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Importancia de la bioinformatica
en la medicina actual. ;Es realmente necesaria
la bioinformatica en la practica clinica?

Importance of bioinformatics in nowadays medicine.
Is it really necessary in clinical practice?

A raiz del articulo publicado en el presente nimero de Nutricion Hospitalaria titulado “Potential molecular
mechanism of the Xiexin capsule in the intervention of dyslipidemia based on bioinformatics and molecular
docking” (1), nos planteamos la importancia que la bioinformatica tiene para la medicina actual. En este trabajo,
Yao y colaboradores emplean diversas herramientas bioinformaticas y técnicas de acoplamiento molecular para
predecir como un determinado tratamiento empleado en medicina tradicional china es efectivo en el tratamiento
de la dislipidemia, concluyendo cudles son los componentes efectivos en el citado tratamiento, asi como los
mecanismos moleculares implicados en la enfermedad, y nos hace pensar en el potencial que esto supone para
la biomedicina.

Es una realidad que cada vez mas grupos de investigacion biomédica se lanzan a publicar trabajos que inclu-
yen estudios in silico o analisis informaticos para apoyar sus investigaciones. Estos trabajos se basan en el em-
pleo de esta reciente disciplina cientifica denominada bioinformatica, la cual permite a los cientificos desarrollar
herramientas informaticas y metodologias computacionales basadas en matematicas y estadistica para manejar
cualquier tipo de informacion bioldgica y de este modo organizar, almacenar, analizar e interpretar grandes can-
tidades de datos de esa naturaleza (2). En los ltimos afos, esta disciplina ha visto potenciado su protagonismo
en el ambito de la medicina, especialmente a partir del afio 2020, por su destacado papel durante la pandemia
de SARS-CoV-2. En ese momento, el empleo de herramientas hioinformaticas contribuy6 a interpretar en tiempo
récord la secuencia del virus, permitid la generacion de modelos tridimensionales de interaccion del virus con
células humanas e incluso facilitd la simulacion de modelos de prediccion de la infeccion en la poblacion. Todo
esto ayudd a conocer los procesos biologicos y mecanismos moleculares de la COVID-19, acelerando la bus-
queda de la vacuna o posibles tratamientos (3,4).

Cuando a finales del siglo XX se concluy6 que la informacion genética se encontraba contenida en el ADN, se
sentaron las bases para el desarrollo de o que se conocié como "era genémica", impulsada por grandes avances
en las técnicas de manipulacion del ADN y suponiendo una esperanza en el conocimiento de las enfermedades
genéticas. A principios de los 90 un consorcio internacional constituido por cientificos de seis paises (Estados
Unidos, Francia, Alemania, Reino Unido, Japén y China) inici¢ el llamado “Proyecto Genoma Humano”, mediante
el cual se pretendian descifrar las bases que conforman la secuencia completa del genoma humano para poder
estudiar a fondo la base genética de muchas enfermedades (5,6). A su conclusion, el 14 de abril de 2003, con
un 99,99 % de la secuencia descifrada, se lograron identificar mas de 30 000 genes codificantes de proteinas
(nimero que se redujo posteriormente) y mas de 3 000 millones de pares de bases, suponiendo un hito en la
historia de la biomedicina. Pero todo esto no seria posible si el “Proyecto Genoma” no hubiese coincidido en el
tiempo con el auge de la tecnologia y la aparicion de los secuenciadores automatizados de nueva generacion,
capaces de reducir tiempos y costes en la secuenciacion. Como resultado de esto se obtuvo una cantidad expo-
nencial de datos de dificil manejo e interpretacion, momento en el cual se hizo patente la necesidad de métodos
computacionales y ordenadores potentes que permitiesen no solo el andlisis agil de los datos, sino también la
creacion de grandes bases de datos publicas o repositorios centrales que hiciesen accesibles remotamente, a
toda la comunidad cientifica, toda esa informacion (7); como respuesta a esta necesidad surgid la bioinformatica.
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Actualmente nos encontramos en la llamada "era post-genémica”, donde, no solo la gendmica, sino otras
"Omicas" necesitan de la bioinformatica para poder integrar e interpretar todos los datos que arrojan (8). La in-
formacion que aportan es sumamente valiosa y representa un impacto potencial en nuestro entendimiento de la
medicina, puesto que en ellos podria encontrarse la respuesta a la aparicion y desarrollo de muchas enfermeda-
des, asi como sus comorbilidades o las claves para desarrollar tratamientos mas efectivos y especificos a cada
paciente. Algunos ejemplos estan en que hoy podemos estudiar perfiles genéticos que nos permitan determinar
predisposicion o riesgo a padecer diversas enfermedades, clasificar pacientes en subgrupos dentro de una
misma dolencia o administrar el tratamiento o dosis adecuada a cada paciente en funcion de su genotipo (8).
Ademas, se ha logrado descifrar la funcidn de muchas proteinas y generar modelos estructurales, asi como re-
des de interaccion entre proteinas para dilucidar los mecanismos moleculares detras de diversas enfermedades
(4,10) y hemos avanzado en la identificacion de biomarcadores, dianas terapéuticas y farmacos candidatos en
tiempos mas cortos y a costes mas reducidos, facilitando el diagnostico y el desarrollo de nuevos tratamientos.
Todo esto nos esta dirigiendo hacia una medicina mas personalizada, mediante la cual podremos seleccionar u
optimizar los cuidados terapéuticos y preventivos de cada paciente individualmente (10). Ademas, la disposicion
de datos 6micos, epidemioldgicos, de imagen y clinicos son de tal magnitud que ya se emplea el concepto de
“big data” para tratarlos y solo gracias al empleo de algoritmos y modelos matematicos de prediccion basados
en inteligencia artificial y aprendizaje automatico somos capaces de extraer de ellos el maximo conocimiento
para aplicarlo a la resolucion de problemas biomédicos (9,11).

Por tanto, es indiscutible que la bioinformatica ha facilitado el camino y agilizado los tiempos en investigacion,
nos proporciona indicios sobre mecanismos moleculares, rutas de interaccion, arquitectura molecular y modelos
de prediccion de enfermedades, ademas de ayudar a descubrir nuevas dianas terapéuticas y farmacos. La
cantidad de datos bioldgicos que se seguiran generando a raiz de las "0micas" en los préximos afios, junto con
la necesidad de integrar toda esa informacion con los datos clinicos, hacen dificil concebir la investigacion y
la practica médica sin la bioinformatica. Y aunque esta disciplina todavia no esta incorporada plenamente y de
manera sistematica en la evaluacion, prevencion y tratamiento de las enfermedades, resulta patente la nece-
sidad de profesionales formados en este campo en los sistemas nacionales de salud para aprovechar todo su
potencial traslacional.

Ana M.? Lago Sampedro™2®, Eva Garcia Escobar??
'ECAI de Gendmica (IBIMA). 2UGC de Endocrinologia y Nutricion.
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Estado nutricional y uso de recursos sanitarios tras la implementacion de un programa
de nutricion enteral por sonda PEG para pacientes neuroldgicos con hospitalizacion

domiciliaria

Nutritional status and use of health resources following the implementation of a PEG tube nutrition
program for neurological patients in home hospitalization

Benjamin Blanco Ramos, Baltasar Lopez Garcia, Nuria Gomez Bellvert
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Resumen

Objetivo: el objetivo de este estudio es demostrar que la implantacién de una nutricién enteral por sonda de gastrostomia por parte de la Unidad
de Hospitalizacion a Domicilio (UHD) en pacientes afectos de enfermedades neuroldgicas que impiden su correcta nutricion, mejora significati-
vamente su estado nutricional en términos de los parametros tanto antropométricos como analiticos.

Métodos: se recogieron datos de ingresos, dias de estancia hospitalaria, visitas a Urgencias y parametros nutricionales durante los 6 meses
previos y los 6 meses posteriores a la colocacion de una sonda de gastrostomia endoscdpica percutanea (PEG) en 100 pacientes de la UHD del
Hospital General Universitario de Elda (Alicante).

Resultados: se incluyeron en el estudio un total de 100 pacientes neuroldgicos, el 58 % de ellos mujeres y con una edad media (desviacion
estandar, DE) de 78,3 (13,3) afios, siendo el 60 % de los pacientes > 80 afios. El seguimiento y tratamiento domiciliario de estos pacientes
por parte de la UHD del Hospital General Universitario de Elda supuso una mejora de la calidad de vida y los pardametros nutricionales (peso,
indice de masa corporal, proteinas, albimina, prealbiimina, creatinina y hemoglobina), asi como una disminucion del nimero de complicaciones
derivadas del manejo nutricional del paciente en su domicilio, y una importante reduccion en el nimero de ingresos (90,27 %) y dias de estancia
hospitalaria (94,05 %), asi como en el de visitas a los servicios de urgencias (79,47 %), con la consiguiente reduccion de costes sanitarios.

Conclusiones: la implantacion de un programa de seguimiento domiciliario de pacientes portadores de PEG por una UHD mejora su estado
nutricional y reduce los costes sanitarios generados.

Abstract

Objective: the objective of this study was to demonstrate that implementation of enteral nutrition by gastrostomy tube by the Home Hospitalization
Unit (HHU) in patients suffering from neurological diseases, significantly improves their nutritional status, both in terms of anthropometric and
analytical parameters.

Methods: data on admissions, days of hospital stay, emergency room visits and nutritional parameters were collected during the 6 months
before and 6 months after placement of a percutaneous endoscopic gastrostomy (PEG) tube in 100 patients from the UHD at General University
Hospital in Elda (Alicante).

Results: a total of 100 neurological patients were included in the study; 58 % of them were women and with a mean age (standard deviation,
SD) of 78.3 (13.3) years, with 60 % of the patients being > 80 years. The monitoring and home treatment of these patients by the HHU of General
University Hospital in Elda led to improvement in quality of life and nutritional parameters (weight, body mass index, proteins, albumin, prealbumin,
creatinine, and hemoglobin), as well as a decrease in the number of complications derived from the nutritional management of patients at their
home, and a significant reduction in number of admissions (90.27 %) and days of hospital stay (94.05 %), as well as of visits to emergency
services (79.47 %), with a consequent reduction in healthcare costs.

Conclusions: the implementation of a home-based monitoring program for patients with PEG by a HHU improves their nutritional status and
reduces healthcare costs
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INTRODUCCION

La nutricion es un factor clave para mantener y promover la
salud humana y, por tanto, la desnutricion es causa y conse-
cuencia de problemas de salud, por lo que su identificacion y tra-
tamiento puede evitar complicaciones o recaidas en patologias
de base asi como acelerar la recuperacion (1,2). Existen ciertas
poblaciones de pacientes que, por su condicion, presentan un
mayor riesgo de sufrir desnutricion y que precisan el estableci-
miento de terapias nutricionales que garanticen la ingesta de los
requerimientos caldricos y los nutrientes necesarios, les ayuden
a mantener un estado nutricional dptimo y satisfagan sus de-
mandas metabdlicas (3).

La nutricidn enteral (NE) se entiende como aquella terapia de
soporte nutricional en la que una formula de alimentacion liquida
se administra directamente en el tracto gastrointestinal (Gl) para
suplementar o proveer todos los requerimientos caléricos al indi-
viduo (4,5). Existe un gran conjunto de pacientes que reciben NE,
entre los que se incluyen aquellos con disfuncion neuroldgica,
cancer gastrointestinal superior, anorexia y, en general, pacien-
tes con dificultad para transferir la comida desde la cavidad oral
hasta el estdmago (6).

La nutricion enteral domiciliaria (NED) surgié para evitar la
hospitalizacion innecesaria de los pacientes que, sin precisar
una atencion especial, han de permanecer ingresados, al nece-
sitar un soporte nutricional enteral de forma temporal o definitiva.
Ademas, la NED permite que el paciente permanezca en su en-
torno sociofamiliar, siempre y cuando tanto el tratamiento como
el seguimiento se programen de forma adecuada (7).

El Hospital General Universitario de Elda (Alicante) dispone
una unidad de hospitalizacion a domicilio (UHD) que ofrece trata-
miento integral de cuidados paliativos, tanto en el hospital como
en el propio domicilio, con el objetivo de tratar los sintomas,
principalmente el dolor, y reconfortar al enfermo y a su familia
a medida que la enfermedad va avanzando, mejorando asi la
calidad de vida del paciente.

El objetivo principal del presente estudio fue la evaluacion
del programa de nutricion enteral que la UHD del Hospital Ge-
neral Universitario de Elda presta a los pacientes incapacita-
dos por trastornos neuroldgicos en relacion al uso de recursos
tras 6 meses de aplicacion del programa. Los objetivos secun-
darios fueron describir el perfil del paciente en el momento de la
implementacion del programa en la UHD y describir los cambios
nutricionales de los pacientes basados en las variables analiticas
y antropométricas tras los seis meses de intervencion.

MATERIAL Y METODOS

DISENO DEL ESTUDIO

Estudio observacional, unicéntrico y retrospectivo con recogi-
da de informacion a partir de una base de datos anonimizada,
generada en el hospital y basada en las historias clinicas (HHCC)
de los pacientes con patologias neuroldgicas incapacitantes que

B. Blanco Ramos et al.

habian sido tratados por la UHD del Hospital General Universi-
tario de Elda (Esparia) mediante NE para prevenir y/o solventar
estados de desnutricion subyacentes a la patologia principal que
padecian.

Estos datos correspondian al periodo comprendido entre
el 1 de enero de 2015 y el 31 de diciembre de 2017, fechas
de registro del primer y tltimo paciente en la base de datos. Por
cada paciente se realizaron dos registros de datos con una dife-
rencia de 6 meses entre ellos. Los pacientes que se incluyeron
en esta base de datos debian precisar nutricion por sonda de
gastrostomia endoscdpica percutanea (PEG, segun sus siglas en
inglés) y padecer una enfermedad neuroldgica de base, causante
de la necesidad de una sonda de nutricion.

PARTICIPANTES

Se seleccionaron todos los pacientes visitados por la UHD del
Hospital General Universitario de Elda durante el periodo del es-
tudio (n = 100) que disponian de datos de seguimiento de un
minimo de 6 meses, tenian 18 afios 0 mas, requerian NE (por
sonda) y tenian diagnostico de enfermedad con afeccion neuro-
l6gica que les hacia candidatos al tratamiento hospitalario o la
hospitalizacion a domicilio. Se excluyeron los pacientes con ca-
pacidad de alimentarse por si mismos, 10s que estuvieran partici-
pando paralelamente en otro estudio y los que no contaran con la
informacion completa requerida para el estudio (ya fuera por fa-
llecimiento, decision del paciente o persona a su cargo, decision
del investigador, suspension definitiva de la administracion de la
nutricion enteral antes de los 6 meses u otras causas descono-
cidas). El estudio se realizd de acuerdo con los principios éticos
de la Declaracion de Helsinki y fue aprobado por el Comité Etico
de Investigacion Clinica (CEIC) del Hospital General Universitario
de Elda, con nimero de aprobacién CARPENUT EC2016/09. La
anonimidad de los pacientes se salvaguardé en todo momento.
Todos los pacientes otorgaron su consentimiento informado para
participar en el estudio.

VARIABLES

Se recogieron datos sociodemograficos y clinicos del paciente:
edad, peso, estatura, altura talla-rodilla, indice de masa corpo-
ral (MC), diagnostico principal, variables analiticas y variables
relacionadas con la NE (patologia diagnosticada y motivo de ad-
ministracion). Asimismo, se recogieron variables de uso de re-
cursos relacionadas con el periodo pre y postintervencion nutri-
cional: nimero de ingresos hospitalarios, estancias hospitalarias
y visitas a Urgencias.

El estado nutricional del paciente se evalud en los dos mo-
mentos de recogida de datos (al iniciar el programa nutricional
y a los 6 meses de seguimiento). Se utilizaron para ello la he-
rramienta universal de cribado de la malnutricion MUST (Mal-
nutritional Universal Screening Tool) y el cuestionario MNA (Mini
Nutritional Assessment). La herramienta MUST (8-10) esta
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disefada para identificar a los adultos con peso insuficiente y
riesgo de desnutricion, asi como a los obesos. No esta pensada
para detectar insuficiencias ni aportes excesivos de vitaminas y
minerales. Incluye tres parametros clinicos que se puntian con
0, 1 0 2 puntos como sigue: IMC > 20 kg/m2 = 0; 18,5-20
kg/m2 = 1; < 18,5 kg/m2 = 2; pérdida de peso < 5 % = 0;
5-10 % = 1; > 10 % = 2; enfermedad aguda y su relacion con
la ingesta en los préximos cinco dias: ausencia = 0; presen-
cia = 2. Tras la cumplimentacion, el riesgo de desnutricion se
establece como bajo = 0 puntos; medio = 1 punto; y alto > 2
puntos. Su gran validez se debe a que incluye guias de actuacion
para desarrollar el tratamiento nutricional y puede utilizarse en la
comunidad, el hospital y los pacientes institucionalizados.

El cuestionario MNA (11) es un método de evaluacion y criba-
do nutricional para pacientes > 65 afios, disefiado para el ambito
hospitalario, las residencias y la poblacién ambulatoria. Lo realiza
el personal sanitario y consta de dos partes: un cribado (7 pre-
guntas) y una evaluacion (12 preguntas), que se realiza solo si
el cribado da positivo. La puntuacion se categoriza: > 24, buen
estado nutricional; entre 17y 23,5, riesgo de desnutricion; < 17,
desnutricion caldrico-proteica cuya evaluacion debera comple-
tarse mediante parametros bioquimicos, antropométricos y una
historia dietética para determinar la intervencion nutricional ne-
cesaria. En este estudio también se utilizd el MNA Short Form
(9,12) como herramienta de cribado independiente, compuesta
por la parte de cribado del MNA global, que incluye la posibilidad
de utilizar el perimetro de la pantorrilla cuando no es posible
obtener el IMC del paciente. Clasifica a los pacientes como bien
nutridos, en riesgo de desnutricion y desnutridos.

ANALISIS ESTADISTICO

Se analizaron todos los pacientes incluidos en el estudio que
cumplian los criterios de seleccion definidos por el protocolo. Los
analisis del estudio se realizaron con el paquete estadistico SAS
para Windows, version 9.2 o superior (SAS Institute Inc., Cary,
NC, EE.UU.). Las variables cualitativas se resumieron con las fre-
cuencias absolutas y relativas por grupos y en toda la poblacion.
Las variables cuantitativas se proporcionaron utilizando el nu-
mero de casos validos, la media, la desviacion estandar (DE), la
mediana, el rango intercuartilico, el minimo y el méaximo. El nivel
de significacion en el andlisis bivariado se establecio en 0,05.
Las variables cuantitativas se compararon entre 0s grupos uti-
lizando una prueba t de dos muestras (dos grupos) y un analisis
de la varianza (ANOVA) (tres 0 mas grupos). En los casos en que
la prueba ANOVA mostr6 un nivel de significacion inferior a 0,05,
se utilizd la prueba de Bonferroni post hoc a un nivel de significa-
cion de 0,01 para detectar diferencias en las comparaciones por
pares. Los parametros cuantitativos sin una distribucion normal
y los parametros ordinales se compararon usando la prueba no
paramétrica de Mann-Whitney para dos categorias y la prueba
de Kruskal-Wallis para tres 0 mas categorias. Los parametros
cualitativos se analizaron usando una prueba del 2 o, en caso de
que no se cumpliesen los supuestos, la prueba exacta de Fisher.

[Nutr Hosp 2022;39(3):489-498]

RESULTADOS

En el Hospital General Universitario de Elda, en 2017, se pro-
dujeron un total de 3056 ingresos en el centro, de los que 2871
fueron domiciliarios y 185 hospitalarios, con una estancia media
hospitalaria de 5,25 dias.

Segun datos del centro, la mayoria de los pacientes prefieren
recibir el tratamiento hospitalario en su propio domicilio.

RIESGO DE DESNUTRICION (MNA)

Aunque el MNA se usa en poblacion de > 65 afios, en este
estudio se aplicd también a los pacientes < 65 afios (20 sujetos),
por lo que los resultados estratificados por riesgo de desnutricion
seguin el MNA presentados en este estudio se ofrecen para el
total de la muestra y para los > 65 afos.

Del total de 100 pacientes que respondieron el cuestionario
MNA, el 68 % presentaban desnutricion, el 31 % riesgo de des-
nutricion y solo el 1 % tenian un estado nutricional normal. En
relacion al grupo > 65 afios (80 pacientes), el MNA detectd un
71,25 % de desnutricion y un 28,75 % de riesgo de desnutricion
(Tabla 1.

Ya que la parte de cribado es comUn en ambas herramientas,
se evalud la relacion entre los resultados obtenidos entre el MNA
global y el MNA de cribado en el total de la muestra de 100 pa-
cientes. Por categorias, presentaban desnutricion (MNA de criba-
do vs. MNA global) 50 frente a 49 pacientes (1 estaba en riesgo
de desnutricion) y riesgo de desnutricion, 46 frente a 27 pacien-
tes (19 ya tenian desnutricion), respectivamente. La correlacion
entre MNA global y MNA de cribado fue superior en los 80 pa-
cientes > 65 afos, para los que si estaba validado el MNA, en los
que coincidio la identificacion de la desnutricion (42 pacientes
con ambas medidas). En cuanto al riesgo de desnutricion, de
los 37 pacientes detectados por el MNA de cribado, finalmente
lo presentaron 22 pacientes y 15 ya estaban desnutridos, segun
el MNA global.

DESCRIPCION BASAL DE LA MUESTRA
SEGUN EL RIESGO DE DESNUTRICION

Se incluyd un total de 100 pacientes, de los que el 58,0 %
eran mujeres. La edad media (DE) fue de 78,3 (13,3) afos, con
un 60 % de los pacientes > 80 afos. Se observo que el grado
de desnutricion (MNA < 17) se incrementaba con la edad (15 %
y 36 % de pacientes con 70-79 afios y > 80 afios, respec-
tivamente). Los diagndsticos mas frecuentes fueron demencia
(32,0 %), accidente cerebrovascular (AGVA, 15 %), Alzheimer
(13 %), hemorragia cerebral (12 %) y esclerosis lateral amio-
tréfica (ELA, 10 %). EI IMC basal fue de 23,98 (4,26) kg/m?
(Tabla Il).

Segun el MUST, el 95 % de los sujetos analizados presentaba
un riesgo alto de desnutricion.



