Excel y
Microsoft Word® y el paquete estadistico SPSS para
Windows®.

Resultados

Variaciones de la concentracion de K+
durante la primera semana de ayuno

Al analizar la concentracion de K* en la orina de la
mafana (tabla I), puede observarse una disminucién
estadisticamente significativa (p < 0,05) asi como de su
fraccién de excrecién (p < 0,01), coincidiendo con
niveles aumentados de Aldosterona (p < 0,05) (fig. 1).
Por la tarde, el potasio plasmético experimenta un
incremento notorio con relacién a la mafiana (p < 0,01)
(fig. 2) y a la medida basal (p < 0,01), paralelo al

Variaciones del i6n potasio durante
el ayuno del Ramadan
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Tabla I
Modificaciones en aldosterona, iones (sodio, potasio y cloro) y excrecion renal (fraccion de excrecion de sodio —FENa—,
de potasio —FEK—, de cloro —FECI— vy gradiente transtubular de potasio —GTTK—), durante el ayuno del Ramaddn.
Se indican los valores medios y error de estimacion de la media (EEM) en cada fase. En todos los casos resulto significativa
la prueba miiltiple de Friedman. En la iiltima fila de cada panel se indican las comparaciones que resultaron significativas

Modificaciones durante el ayuno de Ramaddn

1°Semana 4°Semana
Semana anterior Semana posterior
Pardmetros Maiiana Tarde Mariana Tarde
Media ~ EEM | Media  EEM | Media EEM | Media EEM | Media  EEM | Media EEM
1760 | 2149 | 2957 | 2325 | 2320 | 1197 | 3280 | 3246 | 1743 | 20,32 | 1218 | 1899
Aldosterona plasma (pg/mL)
(a)* (e)** (e)* (B
142,1 055 | 140,1 021 1389 | 026 | 1408 | 038 1400 0,97 1388 0,92
PLASMA
N (a)* (b) (e)* (H* (e)*
2
(mEq/L) 218 | 1344 | 1839 | 22,79 | 1643 | 12,61 | 1670 | 13,73 | 122,7 | 11,66 | 1882 | 1574
ORINA
(a)* (b)* (c)** (d)*= (®)*
13 0,22 038 0,13 0,6 0,09 09 0,19 0,6 0,05 1,1 0,15
Na*(%) FENa
(@) (b)* (d)
40 0,10 4,1 0,10 5,1 0,14 49 0,09 44 0,06 46 0,05
PLASMA
K (b)(e)** (o)* (dy** (f)*
(mEq/L) 90,9 719 | 511 6,57 | 1440 | 11,26 | 60,7 8,15 1188 9,28 91,6 7,63
ORINA
(a)* (b) (e)** (0)* (*
17,1 144 1,1 1,17 129 1,69 85 1,53 170 1,55 159 1,79
FEK (%)
(a)** (Oks (fy**
K+
79 087 49 0,72 76 0,73 37 047 82 0,68 59 047
GTITK
(a)* (c)** (=
1093 047 | 1024 025 | 1054 | 028 1034 | 033 1044 044 1012 0,79
PLASMA
a (a)** (b) (e)** (e)** (d)** (2)**
(mEq/L) 2924 | 1634 | 1903 | 20,18 | 2723 | 12,05 | 1819 | 1340 | 2138 | 1545 | 256,01 | 1711
ORINA
(a)** (e)** (c)** (d)* (®)*
22 0,34 1,1 0,17 12 0,15 12 024 13 0,09 20 023
Cl(%) FEC1
(a)* (d)*

a) Previa con primera semana de mafana; b) Previa con primera semana de tarde; ¢) Previa con cuarta semana de mafana; d) Previa con cuarta
semana de tarde; e) Primera semana de mafiana con primera semana de tarde; f) Cuarta semana de mafiana con cuarta semana de tarde; g) Previa

con posterior. (*) p < 0,050; (**) p< 0,010

aumento de la concentracién urinaria (p < 0,01) (fig. 3)
y de la fraccién de excrecion (fig. 4) aunque no logra
alcanzar significacion estadistica. El Gradiente Trans-
tubular de potasio (GTTK), se encuentra disminuido
por la mafiana (p < 0,05) y aumenta con indicios de sig-
nificacién por la tarde (fig. 5).

Variaciones de la concentracion de K+
durante la 4“ semana de ayuno

Como puede observarse, se mantienen elevados los
valores del i6n K*en plasma, con respecto a los medi-
dos con anterioridad al R (fig. 2). Por la mafiana se
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Aldosterona plasmatica (pg/ml)
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Fig. 1.—Niveles medios (£ error estdndar) de aldosterona plas-
mdtica (pg/mL), obtenidos en siutacion, Basal: una semana
previa al ayuno: Sem 1: 1° semana (mafiana y tarde); Sem 4: 4*
semana (mafniana y tarde) y Post: una semana después del Ra-
maddn. Se indican las diferencias que han resultado significati-
vas. a) Previa con primera semana de mafiana; b) Previa con
primera semana de tarde; c) Previa con cuarta semana de ma-
fiana; d) Previa con cuarta semana de tarde; e) Primera sema-
na de mariana.

Potasio plasmatico (mEq/L)
(b
6,0
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Fig. 2.—Niveles medios (+ error estdndar) de potasio plasmdtico
(mEq/L), obtenidos en siutacion, Basal: una semana previa al
ayuno: Sem 1: 1° semana (manana y tarde); Sem 4: 4 semana
(manana y tarde) y Post: una semana después del Ramaddn. Se
indican las diferencias que han resultado significativas. a) Pre-
via con primera semana de mafiana; b) Previa con primera se-
mana de tarde; c) Previa con cuarta semana de maiiana; d) Pre-
via con cuarta semana de tarde; e) Primera semana de maniana.

observa un incremento significativo (p < 0,01) y por la
tarde un descenso también significativo (p < 0,05). El
Gradiente Transtubular de potasio (GTTK) se muestra
disminuido por la mafiana (p < 0,01) y aumenta por la
tarde significativamente (p < 0,01) (fig. 5). La fraccién
de excrecién de K* muestra un descenso significativo
con respecto al valor basal (p < 0,01) por la mafiana y
aumento significativo (p < 0,01) hasta alcanzar un
valor préximo al basal, al final del dia (fig. 4).

Medida de la concentracion de K+
en la semana posterior al ayuno

La concentracién plasmadtica de potasio se mantiene
ligeramente superior a la basal (p < 0,01) (fig. 2) y el
GTTK no muestra variacion significativa con respecto
al valor basal (fig. 5).

Potasio urinario (mEq/L)
180 :":::
160 =
140 —1 ar
[
120
100
o*
80 a ¢
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40 1
20 {
Basal Sem 1 Sem 4 Post
‘ B Maiana O Tarde ‘

Fig. 3—Niveles medios (+ error estdndar) de potasio urinario
(mEq/L), obtenidos en siutacion, Basal: una semana previa al
ayuno: Sem 1: 1 semana (mafiana y tarde); Sem 4: 4 semana
(manana y tarde) y Post: una semana después del Ramaddn. Se
indican las diferencias que han resultado significativas. a) Pre-
via con primera semana de mariana; b) Previa con primera se-
mana de tarde; c) Previa con cuarta semana de mafiana; d)
Previa con cuarta semana de tarde; e) Primera semana de ma-
fiana.
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18 T T
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Fig. 4.—Fraccion de excrecion de potasio (%) (+ error estdndar)
obtenidos en siutacion, Basal: una semana previa al ayuno: Sem
1: 19 semana (maiiana y tarde); Sem 4: 4° semana (maiiana y tar-
de) y Post: una semana después del Ramaddn. Se indican las di-

ferencias que han resultado significativas. a) Previa con primera

semana de mariana; b) Previa con primera semana de tarde; c)
Previa con cuarta semana de maniana; d) Previa con cuarta se-
mana de tarde; e) Primera semana de maiana.

Modificaciones de Na+ y Cl- durante el ayuno

Durante el R, la concentracion plasmatica de Na*
(tabla I), experimenta pequefios descensos con res-
pecto alos valores basales (p < 0,05), algo mds patentes
en las medidas de la tarde, aunque permanece dentro de
los valores fisioldgicos, a pesar de la restriccion. Los
niveles urinarios muestran una clara disminucién, mas
intensa en la muestra de tarde, en especial en la cuarta
semana (p < 0,01), que se mantienen por debajo de los
niveles basales una semana después del ayuno. La
FENA se encuentra significativamente disminuida
durante el R.

Los niveles de Cl plasmadtico en las muestras de la
maifiana, sufren una ligera disminucién (p < 0,01), de
forma similar a los de Na*, algo mds intensa en la pri-
mera semana, que se mantiene siete dias después de
finalizar el R. En la muestra de tarde tiende a elevarse,
lo que resulta significativo sélo en la primera semana

Variaciones del i6n potasio durante
el ayuno del Ramadan
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Gradiente de transporte transtubular de K+
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Fig. 5—Gradiente de transporte transtubular de potasio (+ error
estdndar) obtenidos en siutacion, Basal: una semana previa al
ayuno: Sem 1: 1 semana (maniana y tarde); Sem 4: 4 semana
(maiiana y tarde) y Post: una semana después del Ramaddn. Se
indican las diferencias que han resultado significativas. a) Previa
con primera semana de maiiana; b) Previa con primera semana
de tarde; c) Previa con cuarta semana de maiiana; d) Previa con
cuarta semana de tarde; e) Primera semana de marnana.

(p <0,01), aunque, en cualquier caso, permanece por
debajo de los valores basales (p < 0,05). Estos mismos
cambios pueden observarse en las determinaciones uri-
narias del i6n. La FECI experimenta una disminucion a
la mitad, y recupera los niveles iniciales una semana
después del ayuno.

Discusion

Durante la primera semana del R, en las primeras
horas de ayuno, la disminucién en la FENa*, la FECly
de la concentracién urinaria de Cl- (tabla I), apoyarfan
una reabsorcion preferentemente electroneutra de Na*
(CI:Na"), frente a la actividad de la ATPasa Na*/K*, lo
que habria limitado la excrecién de K*, hecho confir-
mado por la caida en la FEK y el GTTK (figs. 4y 5);
todo lo cual conduciria, a lo largo de la jornada, a incre-
mentar los niveles plasmaticos de potasio; fendmeno
que seria responsable, en parte, del aumento en la
secrecion de aldosterona observado por la tarde (Fig.1)
y que habria promovido, al final de la jornada, el
aumento de la actividad secretora de K* como ponen de
manifiesto las elevaciones en el GTTK y FEK experi-
mentadas, en la medida vespertina (figs. 4y 5).

En la cuarta semana del R, los valores plasmaticos
de K* permanecen incrementados respecto a los basales
pre-R, mostrando algunas diferencias en relacién con
la primera semana de ayuno (fig. 2). Por una parte, se
observa un desplazamiento hacia horas mds tempranas
del valor maximo de potasio plasmadtico, lo que podria
ser la consecuencia de condiciones mds agudas en la
situacion hidrica y dcido-bdsica en que se encuentran
los sujetos, después de varias semanas de ayuno; y por
otra, el incremento experimentado en los pardmetros de
excrecion medidos por la tarde, que sugiere un fend-
meno de ajuste adaptativo en los mecanismos homeos-
taticos responsables de la regulacion de potasio.

Una semana después del R, la concentracion plasma-
tica de potasio se mantiene ligeramente elevada, lo que

sugiere que la vuelta a los valores basales previos al R
requiere un periodo de tiempo superior.

En modelos de ayuno estricto prolongado con sumi-
nistro hidrosalino, se han descrito fases iniciales, en
torno a las dos semanas, en las que se habria producido
una diuresis aumentada de sodio y potasio que condu-
cirian, finalmente, a una limitacion en la excrecion de
potasio, condicionada por la disponibilidad de sodio y
por la concentracion de bicarbonato en el tibulo distal,
dependiente, a su vez, del nivel de cetoacidosis alcan-
zado'?. Cabria aqui plantearse si las condiciones inter-
mitentes del ayuno de R son causa suficiente para pro-
vocar una progresiva acidosis metabdlica que
justificase la necesidad de aumentar la reabsorcion de
bicarbonato en detrimento de las concentraciones en
los tibulos distal y colector, lo que finalmente compro-
meterfa la excrecién de potasio. Nosotros no hemos
podido contar con medidas directas de pH y bicarbo-
nato; en consecuencia, hemos de referirnos a eviden-
cias indirectas, en tanto no se cuente con una investiga-
cion especifica al respecto. Se ha sefialado que una
mera secrecion de CIH por el estomago, en la fase cefa-
lica de secrecion de H*, puede generar hasta SmM de
incremento en la concentracion sérica de COH que
procederian en gran parte de la reabsorcién tubular,
reduciéndose la presencia luminal de este anién®. En
relacién con la variacion del pH géstrico en el R, se han
encontrado disminuciones de hasta 1,3 unidades
(variacién de pH de 2,3 a 1), fenémeno que tendria una
mayor importancia durante el dia', hecho que justifica-
ria una reabsorcion incrementada de CO,H'. No hay
datos en la literatura de pH sanguineo durante el R, pro-
bablemente por la dificultad de obtener muestras de
sangre arterial, pero si se han comunicado descensos
del pH urinario'®. Por otra parte, esta bien documentado
el cambio en la utilizacién de substratos metabdlicos
que se orientaria hacia un mayor consumo de recursos
grasos, sobre todo en las dltimas semanas de abstinen-
cia'. Todos estos argumentos sustentarian la idea de
que, a lo largo de la jornada de ayuno, los participantes
irfan desarrollando una discreta acidosis que, posterior-
mente, se resolveria en la fase nocturna de ingesta a
demanda. Su compensacién podria haber requerido un
aumento en la reabsorcion de bicarbonato, suficiente
como para disminuir su disponibilidad tubular y, con
ello, contribuir a la limitacion de la excrecion de pota-
sio. Esta situacion habria sido mds acusada en las
semanas finales del R, lo que habria exigido una mas
estricta regulacién por parte del sistema Renina-
Angiotensina-Aldosterona y la participacion de otros
mecanismos de paso debidos a gradientes electroqui-
micos, en un esquema de respuesta adaptada a las con-
diciones limitantes del ayuno, como asi parece haber
sucedido si se tiene en cuenta el importante incremento
de la FEK y del GTTK en las medidas obtenidas la
cuarta semana por la tarde, las cuales se aproximan a
las encontradas la semana anterior al ayuno. De esta
manera se habria logrado contener la elevacién de
potasio plasmatico de una forma mas eficaz, en compa-
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racion con la respuesta aguda producida en la primera
semana, compatible con una respuesta de adaptacion.
En conclusion, creemos que estos hallazgos ponen
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Abstract

Flaxseed has been suggested play preventive and ther-
apeutic roles in cardiovascular disease. The aim of this
study was to evaluate the influence of flaxseed-supple-
mented dietary in healthy rats. We used 30 rats divided
in three groups (n = 10): Control Group (C) was fed with a
casein-based chow (10% protein; 5% fiber; 7% lipid);
Flaxseed Group (F) was fed with the casein-based chow
supplemented with 25% flaxseed (10% protein; 7%
fiber; 11 % lipid); Internal Control Group (IC) was fed
with the casein-based chow plus soybean oil and fiber
(10% protein; 7% fiber; 11% lipid). The blood was
obtained by cardiac puncture (after 180 days) and the
serum was separated for lipid profile, glucose and uric
acid analyses by commercial kit. Although all groups fed
the same amount of ration, F group presented low (p <
0.05) body mass than C and IC groups. Total cholesterol
and triacylgycerol were similar between all groups. F
group presented HDL-C (High-density lipoprotein cho-
lesterol) increase (p < 0.05) in 47% when compared C
group. The LDL-C (Low-density lipoprotein cholesterol),
glucose and uric acid were reduced (p < 0.05) 22%, 78 %
64 %, respectively, in F compared to C group. All results
together suggest that the supplementation with 20% o
flaxseed might be important to prevent cardiovascular
disorders.
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IMPACTO DE LA SUPLEMENTA CION DIETETICA
DE LA LINAZA (LINUM USITATISSIMUM)
EN PERFIL BIOQUIMICO EN RATAS SANAS

Resumen

Ha sido sugeridos papeles preventivos y terapéuticos
de la linaza en enfermedad cardiovascular. Le objetivo de
este estudio era evaluar la influencia de la complementa-
cion de la linaza en ratas sanas. Utilizamos 30 ratas dividi-
das en tres grupos (n = 10): El grupo Controle (C) fue ali-
mentado con racion basado en caseina (10% del proteina;
5% del fibra; 7% del lipido); El grupo de la linaza (F) fue
alimentado con racién basado en caseina con complemen-
tacion del 25% de la linaza (10% del proteina; 7% del
fibra; 11% del lipido); El grupo Controle Interno (IC) fue
alimentado con racion basado en caseina con el aceite de
soja y la fibra 10% del proteina; 7% del fibra; 11% del
lipido). La sangre fue obtenido por puntura cardiaca
(después de 180 dias) y el suero fue separado para el perfil
del lipido, la glucosa y los analisis del acido arico por el kit
comercial. Aunque todos los grupos alimentaran la
misma cantidad de racién, el grupo F presenté bajo (p <
0,05) peso que grupos C y IC. El colesterol y el triacylgy-
cerol totales eran similares entre todos los grupos. El
grupo de F present6 el aumento del HDL-C (colesterol de
la lipoproteina de alta densidad) (p < 0,05) en 47%
cuando comparado com grupo C. Le LDL-C (colesterol
de la lipoproteina de baja densidad), la glucosa y el acido
urico del grupo F fueron reducidos el 22%, el 78% el
64 %, respectivamente, en compararon al grupo C. Todos
los resultados juntos sugieren que la suplementacion del
20% con la linaza pudiera ser importante a prevenir
desordenes cardiovasculares.