492

B. Blanco Ramos et al.

Tabla I. Descripcion del cuestionario MNA (global y cribado) (pacientes totales)

MNA Frecuencia Porcentaje
Total de pacientes 100 (100 %)
1. Desnutricion (0-16,5) 68 (68,00 %)
MNA 2. Riesgo de desnutricion (17-23,5) 31 (31,00 %)
Total de pacientes 3. Estado nutricional normal (24-30) 1 (1,00 %)
MNA 1. Desnutricion (0-7) 50 (50,00 %)
cribado 2. Riesgo de desnutricion (8-11) 46 (46,00 %)
3. Estado nutricional normal (12-14) 4 (4,00 %)
Total pacientes > 65 anos 80
1. Desnutricion (0-16,5) 57 0
MNA 2. Riesgo de desnutricion (17-23,5) 23 g;?g 0;0 ;
> 65 afos 3. Estado nutricional normal (24-30) 0 o
MINA 1. Desnutricion (0-7) 42 (52,50 %)
cribado 2. Riesgo de desnutricion (8-11) 37 (46,25 %)
3. Estado nutricional normal (12-14) 1 (1,25 %)
Tabla Il. Variables sociodemograficas y clinicas basales segun el riesgo
de desnutricion
. 0-Normal 1-Desnutricion
Variable (174) (0-16,5) Total Valor p
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,3121
ACVA, n (%) 5 (15,6 %) 10 (14,7 %) 5 (15,0 %)
Alzheimer, n (%) 5 (15,6 %) 8 (11,8 %) 3(13,0 %)
Corea de Huntington, n (%) 22,9 %) 2(2,0%)
Demencia, n (%) 8 (25,0 %) 24 (35,3 %) 32 (32,0 %)
ELA, n (%) 39,4 %) 7(10,3 %) 0(10,0 %)
Esclerosis multiple 2 (2,9 %) 2 (2,0 %)
Hemorragia cerebral, n (%) 4(12,5 %) 8 (11,8 %) 12 (12,0 %)
Metéstasis cerebral, n (%) 5(15,6 %) 1(1,5%) 6 (6,0 %)
Pardlisis cerebral, n (%) 1(3,1 %) 22,9 %) 3(3,0 %)
Parkinson, n (%) 1(3,1 %) 45,9 %) 55,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,2662
Sexo Muijeres, n (%) 16 (50,0 %) 42 (61,8 %) 58 (58,0 %)
Varones, n (%) 16 (50,0 %) 26 (38,2 %) 42 (42,0 %)
n valida 32 68 100 0,0458
Media (DE) 73,59 (16,16) 80,47 (11,16) 78,27 (13,28)
Edad Mediana (P25; P75) 80,5 (60,0; 86,0) | 82,0(71,5;90,0) | 81,5(69,5; 83,5)
(Min; Max) (36,0; 96,0) (63,0; 99,0) (36,0; 99,0)
IC 95 % (67,8; 79,4) (77,8; 83,2) (75,6; 80,9)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,0015
1. < 60 afios, n (%) 8 (25,0 %) 1(1,5 %) 99,0 %)
Fdad (cal 2. 60-69 afios, n (%) 2 (6,3 %) 4 (20,6 %) 6 (16,0 %)
3.70-79 afios, n (%) 5 (15,6 %) 0(14,7 %) 5 (15,0 %)
4. 80-89 afios, n (%) 12 (37,5 %) 4 (35,3 %) 6 (36,0 %)
5. 90+ afios, n (%) 5(15,6 %) 9 (27,9 %) 4 (24,0 %)

(Contintia en pdgina siguiente)

[Nutr Hosp 2022;39(3):489-498]
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Tabla Il (Cont.). Variables sociodemograficas y clinicas basales segun el riesgo

de desnutricion

. 0-Normal 1-Desnutricion
Variable (174) (0-16,5) Total Valor p
n vélida 32 68 100 0,0028
Media (DE) 25,62 (3,61) 23,21 (4,34) 23,98 (4,26)
IMC (pesortalla?) Mediana (P25; P75) 249(231;277) | 229(21,0,253) | 23,4 (21,5, 26,5)
(Min; Max) (19,7, 33,8) (14,0, 40,4) (14,0 40,4)
IC 95 % (24,3; 26,9) (22,2; 24,3) (23,1, 24,8
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,1648
1. Desnutricion severa (< 16), n (%) 2 (2,9 %) 2 (2,0 %)
2. Desnutricion moderada 7 (10,3 %) 7(7,0 %)
(16,1-18,4), n (%)
IMC (cat) 3. Bajo peso (18,5-22), n (%) 5 (15,6 %) 17 (25,0 %) 22 (22,0 %)
4. Peso normal (22,1-24,9), n (%) 11 (34,4 %) 23 (33,8 %) 34 (34,0 %)
5. Sobrepeso (25-29,9), n (%) 12 (37,5 %) 13 (19,1 %) 25 (25,0 %)
6. Obesidad tipo | (30-34,9), n (%) 4(12,5 %) 5(7,4 %) 99,0 %)
8. Obesidad tipo Il (> 40), n (%) 1(1,5%) 1(1,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,1685
MUST 0 - Riesgo de desnutricion 39,4 %) 2 (2,9 %) 5(5,0 %)
MUST bajo, n (%)
MUST 2 - Riesgo de desnutricion 29 (90,6 %) 66 (97,1 %) 95 (95,0 %)
alto, n (%)
n valida 23 57 80 < 0,0001
. . Media (DE) 9,13 (0,97) 6,09 (1,88) 6,96 (2,17)
A evaluacon de orib2) | eciana (P25, P75) 900090 | 606080 | 706590
- (Min; Max) (8,0; 12,0) (0,0;9,0) (0,0; 12,0)
IC 95 % (8,7;9,5) (5,6; 6,6) 6,5, 7,4)
Total, n (%) 23 (100,0 %) 57 (100,0 %) 80 (100,0 %) < 0,0001
1. Desnutricion (0-7), n (%) 42 (73,7 %) 42 (52,5 %)
MNA (evaluacion de cribado) 2. Riesgo de desnutricion 22 (95,7 %) 15 (26,3 %) 37 (46,3 %)
Pacientes > 65 8-11), n (%)
3. Estado nutricional normal 14,3 %) 1(1,3%)
(12-14),n (%)
n valida 23 57 80 < 0,0001
. Media (DE) 18,13 (1,48) 12,94 (2,17) 14,43 (3,09)
ya'\giz r(ﬁ‘éz'iagg’” global) Mediana (P25; P75) 175(17,0;18,5) | 13,0 (11,5, 14,0) | 14,0 (12,5 17,0)
- (Min; Max) (17,0; 22,5) (4,0; 16,5) (4,0; 22,5)
IC 95 % (17,5, 18,8) (12,4;13,5) (13,7;15,1)

En los pacientes > 65 afios, la puntuacion media del MNA de
cribado fue de 6,96 (2,17) (solo un 1,3 % de los pacientes pre-
sentaban un estado nutricional normal) y la puntuacion media del
MNA global fue de 14,43 (3,09) (Tabla Il). Los items del MNA que
registraron mayor porcentaje de respuestas fueron: circunferencia
de la pantorrilla < 31 ¢cm (79 %), necesita ayuda para alimentarse
(79 %), problemas de desnutricion (0 no lo sabe) (76 %), proble-
mas de demencia (72 %), movilidad reducida (solo va de la cama
al sillén) (69 %), ingesta de mas de tres medicamentos al dia
(68 %) y reduccion de la ingesta en los tltimos 3 meses (66 %).

[Nutr Hosp 2022;39(3):489-498]

Existe una relacion directa entre la edad del paciente y el gra-
do de desnutricion, de modo que los pacientes con mayor edad
presentan un mayor grado de desnutricion (15 % y 36 % en los
pacientes con 70-79 afios y > 80 arios, respectivamente), siendo
los pacientes menos desnutridos 10s que tenian < 60 afios (9 %).

Los valores medios (DE) de las variables de laboratorio a nivel ba-
sal fueron: proteina, 6,42 (0,86) g/dl; albimina, 3,70 (0,53) g/dl;
prealblimina, 22,82 (6,70) mg/dl; creatinina, 0,69 (0,28) mg/dl;
hierro, 65,76 (29,82) pg/dl; leucocitos, 7,59 (2,92) mil/mm?y
hemoglobina, 12,80 (1,72) g/dl.
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EVOLUCION DE LOS PARAMETROS
ANTROPOMETRICOS Y ANALITICOS TRAS LA
INTERVENCION NUTRICIONAL

Tras los 6 meses de intervencion nutricional a domicilio, el
peso del paciente se incrementd una media (DE) de 0,56 (1,96)
kg, siendo mayor este incremento en los pacientes con
desnutricion: 0,77 (1,79) kg. El IMC también se incremen-
t6 una media (DE) de 0,23 (0,79) kg/m? con un valor me-
dio (DE) de 0,30 (0,73) kg/m? en los pacientes desnutridos.
Los parametros analiticos de proteinas, albiimina, prealbimina,
creatinina y hemoglobina también mejoraron tras los 6 meses
de la implementacion del programa de NE (p < 0,01) (Tabla Ill).

USO DE RECURSOS

A'los 6 meses de la colocacion de la sonda PEG se observo
un descenso del nimero medio de ingresos hospitalarios, de los

B. Blanco Ramos et al.

dias de estancia hospitalaria y de las visitas a Urgencias por pa-
ciente respecto a los datos basales (Tabla IV).

En general, el 68 % de los pacientes totales tuvo menos in-
gresos tras la intervencion nutricional. En los 6 meses anteriores
a la intervencion nutricional, el 70 % de los pacientes totales
habia tenido algtn ingreso hospitalario, que se redujeron hasta
un 11 % tras la intervencion. En los pacientes con desnutricion
a nivel basal, el porcentaje de pacientes que requirieron ingreso
hospitalario paso del 69,1 % basal al 13,2 % a los 6 meses pos-
teriores a la colocacion de la sonda PEG (Tabla V'y Fig. 1).

Las estancias hospitalarias también se vieron reducidas en el
70 % de los pacientes totales tras la intervencion. En los 6 me-
ses anteriores a la intervencion nutricional, el 70 % de los pa-
cientes presentaban alguna estancia hospitalaria (el 29 % con
mas de 10 estancias), que se redujeron al 11 % tras 6 meses
de la intervencion (6 estancias como maximo). En los pacien-
tes desnutridos a nivel basal, el porcentaje de pacientes que
requirié estancia hospitalaria pasé del 69,1 % basal al 13,2 % a
los 6 meses de la colocacion de la sonda PEG (Tabla V'y Fig. 1).

Tabla Ill. Evoluciéon de los principales parametros antropomeétricos tras 6 meses
de intervencion nutricional por parte del UHD

. 0-Normal 1-Desnutricion

Variable (174) (0-16,5) Total Valor p

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,0513
Peso (cambio) Disminuye 14 (43,8 %) 19 (27,9 %) 33(33,0 %)
Igual 7(21,9 %) 8 (11,8 %) 15 (15,0 %)
Aumenta 11 (34,4 %) 41 (60,3 %) 52 (52,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,0513
) Disminuye 14 (43,8 %) 19 (27,9 %) 33 (33,0 %)
IMC (cambio) loual 7(21,9 %) 8 (11,8 %) 15 (15,0 %)
Aumenta 11 (34,4 %) 41 (60,3 %) 52 (52,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,0893
Proteina (cambio) Disminuye 6 (18,8 %) 5 (7,4 %) 11 (11,0 %)
Aumenta 26 (81,3 %) 63 (92,6 %) 89 (89,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,0370
. . Disminuye 12 (37,5 %) 10 (14,7 %) 22 (22,0 %)
Albdmina (cambio) lgual 39,4 %) 9(13,2 %) 12 (12,0 %)
Aumenta 17 (63,1 %) 49 (72,1 %) 66 (66,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,0371
Prealblimina (cambio) Disminuye 7 (21,9 %) 5(7,4 %) 12 (12,0 %)
Aumenta 25 (78,1 %) 63 (92,6 %) 88 (88,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,7734

- ) Disminuye 15 (46,9 % 30 (44,1 % 45 (45,0 %

Creatinina (cambio) ua y (46,9 %) ] 21’5 %)0) 1 E1 0 %)°)
Aumenta 17 (63,1 %) 37 (54,4 %) 54 (54,0 %)

Total 32 (100 %) 68 (100 %) 100 (100 %) 0,2888

. ) Disminuye 9 (28,1 % 16 (23,5 % 25 (25,0 %

Hemoglobina (cambio) lgual / 1((31 %;) ( ! 1 E1 0 %)0)
Aumenta 22 (68,8 %) 52 (76,5 %) 74 (74,0 %)
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Tabla IV. Numero medio de ingresos, estancias y urgencias en los ultimos 6 meses
y cambio desde la etapa basal

0-Normal 1-Desnutricion Total Valor
(174) (0-16,5) >
Basal, media (DE) 1,00 (0,98) 1,19 (1,14) 1,13 (1,09) 0,5279
Final, media (DE) 0,06 (0,25) 0,13 (0,34) 0,11 (0,31) 0,3033
Numero de ingresos
Cambio, media (DE) -0,94 (0,98) -1,06 (1,03) -1,02 (1,01) 0,6776
Cambio porcentual -94,00 % -89,08 % -90,27 %
Basal, media (DE) 6,59 (6,92) 8,01 (8,70) 7,56 (8,17) 0,5453
Final, media (DE) 0,22 (0,94) 0,56 (1,53) 0,45 (1,37) 0,2885
Dias de estancia hospitalaria
Cambio, media (DE) -6,38 (6,76) -7,46 (8,16) -711(7,72) 0,5916
Cambio porcentual -96,81 % -93,13 % -94,05 %
Basal, media (DE) 2,25 (2,24) 1,74 (1,54) 1,90 (1,80) 0,4855
Final, media (DE) 0,41 (0,76) 0,38 (0,69) 0,39 (0,71) 0,9663
Visitas a Urgencias
Cambio, media (DE) -1,84 (1,78) -1,35 (1,46) -1,51 (1,58) 0,3105
Cambio porcentual -81,78 % -77,59 % -79,47 %

Tabla V. Porcentaje de pacientes que requieren ingresos en los ultimos 6 meses a nivel
basal y a los 6 meses segun el grado de malnutriciéon

. 0-Normal 1-Desnutricion
Variable (174) (0-16,5) Total Valor p
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,7790
Ingresos (basal) Sin (0), n (%) 9 (28,1 %) 21 (30,9 %) 30 (30,0 %)
Con (= 1), n (%) 23 (71,9 %) 47 (69,1 %) 70 (70,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,2977
Ingresos (final) Sin (0), n (%) 30 (93,8 %) 59 (86,8 %) 89 (89,0 %)
Con (= 1),n (%) 2 (6,3 %) 9(13,2 %) 11 (11,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,7790
Estancias (basal) Sin (0), n (%) 9 (28,1 %) 21 (30,9 %) 30 (30,0 %)
Con (= 1), n (%) 23 (71,9 %) 47 (69,1 %) 70 (70,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,2977
Estancias (final) Sin (0), n (%) 30 (93,8 %) 59 (86,8 %) 89 (89,0 %)
Con (= 1),n (%) 2 (6,3 %) 9 (13,2 %) 11 (11,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,7047
Urgencias (basal) Sin (0), n (%) 6 (18,8 %) 15 (22,1 %) 21 (21,0 %)
Con (= 1), n (%) 26 (81,3 %) 53 (77,9 %) 79 (79,0 %)
Total, n (%) 32 (100 %) 68 (100 %) 100 (100 %) 0,9848
Urgencias (final) Sin (0), n (%) 23 (71,9 %) 49 (72,1 %) 72 (72,0 %)
Con (= 1), n (%) 9 (28,1 %) 19(27,9 %) 28 (28,0 %)

[Nutr Hosp 2022;39(3):489-498]
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Figura 1.

Evolucion del porcentaje de pacientes con uso de recursos tras la intervencion nutricional.

El programa nutricional también tuvo un impacto positivo en
las visitas a Urgencias, que se redujeron en el 72 % de los pa-
cientes tras los 6 meses. El porcentaje de pacientes que visitaron
las urgencias antes y después de la intervencion paso del 79 %
(el 14 % mas de 3 visitas) al 28 %, respectivamente. En los
pacientes desnutridos a nivel basal, el porcentaje de pacientes
que visitaron las urgencias paso del 77,9 % al 27,9 %, respecti-
vamente (Tabla V' y Fig. 1).

DISCUSION

El campo de la NED ha experimentado un gran desarro-
llo en las Ultimas décadas, con una prevalencia en Espafa
de 80,58 a 90,51 casos/millén de habitantes, segun el dltimo
informe del grupo de Nutricion Artificial Domiciliaria y Ambu-
latoria (NADYA) de la Sociedad Espafiola de Nutricion Clinica y
Metabolismo (SENPE) (13). La NED ayuda a reducir la frecuencia
de la desnutricion y sus graves consecuencias, y proporciona los
servicios médicos en un entorno familiar mas cémodo para el
paciente. Ademas, se asocia a una mejora de la calidad de vida,
una preocupacion creciente en los pacientes con enfermedades
cronicas que impacta directamente en ellos, dando lugar a la
mejoria clinica de estos pacientes (14-16). El presente estudio
también reflejé una mejoria clinica de los pacientes tras el inicio
de la nutricion enteral por PEG en relacion a las variables del
estado nutricional analizadas, lo que también se podria interpre-
tar como una mejor calidad de vida de estos pacientes. Por otro
lado, y aunque en este estudio la mayoria de los pacientes eran
ancianos y, por tanto, no estaban laboralmente activos, son cla-
ras las ventajas definidas por otros autores y asociadas a la NED,
ya que permite normalizar las actividades sociales a la vez que
reduce costes de hospitalizacion y el riesgo de complicaciones
nosocomiales (17).

En esta misma linea, en el Hospital General Universitario de
Elda se observo que la mayoria de los pacientes preferian recibir
el tratamiento hospitalario en su propio domicilio. Esta preferen-
cia por el tratamiento hospitalario a domicilio coincide con los
resultados obtenidos en estudios de diversas patologias, en los
que se pone de manifiesto que los pacientes que podian com-
parar, por experiencia propia, entre el tratamiento hospitalario en
el centro y el domiciliario, preferian ser tratados en su domicilio
hasta en el 96,3 % de los casos (18-20).

Segun los resultados del presente estudio, el perfil de paciente
receptor de NED es una mujer de edad avanzada que presenta
una afeccion neuroldgica, lo que concuerda con los datos reco-
gidos en el dltimo informe NADYA (13). Segun se recoge en la
literatura, el deterioro gradual del estado de salud y las funciones
corporales causado por la edad, conocido como fragilidad, se
considera un factor determinante para la desnutricion en la po-
blacion anciana, por delante de la edad. En concreto, la fragilidad
denota un sindrome multidimensional de pérdida de reservas de
energia, reduccion de la habilidad fisica y cognitiva, y aumento
de la vulnerabilidad (21,22).

En este estudio, mas de la mitad de los pacientes presentaba
desnutricion, lo que justificaria la necesidad de implementar un
plan de NE que permitiera solventar esta situacion. El método de
evaluacion del estado de nutricion utilizado en el estudio mostrd
diferencias entre el MNA global y el MNA de cribado, detectan-
dose mas casos de desnutricion con el MNA global. Estos resul-
tados concuerdan con otros ya presentados previamente, en 10s
que el MNA global tendia a identificar mas pacientes desnutridos
0 en riesgo de desnutricion, probablemente debido a que se tra-
ta de una herramienta mas extensa que cubre mas factores de
riesgo. Por tanto, y a pesar de requerir mas tiempo para su cum-
plimentacion, parece ser la mas apropiada, especialmente en
pacientes con problemas cognitivos graves, y para la deteccion
temprana del riesgo de desnutricion (10,23,24).
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Por lo general, la desnutricion se relaciona con un bajo peso,
tal y como han reportado muchos autores (25,26). Cabe des-
tacar que los datos del presente estudio muestran, sin embar-
go, un alto porcentaje de pacientes con peso normal (33,8 %)
e incluso sobrepeso (19,1 %) u obesidad (8,9 %) en riesgo de
desnutricion.

De acuerdo con los datos publicados por Klek y cols. (27), en
los que la implementacion de la NED permitié incrementar el
paso de los pacientes, la concentracion de hemoglobina y la es-
tabilizacion de la funcion hepatica, los parametros antropomé-
tricos y los valores analiticos de los pacientes desnutridos del
presente estudio evolucionaron positivamente tras seis meses
de intervencion nutricional domiciliaria.

En relacion al uso de recursos, tras seis meses de la aplicacion
del plan de NE se registro una disminucion de ingresos hos-
pitalarios, estancias hospitalarias y visitas a Urgencias. En este
mismo sentido, Riley y cols. (2) demostraron que el riesgo de
reingreso tras la intervencion nutricional se reducia un 24,3 %,
22,8 %y 18,3 % alos 30, 60, y 90 dias tras el alta, respectiva-
mente. Klek y cols. (27) también mostraron una reduccion en el
numero de ingresos y en la duracion de los mismos que redujo
los costes anuales por ingresos. Hisashige y cols. (28) también
consiguieron demostrar como una intervencion nutricional pudo
reducir el nimero de dias de Ulceras por presion en pacientes
inmaviles, incrementd los afios de vida ajustados por calidad y
redujo los costes por paciente en general.

De hecho, Silver y cols. (29) realizaron un estudio observa-
cional que sugiere que los pacientes que no forman parte de un
programa NED se enfrentan a muchos retos, entre ellos poder
mantener el estado funcional, el acceso a un equipo interdiscipli-
nario, las complicaciones de la NE y la competencia de los cuida-
dores. Por otra parte, Di Pollina y cols. (30) también demostraron
que los cuidados integrados en casa a pacientes geriatricos con
enfermedades cronicas progresivas, aplicados por una unidad de
cuidado domiciliaria, dan lugar a una reduccion de las hospitali-
zaciones innecesarias. De la misma manera, y como ejemplo del
funcionamiento de otras UHD, la Unidad Domiciliaria de Atencion
Integral del Hospital General de Villarrobledo atendid durante los
periodos de brote de gripe de 2016 a 2018 a la poblacion geria-
trica, y se pudo observar que su contribucion supuso un ahorro
de costes basado en una disminucion de las hospitalizaciones,
una disminucion de los reingresos, el acortamiento de las estan-
cias hospitalarias y una reduccion de las derivaciones a Urgen-
cias (31), quedando asi demostrado que las UHD son beneficio-
sas y aplicables en varios ambitos y con distintos objetivos.

Teniendo en cuenta que la proporcion de personas ancianas
en la poblacion general se esté incrementando, es probable que
la incidencia de la poblacién que recibe la NED en Europa crezca
en el futuro (23). Las terapias de nutricion domiciliaria pueden
implicar muchos retos y sus riesgos y beneficios deberian dis-
cutirse con el paciente y la persona que vaya a cuidar de él.
A este respecto, las guias de la European Society for Clinical
Nutrition and Metabolism (ESPEN) sobre nutricion en pacientes
con demencia recomiendan que los tratamientos que pretenden
restablecer el estado nutricional de estos pacientes se apliquen
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en sus domicilios, ya que siempre sera un ambiente mas ama-
ble para ellos que les hard mas agradable la ingesta y, con ello,
mas beneficiosa (32). Los retos de la terapia NED se deben a
las diferencias en los estandares de cuidado entre las distintas
instituciones de salud, proveedores domiciliarios, e incluso prac-
ticas seguidas por los pacientes y sus cuidadores. Ademas, el
reembolso y la oferta competitiva de la terapia NED ha promovido
criterios especificos para su aprobacion, dejando a los pacientes
que no cumplen con los criterios establecidos por los pagadores
Sin recursos y suministros adecuados, lo que puede derivar en
una entrega de nutrientes subdptima, un aumento del riesgo de
desnutricion y malos resultados (12,32).

Una de las limitaciones de este estudio es que los datos repre-
sentan a la poblacion atendida por la UHD del Hospital General
Universitario de Elda y, por tanto, no pueden extrapolarse a otras
poblaciones. Sin embargo, este estudio si que muestra la situa-
cion real de la NED en el area sanitaria atendida por dicho hospi-
tal'y su UHD, con un grupo de pacientes representativo del por-
centaje atendido por esta unidad. Por otro lado, en este estudio
Unicamente se incluyeron pacientes con patologias neuroldgicas,
representando las afecciones mas comunes reportadas en los re-
gistros de NED espafioles (60,5 %, indicacidn neuroldgica, segui-
da de tumores de cabeza y cuello) y europeos (45-50 % del total
de indicaciones, seguida de tumores malignos, especialmente de
cabeza y cuello, y tumores esofagicos [25 % a 35 %)]) (33,34).

CONCLUSION

El plan de NE para pacientes con patologias neuroldgicas inca-
pacitantes, aplicado por la UHD del Hospital General Universitario
de Elda, demostrd ser beneficioso tanto para los pacientes como
para el centro hospitalario, ya que los pacientes mejoraron su
estado nutricional y clinico, lo que lleva implicita una mejora de
la calidad de vida, y se redujeron en gran medida los reingresos,
las estancias hospitalarias y las visitas a Urgencias, disminuyen-
do el uso de recursos hospitalarios. Teniendo en cuenta estos
resultados, serfa interesante extender este sistema de atencion
hospitalaria domiciliaria a otras areas terapéuticas y geograficas.
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Incidencia y factores de riesgo de complicaciones mecanicas relacionadas con la sonda nasoenteral
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Abstract

Introduction: nasoenteral tube-related mechanical complications are feared and little is known about their incidence and the risk factors
associated with them.

Objective: to evaluate the incidence of nasoenteral tube-related mechanical complications and the risk factors associated with them.

Methods: a prospective double cohort of adult patients who used nasoenteral tube and were inpatients in nursing wards at a Brazilian high-com-
plexity hospital. Data were collected daily. Cox regression and Generalized Estimating Equations were applied in the statistical analysis.

Results: the sample was 494 patients, or 3,676 patient days. Traction (33 %) and obstruction (3.4 %) were frequent. Inadequate positioning

of the distal end of the device and bleeding in the nasal mucosa occurred once each (0.2 %). There was no bronchoaspiration. Traction was

associated with a history of stroke (HR: 1.69; 95 % ClI: 1.09 to 2.64; p = 0.020), a higher score on the Glasgow Coma Scale (RR: 1.09; 95 %

Cl: 1.03 to 1.15; p = 0.002), and older age (RR: 1.02; 95 % Cl: 1.00 to 1.04; p = 0.049). Being admitted to hospital already with the tube on

(HR: 3.56; 95 % Cl: 1.31 t0 9.66; p = 0.013) and having opioids administered in the form of pills (RR: 6.09; 95 % Cl: 1.37 to 27.2; p = 0.018)
Keywords: were risk factors for obstruction.

Enteral nutrition. Intubation.  Conclusion: traction or removal and obstruction of the device were frequent. A history of stroke, higher score on the Glasgow Coma Scale, and
Gastrointestinal. Patient older age were risk factors for traction, whereas obstruction was more common in patients who already had the tube on at admission to the
safety. Adverse effects. nursing ward, and who had opioids in the form of pills administered via the tube.
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Resumen

Introduccion: las complicaciones mecénicas relacionadas con el uso de la sonda nasoenteral son motivo de preocupacion, pero se conoce
poco sobre su incidencia y factores asociados.

Obijetivo: evaluar la incidencia y los factores de riesgo de complicaciones mecanicas relacionadas con el uso de la sonda nasoenteral.

Métodos: doble cohorte prospectiva de pacientes adultos usuarios de sonda nasoenteral, ingresados en un hospital brasilefio de alta complejidad.
Se recogieron datos durante todos los dias de su ingreso. Se emplearon la regresion de Cox y ecuaciones de estimacion generalizada (GEE)
para el andlisis estadistico.

Resultados: se siguio a 494 pacientes 0 3676 pacientes-dias. El desplazamiento accidental (33 %) y la obstruccion (3,4 %) fueron frecuentes.
Hubo solo un caso de posicionamiento incorrecto del extremo distal y otro de sangrado de la mucosa nasal (0,2 %). No se observé broncoas-
piracion. El desplazamiento se asocio a historial de accidente cerebrovascular (HR: 1,69; IC 95 %: 1,09 a 2,64; p = 0,020), el mayor puntaje
en la escala de coma de Glasgow (RR: 1,09; IC 95 %: 1,03 a 1,15; p = 0,002) y la mayor edad (RR: 1,02; IC 95 %: 1,00 a 1,04; p = 0,049).
Los pacientes internados ya con sonda (HR: 3,56; IC 95 %: 1,31 a 9,66; p = 0,013) y la prescripcion de opioides en comprimidos (RR: 6,09; IC
95 %: 1,37 a 27,2; p = 0,018) se asociaron a mayor riesgo de obstruccion.

Conclusion: El desplazamiento o la retirada accidental de la sonda, asi como su obstruccion se presentaron con frecuencia. El historial de
accidente cerebrovascular, el puntaje superior en la escala de coma de Glasgow y la mayor edad son riesgos para el desplazamiento, mientras

Efectos adversos.

INTRODUCTION

que la obstruccion es mas frecuente en los pacientes con sonda ya al ingreso y en quienes reciben opioides en comprimidos via sonda.

METHODS

Among nasoenteral tube (NET)-related complications, me-
chanical complications are most feared by healthcare teams
because of the potential harm they may cause. Nevertheless,
most studies on the subject have stuck to case reports (1-2) or
retrospective study designs (medical record reviewing) (3-4), or
have included a reduced number of observations (5). Absence
of robust studies precludes, for instance, estimating the actual
incidence and risk factors for these complications, also known
as adverse effects.

Literature reviews have shown considerable variability in
the incidence of NET-related mechanical complications (6-8).
Accidental traction or removal of the NET is the most frequent
one, with a reported incidence of 15.3 % (9), 43.5 % (5), and
55.7 % (10) in patients who received care in emergency services,
nursing wards, and intensive care units, respectively. Obstruction
rates have ranged from 9 % to 35 % in the literature (6). Inad-
equate positioning of the distal end of the NET has ranged from
0.3 % to 16 %, with insertion into the trachea, lung, or pleura
being most commonly described (7). Injuries to the nasal mucosa
or epistaxis have ranged from 1.8 % to 5 % after tube insertion
(6,8), whereas the diet aspiration rate resulting from inadequate
positioning of the NET was 0.6 % in patients admitted to emer-
gency services (9) and 15 % in elderly people (11). None of the
aforementioned studies assessed risk factors for NET-related
mechanical complications.

This category of complications has consequences for patients,
such as reductions in food intake, delays in medication admin-
istration, need for removal of the device, exposure of patients
to new insertion procedures, and even severe adverse effects,
including death (1-3,9-12). Therefore, it is an obstacle for patient
therapy as a whole, and justifies identification of the reasons
behind it and how frequently it manifests so that safety barri-
ers can be established throughout the process. The objective of
the present study was to evaluate the incidence of NET-related
mechanical complications and the risk factors associated with
them.

The Strengthening the Reporting of Observational Studies in
Epidemiology (13) guidelines were followed to develop a double
cohort study. The data were collected in two stages: between
June and November 2017 (cohort 1) and from May 2018 to
May 2019 (cohort 2). The same research procedures were kept
in both periods. The study was carried out in a teaching hospital
in the Southern Region of Brazil with an 831-bed operational
capacity, accredited by the Joint Commission International.

Patients who were 18 years old or older, admitted to clinical or
surgical nursing wards with a NET already inserted, or who had it
inserted at the hospital, were included. The device was a Dobb-
hoff 12FR tube. Patients who had been subjected to gastrostomy
or jejunostomy, were confused and/or disoriented, were not able
to consent to participate in the study, or were admitted to the
hospital more than once were excluded.

Patients were selected by means of the electronic system
that integrates the entire medical record by using prescriptions
for feeding via NET as the starting point. A research assistant
checked the list of patients who were using an enteric diet on
a daily basis, aiming to include all potentially eligible patients,
which reduced selection bias.

Before the study was initiated, the research team was trained,
a process that was directly supervised by an experienced nurse.
Agreement between observers was tested (14). The patients
were monitored daily, from the beginning until discontinuation
of nutrition administration via NET, transfer, hospital discharge,
or death. The presence of one or more of the following mechan-
ical complications was considered as the outcome: a) accidental
traction or removal of the NET, caused by patients themselves or
other people; b) obstruction of the NET (lumen blockage); ¢) inad-
equate positioning of the distal end of the NET (trachea, bronchi,
lung, middle and distal third of the esophagus, or when the distal
end of the NET turns toward the esophagus), as documented by
an X-ray image; d) injury to the nasal mucosa with epistaxis; and
e) aspiration of enteric diet as documented by an X-ray image or
described in the medical record by the care team.
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Other evaluated variables were: a) clinical characteristics of
the patients, including underlying diseases, current diseases,
Alzheimer’s or Parkinson’s or vascular dementia, psychomotor
agitation, level of consciousness (assessed by using the Glasgow
Coma Scale), presence of NET at hospital admission (designated
by the researchers as “previous NET”), and the Charlson Comor-
bidity Index; b) medications administered via NET (pharmaceu-
tical dosage forms and number of doses); ¢) NET care routine
fulfillment checklist (flushing with water before and after adminis-
tration of medications, after administration of nutrition, and every
four hours; replacement of the nutrition equipment, precautions
with infusion bombs; proper attachment of the tube; checking of
the external length of the NET, that is, the distance between the
proximal end and the point of insertion in the nostril, as a way of
estimating if there was traction of the device; (d) presence of me-
chanical restraints in agitated or confused patients; €) presence
of accompanying person; and f) number of patients per nurse.

The data were obtained by means of direct observation and
by consulting medical records. They were recorded in electron-
ic forms on the Google Forms® platform. Determination of the
sample size followed Fletcher’s recommendation (15) of includ-
ing 10 outcomes for each variable in the multiple regression
model. Therefore, it was not possible to evaluate the risk factors
associated with the outcome for infrequent events.

The data were analyzed using SPSS® version 20.0 by observ-
ing the variables’ characteristics and distribution. The incidence of
NET-related mechanical complications was assessed by calculat-
ing the cumulative incidence [(number of events/total number of
patients at risk)* 100] and incidence density [(number of events/
total number of patient days of observation while at risk during
study)* 1000], with their respective 95 % confidence intervals (Cl).

After application of a univariate analysis, the Cox proportional
hazards model was used to evaluate risk of traction or removal and
obstruction of the NET, after it was fitted to time of exposure to the
tube. The generalized estimating equations model was applied by
considering each observation carried out with a patient as a sam-
pling unit. The adopted level of significance was 5 % (p < 0.05).

The methodological and ethical aspects of the proposal were
approved (Certificate of Presentation for Ethical Evaluation no.
63247916.5.0000.5327), and all included patients consented
to participate in the study.

RESULTS

The study followed 494 patients, totaling 3,676 patient days
of observation over a median of 5 (3-10) days. Minimum age
was 18 years and maximum age was 104 years, with most pa-
tients (69.4 %) being 60 years old or older. The most frequent
reasons for admission were neoplasias (28.9 %) in structures
in the mouth, pharynx, larynx, and esophagus (n = 70), stom-
ach (n = 25), intestines (n = 13), and other sites (n = 35). The
patients showed a median of 3 (1 to 4) comorbidities, with the
maximum number of diseases described for the same patient
being 12. Systemic arterial hypertension (45.1 %), smoking
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(41.7 %), alcoholism (22.7 %), diabetes (20.2 %), and stroke
(11.5 %) were most frequent. The proportion of patients who
were admitted to the hospital with a NET in (previous NET) was
16 %. The other characteristics are shown in table |.

Table I. Sample characterization.
Data expressed as mean + standard
deviation, or median
(25™ percentile to 75" percentile),
or absolute number (relative number)

. Total sample
Variables (n = 494; 100 %)
Age (years) 65.1 =141
Gender
Male 277 (56.1)
quZ///an level of education categories 73(14.7)
Illiterate 400 81)
Elementary/High school (complete or not) 21 (43)
Higher education (complete or not) '
Reason for hospital admission
Neoplasia-related 143 (28.9)
Neurological 141 (28.5)
Gastrointestinal 75 (15.2)
Respiratory 62 (12.6)
Cardiovascular 23 (4.7)
Others 50 (10.1)
Hospitalization unit
Clinical 280 (56.7)
Surgical 214 (43.3)
Charlson comorbidity index 4 (3-6)
Reason for indication of NET
Decreased level of consciousness 180 (36.4)
Dysphagia 91 (18.4)
Postoperative period 83 (16.8)
Inappetence/Malnutrition 77 (15.6)
Gastrointestinal tract obstruction 63 (12.8)
BMI classification’
Underweight (< 18.5 kg/m?) 57 (14.2)
Normal weight (18.5 to 24.9 kg/m?) 173 (43.1)
Overweight (25 to 29.9 kg/m?) 106 (26.2)
Obesity (> 30 kg/m?) 66 (16.5)
Reason for leaving the study
Ability to receive foodorally 312 (63.2)
Transfer 88 (17.8)
Hospital discharge 21 (4.3
Gastrostomy/Jejunostomy 11(2.2)
Death 38(7.7)
Others 24 (4.9)

Source: study data, 2020. *Brazilian level of education categories:
elementary school covers nine years, high school covers three years. 'BMI:
body mass index (considering the classification of nutritional status of
aaults). NET: nasoenteral tube.
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One third of the patients (n = 163) experienced accidental trac-
tion or removal of the NET, and obstruction occurred in 17 cases.
Inadequate positioning of the distal end of the NET and bleeding
in the nasal mucosa were found in only one patient each (0.2 %
each). There was no record of food bronchoaspiration during the
study period (Table 1I).

Over the 3,676 patient days of observation the researchers
identified 273 episodes of accidental traction or removal of the
NET. Most patients (n = 101) pulled out or removed the NET a
single time. However, one of the patients experienced this event
eight times. There were 24 cases of obstruction, and 5 patients
had more than one obstruction episode (2 experienced the
event 3 times, and 3 experienced the event twice). These data
are shown in table lIl.

A history of stroke or neoplasia was independently associated
with risk of accidental traction or removal of the NET, fitted for
days of use of the device during hospitalization. The only inde-
pendent risk factor for obstruction was use of the NET before

Table Il. Cumulative incidence and 95 %
confidence interval (95 % CI)
of NET-related mechanical complications

F. Anziliero and M. G. Beghetto

hospital admission (previous NET), although the univariate anal-
ysis showed that the reason for indication of the NET “gastroin-
testinal tract obstruction” was statistically significant (HR: 6.69;
95 % Cl: 1.67 t0 26.8; p = 0.007) (Table V).

The analysis of data about each observation day (patient days,
with n = 3,676) indicated an increase in risk by 75 % for acci-
dental traction or removal of the NET associated with a history of
stroke. Each extra point on the Glasgow Coma Scale and each
year in patient age led to an increase in risk by 9 % and 2 %, re-
spectively. In contrast, each measurement of the external length
of the NET was associated with an 11 % reduction in the risk of
accidental traction or removal of the device. For NET obstruction,
only one independent factor was found: the proportion of obser-
vations in which opioids in the form of pills were administered via
the NET (Table V).

Only one case of inadequate positioning of the distal end of
the NET (in which an imaging test showed that the distal end
of the device was turned toward the esophagus), and one case

Table lll. Incidence density and 95 %
confidence interval (95 % CI)
of NET-related mechanical complications

Total number Cumulative Mechanical
Mechanical of patients incidence and complication Incidence density and 95 %
complication with the 95 % CI (number of Cl
complication ’ events)
Accidental traction N =163 33 % (95 % Cl: Accidental traction or 74.3/1,000 patient days
or removal B 28.9 % to 37.2 %) removal (n = 273) (95 % Cl: 65.7/1,000 to 83.6/1,000)
. _ 3.4 % (95 % Cl. . 6.53/1,000 patient days
Obstruction =1 2.1%105.3% Oostruction (n = 24) (95 % CI: 42/1,000 10 9.7/1,000)
Inadequate positioning N1 0.2 % (95 % Cl: Inadequate positioning 0.25/1,000 patient days
of the distal end B 0.01 % to0 0.99 %) of the distal end (n = 1) (95 % CI: 0.01/1,000 to 1.40/1,000)
Bleeding in the nasal N1 0.2 % (95 % Cl: Bleeding in the nasal 0.25/1,000 patient days
mucosa B 0.01 % t0 0.99 %) mucosa (n = 1) (95 % CI: 0.01/1,000 to 1.40/1,000)

Source: study data, 2020. NET: nasoenteral tube.

Source: study data, 2020. NET: nasoenteral tube.

Table IV. Cox proportional hazards regression analysis to evaluate factors independently
associated with mechanical complications related to accidental traction or removal
and obstruction of the NET

Variables Raw HR (95 % CI) p Fitted HR (95 % CI) p
Aﬁfgfﬁf}’f fs’ fr’f)i‘;” or removal of the NET 1,59 (1.05 0 2.42) 0.030 1,69 (1.09 10 2.64) 0.020
Y . 0.62 (0.44 t0 0.89) 0.009 0.61 (0.42 to 0.89) 0.011
Previous neoplasia
Obstruction
oo NET* 3.56 (1.31 to 9.66) 0.013 3.56 (1.31 t0 9.66) 0.013

Source: study data, 2020. *Patient was admitted to the hospital with a NET in. NET: nasoenteral tube.
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Table V. Analysis of generalized estimating equations with a binary logistic model
to evaluate factors independently associated with the mechanical events of accidental
traction or removal and obstruction of the NET

Variables

Relative risk (RR) p

Accidental traction or removal of the NET
History of stroke
External measurement of the NET*
Glasgow Coma Scale**
Age

1.75 (1.09 to0 2.80) 0.021
0.89(0.79 10 0.99) 0.046
1.09(1.03t0 1.15) 0.002
1.02 (1.00 to 1.04) 0.049

Obstruction
Prescription of opioids in the form of pills

6.09 (1.37 10 27.2) 0.018

Source: study data, 2020. *The number of external measurements of the NET taken over 24 hours was assessed. ' Glasgow Coma Scale — score from 3 to 15;

the average was calculated according to follow-up time. NET: nasoenteral tube.

of epistaxis secondary to insertion of the NET, were recorded. In
both cases, the mechanical complications were not character-
ized as severe adverse effects, and the patients’ condition im-
proved, with neither increased length of hospital stay nor need
for extra therapeutic measures.

DISCUSSION

The present study analyzed data from patients and daily ob-
servations of patients (patient days), and established that NET-re-
lated mechanical complications, especially traction and obstruc-
tion, were frequent. It also showed the risk factors associated
with these two outcomes.

Few well-designed prospective studies have assessed the in-
cidence of accidental traction or removal of a NET in patients ad-
mitted to nursing wards and the risk factors associated with these
events. Only one multicenter study (16), carried out in seven Bra-
zilian hospitals, evaluated the factors associated with NET-related
mechanical complications in patients who used this device. The
reported incidence of accidental traction or removal of the device
(70.1 %), obstruction of the device (13.1 %), epistaxis (2.6 %),
and bronchoaspiration (4.7 %) were higher than those found in
the present study. The above-mentioned study identified an in-
crease in the risk of NET-related mechanical complications, which
also included pneumothorax, organ perforation, tube migration,
injury caused by nasal pressure, and multiple attempts to insert
the device in patients who required intensive care (OR = 4.72;
95 % Cl: 1.43-15.52; p = 0.011). Sleepy patients showed a lower
risk (OR = 0.24; 95 % CI: 0.10t0 0.61; p = 0.003). Although mul-
ticenter studies allow the inclusion of higher numbers of patients
in samples and, consequently, of outcomes, they are heterogene-
ous regarding the routines of care provided for NET users because
different procedures are adopted in different institutions. Addition-
ally, grouping mechanical complications as a single outcome pre-
cludes the identification of the factors associated with each type
of complication, which differ, as shown in the present study.
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A history of stroke proved to be a risk factor for accidental
traction or removal of the NET. Patients with this characteristic
seem to benefit from enteral nutrition, temporarily or permanent-
ly, but the results indicated that they are more likely to experience
accidental traction or removal of the device (17-20). The findings
of the present study corroborated a study carried out in England
that reported a high percentage of accidental traction or removal
of the NET in a unit that provided care to patients who had had
strokes (18). Over 5 months, 202 insertions of the NET in 75 pa-
tients were reported. Most (65 %) episodes of accidental traction
or removal (n = 127) were caused by the patients themselves. In
other cases, the device was removed for the following reasons:
clinical justification (need to perform tests such as endoscopy, for
example) (12.5 %); cough, nausea, or vomiting (9 %); resumption
of oral nutrition (7.5 %); obstruction (2.5 %); and death (2.5 %).
Accidental traction or removal of the NET in patients with a histo-
ry of stroke also seems to be recurrent in other settings.

In clinical practice, there is a perception that the level of alert-
ness or agitation of patients can contribute to increasing the
chances of accidental traction or removal of the NET. The present
study showed that the more alert and responsive the patients
were, the higher the risk of accidental traction or removal of the
device. Gimenes et al. (16) found a reduction by 76 % in the
risk of NET-related mechanical complications in sleepy patients.
Similar results were obtained, by applying a univariate analysis,
in a study (9) in which patients were evaluated regarding inci-
dents related to NET use in an emergency service. It showed that
patients who were alert or agitated during NET insertion acci-
dentally pulled out or removed the device more often than those
who were calm or sleepy (78.3 % vs. 50.4 %; p = 0.014). Al-
though the adopted methodologies and analysis strategies in the
cited studies (9,16) were different from those used in the present
study, it is suggested that the more alert or agitated the patients,
the higher the risks of accidental NET traction or removal.

Surprisingly, previous neoplasia proved to be a protective
factor for accidental traction or removal of the NET, reducing
the chances of these events occurring in 39 % (after fitting
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for days of use of the device). No study that has identified this
association was found. However, the literature often addresses
the use of feeding tubes in patients with neoplasias, especially
those affecting the gastrointestinal tract (21) as well as the head
and neck (22-23). A study (22) showed that NET use duration
reached 22 months. Another analysis indicated that patients
with neoplasia used the device for a longer period (previous NET)
than those exposed to contact with the device for the first time
(50.6 % vs. 30.6 %, p = 0.001). It is possible to speculate that
this protective effect could be related to the lengh of exposure to
the device, with longer periods increasing patients’ knowledge
and self-care regarding the use of the device, including meas-
ures to minimize the risk of accidental traction or removal, even
in inpatients.

Routinely measuring the external length of the NET was im-
plemented in the setting of the present study with the objective
of early identification of accidental traction or removal episodes.
When this routine was observed, there was a reduction of 11 %
in the risk of these events, which suggests that the practice is
effective and should be disseminated in other care settings, as
previously suggested by other researchers (24), as part of the
care protocol.

The literature has described different conditions that lead to
tube obstruction (25-30). They include device model and di-
ameter (26-28), food viscosity (25), a slope lower than 45° in
the position of the patient during and after nutrition administra-
tion (26), skipping flushing the device with water after infusion of
food and medications (26), and use of oral (solid) pharmaceutical
forms in the tube (25).

The incidence of obstructions found in the present study
(3.4 %) was lower than that reported in other studies (16,25).
Factors such as administration of water via the device, number
of times the tube was flushed, number of doses of medication
administered via the device, and use of infusion pumps, among
others, were not associated with obstruction. However, the risk
of obstruction was around three times higher for patients with
previous NET and five times higher for those who had had opioids
in the form of pills administered via the NET. Fitting the model for
days of use of the device can partially explain the higher risk of
obstruction, that is, the longer the time using the tube, the higher
the risk of obstruction.

Other authors evaluated the effect of administering sol-
id pharmaceutical forms on the obstruction of Dobbhoff 12FR
tubes (25). The reported incidence of the event was 8 %. Pa-
tients who received food and medications concomitantly showed
a higher risk of tube obstruction during the first 40 days of use of
the device. Use of linagliptin (HR: 4.3; 95 % CI: 2.0 t0 14.6; p =
0.001), nystatin (HR: 3.1; 95 % ClI: 1.8 t0 8.6; p = 0.001), ri-
varoxaban (HR: 2.4; 95 % Cl: 1.4 t0 6.2; p = 0.004), metformin
(HR:2.2; 95 % CI: 1.1 t0 6.7; p = 0.048), and high-protein food
(HR: 1.9; 95 % Cl: 1.2 to 4.7, p = 0.010) were risk factors. It
should be noted that the authors assessed obstruction-free time
for patients who received solid pharmaceutical forms via the NET
and those who did not. In the former group, this time was signif-
icantly shorter.