(Nutr Hosp. 2011;26:798-802)
DOI:10.3305/nh.2011.26.4.5045

Palabras clave: Desdrdenes cardiovasculares. Linaza. Perfil
del lipido. Prevencion. Suplementacion. Acido tirico.



Abbreviations

C: Control group.

F: Flaxseed group.

IC: Internal control group.

HDL-c: High-density lipoprotein cholesterol.
LDL-c: Low-density lipoprotein cholesterol.
CVD: Cardiovascular disease.

LabNE: Laboratory of Experimental Nutrition.
RJ: Rio de Janeiro.

Ltda: Limitada.

PE: Pernambuco.

SP: Séo Paulo.

i.p.: intra-peritoneal.

EDTA: Ethylenediaminetetraacetate.

TC: Total cholesterol.

TAG: Trialcylglycerols.

BW: Body weight.

Introduction

Substantial evidence from epidemiological and
experimental studies indicate that a Western-style
diet, high in fat and red meat as well as diet low in
fibers and vegetables, increases the risk of cardiovas-
cular disease (CVD).' Hence, identification of
dietary constituents that prevent CVD is important
and a major focus of research in recent years.
Recently, there has been a keen interest in the protec-
tive and therapeutic effects of certain plant chemicals
on chronic diseases including CVD. Especially,
dietary phytochemicals that consist of a wide variety
of biologically active compounds have drawn a great
deal of attention from both the scientific community
and the general public owing to their demonstrated
ability to prevent CVD.!?

CVD is a preventable chronic disease condition for
most and is closely associated with a poor diet.
Research has indicated an inverse relationship between
fruits, vegetables, and fiber consumption, and the risk
for heart disease.> A potential interest in the health ben-
efits of functional foods is growing, such as flaxseed.
Flaxseed content high amount of polyunsaturated fatty
acids (particularly linolenic acid), vegetable protein,
soluble fiber, and flavonoids. These related com-
pounds that may possess cholesterol-lowering antioxi-
dant and sex hormone agonistic and antagonistic activ-
ities.

There is evidence that whole flaxseed may lower
serum cholesterolin hyperlipidemic _subjects*. On the
other hand there is no considerable data available con-
cerned the effect of flaxseed in non-hyperlipidemic
subjects. Based on these considerations the aim of this
study was to explore the effect of bioactive constituents
of flaxseed in healthy animal model.

Materials and methods
Animals and experimental groups

We used 30 male Wistar rats, aged 21 days (after lac-
tation), from the Laboratory of Experimental Nutrition
(LabNE) of the Department of Nutrition and Dietetics,
Nutrition College, Federal Fluminense University,
Niteroi, RJ, Brazil.

The rats were divided into 3 groups (n = 10) as follows:
the Control Group (C) was fed with a casein-based chow
(10% protein; 5% fiber; 7% lipid); the Flaxseed Group
(F) was fed with the casein-based chow supplemented
with 20% flaxseed (10% protein; 7% fiber; 11% lipid);
and the Internal Control Group (IC) was fed with the
casein-based chow plus soybean oil and cellulose fiber
(10% protein; 7% fiber; 11% lipid). The IC was created
to provide an internal control for the enhanced lipid and
fiber load in the F group diet. In this study, the percentage
of flaxseed was based on previous experimental studies,
which used dietary concentrations of 20-25%.* Animals
were fed exclusively with the diets specified above, from
weaning until they were 180 days old. They were kept in
polypropylene cages under a controlled temperature at
22°C and a 12 h light/dark period. Water and diets were
provided ad libitum; food consumption (g) and body
mass (g) were recorded daily.

The study was approved by the Ethics Committee in
Clinical Research of Antonio Pedro Hospital, Federal
Fluminense University (188/06 protocol), following
the norms of the Guide for the Care and Use of Labora-
tory Animals published by the US National Institutes
of Health (NIH Publication N 85-23, revised in 1996).

Experimental ration

Flaxseed was supplied by Armazem® Ltda (Rio de
Janeiro, RJ, Brazil). The suppliers of the other dietary
components were as follows: Maizena corn starch by
Refinements of Maize® Ltda (Granhuns, Recife, PE,
Brazil); refined sugar by Unido® (Rio de Janeiro, RJ,
Brazil); Liza® soy oil by Cargill Agricultural® Ltda
(Mairinque, SP, Brazil); Microcell cellulose by Blan-
ver® Ltda (Cotia, SP, Brazil); and cysteine, choline
bitartrate, casein, and mixtures of vitamins and miner-
als by Rhoster® Industria e Comércio Ltda (Vargem
Grande Paulista, SP, Brazil).

All diets were prepared at LabNE and contained
10% protein (1.75% nitrogen)/100 g. The mixtures of
vitamins and minerals were added following the rules
of the Committee on Laboratory Animal Diets, 1979,
modified according to the recommendations of the
American Institute of Nutrition-93°. The ingredients of
the diets (table I) were homogenized in an industrial
mixer with boiling water. The obtained mass was trans-
formed into tablets, which were dried in a ventilated
oven at 60°C for 24 h, properly identified, and stored
under refrigeration (4 £ 2°C) until the time of use.!*!?

Flaxseed and biochemical profile
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Table I
The basic components of the experimental ration

Ingredients Groups

C IC F
Flaxseed - - 25
Casein 10.87 10.87 10.87
Cornstarch 62.08 56.08 62.08
Sucrose 10 10 10
Mineral mix* 3.5 3.5 3.5
Vitamin mix* 1 1 1
Soybean oil 7 11 7
Cellulose power 5 7 5
Choline bitartrate 0.25 0.25 0.25
L -cystine 0.3 0.3 0.3

C, Control group; IC, Internal Control group; F, Flaxseed group;
*According to AIN-93G, see Reeves et al. (1993) for more details.

Biochemical analysis

At the end of the feeding period, after an overnight
fast, the animals were euthanized under thiopental
anesthesia (0.10 mL/100 g body mass, i.p.) and blood
was drawn by cardiac puncture. Blood was collected in
tubes containing ethylenediaminetetraacetate (EDTA;
1.4 g/L) and Trasylol (100 kU/L), and serum was sepa-
rated for subsequent biochemical analyses. The levels
of total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triacylglycerols (TAG), glucose and uric
acid were determined using commercial kit from
LABTEST® (Rio de Janeiro, RJ, Brazil).

Statistical analysis

Descriptive data are reported as means * standard
deviation, and the results were analyzed statistically
by a multiple comparison one-way analysis of vari-
ance, with the level of significance set at p < 0.05.
When a statistically significant difference was
detected between variables, the Scheffé test was
applied using the Bonferroni coefficient for multiple
comparisons. All statistical analyses were performed
using SPSS for Windows 10.0.

Results

Body weight (g), ration intake (g), protein intake (g)
and caloric intake (kcal/g/day).

There was no difference in ration intake, protein intake
and average daily energy intake (kcal/g/day) between the
experimental groups. However F showed lower (p <
0.05) body weight at the end of the experimental period in
relation to the C and the IC, which reflected a less varia-
tion in weight of F group (p <0.05).

Table IT
The initial and final body mass, diet intake, growth
index, and biochemical parameters of the different groups

Variables Groups

C IC F
Initial BM 48.1£5.3 47.1£32 47.8+29
Final BM 43863520 46464320 32212400
BM variation 39051220 3762+£153  2743+85
Ration intake (g/day) 10212 95+2.6 93+23
Calorie intake (kcal/g/day) ~ 32.44£83 4044+6,2 38.3+8.5
Triacylglycerols (mg/dL) 60.2+4.7 68.7+5.3 65.5+7.8
Total cholesterol (mg/dL) 69.3+3.2 66.9+4.7 67.6+2.9
HDL-C (mg/dL) 17.3+0.9¢ 16.5+1.2¢ 252+35
LDL-C (mg/dL) 373+1.2¢ 37.5+2.0° 297£1.3°
Glucose (mg/dL) 142.7£5.9: 149.8+8.7¢ 1125+4.60
Uric acid (mg/dL) 1.82+0.1¢ 1.89+0.2¢ 1.13£0.2¢

BM, body mass; HDL-C, high density lipoprotein cholesterol; LDL-
C, low density lipoprotein cholesterol; C, Control group; IC, Internal
Control group; F, Flaxseed group; Results are presented as means +
SD. Numbers followed by different superscript letters are statisti-
cally significant (p < 0.05),

Biochemical profile

To evaluate the flaxseed supplementation on biochem-
ical profile we collect blood samples of the rats and some
biochemical parameters were analyzed that were present
in table II. The values of TC and TAG were similar in all
groups. F group showed increase of 47% and 53%in
plasma HDL-C in relation to the C and IC groups, respec-
tively. Additionally the average of LDL-C was 20% less
in F group than in C and IC groups. The values of serum
glucose decreased (p < 0.05) in F group, as the uric acid
levels were 34% and 44% less in F group when compared
to Cand IC, respectively.

Discussion

Renewed interest in flaxseed, as an important source
of human nutrition has arisen both out of a shift to “nat-
ural foods” in the diets of developed countries and out
of growing evidence of direct effects on health. We
demonstrated that a supplementation with 20% of
flaxseed is able to diminish cardiovascular risks
improving the biochemical profile as the body weight.

Our findings showed that the all groups fed the same
amount of ration but the supplemented group with 20%
flaxseed (F) presented lower BW (body weight) com-
pared to non - supplemented groups. Freedland and
Aronson® reported that the consumption of flaxseed
has favorable effects on the BW and fat distribution of
experimental animals. A part of these benefits could be
attributed not only to the type but also to the amount of
insoluble fiber present in flaxseed. Therefore, although
the IC group had the same amount of fiber and oil, the F
had a lower BW than IC. This result suggests that the
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presences of natural fibers from flaxseed as their bioac-
tive compounds are able to reduce the BW.

It is well established that alterations on lipid profile is a
common pattern of cardiovascular diseases, mainly ele-
vated levels of triacylglycerols, total and LDL cholesterol,
besides decreased HDL-cholesterol.™'¢ In our study we
used healthy rats to evaluate the influence of flaxseed as a
supplement (20%) in a balance diet. The analysis of lipid
profile revealed that the flaxseed had no influence in TC
and TAG. On the other hand diminished the LDL-C and
elevated HDL-C concentrations. Our findings corrobo-
rate with previous reports that demonstrated modulation
of lipid metabolism with supplementation with flaxseed.
Whether the hypolipidemic effects of whole flaxseed are
due to a single component or the interactions among its
components remains unclear. Kuroda et al. " evaluated the
hypolipidemic properties of a series of diesters of aryl-
naphthalene lignans. They reported that these synthetic
lignans effectively lower serum total cholesterol and
LDL-C while increasing HDL-C. Lignans have also been
shown to modulate activities of 7-hydroxylase and acyl
CoA cholesterol transferase'®, two of the key enzymes
involved in cholesterol metabolism. Prasad et al. ' con-
cluded that reduction in hypercholesterolemic atheroscle-
rosis by flaxseed is due to a decrease in serum total choles-
terol and LDL cholesterol and that the antiatherogenic
activity of flaxseed is independent of its -linolenic acid
content. Soluble fiber mucilage present in flaxseed may
also contribute to the observed hypocholesterolemic
properties.”?' Hence, the mode of action of flaxseed is
unclear and needs to be investigated in future studies.
Flaxseed is also a rich source of lignans, with potential
weak estrogenic and antiestrogenic activity similar to that
of theisoflavones found in soy.” These plant-derived sex
hormone analogues have attracted attention as possible
anti-atherogenic agent. In addition to their estrogenic
activity, if lignans block androgen or progesteronerecep-
tors, they may alter the cardiovascular disease risk profile
by changing HDL-cholesterol metabolism.??*

Not only lipid profile, but also others marks, as glucose
levels are important to control a good health. In our study,
the flaxseed supplementation reduces the glucose levels
in 78% when compared to control. The mechanism by
which bioactive compounds from flaxseed may influ-
ence blood glucose levels remains unclear.

Some studies with Omega-3 fatty acids from flaxseed
have been found to alter whole body insulin sensitivity in
non-diabetic animals. Changes in insulin response also
have been observed in healthy men fed omega-3 fatty
acids from flaxseed for a 2- to 3-month period.” In con-
trast, insulin sensitivity was not affected when adminis-
tered to men with coronary heart disease® or hyperten-
sion” showing that flaxseed supplementation is effective
when administrated as a preventive therapy.

In the present study, the consumption of 20% of
flaxseed was able to decrease the plasmatic concentration
of uric acid. A similar reduction of serum uric acid levels
has been observed in rats fed pectin-enriched diets,” olive
heat,” polyphenols,* cinnamon,*' apple®?and green tea.*

Various observations suggesting that uric acid may actu-
ally increase the risk of cardiovascular diseases.*3* A
higher serum uric acid has been associated with increased
cardiovascular risk disease in a prospective cohort case-
control study.”’** A higher level of uric acid in the plasma
could result from an increased xanthine oxidase activity, a
known source of superoxide free radicals, resulting in an
impaired vascular function as observed in hypercholes-
terolemic rabbits.” A higher plasma antioxidant capacity,
often linked to an increase of uric acid level, could there-
fore rather be regarded as a risk factor of hypercholes-
terolemia rather than a protective factor as commonly
considered in the field of antioxidants.*

The meaning of a relatively high uric acid level in
unstressed conditions or in the general population is less
clear, as well as that of variations induced by dietary
antioxidants. As already stressed above, uric acid level
and antioxidant capacity measured in plasma and serum
are often unaffected in polyphenol intervention studies.*
Furthermore, this raises concerns about the value of such
serum biomarkers, and interpretations should be made
with caution when evaluating the potential health effects
of bioactive compounds present in food. The strong
reduction of uric acid in plasma observed here after sup-
plementation with flaxseed may actually indicate a reduc-
tion of oxidative stress and an improved vascular func-
tion, and explains the reduction of LDL-C and increased
of HDL-C. The exact mechanisms are not known. These
effects could be explained by an inhibition of uric acid
renal reabsorption or an inhibition of xanthine oxidase as
has been shown in the rat with various functional foods.*

Taken all results together we might conclude that 20%
of flaxseed supplementation in balanced diet may play a
role in preventing cardiovascular disease, notably by
increase of HDL-C and decreasing HDL-C, glucose, uric
acid plasma level. However, precise mechanisms impli-
cated in these processes have to be established.
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Abstract

The food frequency questionnaires are widely used in
epidemiological researches like dietary assessment
method. Traditionally, they have been self-administered
in paper but the use of information and communication
technologies has led to develop Internet and computer-
ized food frequency questionnaires. It is the objective of
this article to offer a global perspective of the new tech-
nologies applied to FFQ. It will be presented the purpose
of the food frequency questionnaire, the number of
strengths of the web-based surveys versus print-surveys
and finally, a description of the manuscripts that have
used web-based and computerized FFQ.
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NUEVAS TECNOLOGIAS APLICADAS A LOS
CUESTIONARIOS DE FRECUENCIA DE CONSUMO
DE ALIMENTOS: UNA PERSPECTIVA ACTUAL

Resumen

Los cuestionarios de frecuencia de consumo de alimen-
tos son muy utilizados en investigaciones epidemiolégicas
como método para evaluar la dieta. Tradicionalmente,
han sido autoadministrados en papel, pero el uso de las
tecnologias de la informacion y la comunicacion (TICs)
ha permitido desarrollar cuestionarios de frecuencia de
consumo de alimentos computerizados y a través de
Internet. El objetivo de este articulo es ofrecer una pers-
pectiva actual del uso de las nuevas tecnologias aplicadas
al disefio e interpretacion de los cuestionarios de frecuen-
cia de consumo de alimentos. En el presente trabajo se
resumen los objetivos de los cuestionarios de frecuencia
de consumo de alimentos, las ventajas de los cuestionarios
autoadministrados por Internet frente a los administra-
dos en papel y finalmente, se describiran diferentes estu-
dios que han usado cuestionarios de frecuencia de con-
sumo de alimentos autoadministrados mediante el uso de
ordenador o a través de Internet.