F. Anziliero and M. G. Beghetto

Many oral medications are not suitable for administration via
feeding tubes, similar to some in viscous liquid form (31-34).
Measures such as training teams regarding adequate prepara-
tion of drugs, diluting medication before administering (35-36),
reviewing prescriptions, and standardizing medications to be ad-
ministered via the NET (31-34) are among the most widely cited
mechanisms to prevent obstructions.

As in all cohort studies, especially retrospective studies, only
the variables that derived from the initial planning of the study
were analyzed. Other variables that were not monitored, in-
cluding the whole process of administration of medications via
the NET, from preparation to administration itself, could explain
at least some of the complications. However, the analysis cov-
ered a large number of other clinical and care routine varia-
bles that were prospectively monitored by a qualified research
team, which allowed a better understanding of such things as
the need to pay special attention to patients with a history of
stroke.

It must be emphasized that the present study was intended
to prospectively evaluate, not only the incidence of NET-related
mechanical complications, but also the factors associated with
accidental traction or removal and obstruction of this type of
device by applying methodological rigor and a robust statistical
analysis. One contribution of the present study that stands out is
the finding, relevant to healthcare professionals, that accidental
traction or removal of the NET is frequent, even in a hospital with
a safety culture. The other mechanical complications, although
less frequent, must be monitored, especially because of their po-
tential severity. Additionally, the study provides healthcare teams
with clues about patient characteristics that can be risk factors
for mechanical complications.

CONCLUSION

The incidence of accidental NET traction or removal and ob-
struction found in the present study was similar to that report-
ed in the literature: one-third of patients experienced accidental
traction or removal of the device. Inadequate positioning of the
NET’s distal end and bleeding in the nasal mucosa were infre-
quent complications, and no episode of bronchoaspiration was
recorded.

More attention should be paid to patients with a history of
stroke, higher scores on the Glasgow coma scale, and/or old-
er age, since these factors increased the risk of accidental NET
traction or removal in the present study. In contrast, patients with
neoplasia showed a lower risk of experiencing accidental traction
or removal of the device, a finding that was not fully understood.
Another factor that proved capable of reducing the chances of
occurrence of these NET-related events was measuring the ex-
ternal length of the tube. Special attention must be paid to pa-
tients who are admitted to hospital with a NET already in because
of another hospitalization, and those who receive opioids in the
form of pills via the feeding tube, since these two groups showed
an increased risk of NET obstruction.
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Is the physical fitness of schoolchildren dependent on their physical activity levels
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¢Depende la condicion fisica de los escolares de sus niveles de actividad fisica y estado nutricional?
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Abstract

Introduction: based on the presumed relationship between physical activity and physical fitness, it seems reasonable to expect that being
active would result in sufficient fitness levels. However, the relationship between physical activity and fitness is not so plausible and needs
deeper exploration.

Objectives: we conducted a study aimed at exploring: a) the potential variation in physical activity level by gender and school grade; and b) the
effect of physical activity level, gender, and nutritional status on physical fitness test results.

Methods: a total of 2795 males and 2614 females participated in the study (11-14 years). Their physical fitness was assessed by measuring
anthropometric status, muscular fitness, endurance, flexibility, agility, and cardiorespiratory fitness, while their physical activity was assessed
using the Physical Activity Questionnaire (PAQ-A).

Results: a higher percentage of boys were highly active, while a higher percentage of girls were scarcely active (x? [2,n =5017] = 151.4, p < 0.01).
Decline in physical activity with age was higher in girls than in boys (x? [6, n = 5409] = 90.4, p < 0.01). MANOVA revealed a significant effect
Keywords: of gender (V =0.009, F [6, 3669] = 5.29, p < 0.01), nutritional status (V = 0.193, F [12, 7340] = 65.16, p < 0.01) and physical activity levels
_ ) (V=0.043, F[12, 7340] = 13.60, p < 0.01) on tests outcomes.
Physical fitness. Children.

Physical activity. Nutritional ~ Gonclusions: our study has shown that activity level in Serbian schoolchildren declines with age and is affected by nutritional status. Nutritional
status. Overweight. status represents a significant factor confounding physical fitness scores, regardless of activity levels.

Resumen

Introduccion: basado en la presumible relacion entre la actividad fisica y la condicion fisica, parece razonable esperar que ser activo fisicamente
resulte en niveles suficientes de condicion fisica. Sin embargo, la relacion entre la actividad fisica y la forma fisica no es tan plausible y necesita
una exploracién mas profunda.

Objetivos: realizamos un estudio con el objetivo de explorar: a) la variacion potencial en el nivel de actividad fisica en funcion del género y el
grado escolar; y b) el efecto del nivel de actividad fisica, el género y el estado nutricional en el resultado de las pruebas de condicion fisica.

Métodos: un total de 2795 hombres y 2614 mujeres participaron en el estudio (11-14 afios). Su condicion fisica se evalud midiendo el estado
antropométrico, la aptitud muscular, la resistencia, la flexibilidad, la agilidad y la aptitud cardiorrespiratoria, mientras que la actividad fisica se
evalu mediante el Cuestionario de Actividad Fisica (PAQ-A).

Resultados: un mayor porcentaje de nifios eran muy activos, mientras que un mayor porcentaje de nifias eran poco activas (x?

[2,n =5017] = 151,4, p < 0,01). La disminucion de la actividad fisica con el incremento de la edad fue mayor en las nifias que en los nifios

(x? [6,n = 5409] = 90,4, p < 0,01). EI MANOVA revel6 un efecto significativo del género (V = 0.009, F [6, 3669] = 5.29, p < 0.01), el estado

nutricional (V = 0.193, F [12, 7340] = 65.16, p < 0.01) y los niveles de actividad fisica (V = 0.043, F [12, 7340] = 13.60, p < 0.01) en los
Palabras clave: resultados de las pruebas.

Condicién fisica. Escolares. ~ Conclusiones: nuestro estudio ha demostrado que el nivel de actividad fisica en los escolares serbios disminuye con la edad y se ve afectado
Actividad fisica. Estado por el estado nutricional. El estado nutricional representa un factor significativo que confunde las puntuaciones de condicion fisica, indepen-
nutricional. Sobrepeso. dientemente de los niveles de actividad.
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INTRODUCTION

It is well known that being physically active at a young age has
a myriad of benefits (1), where reduction of risk of chronic diseas-
es in later years is particularly important (2). Since physical fit-
ness presents a measurable set of characteristics of an individual
closely related to its ability to perform physical activity, it is not sur-
prising that a growing body of evidence indicates that low levels
of physical fitness in schoolchildren are associated with increased
risk of cardio-metabolic diseases, all-cause mortality, and a va-
riety of physiological and psychological problems (3). Therefore,
identifying individuals with low levels of physical fitness and fore-
hand intervention through their engagement in physical activities
could be an effective protective measure for health risk factors re-
gardless of age, gender, ethnicity, and socioeconomic factors (4).

Although there is no unified approach in the selection of physi-
cal fitness tests, how frequently they should be conducted, or how
should the standards be constructed, there is general agreement
that regular monitoring of physical fitness contributes to the for-
mation of age- and gender-related norms, education of children
and parents regarding the importance of being fit and prescrip-
tion and evaluation of individual exercise programs (5). Moreo-
ver, when incorporated and systematically conducted within the
education system through physical education (PE) classes, it be-
comes a powerful tool in building national/international strategies
for a healthy population (6).

Measurement of activity amount and intensity is conducted
mainly through indirect or direct assessment of energy con-
sumption (7). Even though direct measurements (i.e., activity
monitors, pedometers, heart rate monitors, doubly labeled water,
and indirect calorimetry), offers more accurate data regarding
the amount of physical activity (8), due to high expenses, limit-
ed ability to collect data over wider periods of time, and usually
small samples available for these types of measurements, vali-
dated questionaries are more suitable for the collection of data
on the larger scale. It has been shown that the Physical Activity
Questionnaire developed for children (PAQ-C) and adolescents
(PAQ-A) enables reliable assessment of the type, frequency, and
duration of children’s physical activity (9).

Based on the presumed close relationship between physical
activity and physical fitness, it seems reasonable to expect that
being physically active would result in sufficient physical fitness
levels. However, due to the tremendous number of factors affect-
ing both constructs, the relationship between physical activity and
fitness is not so plausible and needs deeper exploration (10). Sur-
prisingly, a literature review on this issue in the school-age popu-
lation shows a lack of publications addressing this topic.

An additional issue that makes it difficult to generalize the re-
lationship between physical activity and fitness in schoolchildren
is the diversity of activities involved, in both qualitative and quan-
titative manner. Namely, the sport-related organized activities
available for schoolchildren, widely vary in frequency, duration,
and intensity and therefore in metabolic costs (12). Furthermore,
engagement in specific sports could favor only particular com-
ponents of physical fitness (13). Finally, age and other factors
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(i.e., social, economic, demographic, cultural) could also affect
the relationship between physical activity and fitness in school-
children (14), making it challenging to explore and explain.

Having all these in mind, we performed a study aimed to ex-
plore: a) the potential variation in physical activity level across the
gender, school grade, and nutritional status; and b) the effects of
physical activity levels, gender, and nutritional status on physi-
cal fitness test outcomes. We hypothesized that the activity of
schoolchildren will decline with age and nutritional status and
that physically active children will achieve better scores in all
physical fitness tests, regardless of nutritional status. We expect
that our findings will provide some new insights toward under-
standing the factors which affect the relationship between phys-
ical fitness, activity, and nutritional status in schoolchildren and
motivate further research on this topic.

MATERIAL AND METHODS

SUBJECTS

Within a wider national study, 5409 (2795 male and 2614 fe-
male) participants, 5"-8" grade (11-14 years old) students
of 19 elementary schools from the Belgrade region, participated in
the study. In terms of age distribution, there were 1438 (26.6 %)
students in fifth grade, 1363 (25.2 %) in sixth, 1298 (24.0 %)
in seventh, and 1310 (24.2 %) students in eighth grade. During
the study, all participants were healthy and regularly participat-
ed in physical education classes. The parents or legal guardians
gave their written consent for all participants. The study protocol
adhered to the tenets of the Declaration of Helsinki, and the Eth-
ical Committee of the School of Medicine, University of Belgrade,
approved it (2650/IV-5, dated 10 April 2018).

MEASUREMENTS AND TESTING
Physical Activity Questionnaire for Adolescents

To assess the physical activity (PA) level of subjects we ad-
ministered the Physical Activity Questionnaire for Adolescents
(PAQ-A) (15). The PAQ-A is an 8-item, self-administered 7-day
recall questionnaire designed and validated to assess the partic-
ipation of adolescents in different physical activities during the
school year and is not used for assessment of physical activity
during school breaks. Each item has a joint 5-point Likert-type
scale. We used the Serbian version of the PAQ-A (38). On
item 1 (spare time activity), the respondents assess the mean of
all activities on the scale ranging between 1 (“no”) to 5 (“7 times
or more”). On items 2 to 7 (physical education, lunch, right after
school, evenings, weekends), the scale ranges from 1 (lowest ac-
tivity response) to 5 (highest activity response). ltem 8 targets the
mean of all days, and the scale ranges from 1 (“none”) to 5 (“very
often”). The last item, no. 9, is used to identify if the student had
unusual activity during the previous week or was prevented from
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practicing physical activities. The overall PAQ-A score is derived
from the first 8 items, while the last item is not included in the
overall score. The internal consistency obtained here is 0.72 and
is in line with previously reported data (9). Based on their overall
scores, subjects were further classified into three groups (Low,
Moderate and High Activity) using a K-means cluster analysis.

Anthropometric measurements

Body height was measured using a Seca 208 stadiometer
(Seca Instruments Ltd., Hamburg, Germany). During the meas-
urement, the subjects were barefoot, wearing only physical edu-
cation garments. The subjects’ task was to straighten their back
as much as possible, put their heels together, and keeping their
heads in the Frankfurt plane position. The results were read on
a scale of a stadiometer headpiece with an accuracy of 0.1 cm.

Body mass was measured to the nearest 0.1 kg using the
pre-calibrated weighing scale (Tanita Inner Scan Model BC-532,
Tanita Europe GmbH., Sindelfingen, Germany). The scale was
placed on a solid horizontal surface. The subjects were barefoot,
wearing only physical education clothing. During the measure-
ment, they were standing in an upright position in the center of
the scale, looking straight ahead and remaining motionless until
the measurement was completed. The readings were shown on
the scale display and read by an examiner.

Body mass index (BMI) was calculated by dividing body mass
in kilograms by body height in square meters (kg/m?). The clas-
sification of children on those being overweight or with obesity,
was performed based on the approach developed by the Child-
hood Obesity Working Group of the International Obesity Task
Force. Based on provided international gender and age-specif-
ic BMI cut-off points for children (16), those whose BMI corre-
sponded to an adult BMI between 25 and 30 were considered
as overweight, and children with a BMI corresponding to an adult
BMI of > 30 were categorized as obese.

Physical fitness testing

Evaluation of the health-related physical fitness was done using
a battery of tests consisting of tests for flexibility, muscular strength
(abdominal endurance strength, lower limb explosive strength,
and upper body strength and endurance), speed of movement,
agility and coordination, and cardiovascular endurance.

To assess flexibility we used the Sit and Reach test. The sub-
ject was seated on the floor with both legs fully extended, shoul-
der-width apart, and feet placed flat against the box. The task
was to slowly reach forward (without jerking), sliding the hands
across the top of the ruler, and hold the final position for at least
two seconds. A reach distance of 15 ¢cm on the ruler correspond-
ed with the position of the feet against the box. The better record
(in cm) in two attempts was recorded (6).

To assess abdominal endurance strength we used the Sit-ups
test. The subjects lied down in the supine position on a mat with
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their knees bent at 90 degrees and their feet flat on the floor, held
down by the examiner. The hands were placed at the back of the
head, with fingers interlocked. On the mark “Go!” the subject had
to contact the knees with their elbows and return to the starting
position as many times as possible in 30 s. The total number of
repetitions completed in 30 s was recorded (6).

To evaluate lower-limb explosive strength we used the Standing
Long Jump test. The subject stood behind the starting line and was
instructed to push off vigorously and jump as far as possible. They
had to land with the feet together and to stay in reached position,
without falling. The distance was measured from the take-off line
to the point where the back of the heel nearest to the take-off line
lands on the floor. A further attempt was allowed if the subject fell
or touched the floor with any other part of the body. The best re-
cord, measured in centimeters, in two attempts was recorded (6).

To evaluate upper-body muscle strength and endurance we
used the Flexed (Bent) Arm Hang test, by timing how long some-
one can remain with the chin above a horizontal bar. The subject
is assisted into position, the body lifted to a height so that the
chin is level with the horizontal bar. The bar is grasped using
an overhand grip with the hands shoulder width apart. The tim-
ing starts when the subject is released. They should attempt to
hold this position for as long as possible. Timing stops when the
person’s chin falls below the level of the bar, or the head is tilted
backward to enable the chin to stay level with the bar (6).

The test 4 x 10 m Shuttle Run test was used to measure speed
of movement, agility, and coordination. Two parallel lines are
drawn on the floor (with tape) 10 m apart. In the start line there
is one sponge (B) and in the opposite line there are two sponges
(A, C). When the start is given, the child (without sponge) runs
as fast as possible to the other line and returns to the starting
line with the sponge (A), crossing both lines with both feet. The
sponge (A) is changed by the sponge B in starting line. Then go
back running as fast as possible to the opposite line and change
the sponge B by the C one and run back to the starting line (6).

To assess cardiovascular endurance we used 20-meter
Shuttle Run test. All subjects were required to run between two
lines 20 m apart with the time indicated with an audio signal.
The initial speed of the signal was 8.5 km/h and was increased
by 0.5 km/h/min (1 min equal to 1 stage). The test ended when
subject stopped running due to fatigue or failed to reach the line
before the next signal for two consecutive times. The time of the
last completed lap was recorded, in seconds (6).

STATISTICS

Descriptive statistics (mean, SD, range) were calculated for all
variables across genders and school grades. Before performing
statistical analysis, all variables were checked for normality. In
cases where necessary, an adequate transformation has been
applied. However, for the final interpretation of the results, the
data were back-transformed.

The chi-square test was performed to explore potential varia-
tions in the distribution of differently active children concerning
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age, school grade, and nutritional status. Differences in physical
fitness test outcomes (Standing Long Jump test, sit-ups for 30 s,
20-meter Shuttle Run, Sit And Reach, 4 x 10 agility test, and
hanging bent arms) between boys and girls of different activity
levels (low, moderate, and high) were investigated using the three-
way MANOVA with fitness test outcomes as dependent variables
and gender, nutritional status, and activity levels as independent
variables, followed by ANOVA and Bonferroni correction. All sta-
tistical analyses, except the LMS method, were performed using
JASP computer software (Version 0.14.1). Statistical significance
was set for all tests at the alpha level of 0.05. Please note that for
each school grade and gender, individual fitness tests outcomes
were converted to Z-values and then further to percentiles us-
ing the LMS statistical method (44). Calculation of Z-values and
power transformation (calculating lambda-Box Cox transforma-
tion parameter by maximizing the profile log-likelihood of a linear
model fitted to the corresponding variable) was applied using R
with RStudio (17) and the “Forecast” package (18).

RESULTS

Descriptive statistics for all variables are presented in ta-
ble 1. The distribution of children of different activity levels
across nutritional statuses, school grades, and genders are
presented in figure 1. The distribution of high, moderate, and
low activity children among boys and girls was different (y?
[2,n=5017] =151.4, p < 0.01), where 14 % of boys and 22 %
of girls were low-activity, while 29 % of boys and 16 % of girls
were highly active.

The distribution also varied across grades (x?[6, n = 5409]
=90.4, p< 0.01)— whereas the percentage of high activity was
highest in 5" grade (27 %) and lowest in 8" grade (19 %), the per-
centage of low activity was lowest in 5" grade (13 %) and highest
in 8" grade (25 %), being more prominent in girls (14 % with low
activity in 5" and 33 % in 8" grade; 23 % highly active in 5" and
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Figure 1.

Distribution of low, moderate, and high activity in boys and girls across grades and
relative to their nutritional status.

9 % in 8" grade) than in boys (12 % with low activity in 5™ and
18 % in 8" grade; 30 % highly active in 5" and 27 % in 8" grade).

Using Pillai’s trace in MANOVA, there was a significant effect
of gender (V= 0.009, F[6, 3669] = 5.29, p < 0.01), nutritional
status (V= 0.193, F[12, 7340] = 65.16, p < 0.01) and phys-

Table I. Descriptive statistics of applied physical fithess tests (mean [standard deviation]
and range [minimum-maximum])

Male Female

Variable Mean (SD) Min-max Mean (SD) Min-max
Body height (m) 1.61(0.11) 1.27-1.93 1.59 (0.09) 1.15-1.90
Body mass (kg) 53 (14) 16-119 51(12) 22-111
BMI (kg/m?) 20.2(3.7) 11-39 19.9 (3.5) 13-39
Sit and Reach (cm) 23 (6) 2-53 21(7) 1-53
Standing Long Jump (cm) 146 (25) 50-225 155 (27) 50-255
Situps 30 s (No.) 20 (5) 2-35 22 (5) 1-40
Flexed Arms Hang (s) 21(19) 0.00-123 26 (23) 0.00-127
4 x 10 Shuttle Run (s) 13.25(1.38) 9.00-23.00 12.79 (1.44) 9.00-23.00
20-meter Shuttle Run (s) 206 (92) 40-600 235 (109) 30-716

[Nutr Hosp 2022;39(3):506-512]
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ical activity levels (V= 0.043, F[12, 7340] = 13.60, p < 0.01)
on physical fitness test outcomes, with no interactions among
them. Further separate univariate ANOVAs revealed significant
treatment effects of nutritional status and activity levels on all
dependent variables (except for activity levels on Sit And Reach),
while a significant effect of gender was only detected on sit-ups
for 30 s (Table II).

Finally, a post hoc analysis indicated that children with higher
activity levels and optimal weight achieved better scores in al-
most all physical performance tests, while being overweight or
obese had the highest effect on the tested outcomes (Fig. 2).

DISCUSSION

The study aimed to explore the potential variation in physical
activity level across the genders, school grades, and nutrition-
al statuses, and the effect of physical activity level, gender, and
nutritional status on physical fitness test outcomes. Our results
revealed that activity level declines with age and nutritional sta-
tus, particularly in girls and children with obesity. Specifically, the
decline in physical activity in boys was present due to a decline
in boys with overweight and particularly with obesity, while the
proportion of activity levels in optimal-weight children was stable
across the school grades. However, in girls the fall in physical
activity was recorded regardless of nutritional status. In addi-
tion, physically active, optimal-weight children achieved higher
scores in most physical fitness tests, while children with obesity
achieved lower scores regardless of their physical activity levels
relative to nutritional status.

Due to its apparent importance for health status, schoolchil-
dren’s physical activity and fitness have attracted interest from
researchers and practitioners for decades (1). Although differ-
ences in physical activity assessment methodology, variation in
age groups covered, and sample size make comparing the out-
comes difficult, most studies have registered a decline in physi-
cal activity with age, and boys are more active than girls (19). In
addition, in their systematic review, Jiménez-Pavon and cowork-
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ers (20) reported that consistent negative associations between
physical activity and nutritional status were observed. Therefore,
it is not surprising that findings in our study revealed that the
Serbian older schoolchildren, particularly girls, are less active
than their younger counterparts. This trend is most prominent in
children with overweight and obesity.

The main findings of our study are: a) with respect to physi-
cal activity and nutritional status, boys and girls scored similarly
in all tests; b) nutritional status had the highest impact on the
physical fitness tests (except for Sit And Reach test), whereas c)
even highly active children with overweight and obesity scored
lower than scarcely active, optimal-weight children. The first one
was expected since we used relative data (percentiles) for com-
parison, keeping in mind that the structure of physical fitness is
invariant over gender and age (21). However, previous studies ex-
ploring gender differences in physical fitness, using mainly abso-
lute values, have reported higher scores in boys than girls, except
for the Sit And Reach test (22,23). The findings regarding the
effect of nutritional status on physical performance tests revealed
that for both boys and girls, in tests of muscle fitness, agility, and
cardiorespiratory fitness, optimal-weight children achieved high-
er scores than children with overweight or obesity. These findings
are also in line with studies from other countries (24-27).

The most important finding of our study is that in all tests (ex-
cept for Sit And Reach) highly active, but overweight and particu-
larly obese children have achieved lower scores when compared
to little active, optimal-weight counterparts. Previous studies in-
vestigating the relationship between fitness and nutritional status
reported that more active children were likely to be relatively fit
and lean (50) and that their performance on fitness tests was
positively associated with organized physical activities, but not
with their participation in non-organized physical play outside
school (28). Furthermore, fitness was a stronger correlate and
could better predict obesity than physical activity (26), while the
nutritional status of boys and girls was inversely related to fitness
and activity (29). However, a study on eight- and nine-year-old
schoolchildren reported that daily physical activity and participat-
ing in organized sports activities strongly correlated with nutritional

Table Il. Main effects obtained through ANOVAs (F and corresponding p values),
and effect size measures (12, eta squared) for applied physical fithess tests

Gender Activity Nutritional status
Variable F (1, 3674) p n2 F (2, 3674) p n2 F (2, 3674) p n2
Sit and Reach 0.46 0.499 0.000 2.28 0.103 0.001 0.67 0.513 0.000
Standing Long Jump 0.97 0.324 0.004 8.78 <0.001 | 0.004 141.22 <0.001 | 0.057
Situpsin 30 s 12.75 <0.001 | 0.003 15.46 <0.001 | 0.006 77.61 <0.001 | 0.032
Flexed Arm Hang 0.16 0.692 0.000 1.78 017 0.000 240.58 <0.001 | 0.099
Shuttle Run 2.61 0.107 0.000 16.33 <0.001 | 0.007 124.94 <0.001 | 0.055
4 %10 Shuttle Run 1.92 0.166 0.000 10.57 <0.001 | 0.005 93.14 <0.001 | 0.040
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Test outcomes (percentiles) for boys and girls (mean [SE]), averaged across school

grades and relative to nutritional status.
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status and positively associated with children’s physical fitness. It
should be noted that although these studies contributed to a bet-
ter understanding of the relationship between activity, nutritional
status, and fitness, the differences in their sample size, age group
observed, and methodologies applied do not allow generalization
of the presented findings. In addition, the interaction between
nutritional status and activity and their effect on physical fitness
scores has attracted less attention. Therefore, results those high
active children with overweight and particularly obesity achieve
lower scores than low active, optimal-weight children deserve fur-
ther attention and question the traditional approach of assessing
muscular and cardiorespiratory fitness. Namely, it is well known
that the outcome of muscle strength and power tests, as well
as tests of cardiorespiratory fitness, are confounded with body
dimensions (30-33), whereas most of the test batteries assess-
ing physical fitness in schoolchildren consist of tasks resulting in
scores that do not account for body size. Consequently, children
with higher body mass could be penalized because the tests men-
tioned above consist of tasks where they must perform more work
to achieve equal outputs than their optimal-weight counterparts.

When interpreting our results, certain limitations should be
taken into consideration. Firstly, physical activity was assessed
using a questionnaire and providing a summary activity score,
without caloric expenditure or specific frequency, time, and in-
tensity information. Thus, not being able to directly assess activity
levels could have an impact on the current findings. However,
it has been proved that PAQ-A represent the valid and reliable
measure of general physical activity levels when applied on a
large-scale sample in school settings (15,34). Another limitation
originates from the study’s cross-sectional design, not allowing
us to draw any conclusions regarding developmental trends or
causal relationships. Nevertheless, the large sample size, the
methods of study sample selection, as well as the standardized
protocols and the qualified measurers guarantee the validity
and usability of the revealed data. With this in mind, we believe
that the findings presented here are a valuable contribution to a
better understanding of the interplay between children’s phys-
ical fitness, activity, and nutritional status, and the attempts to
emphasize the importance of monitoring physical fitness at an
early stage when prevention measures could be more effective
in suppressing health risk problems.

CONCLUSION

Our study has shown that activity level in Serbian schoolchil-
dren, particularly girls, declines with age, and that this decline is
affected by nutritional status. In addition, nutritional status rep-
resents a significant factor confounding physical fitness scores,
regardless of activity levels. Future studies with data regarding
caloric expenditure or specific frequency, time, and intensity
information measurement, as well as controlling other poten-
tial contributing factors (i.e., diet, genetic predisposition, envi-
ronment), should elucidate the complex relationship of physical
activity with fitness and nutritional status.
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WHAT DOES THIS ARTICLE ADD?

This is the first study exploring: a) variations in Serbian school-
children’s physical activity with age and nutritional status; and b)
physical activity and nutritional status on physical fitness scores.
It provides evidence that, like in other countries, physical activ-
ity in Serbian schoolchildren declines with age. In addition, the
findings that nutritional status has a stronger influence on phys-
ical fitness scores than physical activity, pose essential ques-
tions. Namely, the traditional approach when assessing muscular
fitness and aerobic capacity tests in school settings does not
account for body size. Therefore, children with overweight and
obesity due to higher body mass, could be penalized in these
tests since they have to do more work to achieve an equal output
than their optimal-weight counterparts. Potential clarification of
this issue could be considering reevaluation of the current ap-
proach in the assessment of physical fitness by introducing body
size-independent physical fitness tests.
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Abstract

Introduction: obesity is a cardiometabolic risk (CMR) factor in adolescents. It represents a public health problem that requires simple diagnostic
strategies based on the determination of anthropometric indicators (Als) such as body mass index (BMI), waist circumference (WC), conicity
index (CONI), waist-to-height ratio (WHtR), and body fat percentage (BFP). The purpose of the current contribution was to analyze the utility of
the aforementioned Als for evaluating obesity as a CMR factor in Mexican adolescents.

Materials and methods: the design of the study is descriptive and cross-sectional. Nutritional status was established by using various Als and
as a CMR factor under the criteria of WHIR. Participating in the present investigation were 2,000 adolescents from 15 to 17 years of age, of

Keywords: which 1,079 (53.9 %) were female and 921 (46.1 %) were male. All were high school students in Tuxtla Gutiérrez, Chiapas, Mexico.
Adolescents. Obesity. Results and conclusion: the prevalence of obesity was influenced by gender. With the WHtR and BFP, male students exhibited a greater prev-
Overweight. Nutritional alence of obesity, while with the BMI and CONI, the percentage of obesity was similar between the two genders. BMI was significantly correlated
status. Cardiometabolic with BFP, WC and WHIR, and was one of the Als with the greatest area under the curve, showing a good capacity to predict cardiometabolic risk.
risk. Body mass index. BMI is a simple and adequate tool for diagnosing obesity and predicting CMR in adolescents.
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Resumen

Introduccion: la obesidad es un factor de riesgo cardiometabolico (RCM) en los adolescentes y representa un problema de salud publica que
requiere estrategias diagnosticas sencillas, basadas en la determinacion de indicadores antropométricos (IA) como el indice de masa corporal
(IMC), la circunferencia de la cintura (CC), el indice de conicidad (ICONI), el indice de cintura-talla (ICT) y el porcentaje de grasa corporal (PGC).
El propdsito del presente estudio fue analizar la utilidad de diversos IA (IMC, CC, ICONI, ICT y PGC) para evaluar la obesidad como factor de RCM
en adolescentes mexicanos.

Materiales y métodos: el disefio del estudio fue descriptivo y transversal. Se analizd el estado nutricional mediante varios 1Ay el factor de RCM
bajo los criterios del ICT. Este estudio fue conducido en 2000 adolescentes de entre 15y 17 afios, de los cuales 1079 (53,9 %) eran mujeres
y 921 (46,1 %) varones, todos ellos estudiantes de nivel medio superior de Tuxtla Gutiérrez, Chiapas, México.

Resultados y conclusién: la prevalencia de la obesidad estuvo influenciada por el género: los varones presentaron una mayor prevalencia
de obesidad con ICT y PGC, mientras que con IMC e ICONI, el porcentaje de obesidad fue similar entre ambos géneros. El IMC se correlaciond
significativamente con el PGC, la CC y el ICT, y fue uno de los IA con mayor area bajo la curva, mostrando una buena capacidad para predecir el

masa corporal.

INTRODUCTION

Childhood obesity, a complex public health problem, is not only
on the rise but has reached epidemic levels according to the
World Health Organization (WHO) (1). This pathology, being of
multifactorial origin, now affects developing and developed na-
tions to the same degree (2).

A worldwide database reveals that 18 % of children and ad-
olescents from 5 to 19 years of age suffer from obesity (3). Re-
garding 12- to 19-year-olds, the reported prevalence of obesity in
the USA is 20.6 % (4), and in Mexico 38.4 % (2). Unfortunately,
Mexico has the highest level of adolescent obesity in the world.

Since adolescence is marked by accelerated growth, the de-
gree of adiposity depends on the balance between food intake
and a large energy expenditure (5). Consequently, measuring the
body dimensions of adolescents can favor the early detection of
excess fat distribution and help prevent chronic diseases asso-
ciated with obesity in adulthood (6). There are currently diverse
methods of indirectly exploring the distribution of body fat, in-
cluding anthropometric indicators (Als) and bioelectrical imped-
ance analysis (6,7).

It is crucial to determine the distribution of body fat because
abdominal obesity constitutes a cardiometabolic risk (CMR) fac-
tor in children and adolescents (8,9). Body mass index (BMI),
conicity index (CONI), and waist circumference (WC) have all
proven to be valid as criteria for examining anatomical regions
of adolescents (10). However, BMI is an inaccurate measure of
abdominal obesity, as it does not reflect the distribution of body
fat or differentiate between lean (fat-free) and adipose tissue
mass (11). Although CONI can detect abdominal obesity (es-
pecially in adult women), it is of limited value for children and
adolescents (12).

According to studies carried out on adolescents, body fat
percentage (BFP) is intimately related to factors involved in
CMR (6), and the waist-to-height ratio (WHtR) is more closely as-
sociated with CMR than WC or BMI (13). The importance of these
findings is recognized by researchers who study the etiology of
factors potentially participating in CMR, and thus inevitably influ-
ences their selection of the best Als for determining such risk.

The selection of ideal Als for assessing CMR may depend on
the particular population in question. For example, the body com-

RCM. EI IMC representa una herramienta sencilla y adecuada para el diagndstico de obesidad y predecir el RCM en adolescentes.

position of Latin Americans is distinct from that of Europeans.
Even within Latin America, regional differences exist in the mix-
tures of populations. There are scarce reports in Mexico on the
sensitivity and specificity of the various Als for estimating CMR in
adolescents. Hence, the principal aim of the current contribution
was to analyze the usefulness of diverse Als (BMI, WC, CONI,
WHIR, and BFP) for evaluating obesity as a CMR factor in Mexi-
can adolescents.

METHODS

A descriptive, cross-sectional, and analytical study was con-
ducted during 2019 in three public high schools in Tuxtla Gutiér-
rez, Chiapas, Mexico. Through convenience sampling, a group
of 2,181 15- to 16-year-old adolescents was formed, all being
in the first semester of high school (this being the equivalent of
the tenth grade).

The response rate was 91.7 % and the exclusion crite-
rion was the wish not to participate. The final sample con-
sisted of 2,000 students, including 1,079 females (53.9 %)
and 921 males (46.1 %). An informed consent was obtained
from the corresponding parents or guardians. The protocol was
reviewed and approved by the committee of the Mexican Nation-
al Academy of Bioethics.

The nutritional status (NS) of adolescents was evaluated uti-
lizing Als and bioelectrical impedance analysis, with the sup-
port of dietitians trained in the techniques recommended by
Lohman (14). The measurements were always performed in the
morning under the following conditions: after a 12-hour fast and
evacuation of the bladder, with participants wearing light clothing
(shoes removed) and standing in an upright position. Additionally,
the subjects were instructed to avoid previous exercise or the
intake of diuretics.

Weight and BFP were determined on a bioelectrical impedance
analysis scale (Tanita, model BC-533, Arlington Heights, lllinois,
USA) with an accuracy of 100 grams. Height was measured us-
ing an ultrasonic stadiometer (Inkids Inlab), known to be accurate
to 1 millimeter. WC was established with a latex tape measure
(Bodyfit) having an accuracy of 1 millimeter. The latter meas-
urement was taken at the midpoint between the lower edge of

[Nutr Hosp 2022;39(3):513-519)]
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the last rib and the upper limit of the lliac crest, as indicated by
the WHO guidelines. BMI was calculated by dividing weight (in
kilograms) by height (in meters) squared, which allowed for the
classification of the adolescents into categories of NS: under-
weight was considered at < 2 standard deviation (SD), normal
weight from -2 to +1 SD, overweight at > 1 SD, and obesity
at > 2 SD, based on the Z-score proposed by the WHO for age
and gender (15).

When diagnosing overweight and obesity by using WC,
the optimal cut-off points employed were > 73.8 and > 74.1
centimeters for males, and > 68.9 and > 76.6 centime-
ters for females (16). The WHtR was calculated by dividing
WC in centimeters by height in centimeters, thus classify-
ing NS into overweight and obesity based on cut-off points
for males (> 0.458 and > 0.463) and females (> 0.445
and > 0.468) (16). The CONI is found by multiplying a con-
stant (0.19) by the square root of the quotient of body weight
(in kilograms) divided by height (in meters), then dividing this
number into WC (in meters). It allows for a classification of
individuals of both genders into well-nourished (< 1.1) and
obese (> 1.1) (17).

The BFP catalogs adolescents by taking into account the per-
centiles for their age and gender: low in fat (P,), healthy (> P),
high in fat (> P,), and obese (> P,,) (18). Finally, CMR was es-
timated in both genders by using the cut-off values of WHtR
(> 0.55).

A determination was made of central tendency measurements,
position, and dispersion for continuous variables. The Kolmogo-
rov-Smirnov test was applied to verify the normal distribution of
quantitative variables (p > 0.05). As the majority of values did not
fit a normal distribution, a nonparametric statistical analysis was
carried out. The Mann-Whitney U-test was applied to compare
the average values of the various Als. The possible link between
gender and the prevalence of each category of NS (obesity and
CMR) obtained with a given Al was evaluated by utilizing the chi-
squared test. The odds ratio was employed to establish the asso-
ciation between obesity and CMR. The level of significance was
considered at p < 0.05.

To scrutinize the association between the different Als, Pear-
son’s correlation coefficient () was ascertained (considering
r> 0.7 as significant) and the dispersion was graphed. The
coefficient of determination (R? was calculated to explore the
quantitative relation between Als (Fig. 1).

Finally, receiver operating characteristic (ROC) curves were
examined to assess the sensitivity and specificity of the various
Als (BMI, WC, CONI, and BFP) for estimating the CMR associated
with obesity in adolescents. The area under the ROC curve (AU-
ROC) served as an indicator of these Als to predict obesity-relat-
ed CMR. An AUROC value of 1 denotes a perfect predictive power
for an Al, while a value < 0.05 evidences the level of chance. The
statistical package for social science (SPSS), version 22 (Chica-
go, IL, USA), was used for all statistical analyses.
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Figure 1.

Analysis of the correlation of diverse anthropometric indicators using Pearson’s correlation coefficient (1) and the coefficient of determination (R?).
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RESULTS

The upper part of table | shows the variables considered for the
participants. Average (and SD) age was 15.27 (0.44) years, weight
was 59.36 (12.89) kilograms, height was 161.3 (8.2) centimeters,
and WC was 76.1 (9.9) centimeters. The average values were
higher for males than females regarding weight, height, WC, and
CONI. Among females, they were greater for BMI, WHR, and BFP.

The lower part of table | includes the five Als presently em-
ployed, of which CONI portrayed the highest prevalence of obe-
sity, with 81.7 % (1,634 individuals). In second place was WHIR,
defining obesity at 48.4 % (968), followed by WC with 45.4 %

M. Megchin Hernandez et al.

(908). BMI and BFP detected the lowest prevalence of obesity,
11.7 % (235) and 11.3 % (227), respectively. The chi-squared
test demonstrated that NS was dependent on gender for four of
the five Als (WHtR, WC, CONI, and BFP). Overweight was identi-
fied in more males than females — BMI revealed 15 % (301) and
10.9 % (218); WHtR revealed 9 % (180) and 1.5 % (30); and WC
revealed 19.4 % (388) and 2.1 % (42), respectively. Likewise,
obesity was more prevalent in males than females when meas-
ured by the WHIR and BFP, finding 29 % (580) vs. 19.4 % (388)
and 6.85 % (185) vs. 4.5 % (90), respectively. Contrarily, the
percentage of obesity was greater in males than females when
using WC (24.6 % (492) vs. 20.8 % (416), respectively), and

Table I. Comparison of the nutritional status (NS) of study participants by gender,
based on anthropometric indicators

A“:::i’:a"t’:fs"ic Total (n = 2000)* | Males (n = 921)* (:i’:g':; U Mann-Whitney
Weight (kg) 59.36 (12.89) 62.26 (13.43) 56.89 (11.87) 3746061
Height (cm) 161.30 (8.2) 167.07 (6.99) 156.50 (6.08) 1096141
BMI (kg/m?) 22.30 (5.3) 22.25 (4.306) 23.19 (4.50) 426040"
WC 76.10 (9.9 77.40 (10.56) 75.11(9.28) 437546°
WHR 0.47 (0.06) 0.46 (0.06) 0.48 (0.05) 3987681
CONI 1.15(0.07) 1.16 (0.07) 1.14 (0.07) 4141961
BFP 23.22 (9.37) 17.79 (8.93) 27.86 (6.93) 1672781
NS n % n % n % X2
BMI (kg/m?) Underweight 33 1.65 16 0.80 17 0.85 5.49
Normal weight 1213 60.65 644 32.20 569 28.45
Overweight 519 25.95 301 15.05 218 10.90
Obesity 235 11.75 118 5.90 117 5.85
WHtR Overweight 210 10.50 180 9 30 1.50 50.16*
Obesity 968 48.40 580 29 388 19.40
WC Overweight 430 21.50 388 19.40 42 2.10 240.06*
Obesity 908 45.40 416 20.80 492 24.60
CONI Eutrophic 366 18.30 243 12.15 123 6.15 27.924
Obesity 1634 81.70 836 41.80 798 39.90
BFP Low in fat 141 7.05 64 3.20 1 3.85 76.56*
Healthy 1316 65.80 776 38.80 540 27
High in fat 316 15.80 102 510 214 10.70
Obesity 227 11.35 137 6.85 90 4.50

BMI: body mass index; WHIR: waist-to-height ratio; WC: waist circumference; CONI: conicity index; BFP: body fat percentage. *Mean (standard deviation). 'Significant
difference between males and females, Mann-Whitney U-test; z-score (p < 0.001). *Significant associations between gender and nutritional status (NS), chi-squared

test 2 (o < 0.001).
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similar in the two genders based on BMI and CONI, displaying
5.9% (118) and 5.8 % (117) for the former disease, and 41.8 %
(836) and 39.9 % (798) for overweight.

Both the correlation coefficient and determination coefficient
evidenced a positive and significant relationship of BFP with BMI
and WHIR. A similar correlation was also detected between WC
and BMI or WHER and BMI. No significant relation was observed
between BFP and WC or BPF and CONI.

In all cases of obesity as diagnosed by the different Als, a signifi-
cant association existed with CMR (Table Il). With the cut-off values of
WHIR to define CMR, the association of the latter was strongest with
obesity as identified by WC, and strong with the classification based
on BMI, followed by obesity as detected with CONI and finally BFP.

The discriminatory power of diverse Als for estimating CMR
is described in table lll. For both genders, BMI gave the best
AUROC, as well as the highest percentage for specificity and the
greatest positive predictive value (PPV). In contrast, the AUROCs
for WC and CONI were < 0.8.

DISCUSSION

The gender-based determination of NS in adolescents by
utilizing the criteria associated with Als represents an essential
means of monitoring growth and development (19). The values
of two of the five Als currently examined (WHtR and BFP) were

Table Il. The correlation of obesity and cardiometabolic risk

Anthropometric indicators for WHtR OR 05 % ClI
. - . ()
diagnosing obesity Without CMR With CMR
Overweight 472 47
BMI 25.71 17.01-38.87*
Obesity 66 169
Overweight 429 1
WC 139.65 19.51-999.54*
Obesity 685 223
Eutrophic 363 3
CONI 18.92 6.02-59.47*
Obesity 1413 221
High in fat 261 55
BFP 10.21 6.82-15.29*
Obesity 72 155

BMI: body mass index; WHIR: waist-to-height ratio; WC: waist circumference; CONI: conicity index; BFP: body fat percentage, 95 % Cl: 95 % confidence interval. The
cardiometabolic risk (CMR) was estimated by using the WHIR cut-off points. *Significant associations between obesity and CMR, based on the odds ratio (OR) test;

z-score (p < 0.001).

Table lll. Efficacy of anthropometric indicators for predicting obesity-related
cardiometabolic risk in adolescents

Anthropometric | ,00c (95 % CI) | Sensitivity, % | Specificity, % SE PPV (%) | NPV (%)
Indicators
Females
we 0.642 (0.626-0.658) 99.2 29.4 0.006 33.1 99.8
BMI 0.817 (0.777-0.856) 66.1 97.2 0.019 77.9 95.1
CONI 0.621 (0.603-0.638) 98.5 25.6 0.007 16.3 99.1
BFP 0.848 (0.810-0.885) 733 96.2 0.019 74.4 96.0
Males
we 0.756 (0.739-0.773) 99.9 51.3 0.008 17.2 99.0
BMI 0.929 (0.897-0.961) 90.5 95.2 0.022 65.8 99.0
CONI 0.567 (0.550-0.583) 98.8 145 0.006 105 99.1
BFP 0.789 (0.737-0.841) 62.3 95.5 0.026 58.8 96.1

AUROC: area under the ROC curve; 95 % Cl: 95 % confidence interval; SE, standard error; PPV: positive predictive value, NPV: negative predictive value; BMI: body
mass index; WC: waist circumference, CONI: conicity index; BFP: body fat percentage.
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significantly higher in female than in male adolescents, which
coincides with the findings reported by similar previous studies
(7,17). This may be linked to the phenotypic characteristics of
each gender regarding height and distribution of body fat (20).

Although a significant correlation was found between CMR
and obesity when determining the latter with various Als, it is
necessary to carry out an in-depth analysis of the strengths
and weaknesses of each of these parameters for diagnosing
obesity and predicting CMR in adolescents. Accordingly, obesi-
ty, as evaluated by using WC, was significantly associated with
CMR, but this feature was overshadowed by lack of correlation
with BPF, low PPV, and an AUROC near 0.5 in women, possi-
bly due to the absence of the correction factor represented
by height (21). When the factor of height was considered by
using the WHIR to classify overweight, a strong association
emerged with cardiovascular risk factors (22). Consequently,
the CMR of adolescents should not be assessed by employing
WC alone but rather in combination with other Als and bio-
chemical studies.

On the other hand, the values of WHIR served as a reference
to evaluate the degree of CMR (8) expressed by each of the oth-
er Als employed, judging by the results of previous studies, the
great capacity of WHR for diagnosing obesity, and the strong
correlation found presently with BFP and BMI. Nevertheless, we
recognize the need to complement this estimate of CMR in future
research by comparing WHtR with the previously established gold
standards, especially the lipid profile and fasting glucose (23).

Of the five Als employed presently, CONI portrayed the high-
est percentage of obesity (81.7 %) in both genders. The better
capacity of CONI, as compared to WHtR, for detecting obesity
was described in a study on 1,519 Venezuelan children and ad-
olescents between 3 and 16 years of age (27). The diagnostic
capacity of the CONI may be linked to multiple factors considered
in its formulation (weight, height, and WC), thus allowing for a
global assessment of body fat distribution (24).

However, CONI did not significantly correlate with BPF, and dis-
played the lowest PPV percentage. The current data show it to be
unsuitable for predicting CMR in adolescents, in agreement with
a previous report (10). This could be related to the well-known
influence of the hormonal factor on the changes in body fat dis-
tribution that occur during adolescence (15).

BFP showed a strong correlation with the majority of the Als
herein examined (BMI, WC, and WHR), and had a significant ca-
pability for predicting cardiometabolic risk, although its AUROC
was different between women and men. The latter difference
was probably due to the multiple factors that affect bioelectrical
impedance analysis, including age, ethnicity, and degree of body
fat (25). Since body fat alters body geometry and the distribution
of water in the organism, it can negatively affect the relevance of
hioelectrical impedance analysis with respect to obesity (25). A
comparative study demonstrated the superior capability of X-ray
absorptiometry over bioelectrical impedance analysis for quanti-
fying BFP in Colombian children and adolescents (26). Thus, this
Al can be used as a complementary tool for diagnosing obesity
and predicting CMR.

M. Megchin Hernandez et al.

Interestingly, BMI shares diverse similarities with BFP, such
as its capacity to diagnose obesity, its positive and significant
relation with other Als (BFP, WC, and WHtR), and its great predic-
tive capability as regards CMR. This is in line with other studies
on adolescents in the USA (27) and Colombia (13), which have
found BMI to be instrumental for evaluating the association of
different factors with CMR, similar to WC and WHtR. Moreover,
BMI proved to be better than WC for predicting CMR in patients
suffering from metabolic syndrome (28-30).