(Nutr Hosp. 2011;26:803-806)
DOI:10.3305/nh.2011.26.4.5154

Palabras clave: Internet. Ordenadores. Cuestionarios.
Encuestas dietéticas.

Introduction

There are different types of dietary assessment
instruments like food frequency questionnaires
(FFQs), 24-hour dietary recall and so on. At this
moment, food frequency questionnaires are usually
used in epidemiologic studies when one works with
large samples sizes, thanks to their ease of administra-
tion, minimal burden to respondents and low cost. In
earlier years, the usual way of administration of the
FFQs has been in-person by paper. Nowadays, the
progress of the information and communication tech-
nologies (ICT) has allowed using another ways of

803



administration like web-based. Today, World Wide
Web is being used in everyday life by an ever wider,
more diverse public and it is one of the most preferred
sources of nutrition information. Nowadays, computers
and Internet are very accessible; data indicates that in
2008 more than the half of the Spanish homes had
already personal computer and the access to Internet. In
light of these considerations, web-based and computer-
ized FFQs have been developed.

Food Frequency Questionnaire (FFQ)

Food frequency questionnaires are designed to mea-
sure “habitual” dietary intake, over a defined period of
time. At present, in epidemiologic studies dietary
intake is still assessed by means of food frequency
questionnaires. The primary aim in these studies is
often to classify individuals into groups by estimated
intake and the FFQs have the ability to assign individu-
als correctly by nutrient intake. The FFQ includes a
defined list of foods which are sometimes grouped into
categories. In general, all questionnaires present a
general question (Do you eat bread?) and subjects have
to respond yes or no, and if confirmed, they indicate the
frequency of consumption (“how often?”). In this way,
the questionnaire only provides qualitative information
and they are called “non-quantitative” FFQs because
they do not collect information on portion size. It is
possible to obtain quantitative information by asking
the quantity consumed (“How much?”).

The advantages of the web-based surveys
versus print-surveys

Conventional survey administration modes such as
mail, in-person, telephone and central site have been
practically replaced by the use of e-mail and web-
based surveys. In the literature, many studies have
exposed that Web-based surveys have a number of
advantages over traditional mail methods. The web-
based survey allows collecting data continuously,
regardless of the time of day and day of week, and
without geographical limitations. Furthermore, these
surveys are less expensive and can be conducted in
large samples. Another advantage of web-based sur-
veys is the speed and exactness of data collection
because responses from online questionnaires can be
automatically stored on databases or statistical packa-
ges, saving time of data entry as well as reducing cod-
ing errors and the risk of lost data. But, they also have
some disadvantages. The most cited disadvantages
are sample frame and non-response bias. Another
important disadvantage is that the researcher often
has no way of knowing whether there is more than
one respondent at one computer address, or if one
respondent is completing a questionnaire from a
variety of computers.

A current perspective

Some authors have worked in new technologies
applied to food frequency questionnaires. In total, nine
studies were selected and they were divided into two
groups depend of the purpose of the study: the first
group included those papers whose principal aim was
validity and reproducibility of a FFQ and the second
group incorporate papers whose objective was to pre-
sent and describe the tool FFQ. The main characteris-
tics, the most important results and conclusions of the
studies of the first and the second group can be seen in
the table I and I1, respectively.

Discussion

Chronic diseases, especially cardiovascular disea-
ses, are increasing rapidly in the western world, result-
ing in the inevitable rise in health expenditures. FFQs
can classify individuals into groups by estimating their
intake and can thus identify those who may be at nutri-
tional risk. Recently, conventional FFQ administration
modes such as mail, in-person and telephone have
started to be replaced by the use of e-mail and web-
based FFQ. This paper has identified studies that have
developed FFQ applying new technologies showing
that they can be as valid as the methods standard for
certain aims and population. Moreover, self-adminis-
tered web-based or computerized FFQs present more
advantages than disadvantages as compared with
printed-FFQs.

These reviewed manuscripts, which included
participants with a wide age ranging between 16 and 72
years, show that self-administered web-based and/or
computerized FFQ can be appropriate to assess dietary
intake of a wide range of ages. The participants with
older ages and those who had never used a computer
did not have problems in completing the question-
naires. Furthermore, it is possible to develop this type
of questionnaires for different target population.

The number of food items listed on reviewed FFQ
ranged from 69 to 206 and they are generally classified
in groups to facilitate dietary reporting. The food items
were based on the common dietary habits of the study
population. The participants were asked to indicate fre-
quency of consumption, on average, for each food.
Sometimes, they also had to indicate the quantity con-
sumed to obtained semi-quantitative information. It is
not easy to obtain semi-quantitative trustworthy infor-
mation, we agree with authors who consider that it is
necessary to include colour photographs of food items
showing different portion sizes per food. The pho-
tographs can make the questionnaire more attractive, to
prevent the monotony and to help the participant to
select the portion size category that best fit their daily
portion.

FFQs are designed to assess “habitual” intake,
over a defined period of time. The time periods used
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Table IT
Summary of selected studies on applying new technologies in FFQs (Group II)

Author Information Objective Structure of Program
Domingo et al.* To assess a series of polluntans To explain the design —Main : a general questionnaire (weight, age, sex)
and nutrients and the functioning of a - Data screen: computerized FFQ
computer program called —Risk screen: participants obtained information
RIBEPEIX about their consumption of pollutants
— Benefits screen: the intakes corresponding to
EPA*and DHA®
—Screen called “Making changes in your usual fish
consumption?”
Marti-Cid et al.* To estimante different chemical To give details of the —Main screen
contaminants and to assess a functioning of a computer — Nutrients screen

long series of micro-and
macronutrients

program called RIBEFOOD

- Screen pollutants screen
—Screen called “Change consumption”

‘EPA: Eicosanpentaenoic acid.
*DHA: Docosahexaenoic acid.

in the selected studies were the previous year, previ-
ous three months and the previous month. In the
literature there are other studies that have used other
periods of time like the previous six. It is not prudent
to use a very short period of time, for example, the
previous day because it has the disadvantage of not
capturing the seasonal variation of foods available.
For the other hand, when a longer period of time is
used, participants have more difficult to remember
their dietary intake.

The principal aim of these studies was to evaluate
validity and the reproducibility by means of a test-
retest design. Although the validity is estimated by
comparison with food records, 24-hour recalls and diet
history, some authors like Engle and Cade are agreeing
on there is no accepted “gold standard” for assessing
dietary individual intake by which to judge the validity
of other methods.

FFQs are the dietary assessment method most used
in epidemiologic research. For this type of researches
it would be very important to have a set of web-based
and computerized FFQs, among which there could
select those more adapted to every research. This
would suppose an important saving of time and
money because web-based or computerized FFQs
present more advantages than printed FFQs. But
there are not many studies about the applications of
ICT in FFQ, for this reason, it is necessary to develop
new computerized and web-based FFQs and to
improve the FFQs already developed to be able to
obtain more and better information.

As result of this work, at the Polytechnic University
of Valencia was started the development of a new self-
administered semi-quantitative Internet-FFQ to assess
total daily dietary intake among university students.
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Citrulina plasmatica como marcador de pérdida de masa enterocitaria

en la enfermedad celiaca en lainfancia
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Resumen

Introduccion: La citrulina plasmatica no esta incorpo-
rada a las proteinas endégenas ni exogenas y constituye
un teérico marcador de la atrofia vellositaria. El objetivo
del estudio es relacionar los niveles plasmaticos de citru-
lina y arginina con la severidad de la afectacion de la
mucosa intestinal en pacientes celiacos.

Material y métodos: Estudio transversal de cohortes en
nifos entre 16 meses y 14 afios: 46 con enfermedad celiaca
al diagnostico; 9 celiacos siguiendo dieta sin gluten y 42
controles. Se determina concentracion plasmatica de
aminoacidos, en mmol/L, y variables clinicas y analiticas
asociadas.

Resultados: No diferencias estadisticamente significati-
vas en IMC, edad o funcién renal, con ligero incremento
de esteatorrea en celiacos. Citrulina, arginina y gluta-
mina plasmaticas significativamente mas bajas en los
casos (17,7 pmol/l, 38,7 pmol/l, 479,6 pmol/l respectiva-
mente) que en controles (28,9 umol/l, 56,2 pmol/l, 563,7
pmol/l). Citrulina plasmatica significativamente mas
baja en grados avanzados de atrofia (13,8 pmol/l vs 19,7
umol/l, p < 0,05), no asi con el resto de aminoacidos.

Discusion: La medida postabsortiva de citrulina plas-
matica constituye buen marcador de reduccion de masa
enterocitaria en celiacos con atrofia vellositaria; secunda-
riamente disminucién también de arginina. Grados bajos
de alteracion histologica de la biopsia intestinal son sufi-
cientes como para diferenciar su citrulina de los controles
y ademas se puede afirmar que grados altos de lesion his-
tolégica tienen menor citrulina plasmatica que grados
bajos.

(Nutr Hosp. 2011;26:807-813)
DOI:10.3305/nh.2011.26.4.5001
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PLASMA CITRULLINE AS A MARKER OF LOSS OF
ENTEROCITARY MASS IN COELIAC DISEASE
IN CHILDHOOD

Abstract

Introduction: Plasma citrulline is not incorporated in
endogenous or exogenous proteins so it is a theoretical
marker of villous atrophy. Our aim was to correlate
plasma citrulline levels with severity of villous atrophy in
celiac patients.

Methods: Observational case-control study longitudi-
nal in children 16 month-old to 14 year-old: 48 with
untreated celiac disease, 9 celiac children under gluten
free diet and 35 non-celiac healthy children. Plasma
amino acids concentration is determined, expressed in
umol/L, and so are other clinical and analytical data.

Results: No statistically significative difference found
in the referring to BMI, age or renal function. Small
increase in fecal fat in celiac children. Citrulline, arginine
and glutamine are significantly lower in cases (17.7
umol/l, 38.7 umol/l, 479.6 pmol/l respectively) than in con-
trols (28.9 pmol/l, 56.2 pmol/l, 563.7 pmol/l). Citrulline
levels are significantly lower in the severe degrees of atro-
phy than in mild ones (13.8 pmol/l vs. 19.7 pmol/l, p <
0.05), not happening so with rest of amminoacids.

Summary: Postabsortive mean of plasma citrulline is a
good marker of reduction in enterocyte mass in celiac
patients with villous atrophy; secondary reduction in
plasma arginine too. Just a small histological alteration in
intestinal biopsy is enough to differentiate citrulline in
cases and controls and besides it can be seen that high lev-
els of atrophy present with lower plasma citrulline.

(Nutr Hosp. 2011;26:807-813)
DOI:10.3305/nh.2011.26.4.5001

Key words: Celiac disease. Plasma citrulline. Glutamine.
Enterocyte athrophy. Childhood.
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Introduccion

La citrulina se considera un aminodcido no esencial
no proteico, sintetizado en la mucosa intestinal en ani-
males a partir de la glutamina y aminodcidos deriva-
dos'. La citrulina se transforma en arginina en los tibu-
los renales?, las células endoteliales y los macréfagos.
De acuerdo a esto, la citrulina plasmadtica se correla-
ciona directamente con la masa enterocitaria y ademads
la insuficiencia renal provoca un aumento en sus nive-
les. Las concentraciones normales de citrulina plasma-
tica estdn alrededor de 30-50 umo/l, siendo discreta-
mente menores en la infancia de acuerdo a la menor
longitud intestinal®*.

La enfermedad celfaca (EC) es hoy en dia entendida
como una enteropatia inmune que afecta al intestino del-
gado. La principal consecuencia fisiopatoldgica es un
descenso en la superficie intestinal absortiva ttil, por lo
cual la biopsia intestinal es atin fundamental para demos-
trar la atrofia y por tanto hacer el diagndstico de EC.

El intestino delgado es uno de los tejidos metabdli-
camente mds activos del cuerpo. Junto con el higado,
bazo y estdmago, son menos del 6% del peso corporal,
pero son responsables de hasta un 50% del turnover de
algunos aminodcidos®¢7, siendo €stos el principal com-
bustible para el enterocito®. En un estudio francés en
seres humanos adultos* se confirmé que el recambio
proteico en la mucosa duodenal es alto y que los amino-
dcidos que ayudan a la sintesis proteica durante el
ayuno tienen dos posibles origenes: endoluminal y vas-
cular. También probaron que la sintesis proteica no era
diferente durante el ayuno y la alimentacién, al menos
en esas condiciones experimentales.

Diferentes estudios demostraron que la pérdida de
longitud de intestino delgado derivaba en una disminu-
cion de la citrulina sérica: rechazo agudo tras trasplante
intestinal>*', intestino corto'*!? y dafio intestinal por
irradiacién'?. Se ha estudiado en EC en adultos por
Crenn en 2003", describiendo que la atrofia vellositaria
causa un descenso en la citrulina plasmaética.

El objetivo de este estudio es determinar la correla-
cién de la citrulina y la arginina plasmadticas con la
lesién/atrofia enterocitaria en la celiaquia.

Métodos
Poblacion de estudio

Cuarenta y dos niflos sanos como grupo control A, 9
pacientes celiacos estables bajo dieta sin gluten con
marcadores serolégicos negativos como un grupo con-
trol B (A+B es el grupo control C), 28 nifios celiacos
clasificados como leves de acuerdo a la biopsia intesti-
nal como grupo de casos D, 18 pacientes celiacos clasi-
ficados como grave atrofia como un grupo de casos E
(D+E son un grupo de casos F).

Se recogieron diversos datos, incluyendo clinicos
(sexo, edad, peso, talla, indice de masa corporal (IMC))

y analiticos tras ayuno de una noche entera (proteinas
totales, albimina, aminodcidos plasmdticos como glu-
tamina, citrulina, arginina e isoleucina, por cromato-
grafia de intercambio liquido; creatinina, anticuerpos
antigliadina-IgA, transglutaminasa-IgA y antiendomi-
sio-IgA; grasa en heces de 24 horas por espectrofoto-
metria cercana al infrarrojo (FENIR)). Los anticuerpos
antitransglutaminasa son de clase Ig A y se determinan
por ELISA utilizando transglutaminasa recombinante
humana como fuente antigénica (EUROSPITAL Eu-
tTG IgA). Los AAE-IgA (anticuerpos antiendomisio
tipo IgA) se determinaron por método de inmunofluo-
rescencia indirecta considerdndose positivo a partir de
diluciones de 1:5. Segiin recomendacion del fabricante
se considera valores positivos cifras = 16 U/ml, con
zona dudosa entre 9 y 16 U/ml y valores negativos < 9
U/ml. Se realiz6 una evaluacién histolégica de la
mucosa intestinal dando a cada muestra una puntua-
cion en base a la clasificacion de Marsh. Finalmente,
los casos fueron agrupados en atrofia leve (Marsh 1,2y
3a) o grave (Marsh 3by 3c).