It is of particular interest to examine the similarity between
the prevalence of obesity detected with BMI and BFP and the
high correlation found between both indicators. Previous reports
have indicated the significant capacity of BMI to predict BFP in
adolescents (31). However, the efficacy of each of these two Als
changes with age. In another study, involving Latin American
young adults from 18 to 31 years, BMI was significantly less
effective than BFP for detecting diagnosed obesity (32). Hence,
the advantage represented by BMI for diagnosing obesity and
predicting CMR in adolescents should be taken into account by
doctors working at the primary health care level.

In conclusion, BMI proved to be a suitable parameter for diag-
nosing obesity and predicting CMR in adolescents, and showed a
close relationship between these two conditions. Furthermore, it
iS a nonexpensive, easy to apply technique for clinics and hospi-
tals. The ability to identify such alterations would help to consoli-
date good eating habits during adolescence.
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Abstract

Background: small-for-gestational-age (SGA) newborns present a higher morbidity and mortality rate when compared to infants born appro-
priate for gestational age (AGA), as well as insufficient growth, with height far from their target and in some cases a low final height (< -2 SDs).

Objective: the aim of this study was to determine when catch-up growth (CUG) in height occurs in these children, and which factors are asso-
ciated with lack of CUG.

Material and methods: this is a retrospective study of SGAs born between 2011 and 2015 in a secondary hospital. Anthropometric measure-
ments were taken consecutively until CUG was reached, and fetal, placental, parental, newborn, and postnatal variables were studied.
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eywords Results: a total of 358 SGAs were included from a total of 5,585 live newborns. At 6 and 48 months of life, 93.6 % and 96.4 % of SGAs achieved
Small for gestational CUG, respectively. By subgroups, symmetric SGAs performed worse than asymmetric SGAs with CUG in 84 % and 92 % at 6 and 48 months
age. Intrauterine growth of life, respectively. The same occurred in the subgroup of preterm SGAs with respect to term SGAs, with worse CUGs of 88.2 % and 91.2 %

retardation. Catch-up ; : : - : : . . . .
growth. Growth pattern. at 6 and 48 months of life, respectively. Prematurity, symmetrical SGA, intrauterine growth retardation (UGR), preeclampsia, previous child SGA,

Growth and development perinatal morbidity, and comorbidity during follow-up were associated with absence of CUG.
Short stature. Conclusions: the majority of SGAs had CUG in the first months of life. The worst outcomes were for preterm and symmetric SGAs.
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Pequefio para la edad
gestacional. Restriccion del
crecimiento intrauterino.
Crecimiento recuperador.
Patron de crecimiento.
Crecimiento y desarrollo.

Resumen

Antecedentes: el recién nacido pequefio para la edad gestacional (PEG) presenta mayor morbimortalidad que el recién nacido con peso adecuado
(PAEG), asi como un crecimiento insuficiente con talla alejada de la talla diana y, en algunos casos, talla final baja (< -2 DE).

Obijetivo: el objetivo de este estudio fue determinar en qué momento se produce el crecimiento compensador (CUG) de la talla en estos nifios
y conocer qué factores se asocian a la falta de dicho crecimiento compensador.

Material y métodos: estudio retrospectivo de los recién nacidos PEG entre los afios 2011y 2015 en un hospital secundario. Se tomaron
medidas antropométricas de forma consecutiva hasta alcanzar el CUG y se estudiaron las variables fetales, placentarias, parentales, neonatales
y posnatales.

Resultados: se incluyeron 358 PEG de un total de 5585 recién nacidos vivos. A los 6 y 48 meses de vida alcanzaron el CUG el 93,6 %y 96,4 %
de los PEG, respectivamente. Por subgrupos, los PEG simétricos obtuvieron peores resultados que los PEG asimétricos, con CUG del 84 %y 92 %
alos 6y 48 meses de vida, respectivamente. Lo mismo ocurrié en el subgrupo de PEG prematuros respecto de los PEG a término, con CUG peores
del 88,2 %y 91,2 % a los 6 y 48 meses de vida, respectivamente. La prematuridad, el PEG simétrico, la restriccion del crecimiento intrauterino,
la preeclampsia, tener un hijo previo PEG, la morbilidad perinatal y la comorbilidad durante el seguimiento se asociaron a la ausencia de CUG.

Conclusiones: la mayoria de los PEG alcanzaron el CUG en los primeros meses de vida. Los peores resultados fueron para los PEG prematuros

Talla baja. y simétricos.

INTRODUCTION

According to the current growth standards, a small-for-ges-
tational-age (SGA) infant is a newborn with low birth weight
and/or length for gestational age and sex. The most appropri-
ate definition of SGA has been sought for decades. In 1967,
Battaglia et al. (1) set the cutoff at the 10" percentile, and two
years later Usher et al. (2) set the cutoff at the z-score of -2 SD.
Subsequently, major societies such as the World Health Organ-
ization (3) and the International Society of Pediatric Endocrinol-
ogy (4) have maintained different opinions, setting the cutoff at
the 10" percentile and a z-score of -2 SD, respectively. There
is still confusion as to the correct definition of SGA (5). It is im-
perative to choose the cutoff point that best identifies neonates
requiring specific follow-up. In 2016, Zeve et al. (6) published a
systematic review that included literature reported between the
years 2010 and 2015, in which a greater number of articles used
the 10" percentile definition. However, they observed that new-
borns with more perinatal morbidity and mortality were grouped
below the z-score of -2 SD or the 3" percentile. This idea is also
reflected in the work of Zhang-Rutledge et al. (7), who find a
higher morbidity and mortality (resuscitation at birth, ICU admis-
sion, and perinatal death) in the group of newborns below the 5™
percentile, in consideration of the group of newborns between
the 5™and 10" percentiles.

In high-income countries, the incidence of SGA (using the 10t
percentile definition) varies between 4.6 % and 15.3 %, with the
lowest figures in Sweden, Norway, and Finland, and the highest
values in Spain and Portugal (8). In low-income countries, the
incidence of SGA is much higher. In the 138 countries included
in the Lee et al. (9) paper, 32.4 million SGA infants were born in
2010, accounting for 27 % of all births, of which 29.7 million
were term, and almost 3 million were preterm. In absolute num-
bers, India had the most SGA children in the world (as it regis-
tered the most births), while Pakistan had the highest percentage,
with 47 % of newborns being SGA, almost one in every two births.

SGA newborns are classified into asymmetric SGA, which ac-
counts for 70-80 % of the total, and are those with birth weight
and/or length below the cutoff point but with a normal head cir-
cumference (HC), and symmetric SGA, which accounts for the
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remaining 20-30 % and have birth weight, length, and HC below
the cutoff point. The origin of the latter occurs early in gestation,
leading to a worse prognosis (10). Although the terms small for
gestational age and intrauterine growth retardation (UGR) are
used interchangeably, it is worth noting there is a difference
between them. The first definition of IUGR came from Warka-
ny et al. in 1961 to describe 23 term newborns weighing less
than 2000 g (11). IUGR is a dynamic term that refers to abnormal
growth during gestation, while the term SGA is static and refers to
weight and/or length at birth. A 2018 consensus defines IUGR as
either birth weight below the 3" percentile or three of the following
criteria: birth weight below the 10" percentile, CP below the 10™
percentile, length below the 10" percentile, prenatal diagnosis of
IUGR, prenatal conditions associated with IUGR such as congen-
ital infections, preeclampsia, etc. (12). A prospective longitudinal
study states that the combination of fetal weight below the 31
percentile and Doppler abnormalities in the umbilical artery could
define IUGR and constitutes a poor prognostic factor (13). The
most significant causes of IUGR are maternal (extreme age, race,
socioeconomic level, toxic habits, arterial hypertension, preec-
lampsia, diabetes, assisted reproduction techniques, mother
born SGA, or previous child born SGA), fetal (genetic causes, in-
fections, congenital malformations, or metabolic diseases), and
placental (placental insufficiency, chorioamnionitis) (10).
Regarding growth, we know that SGAs are born small, and
some remain small into adulthood. Catch-up growth, which
some SGAS (14) experience, is defined as the accelerated rate of
growth that follows a period of inhibition with the aim of regaining
what was lost. Different definitions of CUG have been established,
such as an increase in weight and/or length above the z-score of
-2 SD, the 3percentile, the 10" percentile, or +0.67 SD over the
follow-up (15). The ideal timing of CUG is unknown, as rapid CUG
has been linked to metabolic syndrome and adult cardiovascular
disease, and slow CUG has been linked to growth failure and
neurodevelopmental problems (16,17). Lei et al. (18) describe
five growth trajectories in term SGAs from birth to seven years of
age, and state that the ideal is to reach the 30" percentile in the
first months of life and reach the 60" percentile at seven years of
age. For their part, Shi et al. (19) also distinguish five types of tra-
jectory in SGA growth and state that the ideal trajectory crosses
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two growth lines during the first months of life, from a percentile
below 10 to a percentile between 25 and 50.

There are no clear guidelines to achieve this objective of slow
and progressive catch-up. The different clinical practice guide-
lines in our setting (20) and at the international level (4) agree
on the importance of identifying these newborns at risk in order
to carry out adequate follow-up. There are no published data on
feeding, although breastfeeding vs. formula feeding has shown
better results at the metabolic profile and is considered the
method of choice (21).

In any case, experiencing CUG for height does not mean ac-
quiring the genetic height, since on average, the final height of
these children remains 1 SD below their target height (22). In
addition, a high percentage of SGAs have low height in adulthood
(below -2 SD). This was found in a Swedish study of full-term
SGAs where 7.9 % had short stature at 18 years (23). Similar
data were obtained in another study where 13.6 % of full-term
SGAs remained short in adulthood (24). Of all adults with short
stature, in 20 % of cases the cause is being born SGA (23,25).

This work aims to: a) estimate the probability of CUG in SGA
newborns at 3, 6, 12, and 48 months of life; b) observe if there
are any differences in growth between different groups: sym-
metrical SGA newborns vs. asymmetrical SGA, and term SGA
newborns vs. preterm SGA; and c) identify factors related to the
absence of CUG at three months of life.

MATERIAL AND METHODS

DESIGN

This was a retrospective, longitudinal study of SGA newborns
in a secondary hospital between September 12, 2011 and Sep-
tember 12, 2015.

INCLUSION CRITERIA

Newborns of any gestational age with birth weight and/or
length at birth < -2 SD were included in the study, using the
growth standards of the 2010 Spanish study as reference.
EXCLUSION CRITERIA

SGA newborns without serial anthropometries were excluded
from the study.
DATA COLLECTION

All newborns with an SGA diagnosis born between Septem-
ber 2011 and September 2015 were identified. Data concerning

gestation and newborns were retrieved from the hospital’s elec-
tronic medical record.
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MEASUREMENTS

During follow-up, anthropometric measurements were ob-
tained by nursing staff either from the hospital or the primary
care center, taking the mean of two values, expressing height in
centimeters and weight in kilograms. Children under two years
of age were measured in the supine decubitus position and
weighed sitting or lying down. In those over two years of age, both
measurements were taken standing upright: at three months, six
months, and one year of age naked, and at four years of age with
underwear. The tools used were calibrated. The growth standards
of the 2010 Spanish study were used as reference.

DEFINITIONS

Symmetrical SGAs were considered those with head cir-
cumference, weight, and length < -2 SD. Asymmetrical SGAs
were those with normal head circumference with weight and/or
length < -2 SD. Those SGAs with altered head circumference and
only weight or length were placed in the group that their growth
most resembled (symmetrical or asymmetrical SGAS).

Preterm newborns were considered those born at less
than 37 weeks of gestation, and term newborns were consid-
ered those born at 37 weeks or more. In preterm newborns, the
z-score values were obtained by correcting the chronological age
up to two years of corrected age, for which the probable date of
delivery was taken and not the date of birth.

Four groups were thus created:

— Group A1: SGA by weight (asymmetric): birth weight < -2 SD.

Normal head circumference and length.

— Group A2: SGA by length (asymmetric): length at birth

< -2 SD. Normal head circumference and weight.

— Group A3: SGA by weight and length (asymmetric): weight

and length at birth < -2 SD. Normal head circumference.

— Group B: SGA by weight, length, and head circumference

(symmetric): weight, length, and head circumference at birth
<-28SD.

PRIMARY STUDY VARIABLE

Time to reach CUG from birth, defined as a change in +0.67
SD of length throughout follow-up.

SECONDARY VARIABLES

The following variables were also collected: 1) newborn: birth
weight, gestational age, sex, intrauterine growth retardation (the
latter defined as SGA with echo-Doppler alterations); 2) paren-
tal: maternal age, biological mother’s ethnicity, biological mother
and father’s height, genetic or target height, parity, previous child
SGA in case of parity > 2, gestational diabetes, preeclampsia (ar-
terial hypertension and proteinuria), maternal smoking; 3) fetal:
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multiple pregnancy; 4) placental: maternal chorioamnionitis; 5)
postnatal: perinatal pathology (intraventricular hemorrhage, pat-
ent ductus arteriosus, abdominal surgery, respiratory distress re-
quiring CPAP > 24 hours), comorbidity during follow-up, feeding
during first six months of life (artificial breastfeeding, exclusive
breastfeeding, mixed breastfeeding).

STATISTICAL ANALYSIS

To describe the distribution of qualitative data, absolute and
relative frequencies were presented. To describe the distribution
of quantitative data, mean and standard deviation or median and
interquartile range were presented, according to the distribution
of the data.

To answer the main objective, the Kaplan-Meier survival func-
tion of time to CUG was estimated in total and for each group
— A2, A3, and B — at three months, six months, 12 months,
and 48 months.

The survival functions of groups A2, A3, and B were compared
using the log-rank test. Differences between term SGA and pre-
term SGA were also analyzed in total and stratified by group (A2,
A3, and B).

A univariate analysis was performed using the chi-square test
or Fisher’s exact test to compare qualitative variables; Student’s
t-test was used to compare approximately normal quantitative
variables. The nonparametric Mann-Whitney U-test was used to
compare quantitative variables in the absence of normality.

In response to the last objective, in which the aim was to
study the possible factors associated with the absence of CUG
for height at three months, the relative risks (RR) of the different
factors under study were estimated. A modified Poisson (26) re-
gression was used to fit these models.

All tests were considered bilateral, and p values < 0.05 were
considered significant.

The study was approved by the Clinical Research Ethics Com-
mittee (CEIC) of the center.

RESULTS

DESCRIPTIVE RESULTS

During the study period, 384 SGA newborns were obtained
from a total of 5,585 live newborns, of which 22 were exclud-
ed due to lack of access to anthropometric data, and four were
excluded because anthropometries were not available be-
fore three months of life, resulting in a final sample of 358. Of
these, 186 were females (52 %) and 172 were males (48 %),
and 34 were preterm (9.5 %).

Of all 358, 42 presented data of IUGR with an altered echo-
Doppler (11.7 %).

There were 25 symmetric SGAs (7 %), 60 weight-asymmet-
ric SGAs (16.7 %), 200 length-asymmetric SGAs (55.9 %),
and 73 weight- and length-asymmetric SGAS (20.4 %).
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Of all SGAs, 15 presented comorbidity during follow-up: patent
ductus arteriosus with surgical closure in two cases, atrial septal
defect with surgical closure in one case, bronchopulmonary dys-
plasia in three cases, hemolytic disease of the newborn in one
case, necrotizing enterocolitis in one case, and prolonged hospi-
talization (> 1 month) in seven cases. In addition, eight were di-
agnosed with genetic alterations and were not excluded from the
study because they had auxologic behavior similar to the rest of
the patients: osteogenesis imperfecta, hereditary spherocytosis,
sickle cell anemia, neurofibromatosis type 1, Angelman’s syn-
drome, nephrogenic diabetes insipidus, Léri-Weill syndrome, and
microcephaly + severe pulmonary valvular stenosis syndrome.

At birth, on average, preterm infants have the lowest weight
and length values, while symmetric SGAs (which included term
and preterm infants) have the worst mean SD in both weight and
height (Table ).

In total, 13 SGAs did not undergo CUG at four years (3.6 %),
and 20 SGAs remained with a height z-score at four years < -2.5
SD, of which only six received GH.

ANALYTICAL RESULTS

— In the group of all SGAs, we observed that most achieved

CUG during the first three months of life or CE, and those
who did not achieve CUG during this time rarely achieved
it later.
In this group CUG was experienced at three months of
life or corrected age (CA) (88 %), at six months of life or
CA (93.6 %), and at 12 months of life or CA (95.3 %).
At 48 months of life, 96.4 % of SGA infants achieved CUG
(345/358) (Fig. 1) (Table II).

— When comparing the different types of SGA, we observed

that symmetrical SGAs (group B) had worse length CUG re-
sults, and this was true at all ages.
In group A2 (asymmetric of length), CUG occurred at three
months of life or CA (92 %), at six months of life or CA
(94 %), and at 12 months of life or CA (95 %); in group A3
(asymmetric of weight and length), CUG occurred at three
months of life or CA (80.8 %), at six months of life or CA
(94.5 %), and at 12 months of life or CA (94.5 %); in group
B (symmetric) at three months of life or CA (72 %), at six
months of life or CA (84 %), and at 12 months of life or CA
(92 %) (Fig. 2) (Table II).

— When comparing SGA by gestational age, we observed that
preterm SGAs obtained worse length CUG results at all ages.
This difference in success was maintained in the analysis by
subgroups (A2 term vs. A2 preterm, A3 term vs. A3 preterm,
and B term vs. B preterm), with the worst growth outcomes
in preterm group B, i.e., symmetrical and preterm SGA.
They made length CUGs in the term SGA group at three
months of age (90.4 %), at six months of age (94.1 %),
and at 12 months of age (95.7 %); and in the preterm SGA
group at three months of CA (64.7 %), at six months of CA
(88.2 %), and at 12 months of CA (91.2 %) (Table II).
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Table I. Mean of anthropometric data at birth of all SGA and by groups.

Weight is expressed in grams; height and PC in centimeters

Anthropometric data at birth

Probabibity to Catch up growth
5 .75
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Figure 1.

Catch-up growth in height of all SGA newborns.
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Figure 2.
Catch-up growth in height of SGA newborns by type of SGA.

Table Il. Estimated CUG in total, by type of SGA and gestational age

Time c“:‘v“e'::“’e c::::,t:p 95 % Cl
3 315 88.0 % 84.4 % 91.1 %
Total 6 335 93.6 % 90.7 % 95.8 %
12 341 95.3 % 92.7 % 97.1 %
(Continues on next page)
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Table Il (Cont.). Estimated CUG in total, by type of SGA and gestational age

Time C“:{‘::::“’e c::s:'vt:p 95 % ClI

3 184 92.0 % 87.7% 95.2 %

Asymmetric of height (A2) 6 188 94.0 % 90.1 % 96.7 %

12 190 95.0 % 91.4% 97.4%

3 59 80.8 % 711% 88.9 %

Type of SGA ::za:;tl:itc(:;)height 6 69 94.5 % 87.7 % 98.2 %
12 69 94.5% 87.7% 98.2 %

3 18 72.0% 54.0 % 87.6 %

Symmetric (B) 6 21 84.0 % 67.5% 95.0 %

12 23 92.0% 77.5% 98.6 %

3 293 90.4 % 86.9 % 93.3%

Term 6 12 94.1% 91.2% 96.3 %

Gestational 12 5 95.7 % 93.1% 97.5%
age 3 22 64.7 % 49.0 % 80.1%
Preterm 6 8 88.2 % 751 % 96.3 %

12 1 91.2% 78.9% 97.7 %

By subgroups, in subgroup A2 at 12 months of life or CA,
95.3 % of full-term SGAs (95 % ClI, 91.6 %-97.7 %) and
88.9 % of preterm SGAS (95 % Cl, 61.2 %-94.4 %) expe-
rienced CUG for height. In subgroup A3 at 12 months, CUG
rate was 94.7 % in term SGAs (95 % Cl, 86.8 %-98.6 %)
and 93.8 % in preterm SGAs (95 % Cl, 73.3 %-99.6 %). And
finally, in subgroup B at 12 months, CUG rate was 94.1 %
in term SGAs (95 % Cl, 76.5 %-99.6 %), and 87.5 % in
preterm SGAs (95 % Cl, 57.7 %-99.3 %) (Fig. 3).

— Regarding the possible factors associated with the absence

of CUG of length at three months, up to six variables were
identified by univariate analysis.
They were prematurity with RR of 3, being symmetric SGA
with RR on being weight-asymmetric of 3.4, presenting
|UGR with RR of 3.9, having maternal preeclampsia with RR
of 3.7, having a previous SGA child with RR of 3.1, pre-
senting perinatal pathology with RR of 7.7, and presenting
comorbidity during follow-up with RR of 4.5 (Table IIf)

DISCUSSION

This study is the only one published so far in our environment
on the longitudinal growth of SGA newborns. In our study, the
incidence of SGA newborns was 6.87 %, lower than the 15.3 %
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previously described in Spain (8). This is probably because we
used the definition of SGA as weight and/or height below a
z-score of -2 SD. The previous study used the 10" percentile as
their cutoff point.

On the other hand, we also found a lower number of sym-
metrical SGAs, 7 % of the total number of SGAs, compared to
what has been previously described in the literature, close to 20-
30 % (10), which can be explained by placing 15 unclassifiable
SGA neonates (with altered CP + only weight or length) in the
asymmetrical SGA group.

Regarding the timing of CUG, we obtained more favorable re-
sults than those reported in the literature, with a CUG rate at six
months of 93.6 % and one at four years of 96.4 %, highlighting
that CUG is mostly achieved during the first months of life; if not
achieved at that age, it is rarely achieved later. The study with the
most similar results belongs to Huang et al. (27), where 97.3 %
of full-term SGAs achieve CUG before the age of two years. In
other studies, the time of CUG (being defined as overcoming
-2 SD) also takes place during the first months of life, although
less favorable data are shown. In the work of Hokken-Koelega
et al. (28), only 87.5 % of term SGAs had achieved CUG at two
years of age, while in the Swedish work of Kalsberg and Alberts-
son the following term SGAs had achieved CUG: 86.6 % (23) at
one year of life, 92 % (29) at two years of life, and 88 % (30) at
two years of life. The CUG results of our study, which are more
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Figure 3.
Catch-up growth in height of SGA newborns by gestational age.

favorable than in most published studies, may be explained be-
cause the group of preterm infants was more than 28 weeks of
gestation with less comorbidity than very extremely preterm in-
fants. Further, there was a low percentage of symmetrical SGAs,
which usually show worse results. Also, we chose as CUG cri-
terion an increase by 0.67 standard deviations along follow-up,
which is easier to achieve than others.

Regarding growth in subgroups, in our study we observed that
symmetric SGAs achieved less CUG and did so later than asym-
metric SGAs, which has also been described in the literature.
Maciejewski et al. (31) compare the percentage of CUG at nine
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months between symmetrical and asymmetrical term SGA neo-
nates, with results being 70 % for the former and 85 % for the
latter. The same occurs in the work of Kaur et al., which compares
the height of symmetrical and asymmetrical term SGA newborns
during the first year of life, with results being at birth, one month,
three months, six months, nine months, and 12 months lower
in the symmetrical group in both females and males, with sta-
tistically significant differences at all ages in males and only at
birth and one month in females (32). This is because symmetric
SGAs are newborns who have been subjected to an unfavorable
environment with early intrauterine growth restriction from the
first trimester of gestation.

We also obtained worse CUG results in preterm SGAs with
respect to term SGAs due to the greater morbidity presented by
preterm infants. This generates a situation of delayed extrauter-
ine growth which, added to the SGA situation, makes growth in
this group worse (33,34). This finding is reflected in the work of
Bocca-Tjeertes et al. (35), who compare the standard deviations
at four years in a group of preterm SGA and term SGA. They
found that in the former group, the SDs at that age were between
-1.4 and -1.7 SD, and in the latter between -0.3 and -1.0 SD.
In our study, the worst CUG outcome was for symmetrical and
preterm SGAS.