Se obtuvo consentimiento informado de todos los
padres de los participantes. El estudio fue aprobado por
el Comité de Etica de nuestro hospital.

Estadisticas

Se realizé un andlisis descriptivo bajo estimacién
puntual y con intervalos de confianza para un 95% de
seguridad, expresando las variables continuas como
media y desviacién estandar y las variables categori-
cas como frecuencias y porcentajes; se aplicé el coe-
ficiente de regresion para valorar la correlacion entre
citrulina e histologia. Un andlisis multivariado inter-
medio de la distribucién poblacional de acuerdo a las
variables interesantes se realiz6 mediante el test de t
de Student. Intentamos establecer puntos de corte
para citrulina y arginina séricas que fueran predicti-
vos de pérdida de masa enterocitaria: se hicieron dis-
tintos puntos de corte pero s6lo se muestran los
resultados de un punto de corte de citrulina de 20
umol/l.

Resultados

No hay diferencia en lo referente al sexo, con por-
centajes similares de varones (48,5%) y mujeres
(51°5%). En cuanto a la edad ambos grupos son simila-
res (media de 3,3 afios en los casos y 4,9 afios en los
controles). No hay diferencia estadisticamente signifi-
cativa en lo referente a IMC (15,9 kg/m? en los casos y
16,5 kg/m? en los controles). La grasa fecal de 24 horas
en los pacientes con EC es4 g/24 h (considerando nor-
mal = 3,5g/24 h) comparado con 2,2 g/24 h en los con-
troles (tabla I). La creatinina es similar en ambos gru-
pos (0,34 mg/dl en casos y 0,38 mg/dl en controles), asi
como las protefnas totales y la albimina.
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Tabla I
Frecuencias descriptivas de diversas variables numéricas estudiadas [media (DE)]

Grupo N.’ pacientes mc Creatinina Grasa fecal (g/24 h)

A 42 16,5+2,6 0,37+0,15 2,114

B 9 16,4+1,0 0,43+0,15 2,5+0,5

C 51 16,5+2.4 0,38+0,15 22+13

F 46 159+1,9 0,34+0,14 40+23
p(C.F) ns ns 0,002

Grupo N.’pacientes Citrulina Glutamina Arginina Isoleucina

A 42 28,9+11,6 565,0+150,0 57,3264 59,3+19,8

B 9 29,0+12,7 548,1+112,8 47,1 +16,7 44.5+16,8

C 51 289+11,8 563,7+144,2 56,2+24,9 56,7 £20,1

D 28 19,7+10,7 4804+ 111,2 38,6 £16,2 452+16,0

E 18 13,8 +4,8 478,5+189,3 39,8+£223 57,2+21,5

F 46 17,7+94 479,6 +143,2 38,7+18,6 50,1 +18,9
p(C,F) 0,0001 0,005 0,0001 ns

Grupos: (A) Controles sanos sin biopsia intestinal; (B) Celiacos sin gluten (biopsia normal); (C) A + B; (D) Atrofia vellositaria parcial; (E) Atrofia

vellositaria severa; (F) D + E.

Tabla IT

Media (DE) de principales aminodcidos plasmdticos y esteatorrea respecto al grado de alteracion histolégica

en la biopsia intestinal

N Citrulina Arginina Glutamina FENIR
plasmdtica plasmdtica plasmdtica 24h
A) BIPnormal 2 36,1 (1,6) 470(9,8) 536,5(24,7) 25(1,9)
B) BIPnohecha 51 265(11,7) 55.5(25.2) 548,1(157,9) 26(2,0)
C) MARSH I-2 5 18,7(4,7) 36,7(12.9) 4263(61,1) 5,9(6,2)
D) MARSH 3a 21 20,5(10.7) 39,1(19.3) 4902(115,9) 3,6(19)
E) MARSH3by 3¢ 18 13,8(4,8) 39.8(22.3) 478,5(189,3) 33(14)
p(A,B)>0,05 p(A,B)>0,05 p(A,B)>0,05 p(A,B)>0,05
p(A+B,C+D+E)0,0001 p(A+B,C+D+E)0,0001 p(A+B,C+D+E)0,005 p(A+B,C+D+E)0,05
p(C,D)>0,05 p(C,D)>0,05 p(C,D)>0,05 p(C,D)>0,05

p(C+D,E)<0,05
p(B,C+D+E)<0,05

p(C+D,E)>0,05
p(B,C+D+E)<0,05

p(C+D,E)>0,05
p(B,C+D+E)<0,05

p(C+D,E)>0,05
p(B,C+D+E)<0,002

En las tablas I 'y I podemos ver los niveles medios de
los principales aminodcidos analizados. Comparando
los casos y los controles, la glutamina es discretamente
menor en los primeros (479,6 umol/l 'y 563,7 umol/l
respectivamente, p = 0,005), pero con un coeficiente de
regresién de Pearson de 0,28 (p < 0,05). Sin embargo
no hay diferencia estadisticamente significativa en
cuanto a la glutamina entre los celiacos con atrofia leve
(480,4 umol/l) y los de atrofia grave (478,5 pmol/l). La
citrulina plasmdtica media de 17,7 umol/l en los
pacientes EC es significativamente menor que en los
controles que tienen una citrulinemia media de28,9
pumol/l (p = 0,0001), con un coeficiente de regresién de
Pearson de 0,52 (p < 0,05). En los casos con atrofia
vellositaria grave la citrulina es significativamente

menor que en aquellos con atrofia leve (13,8 umol/l y
19,7 umol/I respectivamente, p = 0,016) (fig. 3). Lo
mismo ocurre cuando se analiza la arginina, siendo
menor en los casos que en los controles (38,7 umol/l vs
56,2 umol/l, p = 0,0001), aunque similar en ambos gru-
pos de atrofia (39,8 umol/l y 38,6 pmol/l).

Analizando los otros aminodcidos, aquellos deriva-
dos de la glutamina sin formar citrulina (glutamato,
ornitina, prolina) no presentan diferencias estadistica-
mente significativas entre casos y controles. El amino-
dcido esencial isoleucina es similar en ambos grupos
(50,1 umol/1y 56,7 umol/1).

De acuerdo a la alteracion histoldgica de la biopsia
intestinal la distribucién es como sigue: MARSH 1y 2,
7 casos; MARSH 3a, 21 casos; MARSH 3b and 3c, 18

Citrulina y enfermedad celfaca en nifios
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Fig. 1.—Distribucion porcentual segiin grupos concretos de pa-
tologia.

casos (fig. 1). Se puede ver que la concentraciéon media
de citrulina plasmatica en los controles es significativa-
mente mayor que en aquellos nifios con algin tipo de

alteracion histoldgica (fig. 3). S6lo hay diferencia esta-
disticamente significativa entre la atrofia vellositaria
grave (MARSH 3b y 3c¢) y leve en lo referente a la
citrulina plasmatica (a mayor alteracién histoldgica,
menor nivel de citrulina plasmdtica), no ocurriendo asi
con las otras variables analizadas (figs. 2 y 3). Agru-
pando todos los grados de alteraciones histoldgicas hay
una diferencia entre arginina, isoleucina y grasa fecal
comparando casos y controles.

Si seleccionamos 20 pmol/l como un punto de corte
de citrulina plasmatica para detectar atrofia vellosita-
ria, tenemos la tabla de contingencia representada en la
tabla III. Por si misma sola tiene una sensibilidad del
72% en indicar atrofia vellositaria con una especifici-
dad de 76%, valor predictivo positivo de 73% y valor
predictivo negativo de 75% (tasa de falsos positivos del
27% y de falsos negativos del 25%).

Discusion

En primer lugar queriamos comprobar si habia
alguna diferencia estadisticamente significativa entre
niflos sanos normales a los que se les determinaban
marcadores indirectos de enfermedad intestinal (42
sujetos) y nifios previamente diagnosticados de enfer-
medad celiaca que estuvieran bajo una dieta sin gluten
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Fig. 2—Niveles de citrulina (1, 1) y arginina (111, IV) plasmdticas en casos y controles (wmol/l).
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Fig. 3.—Citrulina plasmdtica segiin resultados histolégicos de
la biopsia intestinal (BIP).

estricta y prolongada durante mds de 12 meses con
marcadores seroldgicos negativos y grasa fecal normal
(9 sujetos). Todos los pardmetros analizados eran simi-
lares en ambos por lo que los hemos agrupado como
grupo control (51 sujetos).

De acuerdo a la similar edad media de ambos grupos
podemos asumir que las diferencias encontradas no

Tabla III
Tabla de contingencia para citrulina plasmdtica
(considerando como positivo a citrulinemia < 20 umol/l)

Celiacos Controles
Test + 33 12 45
Test— 13 39 52
46 51 97

Sensibilidad: 72%: Especificidad: 76%; VPP: 73%; VPN: 75%;
TFP: 27%; TEN: 25%.

serdn influenciadas por ella. Dado el precoz y exten-
dido uso de los marcadores seroldgicos de EC en la
préctica habitual, la mayoria de los pacientes se diag-
nostican antes de que él IMC se vea afectado, lo que
podria explicar que no exista diferencia en este para-
metro entre los casos y los controles en este estudio. La
grasa fecal de 24 horas en los pacientes EC es discreta-
mente mayor que en los controles, indicando un dis-
creto grado de mala absorcién en los primeros. Hace
algunos afios atendiamos pacientes con mayor grado de
mala absorcién debido al retraso en el diagndstico. La
funcidn renal es normal en ambos grupos (expresada
como valores de creatinina plasmadtica), asi que las
diferencias en los niveles de citrulina no se deben a
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insuficiencia renal, que limitarfa la transformacion de
la citrulina en arginina en los riflones'.

Los aminodcidos plasmadticos elegidos para el andli-
sis son citrulina (sintetizada en el enterocito), arginina
(sintetizada en los rifiones, en gran parte, a partir de la
citrulina), glutamina (precursor de la citrulina) e iso-
leucina (aminodcido que pudiera estar relacionado con
la ingesta proteica al ser un aminodcido esencial no
metabolizado en el enterocito).

En algunos estudios se ha probado que la citrulina es
similar en los pacientes que sufren de anorexia ner-
viosa y personas sanas, ya que la malnutricién proteico
caldrica no dependiente de fallo intestinal sino de baja
ingesta no causa pérdida de masa enterocitaria®. La
citrulina el arginina se convierten en aminodcidos
esenciales en el fallo intestinal permanente (reseccio-
nes extensas...). Los pacientes celfacos normalizan el
dafio intestinal tras la dieta sin gluten, por lo que en la
citrulina plasmatica alcanza niveles normales poste-
riormente, como hemos comprobado en los nueve
pacientes celiacos sin gluten mds de un afio con biopsia
normal (29,7 mmol/l).

Entre MARSH 1-2 y MARSH 3a no hay diferencia
significativa en ningln pardmetro analizado, por lo que
podemos asumir que ambos grupos son similares en los
analisis estadisticos, siendo nombrados como atrofia
leve. Los grados elevados de atrofia (MARSH 3by 3c)
se han tomado como atrofia grave para el andlisis esta-
distico.

Como la glutamina es mds baja en los pacientes celi-
acos no tratados con atrofia, asumimos que hay ciertas
diferencias en la ingesta proteica o al menos en su
digestion o absorcion en el intestino; aunque, si compa-
ramos con los valores normales de referencia, se puede
ver que sus niveles estdn en el rango normal (420-730
umol/1), por lo que no hay un déficit real para este ami-
nodcido. En los pacientes con enfermedad celiaca, la
glutamina se podria convertir en un aminoécido esen-
cial, dado que estamos en una situaciéon de dafio
mucoso que hay que tratar, al ser el inicio de diferentes
reacciones bioquimicas, y podemos apreciar que, aun-
que no desciende a niveles que obliguen a un suple-
mento externo, deberiamos monitorizarlos ya que en
algunos pacientes podria estar tan descendida que fuera
necesario un aporte extra.

La citrulina es significativamente menor en los casos
que en los controles y ademads su valor estd bajo los
niveles considerados como normales (18-35 umol/1)* y
ocurre lo mismo con los casos de atrofia grave en los
que la citrulina desciende de forma significativa. Por
ello podemos afirmar que hay una correlacién entre la
pérdida de masa enterocitaria en la enfermedad celiaca
en la infancia y el descenso de produccion de citrulina,
como ya fue publicado en adultos por Crenn®.

La arginina plasmadtica también estd disminuida signi-
ficativamente en los casos, lo que se explica por su
menor sintesis en los rifiones a partir de una menor citru-
lina circulante, mientras que la funcién renal sea mante-
nida normal, lo que debe comprobarse en todos los

pacientes. Sin embargo, una vez que los niveles descien-
den en los pacientes con atrofia, no hay correlacién
directa con el grado de la misma por lo que no es un buen
pardmetro para estimar el nivel de dafio intestinal.

La isoleucina no es significativamente menor en
celfacos, indicando similar ingesta proteica en nuestros
pacientes al no estar gravemente afectados clinica-
mente debido a un diagndstico precoz como ya se
explicé arriba (IMC normal y ligero sindrome malab-
sortivo) aunque un registro dietético que reflejara la
ingesta proteica hubiera sido lo ideal para hacer esta
afirmacion.

La lesion intestinal en la atrofia leve es suficiente
para diferenciar los niveles de citrulina de los controles
y puede afirmarse que los grados elevados de atrofia
tienen menor citrulina que los leves, no siendo asi con
el resto aminodcidos.

La citrulina como un predictor de atrofia vellositaria
tiene una sensibilidad y especificidad no muy elevadas
(72% y 76% respectivamente) por si sola si considera-
mos20 umol/l como punto de corte. Tiene la capacidad
de identificar como pacientes con atrofia (citrulina < 20
umol/l) al 73% de aquellos con atrofia verdadera y
como nifios sanos (citrulina > 20 umol/l) al 75% de los
que realmente lo son. Podemos afirmar que como mar-
cador unico no es suficientemente bueno para diagnos-
ticar a pacientes celiacos pero que junto con autoanti-
cuerpos y otros test (grasa fecal...) podemos aumentar
su sensibilidad y especificidad.

Todo esto demuestra que la citrulina plasmaética es
un buen marcador de dafio intestinal en lo referente a
pérdida de mds entero citaria, siendo otro parametro
analitico til para la evaluacién del nifio celiaco espe-
cialmente en los casos en los que la biopsia intestinal
no se realice.
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Resumen

La obesidad y el estilo de vida caracteristico de nuestra
sociedad llevan a los jovenes a situaciones de potencial
riesgo cardiovascular. El objetivo de este estudio fue valo-
rar la situacién antropométrica y estilo de vida de una
muestra de universitarios. Se realizé una valoracion
antropométrica completa, incluyendo un analisis por
impedancia bioeléctrica (AIB), a 111 estudiantes de
tltimo curso de Nutricion Humana y Dietética, asi como
una encuesta sobre su estilo de vida (actividad fisica, taba-
quismo y consumo de alcohol). Se encontré un dimorfismo
sexual en la distribucion del peso segtin la clasificacion pro-
puesta por la SEEDO: un 6,4% de mujeres presentaron un
peso inferior al saludable (ningiin hombre se encontraba
en este grupo), mientras que un 27,8 % hombres y un 6,5%
mujeres estaban en rango de sobrepeso. Un 15,3% de casos
present6 un perimetro de cintura excesivo. La masa grasa,
hallada por AIB, fue superior en las mujeres. Por otro lado,
un 67% de universitarios declararon realizar ejercicio
fisico habitualmente, un 16,7 % se declararon fumadores, y
un 55,6% declararon consumo de alcohol de alta gradua-
cion. En conclusion, nos encontramos ante una poblacion
de sujetos jovenes y sanos donde, sin embargo, aparece un
significativo porcentaje de mujeres en peso inferior al
saludable, personas con sobrepeso, fumadores bebedores
de alcohol de alta graduacion de manera habitual. Estos
datos deben poner en aviso de que el grupo de poblacion
universitaria esta en riesgo de sufrir patologias cardio-
vasculares en un futuro si no se actia, y no deben estar
olvidados en los planes de promocién de la salud.
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NUTRITIONAL CHARACTERISTICS AND
LIFESTYLE IN UNIVERSITY STUDENTS

Abstract

Obesity and the lifestyle characteristic of our society
lead young people to conditions of potential cardiovascu-
lar risk. The aim of this study was to assess the anthropo-
metrical situation and the lifestyle in a sample of univer-
sity students. A full anthropometrical evaluation was
undertaken, including bioelectric impedance analysis
(BIA), in 111 students in the last year of Human Nutrition
and Dietetics, as well as a lifestyle questionnaire (physical
activity, alcohol and cigarette consumption). A sexual
dimorphism was found in weight distribution according
to the classification proposed by SEEDO: 6.4 % of women
presented a weight lower than the health recommenda-
tions (there no men in this group) whereas 27.8% of men
and 6.5% of women were in the overweight range. 15.3%
of the cases had excessive waist circumference. Fat mass
by BIA was higher among women. On the other hand,
67% of university students stated to perform regular
physical activity, 16.7 % stated being cigarette smokers,
and 55.6 % stated to consume high-grade alcohol. To con-
clude, we studied a sample population of young and
healthy subjects with, however, a significant percentage
of women with body weight lower than the healthy stan-
dards, overweighed people, and smokers usually taking
high-grade alcohol. These data should elicit an alert of the
potential cardiovascular risk in the university population
if action is not taken. This population should be included
in the health promotion plans.

(Nutr Hosp. 2011;26:814-818)
DOI1:10.3305/nh.2011.26.4.5156

Key words: Overweight. Life style. Cardiovascular risk.



Abreviaturas

AIB: Andlisis por impedancia bioeléctrica.

EEUU: Estados Unidos.

DS: Desviacién estandar.

ICC: Indice cintura-cadera.

IDF: International Diabetes Federation.

IMC: Indice de Masa Corporal.

IOTF: International Obesity Task Force.

Kg: Kilogramo.

kHz: Kiloherzios.

mA: Miliamperios.

NS: No significativo.

OMS: Organizacién Mundial de la Salud.

SEEDO: Sociedad Espaiiola para el Estudio de la
Obesidad.

Introduccion

Aunque la aparicién de enfermedades cardiovascu-
lares ocurre generalmente a partir de la quinta década
de la vida, los precursores tienen su origen mucho
antes, debido al efecto “lag-time” de los factores de
riesgo'?.

El grupo de trabajo internacional en obesidad
(IOTF) y la Organizacién Mundial de la Salud (OMS)
definieron a la obesidad como la epidemia del s. XXI,
por su alta prevalencia, evolucién ascendente, alto
impacto sobre las enfermedades crénicas y aumento
del gasto sanitario’. Como factor de riesgo cardiovas-
cular, la obesidad tiene un impacto tedrico modesto,
pero conlleva una mayor frecuencia de otros factores
de riesgo principales*.

Por otro lado, el tabaco es el responsable del 50% de
todas las muertes evitables y del 29% de las producidas
por enfermedad coronaria’. En Espaiia, el 26,44% de la
poblacién se declara fumador®’, cifra que convierte a
Espafia en uno de los paises europeos con mas alta pre-
valencia de tabaquismo, habiendo aumentado en el
sexo femenino. Los fumadores presentan un riesgo
coronario dos veces superior a los no fumadores,
siendo el riesgo relativo mayor en menores de 50 afios®.

Nos encontramos en una sociedad con el mds abso-
luto sedentarismo: entre el 50 y el 80% de los nifios y
jovenes espaiioles se califican como sedentarios®’. Y
sin embargo, la forma fisica se considera uno de los
marcadores de salud mds importantes, asi como un pre-
dictor de la morbilidad y la mortalidad por enfermedad
cardiovascular y de todas las causas'®.

La poblacién universitaria estd sujeta a una serie de
cambios fisioldgicos, tipicos de la juventud, a los que
se afladen posibles cambios socioldgicos y culturales,
debido al comienzo de los estudios universitarios,
abandono del hogar familiar en numerosas ocasiones,
comienzo de una vida adulta, etc. Todo esto tiene una
repercusion directa sobre los habitos alimentarios, que
en muchos casos se van a mantener a lo largo de la
vida''. El objetivo del estudio fue, por tanto, valorar la

situacion antropométrica y estilo de vida de una mues-
tra de universitarios.

Material y métodos
Sujetos

Participaron 111 estudiantes de tercer curso de
Nutricién Humana y Dietética de la Universidad de
Valladolid. Se eligi6 un disefio de estudio observacio-
nal, transversal y descriptivo de octubre 2005 a junio
de 2008. Se estudi6 a los participantes en la Unidad de
Apoyo a la Investigacién del Hospital Universitario
“Rio Hortega”. Se cumplieron todas las normas éticas
de acuerdo con la Declaracion de Helsinki. No hubo
criterios de exclusion.

Procedimientos

Se realiz6 una valoracién antropométrica completa,
asf como del estilo de vida de los participantes. La eva-
luacién antropométrica incluyo el peso, talla, indice de
masa corporal (IMC), circunferencia de cintura, cir-
cunferencia de cadera e indice cintura-cadera. El peso
corporal se midié con una bdscula con una precisién de
0,1 kgyel IMC, como peso corporal/(altura®). También
se midieron el perimetro de cintura (didmetro mas
estrecho entre el proceso xifoides y la cresta iliaca) y el
perimetro de cadera (didmetro mds amplio entre los
trocanteres mayores), de donde se obtuvo el indice cin-
tura- cadera.

Por otro lado, se realiz6 una evaluacion del estado
nutricional por medio de un andlisis por impedancia
bioeléctrica (AIB), por el que se estimd la resistencia,
la reactancia y el dngulo de fase o. A partir de ellos, y
conocidas la altura, peso, edad y sexo, se determiné la
cantidad de agua corporal intracelular, extracelular y
total, la masa magra y la masa grasa total, asi como el
gasto metabodlico total’>. El AIB se realiz6 tras un
ayuno de al menos 5 horas, en sujetos que no habfan
realizado ejercicio fisico o ingerido alcohol en las 48
horas previas'. Se produjo una corriente eléctrica de
0,8 mA y 50 kHz por un generador de sefial calibrada
(Biodynamics Model 310e, Biodynamics Corp., Seat-
tle, Wa, EEUU) y se aplico sobre la piel de las extremi-
dades derechas, empleando unos electrodos adhesivos.

Mediante el andlisis de impedancia bioeléctrica se
obtuvieron la reactancia y la resistencia, que se emplea-
ron para calcular el agua corporal total. La masa libre
de grasa se obtuvo a partir del agua corporal total al
asumir una hidratacién constante de 0,732 y la grasa
corporal se calculé como el peso corporal total menos
la masa libre de grasa'“".

Se recogieron asi mismo datos sobre el estilo de vida
de los participantes en el estudio: habitos téxicos (con-
sumo de alcohol o tabaco), asi como la practica de ejer-
cicio fisico. En la recogida de datos de los estudiantes
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Tabla I
Peso, talla e indice de masa corporal (IMC)
de los sujetos analizados

Hombre Mugjer P
Peso (kg) 752+88 58,2+6,9 <0,001
Talla (cm) 176,6 £6,2 164,6 6,5 <0,001
IMC (kg/m?) 24,121 21,5+22 <0,001

incluidos en el estudio no se registraron pérdidas supe-
riores al 20% en ninguno de los grupos de variables.

Andlisis estadistico

Los datos fueron tratados empleando el paquete
estadistico SPSS (SPSS para Windows versién 15.0,
2008 SPSS INC, Chicago 111, EEUU).

Las variables continuas se describieron como media
+ desviacion estandar (DS) en caso de distribucion nor-
mal o como mediana y rango si la distribucién fue no
normal. Las variables cualitativas fueron descritas
mediante frecuencias absolutas y relativas (porcenta-
jes). Para estudiar la asociacién entre variables cualita-
tivas se utiliz6 la prueba de Chi cuadrado, con correc-
ciéon de Yates y test exacto de Fisher cuando las
condiciones lo requirieron. En el caso de las variables
cuantitativas se utilizé el test de Kolmogorov—Smirnov
para determinar la normalidad de las distribuciones.
Para estudiar las diferencias entre medias independien-
tes se utilizaron los tests estadisticos paramétricos o no
paramétricos exigidos por las condiciones de aplica-
cién (tde Student o U de Mann-Whitney en caso de dos
categorias; ANOVA con prueba post-hoc de Bonfe-
rroni o H de Kruskal-Wallis para comparaciones de
mds de dos categorias). El nivel de significacion fue
fijado convencionalmente en una p < 0,05.

Resultados

El estudio incluy¢ a 111 estudiantes (16,52% hom-
bres, 93 mujeres), con una edad media de 20,8 + 1,9
afios. Peso, talla e IMC fueron superiores en los hom-
bres, como se muestra en la tabla I. La distribucion de
los sujetos analizados segun la clasificacién propuesta

Tabla IT
Distribucion de la poblacion analizada en funcion
de la clasificacion propuesta por la SEEDO

Hombre(n=18)  Mujer(n=193) D

Tabla III
Valores medios obtenidos en hombre y mujeres
de nuestro estudio, para la cintura, cadera e indice
cintura-cadera (ICC)

Hombre (n=18) Mujer (n=93) P
Cintura (cm) 852+5,9 744+59 <0,001
Cadera (cm) 100,7 £6,2 959+5,1 0,002
ICC 0,84+0,04 0,77+0,04 <0,001

por la Sociedad Espafiola para el Estudio de la Obesi-
dad (SEEDO)'® se muestra en la tabla II. Se observa un
6,4% de peso inferior al saludable en mujeres, mientras
que en este grupo no se encontrd a ningin hombre. En
el grupo de sobrepeso (tanto sobrepeso I y II), se
encontr6 un 27,8% de hombres y un 6,5% de mujeres.
La circunferencia de la cintura, circunferencia de
cadera e indice cintura-cadera también fueron mas ele-
vados en los hombres, de manera significativa, como se
muestra en la tabla I1I. 17 casos (17,2% mujeres y 5,6%
hombres) presentaron un perimetro de cintura elevado,
por encima de valores considerados como limite por la
International Diabetes Federation (IDF)" (= 94 cm en
hombres y = 80 cm en mujeres).

En cuanto a la valoracién del la composicién corpo-
ral por AIB, los resultados obtenidos se recogen en la
tabla IV. Todos los pardmetros de composicion corpo-
ral estimados por AIB fueron superiores en los hom-
bres, excepto el pardmetro de masa grasa, que fue supe-
rior en las mujeres de manera significativa (p < 0,05).
Los datos se recogen en la tabla V.

Se disponian de datos de actividad fisica en 91 estu-
diantes (82%). El 67% declar¢ realizar algtn tipo de
ejercicio fisico: el 71,4% de los hombres y el 66,2% de
las mujeres declararon realizarlo (NS). En cuanto al
consumo de tabaco, hubo una tasa de respuesta del
86,5% (n = 96). De ellos, el 16,7% (7,1% hombres, 15
mujeres) se declar6 fumador. Con respecto al alcohol,
la tasa de respuesta fue del 72,1%. De ellos, el 51,3%
(41 casos) declar6 consumirlo: 33% consumia de vino,
11,1% de cerveza y 55,6%, alcohol de alta graduacion.
Por sexos, el 72,7% de los hombres y el 47,8% de las
mujeres declararon beber alcohol.

Discusion

El nimero de estudios sobre composicién corporal y
habitos de vida realizados en universitarios es escaso,
aunque representan a una poblaciéon muy numerosa. En
nuestro estudio, encontramos un grupo dentro de Iimi-
tes considerados como saludables en su mayoria, pero
que sin embargo una proporcién nada despreciable
muestra signos de alarma, como sobrepeso, actividad
fisica deficiente o tabaquismo.

La mayoria de nuestros individuos se encontraba en
situacion de normopeso, con un porcentaje de normo-

< 18,5 (peso insuficiente) 0(0%) 6(6,4%)

18,5-24,9 (normopeso) 13(72,2%) 81(87,1%) <005
25,0-26,9 (sobrepeso I) 4(22,2%) 5(5,4%) ’
27,0-29,9 (sobrepeso II) 1(5,6%) 1(1,1%)
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Tabla IV
Resultados del andlisis por impedancimetria bioeléctrica de la composicion corporal de los individuos analizados en el estudio

Variable Media + DE o mediana (rango) Variable Media + DE o mediana (rango)
Resistencia (ohm) 622,5+82,6 Agua intracelular (L)* 17,5(16,3-194)
Reactancia (ohm)* 66,0 (61,0-71,0) Masalibre de grasa (kg)* 41,3 (38,6-45,3)
Angulo de fase (*)* 6,0 (5,4-6,6) Masa grasa (kg) 16,5+4,8

Agua extracelular (L) 13,619

(*): Distribucién no normal.

pesos similar al de otros estudios realizados en pobla-
cién universitaria''*"%, pero superior a la media nacio-
nal de normopesos en su rango de edad®.

Sin embargo, un porcentaje considerable de mujeres
presentd situacion de peso insuficiente. Esto debe
ponernos en alerta sobre una poblacién que puede estar
afectada por un trastorno de la conducta alimentaria
infradiagnosticado®. Por otro lado, un pequefio porcen-
taje de nuestra muestra present6 sobrepeso en grado Iy
no hubo casos de obesidad, datos que concuerdan con
ciertos estudios en universidades', pero que se ven
sobrepasado por otros'"”. En cualquier caso, un IMC
elevado informa acerca de un exceso de grasa global,
pudiendo infravalorarse la obesidad visceral, con
mayor trascendencia clinica®. En nuestra poblacion,
hemos encontrado un porcentaje relevante de hombres
y mujeres con un perimetro de cintura por encima de
los limites fijados por la IDF. Estos hechos sugieren un
desequilibrio nutricional quizas infradiagnosticado en
poblacién universitaria, que debe poner en alerta a los
sanitarios y emprender planes de salud encaminados a
fomentar una alimentacién saludable en este grupo.

El andlisis de la situacién nutricional mediante
impedanciometria (AIB) permite establecer la compo-
sicion corporal y de hidratacién de los individuos'>?.
Hay pocos estudios que empleen impedanciometria en
poblacién sana universitaria, lo cual hace dificil com-
parar nuestros datos. En nuestra poblacion a estudio, se
detectaron valores significativamente mds altos de
masa grasa en la mujer. Estos datos concuerdan con los
obtenidos en el perimetro de cintura, donde la mayoria
de las cinturas patoldgicas pertenecian a mujeres, con-

Tabla V
Resultados de la valoracion de la composicion corporal
por AIB, en funcion del sexo

Hombre Mujer P
Agua corporal total (L)* 43,9+3.8 30,5+3,0 <0,001
Agua extracelular (L) 152+29 133+1,6 0,019
Agua intralecular (L)* 28,7+3,5 172+19 <0,001

Masa libre de grasa (kg)* 61,7+4.8 40,8+3,9 <0,001
Masa grasa (kg) 133+44 17,1+4,6 0,002
Gasto metabGlicobasal 753349078 1289641076 <0001

(kcal/dia)*

(*): Distribucién no normal.

firmando asi y apoyando el diagndstico establecido por
el perimetro de cintura. Seria muy interesante comple-
tar los diagnésticos con AIB, para tener una informa-
cién mds precisa, pues la grasa visceral es la de mayor
trascendencia al predecir eventos cardiovasculares
futuros.

En nuestro estudio encontramos un dngulo de fase
(indicador de la distribucion del agua entre el espacio
intra y el extracelular y del estado nutricional)*, menor
en mujeres que en hombres, de manera significativa,
coincidiendo con datos de la literatura®. Aunque su sig-
nificado bioldgico atin no es del todo conocido, parece
que tiene un importante papel prondstico en la supervi-
vencia de ciertos pacientes, como en el caso del SIDA,
cancer de pulmén, hemodidlisis y los enfermos criticos.