In the analysis of variables related to the absence of CUG at
three months, the following were identified as risk factors: pre-
maturity, symmetric SGA, IUGR, maternal preeclampsia, previous
child SGA, perinatal pathology, and comorbidity during follow-up.
Mc Cowan et al. (36) find that the absence of CUG at six months
is related to short stature at birth and male sex. In another study,
they analyzed variables associated with the absence of CUG at
three years in very low birth weight preterm infants; they found
that multiparity and the height z score at 12 and 24 months were
risk factors, the latter being the best predictor (37). For their part,
Leger et al. (24) state that low height at birth and the height of
both parents are predictors of low final height. Another study that
finds maternal height important is that of Xie et al. (38), which
also identifies smoking mothers with low weight gain during
pregnancy as a risk factor for the absence of CUG at five years
of age.

We found certain limitations. Since ours was a retrospective
study, we could not choose the variables to be collected, so there
is a lack of information when interpreting growth failure — for
example, paternal height, a variable that should be taken into
account in subsequent studies, as it has an important influence
on the final height of the child. In addition, the measurements
were not taken by the same person, which could lead to some
interindividual variability. Certain rules were respected, such as
using the same calibrated tools, with the patient naked and at
the same ages. Another limitation is that the sample size was
reduced by choosing “weight and/or height below -2 SD” as SGA
criterion instead of other criteria that are more frequently met
by newborns, for example, “weight and/or height below p10.”
Choosing the cutoff at -2 SD reduced our sample but had the
strength of picking up the most at-risk SGAs, which have a dif-
ferent behavior.
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Table lll. Factors associated with absence of CUG at 3 months of age
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No catch-up growth Univariate modified Poisson
Total .
Variables at 3 mo. regression model
n n Absolute risk | Relative risk | 95 % CI p-value

Female 186 17 91% Reference
Sex

Male 172 21 12.2 % 1.3 0.7 2.4 0.349

Yes 34 9 26.5 % 3 1.5 5.7 < 0.001
Prematurity

No 324 29 9.0 % Reference

Asymmetric A1 60 5 8.3% Reference

Asymmetric A2 200 14 7.0% 0.8 0.3 2.2 0.728
Type of SGA

Asymmetric A3 73 12 16.4 % 2 0.7 53 0177

Symmetric 25 7 28.0 % 3.4 1.2 9.6 0.024

Yes 42 13 31.0% 3.9 2.2 7.0 < 0.001
Obstetric IURG

No 316 25 79 % Reference

1 182 20 11.0% Reference
Parity

>2 173 18 10.4 % 0.9 0.5 1.7 0.859

Yes 15 4 26.7 % 3.1 1.1 8.3 0.028
Previous SGA No 138 12 8.7 % Reference

First newborn 202 22 10.9 % Excluded

Yes 102 14 13.7 % 1.4 0.8 2.7 0.242
Smoking habit

No 253 24 9.5% Reference

Yes 31 3 9.7 % 0.9 0.3 2.8 0.848
Gestational diabetes

No 324 35 10.8 % Reference

Yes 11 4 36.4 % 3.7 1.6 8.6 0.003
Preeclampsia

No 344 34 9.9% Reference

Yes 347 35 10.1 % Reference
Multiple pregnancy

No 9 3 33.3% 3.3 1.2 8.8 0.017

Yes 12 8 66.7 % 77 4.5 1.3 < 0.001
Perinatal pathology

No 346 30 8.7 % Reference
Problems during Yes 23 9 39.1 % 4.5 2.4 8.4 < 0.001
follow-up No 335 29 8.7% Reference

Breastfeeding 125 8 6.4 % Reference
Type of milk during ) o ol milk 101 | 13 12.9% 2 09 | 47 | 0404
first 6 months

Mixed feeding 132 17 12.9 % 2 0.9 45 0.089

<35 229 24 10.5% Reference
Maternal age (years)
>35 126 14 1.1 % 1.06 0.6 2.0 0.854
(Continues on next page)
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Table lll (Cont.). Factors associated with absence of CUG at 3 months of age
No catch-up growth Univariate modified Poisson
Total .
Variables at 3 mo. regression model
n n Absolute risk | Relative risk | 95 % CI p-value
<25 208 20 9.6 % Reference
Maternal BMI (kg/m?) 25-30 60 11 18.3% 1.9 0.9 3.8 0.062
>30 29 4 13.8% 14 0.5 3.9 0.481
<160 125 18 14.4 % Reference
Maternal height (cm)
>160 175 18 10.3 % 0.7 0.4 1.3 0.282

CONCLUSIONS

The majority of SGA infants show adequate CUG during the
first months of life, leaving a small percentage of these, especial-
ly premature and symmetrical SGAs, with insufficient growth and
low height in adulthood.

The study highlights the importance of knowing the risk fac-
tors associated with the absence of CUG in order to identify the
most at-risk newborns and establish appropriate follow-up and
management. Furthermore, there is a need to homogenize the
criteria that define SGA and CUG, and to develop prospective
longitudinal studies that will help us better understand growth in
these children.
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Resumen

Antecedentes y objetivo: en la enfermedad renal crénica (ERC) existen mdltiples factores que incrementan la presencia de la dislipidemia.
El objetivo fue identificar la utilidad de una intervencion nutricional sobre la dislipidemia, en nifios con ERC terminal, a los 6 meses del inicio de
la intervencion.

Materiales y métodos: estudio cuasiexperimental (antes y después). Se incluyeron pacientes con ERC terminal en dialisis peritoneal y hemo-
didlisis. A cada nifio se le realizaron una somatometria y un perfil de lipidos al inicio y a los 6 meses de seguimiento. Se realizé un manual de
alimentacion con semaforizacion de los alimentos, poniendo de color rojo los alimentos que se deben consumir en la menor cantidad posible,
ademas de incluir alimentos a tamafio real utilizando modelos educativos. Para comparar las variables cuantitativas antes y después de la
intervencion se transformaron las variables a su logaritmo y se aplicd la “t” de Student pareada.

Resultados: se analizaron 41 pacientes. Posteriormente a la intervencion se modificaron los parametros del perfil lipidico; las concentraciones
de HDL se incrementaron (41,0 mg/dL vs. 44,4 mg/dL, p = 0,048), mientras que las concentraciones de triglicéridos disminuyeron (227,1 mg/dL
vs. 185.9 mg/dL, p = 0,007), lo cual persiste incluso una vez excluidos aquellos pacientes que se encontraban bajo tratamiento hipolipemiante
Palabras clave: (195 mg/dL vs. 171,6, p = 0,049). En cuanto al estado de dislipidemia, la hipertrigliceridemia disminuy6 sin alcanzar la significancia (80,5 %
e vs. 62,5 %, p = 0,073).
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Abstract

Background and objective: in chronic kidney disease (CKD) there are several factors that increase the presence of dyslipidemia. The aim of this
study was to identify the usefulness of a nutritional intervention, in children with terminal CKD, on dyslipidemia 6 months after intervention start.

Materials and methods: a quasi-experiment study (before and after) was performed. End-stage CKD patients on peritoneal dialysis and
hemodialysis were included. Each child underwent a determination somatometry, and lipid profile at the beginning and at 6 months of follow-up.
A nutritional guide was made with food traffic lights, turning the food that should be consumed in the least amount possible in red. In addition
to including life-size food using educational models. To compare the quantitative variables before and after the intervention, the variables were
transformed to their logarithm and a paired Student’s t-test was applied.

Results: a total of 41 patients were analyzed. After the intervention, the parameters in the lipid profile were modified; meanwhile HDL concen-
trations increased (41.0 mg/dL vs 44.4 mg/dL, p = 0.048), triglyceride concentrations decreased (227.1 mg/dL vs 185.9 mg/dL, p = 0.007),
and these changes persist even after excluding patients who were under lipid-lowering treatment (195 mg/dL vs 171.6, p = 0.049). Regarding
the state of dyslipidemia, hypertriglyceridemia decreased, without reaching significance (80.5 % vs 62.5 %, p = 0.073).

kidney disease. Nutritional
intervention. Pediatrics.

ANTECEDENTES

La enfermedad renal cronica (ERC) es una de las patologias
con trascendencia a nivel mundial debido a la morbilidad, la
mortalidad y la disminucion de la calidad de vida que se conlle-
va. Se han desarrollado por la Kidney Disease Outcomes Quality
Initiative definiciones y pautas para la ERC y su manejo en los
pacientes pediatricos sometidos a terapia de reemplazo renal (1).

Se sabe que la poblacidn pediatrica con ERC tiene mayor
morbilidad y mortalidad cardiovascular en comparacion con la
poblacion pediatrica en general, derivado de que la tasa de even-
tos cardiovasculares y la mortalidad aumentan consistentemente
en relacion estrecha con la pérdida de funcién renal. Dentro de
los factores de riesgo relacionados con la ERC se encuentran la
hipertension arterial sistémica, la dislipidemia, el metabolismo
anormal de la glucosa y la obesidad (2). Sin embargo, principal-
mente se debe a la calcificacion de la capa intima de las arterias
derivada de la aterosclerosis, los niveles altos de colesterol de
lipoproteinas de baja densidad y la inflamacion. Generalmente,
a las personas con ERC se les otorgan recomendaciones gene-
rales sobre las restricciones en la alimentacion, por lo cual toma
relevancia la educacion nutricional de los pacientes que padecen
esta enfermedad, ya que podria reducir la morbimortalidad (3).

La dislipidemia en la ERC tiene un origen multifactorial. Sin
embargo, en la ERC, derivado de la baja tasa de filtracion glo-
merular hay de un estado de resistencia a la insulina y, secun-
dariamente, se genera disminucion de la actividad de la lipopro-
teina-lipasa (LPL) (4,5). Ademas, la LPL también se inhibe como
resultado del incremento de las concentraciones de inhibidores
de la lipasa como apo-Clil (6) .

La modificacion de la alimentacion juega un papel fundamen-
tal en el tratamiento de las dislipidemias. En general, se trata
de una enfermedad cronica, por lo que no debemos entenderlo
como un tratamiento temporal sino como la forma en que debe
alimentarse el individuo. EI primer paso de la terapia dietética
es evaluar los habitos alimentarios actuales por medio de una
encuesta de dieta habitual (7). El estado nutricional toma im-
portancia ya que una adecuada ingesta alimentaria en la enfer-
medad renal permite disminuir los sintomas urémicos, retardar
la progresion y mejorar la supervivencia (8). En la enfermedad
renal cronica, las alteraciones nutricionales se producen por el
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Conclusions: the nutritional intervention improved HDL and triglyceride concentrations 6 months afterwards in children with terminal CKD.

propio fracaso de la funcion renal, ya que existe un aumento de
factores neuroendocrinos y de citoquinas. Esta alteracion hor-
monal produce hipertrigliceridemia y una alteracion del meta-
bolismo hidrocarbonado, con resistencia a la insulina que puede
finalizar con el desarrollo de un cuadro de diabetes mellitus 2
(DM2) (9).

Ante esto, el objetivo del estudio fue identificar la utilidad de
una intervencion nutricional, en nifios con ERC terminal, sobre la
dislipidemia después de 6 meses del inicio de la intervencion.

MATERIAL Y METODOS

Se realizo un estudio cuasiexperimental (antes y despugés) en
nifios y adolescentes con ERC terminal en sustitucion de rem-
plazo en didlisis peritoneal y hemodialisis en el periodo de ju-
lio del 2019 a febrero del 2020. Se identificaron 55 pacientes
de 6 a 16 afios que se encontraban en seguimiento por el Ser-
vicio de Nefrologia Pedidtrica. Se excluyeron un total de 11 pa-
cientes: 10 por no presentar dislipidemia y uno por estar in-
completos los estudios de laboratorio; durante el seguimiento
se eliminaron 3 pacientes porque fueron trasplantados duran-
te la realizacion del estudio. Finalmente se analizaron un total
de 41 pacientes. A los pacientes incluidos se les realizé una me-
dicion inicial de la composicion corporal, una somatometria y una
determinacion sérica de colesterol total, colesterol HDL (c-HDL
-colesterol de alta densidad-), colesterol LDL (c- LDL - coleste-
rol de baja densidad-) y triglicéridos (TGL), con seguimiento de
somatometria completa. Ademas, a los 6 meses posteriores a la
primera evaluacion, nuevamente se les realizo una medicion de
colesterol y TGL. La edad, el sexo, el tiempo de evolucion de la
ERC y el tipo de sustitucion dialitica se recabaron del expediente
clinico.

EVALUACION ANTROPOMETRICA
Y COMPOSICION CORPORAL

Los indicadores antropométricos de cada paciente fueron re-
cabados por un nutrilogo certificado. Para realizar la antropo-
metria y evaluar la composicion corporal, se les solicitd a los pa-
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cientes estar descalzos y en ropa interior. El peso corporal seco
se obtuvo utilizando una bascula digital TANITA BMW-700, con
capacidad de 200 g y una sensibilidad de 0,1 g. La estatura se
registrd con un estadimetro SECA 222 con un rango de 6-230
cm y divisiones de 1 mm.

MANEJO NUTRICIONAL

Como parte del manejo clinico, los pacientes con ERC reciben
asesoramiento nutricional junto con un manual de alimentacion
en el cual se encuentran los alimentos con sus respectivos apor-
tes de lipidos, proteinas y carbohidratos.

Los nutridlogos designados disefiaron la dieta de acuerdo con
el requerimiento diario de cada paciente. La distribucion por ma-
cronutrimentos fue: hidratos de carbono, 50 %; proteinas, 20 %;
y lipidos, 30 %. La ingesta de proteinas se otorgd de acuerdo con
el tipo de tratamiento de reemplazo y la edad (hemodidlisis: 4-13
afos: 1,05 g/kg/dia; 14-18 afos: 0,95 g/kg/dia; didlisis peri-
toneal: 4-13 afios: 1,1 g/kg/dia; 14-18 afios: 1,0 g/kg/dia), de
acuerdo con las recomendaciones de la KDOQ! Clinical Practice
Guideline for Nutrition (KDOQI: Kidney Disease Outcomes Quality
Initiative) en nifios con ERC. El calculo de las proteinas se realizo
con el peso ajustado para cada paciente con la siguiente formu-
la: peso ajustado = peso ideal para la altura + 25 % x [peso real
- peso ideal], donde el 25 % representa el porcentaje de tejido
graso corporal que es metabdlicamente activo, en lugar de su
peso corporal real.

MANIOBRA EDUCATIVA

En el manual de alimentacion se realizd una semaforizacion
de los alimentos, poniendo de color verde aquellos que esta per-
mitido comer como primera opcion, en color amarillo aquellos
alimentos cuyo consumo deberia moderarse y en color rojo los
que se deberan consumir en la menor cantidad posible. Ade-
mas se incluyeron alimentos en tamafio real utilizando modelos
educativos de la marca Nutrikit® (10), para que los pacientes
identificaran las raciones de los alimentos. Esta guia de alimen-
tacion fue disefiada especificamente para dicho estudio por
nutriologas de la Unidad de Investigacion Médica en Nutricion,
apoyadas por un investigador principal y el Servicio de Nefrolo-
gia Pediatrica.

Posteriormente a la primera platica de alimentacion, y des-
pués de trabajar con el manual, se les dio cita cada 15 dias du-
rante los 6 meses del estudio considerando las condiciones de
los pacientes y haciendo que coincidieran con las citas médicas
0 para pruebas de laboratorio, o las sesiones de hemodialisis o
didlisis. Para evaluar el apego al plan de alimentacion se hizo
un recordatorio de alimentos de 24 horas cada mes durante el
seguimiento; se considerd que los pacientes tenian un adecuado
apego al plan de alimentacion cuando, durante el recordatorio
de 24 horas, se cumplia la pauta en mas de un 80 % tanto en
cantidad como en proporciones.

M. A. Villasis-Keever et al.

METODOS ANALITICOS

Las muestras sanguineas se obtuvieron del antebrazo a ni-
vel de la vena antecubital entre las 7:00 y 8:00 am, después
de un minimo de 12 horas de ayuno, durante la visita inicial.
Cada muestra se centrifugd a 4 °C y 3000 rpm durante 15 min
para separar el suero en alicuotas, y posteriormente se con-
geld a -80 °C hasta el andlisis biogquimico. Las concentracio-
nes de hemoglobina, urea, creatinina y hormona paratiroidea
se determinaron mediante el método enzimatico colorimétrico
(IN-REACT, SPIM120). Todos los inmunoensayos de electroqui-
mioluminiscencia (ECLIA) se realizaron por duplicado mediante
un COBAS 600 e601 (Roche Diagnostics GmbH, Indianapolis, IN,
EUA) de acuerdo con las recomendaciones del fabricante. Las
concentraciones de glucosa, TGL y c-HDL se determinaron me-
diante un método enziméatico colorimétrico (Bayer Diagnostics,
Puteaux, Francia). Toda variacion < 7 % de un coeficiente de
intra e interensayo se considerd aceptable.

DEFINICIONES

Se determind como dislipidemia la presencia de uno o0 mas de
los siguientes criterios: a) hipertrigliceridemia (nifios < 10 afios:
TGL > percentil 90 para la edad y el sexo; nifios > 10 afos: TGL
> 150 mg/dl (11); b) c-HDL bajo (nifios < 10 arios, ¢c-HDL < per-
centil 10 para la edad y sexo; nifios > 10 afios, c-HDL < 40 mg/dl
en hombres y < 50 mg/dl en mujeres); ¢) c-LDL elevado (c-LDL
> 130 mg/dl de acuerdo con la definicidn de la Federacion In-
ternacional de Diabetes (11,12). La obesidad y el sobrepeso se
definieron mediante un IMC (indice de masa corporal) > percen-
til 95 y > percentil 85, respectivamente, de acuerdo con l0s
Centros para el Control y Prevencion de Enfermedades (CDC).
En cuanto a las tablas de crecimiento, a los pacientes con altura
mayor de 2 desviaciones estandar por debajo del promedio para
la edad; el z-score del IMC se ajusto para altura y edad (13).

ANALISIS ESTADISTICO

En el andlisis descriptivo para las variables cualitativas a tra-
vés de la prueba de Kolmogorov-Smirnov se identificé un tipo de
distribucion no paramétrica; sin embargo, se presentaron como
media y error estandar debido a que para los analisis compa-
rativos se realizd una trasformacion logaritmica. Las variables
cualitativas se presentan en forma de frecuencia y porcentajes.

Para comparar las variables cuantitativas antes y después de
la intervencion se transformaron las variables a su logaritmo, a
fin de tener una distribucion normal, y se aplicé la “t” de student
pareada; para ver la modificacion de la proporcion de las dislipi-
demias se utilizd la prueba del Chi? o la prueba exacta de Fisher.

Se consideraron como variables de confusion si los médi-
cos tratantes ortogaban alguin farmaco hipolipemiante —como
pravastatina, bezafibrato, atorvastatina—, el tipo de sustitucion
dialitica (didlisis peritoneal o hemodidlisis) y el apego al plan de
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nutricion. Para el control del uso de hipolipemiantes se realizaron
analisis comparativos sin incluir a los pacientes que los recibie-
ron. Para el control de las otras variables de confusion se realizo
un modelo de regresion lineal multiple. Para realizar los andlisis
estadisticos se utilizo el paquete estadistico STATA v12.

El protocolo de investigacion fue aprobado por el Comité de
Investigacion del Hospital de Pediatria, con nimero de registro
R-2018-3603-075. Los padres firmaron la carta de consenti-
miento informado y los pacientes mayores de 8 afios firmaron la
carta de asentimiento de acuerdo con las recomendaciones de
la Declaracion de Helsinki.

RESULTADOS

Los resultados presentados corresponden a un total de 41 pa-
cientes. La edad promedio fue de 10,4 afos, con una mayor
proporcion del sexo femenino (53,7 %); en cuanto a la media de
la Z-score del IMC, esta fue de -0,71 sin identificar a los pacien-
tes con sobrepeso u obesidad. Dentro de las causas de ERC, en
nuestra poblacion, el 43,9 % de los participantes (18 pacientes)
presentaron una causa indeterminada (Tabla I).

En cuanto a las caracteristicas de la ERC, el promedio de edad
al diagnostico fue de 7,33 afios y el promedio del tiempo de evo-
lucion de la ERC fue de 1 a 2,9 afios; el promedio de la duracion
con terapia sustitutiva fue de 15,6 meses, con un minimo de un
mes y un maximo de 96 meses de evolucion. De los pacientes
estudiados, el 51,2 % (n = 21) se encontraban en didlisis peri-
toneal y el 49,8 % (n = 20) en hemodidlisis. Con respecto a la
funcionalidad renal de los pacientes incluidos en el estudio, se
identificd que del total de pacientes, el 8,3 % tenian hipercalce-
mia, el 70,6 % anemia y el 95,1 % uremia (Tabla I).

DESCRIPCION DE LAS CARACTERISTICAS DEL
PERFIL DE LiPIDOS Y CARDIOMETABOLICAS
DE LOS PACIENTES PEDIATRICOS CON
ENFERMEDAD RENAL CRONICA

La hipertrigliceridemia (80,5 %), sequida de la disminucion del
c-HDL (41,5 %), fueron las dislipidemias mas predominantes al
inicio del seguimiento.

Dentro del comportamiento de los parametros del perfil lipi-
dico se observo que las concentraciones de colesterol total dis-
minuyeron de un promedio de 172,6 mg/dl a 160 mg/dl, sin
diferencia estadistica; las fracciones de HDL y LDL también se
modificaron, ya que al inicio del estudio se tenia un promedio
de HDL de 41 mg/dl y, 6 meses después de la intervencion
nutricional, hay una disminucion del promedio a 44,4 mg/dl
(p = 0,048); el LDL tenia una media de 90,4 mg/dl que poste-
riormente se modifica a 82,2 mg/dl. Finalmente, de igual forma,
las concentraciones de triglicéridos disminuyeron (227,1 mg/dL
vs. 185,9 mg/dL; p = 0,007) (Tabla Il).

De los pacientes incluidos, nueve estaban recibiendo algun
farmaco hipolipemiante (dos de ellos tomaban pravastatina, dos
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Tabla I. Caracteristicas generales
y de la funcionalidad renal de pacientes
con enfermedad renal crénica (ERC)

Media (error
estandar)
n=41
Edad (afios) 10,4 (0,57)
Sexo*
Femenino 19 (46,3)
Masculino 22 (53,7)
Peso (kilogramos) 28,7 (1,90)
Talla (centimetros) 127,1 (3,85)
Z score IMC -0,71 (0,20)
Edad al diagndstico de la ERC (afios) 7,33(0,63)
Tiempo de evolucion de la enfermedad (afios) 2,9(0,34)
Tiempo de evolucion en terapia sustitutiva 15,6 (3.12)
(meses)
Etiologia*
Indeterminada 18 (43,9
Glomerulopatia 11(26,8)
CAKUT 11(26,8)
Tubulopatia 1(2,9)
Hemoglobina (g/dl) 11,0 (0,38)
Anemia* 24 (70,6)
Urea (mg/dl) 127,7 (10,1)
Uremia* 39 (95,1)
Paratohormona (pg/dl) 504,4 (69,0)
Calcio (mg/dl) 9,6 (6,6-10,6)
Hipercalcemia™ 1(8,3)
Fosforo 51(1,7-9,6)

*Porcentaje (%). CAKUT: anomalias nefrouroldgicas congénitas.

mas estaban en tratamiento con bezafibrato, uno con atorvasta-
tina y tres tomaban una combinacion de bezafibrato y pravastati-
na). Ante esto, se decidid realizar un analisis excluyendo a estos
pacientes (n = 32) y se observd que las concentraciones séricas
de triglicéridos mantuvieron su disminucion con significancia
estadistica (media de la concentracion sérica de triglicéridos ba-
sal, 195,4 mg/dl vs. 171,6 mg/dl a los 6 meses de seguimien-
to; p = 0,049) (Tabla Ill).