Encontramos un porcentaje elevado de universita-
rios que realizaban ejercicio fisico de manera regular,
al igual que otros estudios con poblacién universitaria
de Valladolid o Madrid*?, aunque esta tasa varia
mucho en funcién del estudio publicado?. Ciertos auto-
res consideran que los futuros profesionales de la salud
deben incorporar la practica de ejercicio fisico mode-
rado a su estilo de vida, puesto que no podran hacer
promocién de algo que no practican®.

Podriamos considerar que la proporcién de fumado-
res obtenida en nuestra muestra es baja, al igual que
otros estudios con universitarios espafioles®, especial-
mente si lo comparamos con otros estudios llevados a
cabo con universitarios suecos® o griegos®*. Sin
embargo, harfa falta un estudio mds exhaustivo de este
dato, ya que la baja tasa de respuesta que obtuvimos a
esta pregunta nos hace sospechar una prevalencia de
fumadores mads alta. En estudios poblacionales, las
cifras obtenidas son mds elevadas..

En nuestro estudio, mds de la mitad de los que decla-
raron consumir alcohol, consumian bebidas alcohdli-
cas de alta graduacion, sin diferencias entre hombres y
mujeres. Este hallazgo es consistente con la tendencia
de los dltimos afios, donde prima un patrén de consumo
masivo de alcohol de alta graduacién en un periodo de
tiempo corto’. Un estudio en universitarios suecos
revel6 un consumo de alcohol mucho mis elevado que
el encontrado en nuestra muestra®. Esto no ocurre en
nuestra poblacion, al igual que en otros estudios, como
el llevado a cabo en la Universidad de Santiago de
Compostela, obtuvo se como resultado un consumo
bajo de alcohol entre los universitarios?.

Caracteristicas nutricionales y estilo
de vida en universitarios
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Conclusiones

En conclusion, nos encontramos ante una poblacion
de sujetos jovenes y sanos, donde la mayoria se
encuentra en rango de normopeso y declara realizar
ejercicio fisico de manera habitual. Sin embargo, apa-
rece un pequefio aunque no despreciable porcentaje de
mujeres en peso inferior al saludable, personas con
sobrepeso, fumadores o sujetos que declaran beber
alcohol de alta graduacidon de manera habitual. Estos
datos deben ponernos en aviso de que el grupo de
poblacién universitaria estd en riesgo de sufrir patolo-
gias cardiovasculares en un futuro si no se actda, y no
deben estar olvidados en los planes de promocién de la
salud.
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Resumen

Introduccion: En México el cancer cérvico uterino
representa un grave problema de salud publica. El trata-
miento depende de su extension; para los estadios inicia-
les, cirugia y para los localmente avanzados combinacion
de quimioterapia con cisplatino y radioterapia. Ambas
terapias producen estrés oxidativo a nivel celular. Todo
este proceso afecta el consumo de antioxidantes naturales
y la calidad de vida.

Objetivo: Conocer el efecto que tiene la suplementacion
con antioxidantes (f-caroteno, vitamina C y vitamina E)
sobre el estrés oxidativo y por ello, la calidad de vida en la
paciente con cancer cérvico uterino durante el trata-
miento antineopldasico con cisplatino y radioterapia.

Materiales y métodos: Se realizé un ensayo clinico alea-
torizado, ciego, longitudinal y prospectivo con controles
pasivos. Se consideraron las pacientes que ingresaron con
cancer cérvico-uterino cuyo tratamiento antineoplasico
fuera radioterapia y quimioterapia con cisplatino. Se asigno
aleatoriamente a las pacientes a recibir un suplemento
antioxidante diariamente o bien un placebo. Se determiné
la concentracion plasmatica de malondialdehido (MDA),
carbonilos libres, ditirosinas y rango carbonilo/mg de
proteina, antes del inicio del tratamiento y al término del
tratamiento oncolégico, a su vez se llevé a cabo una
encuesta de frecuencia de consumo de alimentos con el fin
de evaluar el consumo dietético de energia, proteina, lipi-
dos y antioxidantes, antes y después del tratamiento, asi
como una encuesta para evaluar calidad de vida; ademas
se determino el Indice de Masa Corporal (IMC). Se rea-
liz6 una prueba de t para muestras independientes y
pareadas en variables continuas y frecuencias y X? para
variables cualitativas a fin de determinar el efecto de la
suplementacion sobre los parametros evaluados.
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EFFECT OF ANTIOXIDANT SUPPLEMENTATION
OVER OXIDATIVE STRESS AND QUALITY OF LIFE
IN CERVICAL CANCER

Abstract

Background: Mexico has a high rate of cervical cancer
which represents an important public health issue. The
treatment for this disease depends on the extension of the
tumor; for the initial stages surgery is recommended, and
for locally advanced tumors, a combination of chemother-
apy and radiotherapy is used. All this process affects nat-
ural antioxidant consumption and Quality of Life (QoL).

Objective: To find out the effect that supplementation
with antioxidants (B-carotene, vitamin C y vitamin E) has
on oxidative stress, and quality of life in patient diagnosed
with cervical cancer during treatments with cisplatin and
radiotherapy.

Materials and methods: We conducted a randomized,
blind clinical trial in women with cervical cancer whose
antineoplasic treatment was radiotherapy in and radio-
therapy with cisplatin. Patients were randomly assigned
to receive antioxidant therapy or a placebo. Plasma con-
centrations of malondialdehyde (MDA), free carbonyls,
dityrosines, and carbonyl/protein rate in two different
moments, before oncologic therapy, and after finishing
oncology treatment, we also evaluated food consump-
tion by using a validated food frequency questionnaire
and a QOL questionnaire before treatment and after it
was over. The effect of the antioxidant treatment was
assessed by the use t-student test for independent and
paired samples, as well as frequencies and X for cate-
gorical variables.

Results: We evaluated 103 patients who were randomly
assigned to receive treatment with antioxidants 49
(47.60% ) and placebo 54 (52.40%). We did not find statis-
tically significant differences in food or antioxidant con-
sumption according to the food frequency questionnaires.
Most of the patients consumed more energy than needed
to meet their requirement, but they did not consume
enough of most of the antioxidants according to the Rec-
ommended Dailiy Allowance (RDA) recommendation.
Serum levels of plasma free carbonyls and carbonil/mg of
protein ratio were statistically significant (p < 0.009)
which shows protein protection regarding oxidative
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Resultados: En este estudio participaron 103 pacientes,
49 (47,60 %) recibieron tratamiento con antioxidantes y
54 (52,40 %) recibieron placebo. No se encontraron dife-
rencias significativas en el consumo de alimentos de
acuerdo a las encuestas realizadas, la mayoria de las
pacientes consumian mas energia y proteinas de las nece-
sarias segin sus requerimientos, pero no cubrian el
minimo de antioxidantes necesario para su edad segin la
IDR. La mayoria de las pacientes presentaron concentra-
ciones séricas de antioxidantes menores a las recomenda-
das. Las concentraciones séricas de los carbonilos libres,
marcador de dafio oxidativo en proteinas mostré diferen-
cias significativas comparando el grupo placebo con el
suplementado (p < 0,001), sugiriendo un menor dafio oxi-
dativo, situacién que se repitio favoreciendo la calidad de
vida global (p < 0,025), mejor en pacientes suplementadas.

Conclusiones: La suplementacion con antioxidantes
disminuyo el estrés oxidativo principalmente a nivel de
proteinas, no influyé en la ingesta de alimentos, pero a
pesar de que las pacientes consumieron mas energia de la
recomendada, no cubrieron su requerimiento de antioxi-
dantes con la dieta. La calidad de vida mostré ser mejor
en las pacientes suplementadas.

(Nutr Hosp. 2011;26:819-826)
DOI:10.3305/nh.2011.26.4.4894
Palabras clave: Cdncer cérvico uterino. Estrés oxidativo.

Quimioterapia con cisplatino. Radioterapia. Consumo dietético
de antioxidantes. Calidad de vida.

Introduccion

En México, los tumores malignos ocupan el tercer
lugar entre las principales causas de muerte, por debajo
de los decesos por enfermedades cardiovasculares y las
enfermedades endocrinas, nutricionales y metabdlicas.
De manera paralela, el cancer representa la tercera
causa de muerte entre las mujeres, siendo los tres prin-
cipales tipos de cancer el de mama (13,8%), el cérvico
uterino (12,1%)y el de higado (7,6%)'.

El cancer cérvico uterino (CaCu) es una alteracion
celular que se origina en el epitelio del cuello del ttero
y que se manifiesta inicialmente a través de lesiones
precursoras de lenta y progresiva evolucion, que se
pueden suceder en etapas de displasia leve, moderada y
severa'.

Actualmente se acepta que el CaCu se origina a par-
tir de las lesiones pre invasivas del cuello uterino,
conocidas bajo el nombre de neoplasia intraepitelial
cervical (NIC). En este tipo de lesiones se distinguen
tres grados: NIC I representa una displasia leve o
lesion intraepitelial de bajo grado con una alta proba-
bilidad de remision espontdnea y una baja tasa de pro-
gresion a carcinoma; NIC II y NIC III o carcinoma in
situ, que se refieren a displasias moderada o severa
respectivamente, también llamadas de alto grado que
puede evolucionar a un carcinoma invasivo o cancer
cérvico uterino***.

stress in the supplemented group, this information was
similar to the one found in the QOL questionnaire, which
showed that Global QOL was better in the supplemented
group (p < 0.025). Most of the patients had lower a-toco-
pherol and retinol plasma levels than the recommended
values.

Conclusions: Antioxidant supplementation showed to
be effective in reducing oxidative stress in proteins, but it
did not on food ingestion, patients did not meet their
antioxidants requirement in their diets, in spite of an
excess in energy consumption. Antioxidant plasma levels
in most of the patients were lower than normal. QoL score
was better in the supplemented group.

(Nutr Hosp. 2011;26:819-826)
DOI:10.3305/nh.2011.26.4.4894
Key words: Cervical cancer. Chemotherapy with cisplatin.

Radiotherapy. Oxidative stress. Antioxidants. Food and antio-
xidant consumptio. QOL.

La estadificacion es de gran importancia debido a
que el éxito del tratamiento antineopldsico depende de
la etapa en la que se encuentre el cdncer. El sistema uti-
lizado para determinar la etapa de CaCu es el sistema
FIGO (Federacién Internacional de Ginecologia y
Obstetricia). En este sistema, se utilizan los numerales
deIalV.En general, el nimero mds bajo corresponde a
un cancer menos esparcido. Cada una de estas etapas se
subdivide en grupos mds pequefios identificados a tra-
vés de la combinacién de letras y nimero, por ejemplo
IA, IIB etc.®.

Miiltiples factores participan en el éxito terapéutico
entre ellos se ha sugerido estrés oxidativo. En este sen-
tido, los estudios enfocados a la cuantificacion de mar-
cadores séricos de estrés oxidativo durante el curso de
la patologia y el tratamiento antineopldsico indican una
disminucion en las concentraciones sanguineas de
antioxidantes, as{ como un aumento en la concentra-
cién de metabolitos producidos como consecuencia de
la peroxidacién lipidica; es decir, se ha mostrado que el
tratamiento antineopldsico incrementa el nivel de
estrés oxidativo. La mayor parte de esos estudios se
han limitado a describir la concentracion sanguinea de
antioxidantes, su consumo dietético y las concentracio-
nes de marcadores de estrés oxidativo [cominmente
utilizando malondialdehido (MDA)]”'2. Poca atencion
se ha puesto al dafio estructural oxidativo en las protei-
nas y a abordajes que tiendan a controlar dicho dafio.
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El término carbonizacién o formacién de carboni-
los se refiere a una modificacién no-enzimadtica irre-
versible de las proteinas. Los carbonilos pueden ser
generados directamente en la proteina al reaccionar
esta las especies reactivas de oxigeno (EROs) con las
proteinas o indirectamente reaccionando con otras
moléculas como hidratos de carbono o lipidos dafia-
das previamente que generan especies reactivas de
carbono (ERC)". Los carbonilos pueden generarse a
través de la oxidacién de diversos aminodcidos (Lys,
Arg, Pro, Thr); a través de la formacién de aductos de
Michael entre residuos de Lys, His y Cys y aldehidos -
insaturados, formando productos avanzados de la
lipoxidacién (ALEs); por glicacién o glicoxidacion
de grupos amino de Lys, formando productos avanza-
dos de la glicoxidacion (AGEs)'.

La calidad de vida (QoL, por sus siglas en inglés) se
define como la evaluacidn subjetiva de la apreciacion
del paciente en relacion a su nivel de “funcionamiento”
comparado con lo que él percibe como posible o ideal'”.
En términos simples, la QoL es un concepto que cada
dia cobra mayor importancia y se refiere a la capacidad
de un paciente para disfrutar de sus actividades norma-
les, sus objetivos, expectativas y preferencias'®. Dada
su importancia en el campo oncoldgico, se han desarro-
1lado y validado diversas herramientas con el propdsito
de evaluar la QoL; en general, consisten en cuestiona-
rios multidimensionales que incluyen aspectos tanto
positivos como negativos en términos de funcién
fisica, emocional, social y cognitiva, asi como de sinto-
matologia propia de la enfermedad y del tratamiento®.

El objetivo del presente estudio fue conocer el efecto
que tiene la suplementacion con antioxidantes ([3-caro-
teno, vitamina C y vitamina E) sobre el estrés oxidativo
y con ello, la QoL en la paciente con cdncer cérvico
uterino durante el tratamiento antineopldsico con cis-
platino y radioterapia.

Material y métodos

El presente estudio fue aprobado por el comité de
ética e investigacion del Hospital General de México,
todos los sujetos participantes firmaron una carta de
consentimiento informado. El estudio fue un ensayo
clinico aleatorizado, ciego, longitudinal y prospectivo
con controles pasivos. Se seleccionaron a pacientes que
ingresaron al servicio de Oncologia del Hospital Gene-
ral de México con diagndstico de cancer cérvico ute-
rino en estadio IB2, ITIA, IIB, IIIA y IIIB quienes reci-
bieron tratamiento oncoldgico a base de quimioterapia
concomitante con cisplatino a dosis 40 mg/m? SC y
radioterapia a dosis de 50 Gy en 25 sesiones, con glu-
cosa sérica en ayuno < 110 mg/dL, creatinina sérica
< 1,3 mg/dL, IFG > 50 mL/min, hemoglobina sérica >
10 mg/dL. El tamafio de muestra se calcul6 con base la
férmula de proporciones con una confianza 95%, y una
potencia del 80% para dar un total de 102 pacientes, es
decir un total de 51 pacientes por grupo.

Se aplicd, previa al inicio de la Rt y Qt, una encuesta
de frecuencia de consumo de alimentos con el objetivo
de determinar la cantidad de antioxidantes consumidos
por la paciente a través de los alimentos.?* Este mismo
procedimiento, se realizé al término del tratamiento.
Asimismo se evalu6 la Calidad de Vida, usando un
cuestionario validado (QoL-30) junto con su anexo
especifico para CaCu (QLQ-CX24)*' antes y después
del tratamiento oncolégico y posteriormente se deter-
miné de manera aleatoria®? si la paciente seria
expuesta a la suplementacion con las vitaminas antio-
xidantes (f-caroteno 4,8 mg, vitamina C 200 Ul, vita-
mina E 200U]I, selenio 15 mg) o a un placebo idéntico
fisicamente pero sin el compuesto activo. Se propor-
ciond a las pacientes una cdpsula diaria durante el
tiempo que durd el tratamiento oncoldgico (aproxima-
damente seis semanas).

A las pacientes se les extrajo una muestra de sangre
de 20 ml antes de iniciar tratamiento de Rt y Qt.
(semana 0), y otra al termino de la terapia de Braquite-
rapia (semana 6).

Esta muestra se centrifugé a 3.500 rpm durante 3-5
minutos a fin de obtener el plasma, los leucocitos y los
productos o células sanguineos. En estas muestras se
cuantificaron los niveles de estrés oxidativo por medio de
los siguientes marcadores: concentracién sérica de
malondialdehido (MDA)*, que en este estudio se deter-
miné mediante la técnica de sustancias tiobarbitiricas
dcidas reactivas; la aduccion o compuesto formado entre
MDA y acido tiobarbitirico (TBA) al someterse a altas
temperaturas y condiciones dcidas es medido colorimétri-
camente. La determinacion de la concentracién sérica de
carbonilos libres®, para la que se utilizé como técnica la
reaccion entre 2,4-dinitrofenilhidrazina (DNPH) y carbo-
nilos proteicos. La DNPH reacciona con estos carbonilos
y forma una base de Schiff para producir la hidrazona
correspondiente, la cual puede ser analizada espectrofoto-
métricamente. Y concentracion sérica de ditirosinas®,
usando la técnica de cuantificacion por espectrofotome-
tria de masa ya que la ditirosina es un compuesto fluores-
cente. Se determind la concentracion de antioxidantes
(Retinol y Toferol) en plasma mediante la técnica de
HPLC~.

Se realiz6 un andlisis estadistico descriptivo expre-
sado como media y desviacién estdndar para variables
continuas y frecuencias para variables categdricas. El
contraste entre los grupos de tratamiento se realiz6 con
prueba t-Student para muestras independientes al ini-
cio, y al final del estudio en las variables evaluadas,
tanto de estrés oxidativo como dietéticas entre los dos
grupos de estudio. La comparacién entre los valores
inicial y final se hizo con prueba de t-Student para
datos pareados. A fin de determinar el posible efecto
del tratamiento sobre la calidad de vida se llevé a cabo
un analisis multivariado de la varianza (MANOVA)
ajustando por medicién inicial, IMC y edad. El con-
traste post hoc se hizo con prueba de distancias mini-
mas de Fisher. Las concentraciones plasmadticas de
MDA, carbonilos libres, ditirosinas y tasa carbonilos/
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Tabla I
Caracteristicas generales de la poblacion
Placebo Suplemento
Variable media = DE media + DE
n=>54 n=49
Edad 48,9+10,3 47,18+ 11,5
IMC inicial 26,8 +4.7 27.42+5.8
Estadio Tumoral (%)
1B1 14,3 1,9
IIA 4,1 5,6
1IB 61,2 75,9
1A 4,1 0
1B 16,3 14,8
Tipo histolégico (%)
Epidermiode 87,8 87,0
Adenocarcinoma 12,2 11,2

proteinas, fueron analizadas mediante MANOVA ajus-
tando por IMC y edad. De esta forma se evalud el
efecto que tuvo el tratamiento con antioxidantes sobre
las variables de estrés oxidativo a lo largo del trata-
miento. Se realiz6 transformacién logaritmica para
variables que no fueron normales.

Resultados

En este estudio participaron 103 pacientes, las cuales
fueron asignadas al tratamiento de acuerdo a una tabla
de nimeros aleatorios en la que se obtuvo la siguiente
distribucién: 49 (47,60%) recibieron tratamiento con
antioxidantes y 54 (52,40%) recibieron placebo. Las
caracteristicas de las pacientes se muestran en la tabla I.
Las pacientes tuvieron una media de edad de 48,0 afios
de edad (DE = 10,98), donde el minimo fue de 29 y el
maéximo de 73 afios.

De acuerdo a la extension de la neoplasia, todas las
participantes fueron diagnosticadas con CACU en los
estadios previamente descritos. Se incluyeron 8
pacientes en estadio Ibl (7,8%), 5 pacientes en estadio
IIa, 72 pacientes (68.9%) en estadio IIb, 2 en estadio
Ila (1,9%) y 16 en estadio I1Ib (15,5%).

Se calcul6 un IMC de 27,11 kg/m? + 5,2 (16,83-
43,09). Al analizar esta dltima variable de manera cua-
litativa, se encontré que 39 pacientes (86,67%) presen-
taron de sobrepeso u obesidad (IMC = 25).

Se llevé a cabo el andlisis e interpretacién de los
resultados de las encuestas dietéticas (frecuencias de
consumo de alimentos) y se compararon los datos
mediante pruebas t-Student para datos pareados a fin
de determinar las posibles diferencias que pudieran
existir en un mismo grupo antes y después del trata-
miento oncoldgico. A su vez, se determinaron las dife-
rencias entre ambos grupos en la medicién final. Como
podemos observar en la tabla II, no existen diferencias
entre ambos grupos al final de tratamiento en el con-
sumo de alimentos, ambos grupos disminuyeron la
ingestion de alimentos, aunque no de manera estadisti-
camente significativa.

Posteriormente iniciamos el andlisis de las varia-
bles de estrés oxidativo. Se llevé a cabo un andlisis
usando t-student pareada considerando cada uno de
los grupos mediciones iniciales y finales, o bien para
muestras independientes en cada una de las variables
entre los dos grupos al final del tratamiento. Los
resultados se muestran en la tabla III. Se encontré
diferencias significativas en las concentraciones séri-
cas de carbonilos/mg proteina y las diferencias en los
carbonilos libres plasmaticos se muestran graficados
en la (fig. 1) en la que se observa que las pacientes que
recibieron el suplemento presentaron menores niveles
de estrés oxidativo en lo que se refiere a proteinas que
las que recibieron placebo, atribuible al tratamiento
con el antioxidante.

Tabla IT
Diferencias en el andlisis dietético entre ambos grupos al final. Comparacion del andlisis dietético
en cada grupo inicial vs final

Placebo inicial Placebo final Suplemento inicial ~ Suplemento final pentre

Variable media £ DE media = DE p media = DE media + DE p los dos grupos

n=25 n=25 n=27 n=27 final
Energia dieta (kcal) 2.799 + 881 2270+1.100 094 2.815+804 2.295+704 0,11 0,74
Proteinas dieta (g) 193624 169+ 84 0,66 19170 176 £71,9 0,06 091
Hidratos de carbono dieta (g) 162 + 148 123+82 0,02% 160+ 111,51 108 +42,9 0,06 0,22
Lipidos dieta (g) 184+159 160,3 + 82 0,75 185+63 157 £60 0,41 0,84
Vitamina C dieta (mg) 14767 119£91 0,13 168 £126 10452 0,30 0,49
Retinol dieta (UI) 3.812+2.368 3.525+3.757 0,57 4.508 +4.819 3.661 +£3.530 0,00% 0,89
p-caroteno dieta (mg) 6,8+4,2 6,3+6,7 0,57 8,1+8,0 6,5+6,3 0,00% 0,89
Vit E dieta (mg) 74+6,0 6,064 0,12 9,0+7,8 58+6,7 0,01* 091
Selenio 11,9+79 11,7+138 0,28 9.7+ 14,81 8.8+6,5 0,08 0,16
Cinc (mg) 144+559 139+129 0,62 13,30+ 13,84 13+72 0,67 0,48
*P<0,05.
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Tabla III

Andlisis de las variables de estrés oxidativa antes y después del tratamiento oncolégico

Placebo inicial Placebo final Suplemento inicial  Suplemento final pentre
Variable media = DE media = DE p media = DE media + DE P los dos grupos
n=>54 n=>54 n=49 n=49 final
MDA (nmol/ml) 8,29+6,4 10,65+11,3 0,10 12,05+38,7 1475123 0,14 0,16
Carbonilos (mmol/ml) 84,60+67,3 126,8 +143,7 0,06 91,26 +68,7 75,85+57,9 0,25 0,000
Carbonilos/mg proteinas 1,514 2,53+3,1 0,05 1,55+1,4 1,41£1,6 0,65 0,003
Ditirosinas 2471405292 5057111431 0,12 27.533+5.421 56.719+9.936 0,07 0,26
140 17,5% de los pacientes presentaron una concentra-
m12638 cién sérica normal de tocoferol (> 600 ug/dL) y el
120 // i 82,4% de ellos se consider6 deficiencia. También se
100 IR evalud la concentracién de retinol en plasma, encon-
%0 — - 83.29 trando que el 36% de las pacientes presentaban
58 Suplemento deplecion de esta vitamina en plasma y el 11,7%
P P p y ;
60 —#— Placebo padecia deficiencia severa de la misma. La concen-
40 tracién media fue de 31,21 ug/dL (concentracion
20 normal > 20 ug/dL). En relacion a los grupos de estu-
0 dio, no se encontraron diferencias estadisticamente
1 2 significativas iniciales.

Fig. 1.—Modificacion de la tasa de carbonilos séricos a lo lar-
go del estudio en ambos grupos.

Asimismo se llevé a cabo una prueba t-Student a fin
de determinar las diferencias que se obtuvieron entre
los datos derivados de las encuestas de frecuencia de
consumo de alimentos de las pacientes y los datos reco-
mendados por la RDA, en cuanto a los requerimientos
diarios de antioxidantes. Casi todos ellos resultaron ser

Los resultados del analisis de las encuestas de cali-
dad de vida muestran que en el aspecto global, esta
mostro ser significativamente en las pacientes que reci-
bieron en antioxidante como se observa en latabla V.

Tabla V
Andlisis de covarianza de las variables calidad de vida
ajustando por la medicion inicial

1alios €& A ) ! : Placebo Suplemento
significativamente mds bajos, a excepcién de vitamina Variable media + DE media + DE »
C que fue significativamente mds alto el consumo real n=47 n=46
que l(,) r.ecomenda.do por 1?1 RDA y el cinc que no fue Global 59.95228 69.17228 0.026%
estadisticamente significativo. Los resultados se mues- -
Fisico 79,48 +2.8 80,09+2,9 0,93
tranen latablaIV.
. ., Rol 79,57+3,3 82,10+34 0,48
Se evalué a su vez la concentracion de a-tocoferol .
N s Emocional 68,25+33 72,29+33 0,52
en plasma, encontrando que al inicio del estudio el Cognt 70,504 30 294143 1 P
82,4% del total de las pacientes tenfan deficiencia de SOg_ml“VO 62’82 - 3’5 70’95 - 3’5 0 0
vitamina E, presentando una media de 368,3 ug/dL. ocia 2L, DL, ’
Encontramos que la distribucién porcentual fue igual Fatiga 4248238 36,54+3,9 047
para el grupo placebo y el grupo experimental, s6lo el #P<0.05.
Tabla IV
Comparacion entre la recomendacion de la RDA con el consumo basal de antioxidantes con base a la frecuencia
de consumo de alimentos
. Placebo Suplemento P
Variable RDA n=54 p n=49
Vitamina C (mg) 75 158 (138,178) 0,001* 179,8 (143,218) 0,001*
Retinol (UI) 5.000 2.862(2.307,3.416) 0,001* 3.501(2.384,4.617) 0,009*
Vitamina E (UT) 15 10,4 (7,8,12,9) 0,0007* 13,3(12,9, 13,6) 0.001*
Selenio (ug) 55 11,7(79,15,4) 0,001* 8,8(6,9,10,7) 0,001*
Cinc (mg) 12 13,9(10,17) 0,28 13,0(10,9, 15) 0,33
Datos expresados con promedio (intervalo de confianza 95%).
*P<0.05.
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Discusion de resultados

En este estudio participaron 103 pacientes, las cuales
fueron asignadas al tratamiento de acuerdo a una tabla de
nimeros aleatorios, obteniéndose al final la siguiente dis-
tribucion: 49 (47,60%) recibieron tratamiento con
antioxidantes y 54 (52,40%) recibieron placebo. Las
pacientes tuvieron una media de edad de 48,0 afios de
edad (D.E. = 10,98), donde el minimo fue de 29 y el
maximo de 73 afios. Estos resultados se ajustan a los
descritos por el Dr. Torres Lobat6n del Hospital Gene-
ral de México en el 20072,

Existen articulos recientes que demuestran, en casos
y controles que las pacientes cuyo consumo de vita-
mina C, E y A era mayor, presentaban significativa-
mente menos cancer cervicouterino que aquellas que
no lo hacfan, estudio llevado a cabo en Corea y publi-
cado en 2010%. Existe otro estudio que incluye muestra
poblacional atin mayor, llevado a cabo en Brasil en el
que se concluye también que el incrementar la inges-
tién de alfa tocoferol y de verduras y frutas verde
oscuro y amarillas en la dieta, reduce hasta en 50% el
riesgo a presentar cdncer cérvico uterino, en mujeres de
nivel socioeconémico bajo, similar a la poblacién que
se estudio en este proyecto®. En nuestra poblacién, que
consistié en pacientes que ya presentaban el cdncer cér-
vico uterino, encontramos deficiencia de antioxidantes
(Tocoferol y Retinol) en la mayoria de ellas, cosa que
concuerda con lo reportado en la literatura®-*.

En nuestro estudio podemos observar que de
acuerdo a la encuesta realizada las pacientes en donde
se midié la frecuencia de consumo de alimentos y a
partir de ahi se llev6 a cabo una estimacion de nutri-
mentos consumidos, podemos concluir que comprado
con la RDA™, en las que se establece un requerimiento
de 75 mg/dia de Vitamina C para mujeres adultas, las
pacientes de nuestro estudio cubren adecuadamente
aunque esto puede ser debido a que la cantidad de ener-
gia que consumen es muy superior de su requeri-
miento, hecho que se pude ver reflejado en el IMC pro-
medio que estd por arriba de lo recomendado. Las
recomendaciones de Vitamina E son de 15 mg/35
umol/dia de alfa tocoferol, segtin los datos recolecta-
dos por nuestras encuestas, las pacientes no cubren su
requerimientos de esta vitamina, pese al exceso de
energia que consumen al dia. Para vitamina A se consi-
deran 6ptimos la ingestion de 700 pg/vit. A/dia o 5,000
Ul/dia que como vemos, nuestra poblacién estudiada
no lo alcanza a cubrir pese a su dieta abundante. Los
RDA de Selenio son 55 ug (0,7 umol)/dia que no se
alcanzan a cubrir por nuestra poblacién y de cinc lo
recomendado son 12 mg que aparentemente si los lle-
gan a cubrir.

Cabe mencionar que a las pacientes que se les admi-
nistré el tratamiento si llegaron a cubrir sus requerimien-
tos de todas las vitaminas y minerales antioxidantes ya
que el suplemento contiene las dosis recomendadas
antioxidantes y que de no ser por la suplementacién, no
los cubririan con la sola dieta a menos de que modifi-

quen sus habitos de alimentacién. Asimismo cabe recal-
car que dado a que la informacién se recolecté mediante
encuestas de frecuencia de consumo de alimentos y con
desviaciones estdndar grandes, se requiere mds pobla-
cién a fin de obtener conclusiones mds certeras de lo
evaluado.

Con respecto a la informacion relacionada al estrés
oxidativo, desde hace tiempo se ha estudiado la inte-
raccién de los radicales libres no s6lo con el DNA sino
con las proteinas, los lipidos y el RNA entre otras bio-
moléculas. Bdsicamente, la modificacion oxidativa de
estas moléculas genera la desregulacién de la homeos-
tasia celular, lo que deriva en carcinogénesis. Una vez
iniciado el fenémeno de estrés oxidativo, el dafio mole-
cular es inminente, presentandose en todas las molécu-
las como en DNA, proteinas y lipidos, los cuales de
alguna forma influyen en el proceso carcinégeno®.

El dafio generado a nivel de proteinas por el estrés
oxidativo manifestado en la formacién de carbonilos
libres trae como consecuencia dafio progresivo a la
funcién de las proteinas y dafio a los tejidos, disfuncién
celular, respuesta inflamatoria y apoptosis®. En articu-
los recientes se ha estudiado la influencia del estrés
oxidativo sobre la génesis del cincer colorectal, los
autores demuestran que al medir el rango carbonilo
proteina en estos pacientes y sus controles, éste resultd
significativamente mds alto en los controles que en los
casos estudiados®, lo cual indica que el cancer aumenta
el estrés oxidativo de los pacientes, este resultado se
repite en nuestro estudio, sin embargo, nosotros encon-
tramos que este pardmetro disminuye significativa-
mente posterior a la suplementacién con antioxidantes,
asi como lo han demostrado otros estudios recientes en
donde se usaron antioxidantes provenientes de tés para
demostrar reduccion en los niveles séricos carbonilos
libres y del rango carbonilos proteinas debido a esta
suplementacion®.

Existen otros estudios que demostraron que los
niveles elevados de carbonilos libres como marcador
de estrés oxidativo en proteinas continda elevado en
nifios con cdncer que terminaron su tratamiento anti-
neopldsico comparado con controles sanos*, lo que
demuestra a su vez la influencia del cdncer y de los
tratamientos sobre el estrés oxidativo sobre el estrés
oxidativo a nivel proteico, de manera similar a nues-
tro estudio. En otro estudio® se ha demostrado que la
prevencion de estrés oxidativo asociado a carbonilos
involucra la utilizacién de sustancias destructoras de
radicales libres y antioxidantes. En nuestro estudio
observamos una reduccion en la concentracién de car-
bonilos libres en los pacientes que tomaron los antio-
xidantes durante su tratamiento oncolégico, lo que
demuestra que el estrés oxidativo si logré reducirse.
Este resultado pudo haberse relacionado con que la
paciente reportara tener mds fuerza muscular y menos
fatiga lo que pudo haberse manifestado en una mejor
calidad de vida global.

Las quimioterapias para combatir el cdncer gineco-
16gico son cada vez mds individualizadas y frecuente-
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mente multimodales. Se requieren cada vez mds ensa-
yos clinicos a fin de evaluar el efecto de estos trata-
mientos y su relacion con la calidad de vida de estas
mujeres, que ha mostrado ser muy importante en el
momento de la vida libre de enfermedad y en la super-
vivencia®.

La evaluacién de calidad de vida mostré datos intere-
santes ya que el puntaje global fue significativamente
mejor en las pacientes sometidas al tratamiento con antio-
xidantes que en las que recibieron placebo; lo mismo se
obtuvo en el rubro cognitivo, ajustando por la medicién
inicial. Evidentemente, en ambos grupos fue menor el
puntaje en la seccién que habla de fatiga antes del inicio
del tratamiento oncolégico que después, al igual que el
aspecto social; estos aspectos pueden atribuirse al agota-
miento que produce estar sometido a un tratamiento con
quimio y radioterapia para combatir su enfermedad.

Recientes estudios han demostrado que la calidad de
vida debe ser evaluada en pacientes con cancer a fin de
llenar mejor las expectativas del equipo de la salud, en
espacial en adultos mayores. Estos trabajos son utiliza-
dos para medir el grado de afectacion de agregar un tra-
tamiento oncoldgico extra como en este estudio, el
cetuximab demostrando que el adicionarlo como far-
maco extra, no empeora la calidad de vida de vida de
los pacientes por lo que es posible administrarlo como
alternativa o como tratamiento adicional®'.

En un estudio publicado recientemente, los autores
evaluaron el efecto de un régimen bien estructurado de
ejercicio sobre la calidad de vida de pacientes con can-
cer de mama en tratamiento oncolégico con quimiote-
rapia, comprado con un grupo control que no se some-
tié al ejercicio; los autores encontraron diferencias
estadisticamente significativas entre los dos grupos
posterior al periodo en que se aplico el ejercicio espa-
cialmente en las 4reas fisica, emocional, social y espiri-
tual asi como en la calidad de vida global, estas
paciente presentaron diferencias en calidad de vida al
inicio del estudio®. No se encontraron estudios que
relacionen la posible influencia que tiene el consumo
de antioxidante sobre la calidad de vida del paciente
con cdncer, por lo que creo que vale la pena estudiar
mads a fondo el por qué de los resultados obtenidos en
este estudio.

Conclusion

La suplementacion con antioxidantes logré dismi-
nuir el estrés oxidativo, principalmente con relacién a
proteinas en pacientes con cancer cérvico uterino trata-
das con quimio y radioterapia.

Las pacientes consumen mds energia a través de la
dieta que la necesaria, situacién reflejada en el IMC
promedio muy superior al recomendado para la edad de
las pacientes; sin embargo, no alcanzan a cubrir sus
requerimientos de la mayoria de los antioxidantes con
la dieta, lo que nos habla de la mala eleccién de alimen-
tos, ricos en energia pero pobres en antioxidantes,

situacién corroborada por bajos niveles séricos de
antioxidantes en su mayoria.

La calidad de vida es mejor de manera global en las
pacientes que reciben suplemento con antioxidantes,
situacion que puede atribuirse al efecto protector de
antioxidante sobre el estrés oxidativo a nivel proteina
corporal.
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Abstract

Introduction: Inulin and FOS are prebiotics with
potential benefit in cardiovascular risk factors. Alpha
linolenic acid (ALA) is the metabolic precursor of the
long chain n-3 fatty acid eicosapentaenoic acid (20: 5n-3),
this fatty acid has anti-inflammatory properties. The aim
of our study was to evaluate the response of the cardiovas-
cular risk profile in obese patients after inclusion in the
diet of an ALA, FOS and inulin enriched-cookie.

Material and methods: 36 patients were randomized in
both branches: group I (inulin, FOS and ALA enriched
cookie) Gullon SL® and group II (control cookie). Previ-
ous and after 1 month of the treatment, a nutritional and
biochemical study was realized.

Results: 15 patients finished the procotol in each group.
In group I, a significantly increase in soluble fiber (2.3 +
0.8 g/day vs 7.7 = 0.8 g/day: p < 0.05) and ALA (0.6 = 0.5
g/day vs 3.8 + 0.5 g/day; p < 0.05) intakes was detected. In
this group a significant decrease of total cholesterol (238.1
+45.3 mg/dl vs 210.5 + 38.1 mg/dl: p < 0.05), LDL choles-
terol (153.6 + 23.2 mg/dl vs 127.1 + 27.9 mg/dl: p < 0.05)
and C reactive protein (6.6 + 1.4 mg/dl vs 4.4+7-1.8 mg/dl:
p < 0.05) was reached in males. Anthropometric parame-
ters did not change in both groups. The increase in soluble
fiber and ALA dietary intakes did not produce any gas-
trointestinal adverse effect.

Conclusion: The increase of 2 grams per day of inulin,
3.1 grams per day of FOS and 3.2 grams per day of alpha
linolenic (ALA) dietary intakes from an enriched-cookie,
improved total cholesterol, LDL cholesterol and C reac-
tive protein levels in obese males. As far as we know, this
is the first study that has evaluated the effect on risk fac-
tors of an ALA enriched cookies.
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ENSAYO CLINICO ALETORIZADO DOBLE CIEGO
CONTROLADO CON PLACEBO CON UNA
GALLETA ENRIQUECIDA EN ACIDO ALFA
LINOLEICO Y PREBIOTICOS EN EL PATRON
DE RIESGO CARDIOVASCULAR DE PACIENTES
OBESOS

Resumen

Introduccion: La inulina y los FOS son prebioticos con
potenciales efectos beneficiosos a nivel cardiovascular. El
acido alfa linolénico (ALA) es el precursor del acido eico-
sapentaenoico (20: 5n-3), presentando propiedades antin-
flamatorias. El objetivo de nuestro trabajo es evaluar la
respuesta del perfil de riesgo cardiovascular en pacientes
obesos tras la inclusion en la dieta de una galleta enrique-
cida en inulina, FOS y ALA.

Material y métodos: Un total de 36 pacientes fueron
randomizados a una de las siguientes ramas: galleta I
(enriquecida con inulina, FOS y ALA) y galleta II (galleta
control) (Gullén SL). Cada paciente recibié un total de 2
galletas al dia (70 gramos de producto). Antes de iniciar el
tratamiento y al mes, se realizé una valoracién nutricio-
nal y analitica.

Resultados: Finalizaron el protocolo un total de 15
pacientes en cada grupo. En el grupo I se produjo un
aumento significativo en la ingesta de fibra soluble (2,3 +
0,8 g/dia vs 7,7 + 0,8 g/dia: p < 0,05) (inulina y FOS), asi
como ALA (0,6 = 0,5 g/dia vs 3,8 + 0,5 g/dia; p < 0,05). Se
detecto en los pacientes varones que recibieron las galle-
tas enriquecidas una disminucion significativa de los
niveles de colesterol total (238,1 + 45,3 mg/dl vs 210,5 +
38,1 mg/dl: p < 0,05), LDL colesterol (153,6 + 23,2 mg/dl
vs 127,1 £ 27,9 mg/dl: p < 0,05) y proteina C reactiva (6,6 +
1,4 mg/dl vs 4,4+7-1,8 mg/dl: p < 0,05). No existieron dife-
rencias estadisticamente significativas en las variables
antropométricas. El aumento de la ingesta dietética de
fibra soluble y ALA en los pacientes de grupo I no supuso
ningiin efecto secundario a nivel gastrointestinal.

Conclusion: El aumento en la ingesta con una galleta
enriquecida de 2 gramos al dia de inulina, 3,1 gramos de
FOSy 3,2 gramos de ALA, mejora en los pacientes obesos
varones los niveles de colesterol total, LDL colesterol y
proteina C reactiva.

(Nutr Hosp. 2011;26:827-833)
DOI:10.3305/nh.2011.26.4.5143
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Introduccion

Obesity now represents a major pandemic, with a
multifactorial origin, showing an association with vari-
ous cardiovascular risk factors, high mortality and high
healthcare costs. In our country the prevalence of obe-
sity is at 13%, and overweight over 30%.' Therapeutic
options for the treatment of obesity go through dietary
management,> drug therapy and bariatric surgery.’
Despite the wide range of treatments, the first therapeu-
tic step is the dietary treatment. Diet has proven effec-
tive in weight loss and improvement in cardiovascular
risk parameters. One of the problems of dietetic ther-
apy is the lack of patient adherence, and lack of percep-
tion of the benefits secondary to the control of cardio-
vascular risk factors. One possibility is included in the
diet, heart-healthy foods that include changes in com-
position as fiber, fats or vitamins. Cookies are one of
the foods that has been modified to improve this car-
diovascular risk. Several studies have demonstrated the
usefulness of these foods, eg Romero et al.* have proven
useful in lowering cholesterol psyllium-enriched cook-
ies. Other groups have shown improvement in cardio-
vascular risk factors with the use of bread or cookies
enriched in beta-glucans.*¢ Inulin, which include fruc-
tooligosaccharides (FOS), oligofructose and inulin, are
the most common prebiotics commercially and those
with a greater number of studies that have examined
their actions on health and may present a potential role
in controlling certain cardiovascular risk factors for
obese patients.’

Other healthy nutrients are poly-unsaturated fatty
acids. For example, alpha linoleic acid (ALA) has
cardiovascular propierties, too. The cardioprotective
mechanisms of ALA may include the prevention of
ventricular fibrillation,® decrease response to aggre-
gation.” Furhtermore, ALA is the metabolic precur-
sor of the long chain n-3 fatty acid eicosapentaenoic
acid (20: 5n-3), this fatty acid has anti-inflammatory
properties.

The aim of our study was to evaluate the response of
the cardiovascular risk profile in obese patients after
inclusion in the diet of an ALA and prebiotic enriched-
cookie. As far as we know, this is the first study that has
evaluated the effect on risk factors of an ALA and pre-
biotic enriched cookies

Material and methods

The sample consisted of 36 obese patients (BMI >
30), starting the recruitment in august 2009 and com-
pleted follow-up of patients in july 2010. These
patients were studied in a Nutrition Unit, all patients
signed an informed consent protocol. The protocol has
been approved by the Ethics Committee of the Center.
Exclusion criteria were: elevated blood glucose > 126
mg/dl, high cholesterol > 250 mg/dl, triglycerides >
250 mg/dl, blood pressure > 140/90 mmHg, and the

Table I
Composition of cookies (2 cookies-70 grams of product)
Control cookies w3 cookies

Proteins (g) 422 492
Carbohydrates (g) 47.67 39.69
Fats () 12.98 10.87
Saturated (g) 3.37 1.03
Mono-unsaturated (g) 5.13 5.11
Poli-unsaturated (g) 1.47 472
a-linolenic/ALA (g) 0.03 3.20
Cholesterol (mg) <5 <5
Total fiber (g) 1.54 8.33
Soluble fiber (g) 0.42 5.67
FOS (g) 0 2.03
Inulin (g) 0 3.12
Pectin (g) 0,42 0.51
Insoluble fiber (g) 1.12 2.66
Hemicellulose () 0.56 1.33
Cellulose () 0.56 1.33
Sodium (mg) 0.21 0.21
Kcal 329.0 295.4

FOS: fructooligosaccharides.

taking of any of the following medications; statins,
fibrates, resins, sulfonylureas, biguanides, thiazo-
lidinediones, insulin, glucocorticoids, alpha blockers,
converting enzyme inhibitors and angiotensin II recep-
tor antagonists, angiotensin.

Procedure

Patients were randomized (table of numbers) to
one of the following two groups: cookie I (enriched
with inulin, FOS and ALA, see table I) (Gull6n SL)
and cookie II (control cookie, see table I). Each
patient received a total of 2 cookies per day (total
product 70 grams), completing a month of treatment.
Cookie intake was controlled for a month. The
methodology was double-blind, neither the patient
nor the investigator who followed the patient knew
the type of cookie.

Before starting the dietary intervention and at the
end of the protocol were determined dietary intake,
weight, fat mass, blood pressure, fasting blood glucose,
C reactive protein (CRP), insulin, insulin resistance
(HOMA), total cholesterol, LDL-cholesterol, HDL-
cholesterol and triglycerides.

Biochemical determinations

Serum total cholesterol and triglyceride concentra-
tions were determined by enzymatic colorimetric assay
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(Technicon Instruments, Ltd., New York, N.Y., USA),
while HDL cholesterol was determined enzymatically
in the supernatant after precipitation of other lipopro-
teins with dextran sulphate-magnesium. LDL-choles-
terol was calculated using Friedewald formula. Plasma
glucose levels were determined by using an automated
glucose oxidase method (Glucose analyser 2, Beckman
Instruments, Fullerton, California). Insulin was mea-
sured by enzymatic colorimetry (Insulin, WAKO Pure-
Chemical Industries, Osaka, Japan) and the homeosta-
sis model assessment for insulin resistance (HOMA)
was calculated."

Anthropometric measurements

Body weight was measured to an accuracy of 0.1 kg
and body mass index computed as body weight/
(height?) (kg/m?). Waist (narrowest diameter between
xiphoid process and iliac crest) and hip (widest diameter
over greater trochanters) circumferences to calculate
waist-to hip ratio (WHR) were measured, too. Tetrapo-
lar body electrical bioimpedance was used to determine
body composition.!" An electric current of 0.8 mA and
50 kHz was produced by a calibrated signal generator
(Biodynamics Model 310e, Seattle, WA, USA) and
applied to the skin using adhesive electrodes placed on
right-side limbs. Resistance and reactance were used to
calculate total body water, fat and fat-free mass.

Blood pressure was measured twice after a rest
period of 10 minutes with a random zero mercury
sphygmomanometer (Omron, London, United King-
dom), and averaged.

Dietary intervention

Before and after intervention, patients received
prospective serial assessment of nutritional intake with
3 days written food records. All enrolled subjects
received instruction to record their daily dietary intake
for three days including a weekend day. Handling of
the dietary data was by means of a personal computer
equipped with personal software, incorporating use of
food scales and models to enhance portion size accu-
racy. Records of intake and consumption of cookies
were reviewed by a dietician and analyzed with a com-
puter-based data evaluation system. National composi-
tion food tables were used as reference.”? The exercise
allowed was aerobic, which was previously done by
patients before entering the study, mainly walking. At
dietary intervention, patients were asked whether they
considered their bowel habits have changed over who
had previously shown a quantitatively and qualita-
tively. For a qualitative evaluation, they were asked
whether they considered that the introduction of the
cookie in the diet would have produced diarrhea or
constipation. For the quantitative point of view they
were asked the number of stools per week during the
month preceding the intervention and during the inter-
vention month.

Statistical analysis

The sample size was calculated to detect a difference
in C reactive protein levels after treatment of 1 mg/dl
with a 90% power and an alpha error of 5% (n =15 in
each group). The results were expressed as mean (stan-
dard deviation). The normality of variables was ana-
lyzed by the Kolmogorov-Smirnov. Quantitative vari-
ables with normal distribution were analyzed with
Student’s t test paired and unpaired. Var