Con respecto al apego al plan de alimentacion, se identifico
que el 75,6 % (n = 31) de los pacientes se apegaron de forma
adecuada. Considerando las variables de confusion (tipo de tra-
tamiento dialitico, apego al plan de alimentacion y uso de hipoli-
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Tabla Il. Modificaciéon del perfil bioquimico
y frecuencia de dislipidemia en
los pacientes con ERC incluidos en el
estudio a los 6 meses de implementar
el adiestramiento nutricional (n = 41)

Inicial 6 meses P

Media (error estandar)

Perfil bioquimico

Colesterol total (mg/dL) | 172,6 (10,4) | 160,1 (6,39) | 0,397

HDL (mg/dL) 410(1,75 | 44,4(1,66) | 0,048

LDL (mg/dL) 90,4 (7,53) 82,2 (4,42) | 0,455

Triglicéridos (mg/dL) | 227,1(17,1) | 1859 (14,1) | 0,007

Dislipidemia

Hipertrigliceridemia 33(80,5) 25 (62,5) 0,073
HDL disminuido 17 (41,5) 16 (40) 0,893
Hipercolesterolemia 12 (24) 8(16) 0,211
LDL elevado 10 (24,4) 4(10) 0,087

Tabla lll. Modificacion del perfil
bioquimico de los pacientes
con ERC incluidos en el estudio que
Nno reciben hipolipemiantes a 6 meses
de implementar el adiestramiento
nutricional (n = 32)

Inicial 6 meses P

Media (error estandar)

Perfil bioquimico

Colesterol (mg/dL) 160,7 (8,88) | 152,1(6,66) | 0,275
HDLc (mg/dL) 40,7 (2,06) 43,5 (1,97) 0,114
LDLc (mg/dL) 80,3 (6,79) 77,5(4,95) | 0,546
Triglicéridos (mg/dL) (] 2‘55‘2‘) 1716 (16,1) | 0,049
Dislipidemia

Hipertrigliceridemia 24 (75,0) 17 (54,8) 0,469
HDL disminuido 14 (43,8) 15 (48,4) 0,605
Hipercolesterolemia 6(18,7) 3(9,7) 0,519
LDL elevado 5(15,6) 3(9,7) 0,394
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pemiantes), se realizo un andlisis multivariado para identificar el
impacto de estas variables sobre la modificacion de las concen-
traciones séricas de triglicéridos, en donde se identifico que el
inadecuado apego al plan nutricional incremento las concentra-
ciones de triglicéridos (coeficiente de 131,61; p = 0,001), mien-
tras que el tratamiento hipolipemiante lo disminuy6 (coeficiente
de 67,68; p = 0,036). Al realizar un segundo modelo excluyendo
a los pacientes que recibieron hipolipemiantes, el inadecuado
apego al plan nutricional incremento las concentraciones de tri-
glicéridos (coeficiente de 131,61; p = 0,001). En ningtn modelo
se identificd que el tipo de tratamiento dialitico modificara las
concentraciones séricas de triglicéridos (Tabla IV).

Al'inicio del seguimiento de los pacientes y previo a su adies-
tramiento nutricional, se identificd que un poco mas de la mitad
de los pacientes presentaban 2 o mas factores cardiometaboli-
cos, y que después de la intervencion nutricional hubo una dis-
minucion en el nimero de factores (p = 0,011) (Tabla V). Ade-
mas, se observa que, aun con la eliminacion de los pacientes
que recibieron algun hipolipemiante, el nimero de alteraciones
cardiometabdlicas disminuy6 (p = 0,010) (Tabla V).

DISCUSION

Los pacientes con ERC se asocian con varios cambios me-
tabolicos que estan relacionados con la presencia de un ries-
go cardiovascular mas alto. Siendo la dislipidemia, un factor de
riesgo conocido para el desarrollo de ateroesclerosis, aunado a
que se ha relacionado la dislipidemia con la progresion de la
ERC (14).

Nuestros resultados muestran que la alteracion cardiometabd-
lica mas frecuente fue la hipertrigliceridemia (64 %), sequida de
la disminucion del ¢-HDL (32 %) y, por ultimo, la hipercolestero-
lemia (24 %). En cuanto a la hipertrigliceridemia, nuestros resul-
tados difieren de lo reportado por Bonthuis y cols., quienes rea-
lizaron un estudio longitudinal en 976 pacientes de 2 a 19 afos
en 19 paises de Europa, encontrando una prevalencia de dislipi-
demia en el total de la cohorte del 68 %, siendo la alteracion mas
frecuente la presencia de hipertrigliceridemia en un 32 % (15).

En los pacientes pediatricos, al igual que en la poblacién adul-
ta con factores de riesgo cardiometabdlicos, el manejo inicial es
el cambio del estilo de vida, destinado a garantizar que los nifos
reciban los aportes necesarios de nutrientes, tanto en cantidad
como en calidad para un adecuado crecimiento y desarrollo, evi-
tando el exceso de grasas en la dieta con un plan dietético salu-
dable, y aumentar la actividad fisica (16-18). Esto ha demostrado
que es capaz de reducir los triglicéridos, el colesterol total, el
c-LDL, la obesidad y la resistencia a la insulina sin efectos ad-
versos en el crecimiento y desarrollo de los nifios (19). Nuestros
resultados muestran que el 48 % de los pacientes tuvieron algu-
na alteracion cardiometaboélica antes del adiestramiento nutricio-
nal. La obesidad fue el factor cardiometabélico menos frecuente,
identificado en un solo paciente (2 %). Es por ello que nuestro
estudio se enfoco en el cambio de estilo de la alimentacion im-
plementando la guia de alimentacion, la cual brindd informacion
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Tabla IV. Modelo multivariado de la modificacion de las concentraciones séricas
de triglicéridos a 6 meses de implementar el adiestramiento nutricional ajustado
por las variables de confusion

Pacientes incluyendo los que . e e .
. . . Pacientes sin hipolipemiantes
recibieron hipolipemiantes
. .. Frecuencia (%) Frecuencia (%)
Variables de confusion n =41 P =32 P
Coeficiente IC 95 % Coeficiente IC 95 %
Didlisis peritoneal -13,97 -69,4a414 0,613 -33,44 -95,5a28,6 0,279
Inadecuado apego al plan nutricional 131,61 62,19a201,0 0,001 130,71 55,80 a 205,6 0,001
Tratamiento hipolipemiante -67,68 -130,61 a-4,75 0,036

IC 95 %: Intervalo de confianza del 95 %.

Tabla V. Numero de alteraciones cardiometabdlicas de los pacientes con ERC incluidos
en el estudio a 6 meses de implementar el adiestramiento nutricional

Pacientes incluyendo los que recibieron . A .
. . Pacientes sin hipolipemiantes
hipolipemiantes
Numero Frecuencia (%) Frecuencia (%)
de factores n =41 n =32 P

Inicial 6 meses Inicial 6 meses
0 0(0) 9(21,9 0(0) 9(28,1)
1 17 (41,5) 15 (36,6) 15 (46,9) 11 (34,4)
2 13 (31,7) 12 (29,3) 12 (37,5) 9(28,1) 0,010
3 8 (19,5 4(9,8) 4(12,5) 26,3
4 3(7,3) 1(2,4) 1(3,1) 1(3,1)

acerca de los alimentos de acuerdo con una semaforizacion para
detectar aquellos que se deberian consumir como primera op-
cion y limitar algunos alimentos por precaucion. Posteriormente,
alos 6 meses de la intervencion alimenticia, se observé una dis-
minucion del nivel de colesterol del total de pacientes del 24 %
al 16 %, del ¢c-LDL elevado del 24,4 al 10 % y de la hipertriglice-
ridemia del 80,5 % al 62,5 %.

Delucchi y cols. (20) realizaron un estudio de intervencion nu-
tricional con una dieta de reduccion (30 % del total de calorias
de la grasa, < 7 % de grasas saturadas) en 42 pacientes de en-
tre 6y 20 afos de edad con trasplante renal, en donde se obser-
v0 a las 12 semanas de seguimiento una mejoria de los niveles
séricos de triglicéridos y colesterol-LDL, lo cual fue semejante
a los resultados de nuestro estudio, en donde se observo una
tendencia a disminuir la proporcion pacientes con colesterol-LDL
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elevado (inicial 18 % vs. final 6 %; p = 0,174) y una disminucion
de la hipertrigliceridemia (80,5 % vs. 62 %, p = 0,073). Por su
parte, Garcia y cols. realizaron un ensayo clinico cruzado en ninos
con ERC y dislipidemia; todos los pacientes recibieron una dieta
con 28 % de calorias totales de la grasa y < 8 % de grasas sa-
turadas; a los 3 meses de seguimiento se dividieron en 2 grupos
para recibir placebo o simvastatina durante 1 mes. En este estu-
dio se demostro que la simvastatina redujo significativamente los
niveles séricos de lipidos (21). En cuanto a nuestro estudio, el plan
de alimentacion mejord los niveles de triglicéridos a los 6 meses
de seguimiento, independientemente del uso de hipolipemiantes;
este efecto se vio modificado por el plan de alimentacion ajustado
de acuerdo con su edad y las condiciones de la ERC, ademas de
la semaforizacion de los alimentos, lo cual ayudo a los pacientes y
sus cuidadores a entender mejor los alimentos permitidos.
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Existe evidencia de que los elementos precursores de la ate-
roesclerosis, y la produccion de placas en la capa intima de las
arterias, pueden producirse en la nifiez. La literatura reporta que
aproximadamente el 50 % de los adolescentes ya tienen lesio-
nes tempranas de ateroesclerosis y es por ello que surge la pre-
ocupacion actual de iniciar tempranamente su prevencion (22).

En nuestro estudio se demostrd que la intervencion nutricional
fue suficiente para mejorar la hipertrigliceridemia en los nifios con
ERC. Es importante destacar que los pacientes con ERC tienen
multiples mecanismos intrinsecos de la alteracion renal que provo-
ca la dislipidemia, como son la disminucion de las principales lipa-
sas responsables de la degradacion de los triglicéridos, el aumento
de la apoC-Ill, que incrementa los niveles plasmaticos de triglicéri-
dos, y la disminucion de los niveles plasmaticos de la proteina de
transferencia de lipidos (23). Entre otros factores por los cuales se
puede desarrollar dislipidemia se encuentran las causas exogenas,
dentro de las que se encuentran la administracion de medicamen-
tos como los esteroides (17); sin embargo, ninguno de nuestros
pacientes estaba recibiendo esteroides durante el estudio.

Existieron mdiltiples limitaciones en el estudio. En primer lugar, el
disefio del estudio (estudio de antes y después), no contar con un
grupo de comparacion y no poder controlar las variables de con-
fusion, las cuales fueron principalmente el uso de un tratamiento
farmacoldgico hipolipemiante en algunos pacientes; en segundo
lugar, el tamario de la muestra, que fue pequerio debido al tipo de
patologia crénica, y que se excluyeron pacientes del estudio, lo cual
redujo mas la poblacion; en tercer lugar fue que no todos los pa-
cientes cumplieran adecuadamente con la intervencion nutricional.

De acuerdo con nuestros resultados, recomendamos que,
en los nifios con ERC, ademas de la modificacion del estilo de
vida, el asesoramiento dietético debe ser un pilar, fortaleciendo
los patrones de ingesta saludable con el objetivo de mejorar los
habitos alimenticios y disminuir la morbimortalidad por enferme-
dades cardiovasculares, disminuyendo los factores de riesgo del
paciente o su intensidad para prevenir las anormalidades vascu-
lares en los nifios, por lo que es fundamental la identificacion y
el tratamiento del paciente en etapas tempranas. Esto apoyado
con instrumentos visuales de los alimentos, asi como una forma
sencilla (como un seméaforo) para identificar los alimentos ade-
cuados para el consumo de estos pacientes con ERC. Al identifi-
carse aquellos pacientes con dislipidemia antes del tratamiento
dietético mas intensivo se pautan valoraciones periédicas mas
cortas y, de ser necesario, se inicia el tratamiento farmacoldgico
autorizado para la poblacion pediatrica.

En conclusién, la intervencion nutricional, utilizando alimen-
tos en tamario real y semaforizados, esto es, considerando de
color rojo aquellos que seran consumidos en menor cantidad,
disminuy6 las concentraciones séricas de triglicéridos después
de 6 meses de la intervencion en nifios con ERC terminal.

M. A. Villasis-Keever et al.
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Effect of sodium reduction based on the DASH diet on blood pressure in hypertensive
patients with type 2 diabetes

Efecto de la reduccion de sodio basada en la dieta DASH sobre la presion arterial en pacientes
hipertensos con diabetes de tipo 2
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Abstract

Objectives: to evaluate the effect of sodium reduction based on a modified DASH diet on blood pressure in hypertensive patients with type 2 dia-
betes.

Material and methods: sixty-one hypertensive patients with type 2 diabetes were selected from the community and randomly allocated to a
common salt group and low sodium salt group receiving the 8-week dietary intervention, in which weeks 1-2 was the dietary guidance phase,
weeks 3-4 was the centralized feeding phase, and weeks 5-8 was the home medical care phase. Participants were followed up in the hospital
once a week to collect information on outpatient blood pressure, salt, and drug use. Physical examinations were conducted at 4 weeks and the
end of the intervention, as well as at baseline.

Results: after the intervention, the blood pressure of both the low sodium group (SBP: -14.32 mmHg, p < 0.001; DBP: -6.32mmHg, p < 0.001)

and the common salt group (SBP: -10.98 mmHg, p < 0.001; DBP: -5.24 mmHg, p = 0.001) decreased significantly with a more pronounced

decrease in the low sodium group but no statistically significant differences between the two groups (SBP: -0.28 mmHg, p = 0.929; DBP: -3.32
Keywords: mmHg, p = 0.093). At the end of the intervention, sodium intake was significantly decreased, but potassium intake was increased in the low
Blood pressure sodium group (p < 0.05); however, the common salt group had no significant change.

Type 2 diabetes. Conclusion: reducing sodium intake based on the modified DASH diet had a good effect on systolic and diastolic blood pressure in hypertensive
Hypertension. DASH diet. patients with type 2 diabetes. Sodium reduction based on the modified DASH diet is safe and effective, and can be used as a guide for healthy
Low sodium salt. living in hypertensive patients.
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Resumen

Obijetivos: evaluar el efecto de la reduccion de sodio basada en una dieta DASH modificada sobre la presion arterial en pacientes hipertensos
con diabetes de tipo 2.

Material y métodos: sesenta y un pacientes hipertensos con diabetes de tipo 2 fueron seleccionados de la comunidad y asignados aleatoria-
mente a un grupo de sal comun y un grupo de sal baja en sodio, que recibieron una intervencion dietética de 8 semanas en la que las semanas
1-2 fueron la fase de orientacion dietética, las semanas 3-4 fueron la fase de alimentacion centralizada, y las semanas 5-8 fueron la fase de
atencion médica domiciliaria. Los participantes fueron seguidos en el hospital una vez por semana para recopilar informacion sobre la presion
arterial, la sal y el uso de drogas en pacientes ambulatorios. Los examenes fisicos se realizaron a las 4 semanas y al final de la intervencion,
asi como al inicio del estudio.

Resultados: después de la intervencion, la presion arterial tanto del grupo bajo en sodio (PAS: -14,32 mmHg, p < 0,001; PAD: -6,32 mmHg, p <
0,001) como del grupo de sal comun (PAS: -10,98 mmHg, p < 0,001; PAD: -5,24 mmHg, p = 0,001) disminuyd significativamente con una
disminucién mas pronunciada en el grupo bajo en sodio pero sin diferencias estadisticamente significativas entre los dos grupos (PAS: -0,28
mmHg, p = 0,929; PAD: -3,32 mmHg, p = 0,093). Al final de la intervencion, la ingesta de sodio disminuy6 significativamente, pero la ingesta
de potasio aumenté en el grupo bajo en sodio (p < 0,05); sin embargo, el grupo de la sal comun no tuvo cambios significativos.

Conclusion: la reduccion de la ingesta de sodio basada en la dieta DASH modificada tuvo un buen efecto sobre la presion arterial sistolica y
diastolica en pacientes hipertensos con diabetes de tipo 2. La reduccion de sodio basada en la dieta DASH modificada es segura y eficaz, por

Sal baja en sodio.

INTRODUCTION

lo que puede utilizarse como guia para una vida saludable en pacientes hipertensos.

MATERIALS AND METHODS

Hypertension and type 2 diabetes (T2D) has become a global
public health concern in the 21st century. Both diseases lead
to severe complications such as chronic kidney disease (1) and
cardiovascular disease (2), which increase the risk of death over
along period. Both of them are related to lifestyles such as physi-
cal exercise (3), alcohol consumption (4), and dietary habits (5,6).
Studies have found that about 50 % of T2D patients have hyper-
tension, and 20 % of hypertensive patients have T2D (7). Hyper-
tension coexisting with T2D increases the risk of cardiovascu-
lar-related events and makes blood pressure (BP) management
more complicated and difficult (8). Drug use alone does not
control BP satisfactorily, so lifestyle intervention, such as dietary
intervention and exercise, is recommended.

The DASH diet was proposed by National Heart, Lung, and
Blood Institute in 1977 to control the BP of hypertensive pa-
tients. The DASH eating plan encourages the consumption of
potassium-rich vegetables and fruits, including whole grains,
poultry, fish, and nuts, and reduces sodium and saturated fat
intake (9). There is strong evidence that the DASH dietary pat-
tern can lower BP (10,11), including in patients with T2D and
hypertension (12,13). However, as the DASH diet was designed
for white ethnicity, it is difficult for Chinese people to follow the
original DASH diet. In addition, Chinese people generally pre-
fer salty foods, with an average consumption of 12 g of salt
per day (14), but the DASH diet requires a daily consumption
of 2300 mg of sodium (equivalent to 5.8 g of sodium chloride)
or less (10), which also makes it difficult for the DASH diet to
be used in the Chinese population. Among many salt reduction
strategies, consuming low-sodium salt is feasible with a low cost.
Numerous studies have shown that low-sodium salt can lower
BP by reducing sodium and adding potassium (15,16), but it has
not been used in the DASH diet so far.

Therefore, in this trial, we used two sodium levels of salt based
on a modified DASH diet to investigate the effects of reduced
sodium intake on BP in hypertensive patients with T2D based on
the modified DASH diet.

PARTICIPANTS

This study was completed in the Public Health Department
of the People’s Hospital of Nan’an District, Chongqing, China.
A total of 61 hypertensive patients with T2D were included
from July to December 2020. Inclusion criteria were age in the
range of 50 and 75 years; residence near the hospital, with
regular follow-up and without plan of transfer or leaving from
July, 2020 to October, 2020; hypertensive patients with T2D
(the diagnostic criteria for hypertension are based on the Chi-
nese Guidelines for the Prevention and Treatment of Hyperten-
sion (2018 Revised Edition) (24) and the diagnostic criteria for
diabetes are based on the Chinese Guidelines for the Preven-
tion and Treatment of T2D (2017 Edition) (25) for those who
currently took regular anti-hypertensive/ hypoglycemic drugs;
strictly following the two daily meals provided by the investi-
gators during the trial; and the informed consent signed by all
the subjects and their family members living together. Exclusion
criteria included malignant tumors, acute myocardial infarction,
stroke in the past 3 months or other serious disease, expected
survival time less than 1 year; increased cortisol disorder or
aldosteronism; acute diseases such as upper respiratory tract
infection, fever, severe diarrhea; disabilities such as deaf-mute,
dementia, severe depression or other mental disorders preclud-
ing normal communication; incapability of regular follow-up or
loss to follow-up after study entry; renal dysfunction or chronic
kidney disease at stage 4 or above; abnormal liver function, with
alanine aminotransferase (ALT) or aspartate aminotransferase
(AST) levels greater than 2 times the upper limit of normal, or
total bilirubin level greater than the upper limit of normal; ab-
normal blood potassium level, < 3.5 mmol/L or > 5.5 mmol/L,
or current use of potassium-preserving diuretics; pregnancy or
pregnancy possibility, and other contraindications for the use of
trial meals; current consumption of low sodium diet or partici-
pation in other clinical studies; and other ineligible conditions as
adjudicated by investigators.
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The study was approved by the Ethics Committee of Chong-
ging Medical University (approval date: 2020.07.28). The trial
was registered at www.chictr.org.cn/. All patients voluntarily par-
ticipated in the study and signed an informed consent.

STUDY DESIGN

This study was a single-blind trial (patients were blinded to
the specific grouping). Sixty-one patients were randomly divided
into the low sodium salt group (taking 52 % sodium- restricted
formula salt + the modified DASH, n = 30) and the common salt
group (taking common salt + the modified DASH, n = 31) by a
random number table. The amount of salt intake in both groups
was controlled at 5 g/day per person according to the WHO-rec-
ommended salt standard. After completion of a baseline survey
and medical examination, a dietary intervention would be carried
out for 8 weeks, in which weeks 1-2 represented the dietary
guidance phase, weeks 3-4 the centralized feeding phase (cen-
tralized dining at the hospital canteen), and weeks 5-8 the home
medical care phase. All participants were told not to change their
previous exercise habits and drug use during the intervention.
Participants were followed up in the hospital once a week to
collect information on outpatient blood pressure (OBP), salt and
drug use. In addition, for trial safety, a medical examination was
conducted at 4 weeks and the end of the intervention (same as
baseline).

THE MODIFIED DASH

In this study, a modified DASH diet was developed for Chi-
nese patients with T2D and hypertension considering the DASH
Dietary Energy Estimation Table, dietary pagoda of Chinese resi-
dents (2016), dietary habits and food availability of Chinese resi-
dents, as well as the weight and physical activity of the subjects.
Special requirements for the modified DASH diet were addition of
brown rice, corn, soybeans, red beans and other grains to rice;
eating lean meat, poultry, fish and other meat < 120 g/d, with
less red meat and more white meat, mainly skinless chicken and
fish; drinking a bottle of low-fat and high-calcium milk every day;
eating more low-sugar green leafy vegetables, about 500 g a
day; eating a moderate quantity of fruits (after meals) and nuts
(a handful); daily intake of vegetable oil < 30 grams and salt < 5
grams. Compared with the traditional DASH diet, the modified
diet contains less total fat, saturated fatty acids and calories,
making it more in line with Chinese eating habits. The modified
DASH diet for one person is shown in table |.

SALT
The low sodium salt group received 52 % sodium-restricted

formula salt (“Gu Da Chu” developed by Shanghai Institute of
Ecological Health Sciences. Name: solid compound condiment,

[Nutr Hosp 2022;39(3):537-546]

standard of execution: Q/BAAMO0Q9S, food production license
number: SC10334042205441; and the main ingredients in-
clude potassium chloride (31 %), sodium chloride (52 %), car-
bohydrates (9.2 %), and protein (4.4 %). The common salt group
received common salt (“Jing Xin” developed by Chongaing salt
industry group Co., Ltd. Name: purified salt, product standard:
NY/T1040, and content of sodium chloride content > 99 %). In
Phase 1 and Phase 3, we used 52% low-sodium salt or com-
mon salt to completely replace the salt used by the participants
at home, and we also provided a quantitative pot and a quan-
titative spoon for the participants to control the amount of salt
used in the family (< 5 g per person per day). In addition, we used
an electronic scale (precision: 0.1 g) to weigh salt consumption
every week and estimate daily salt consumption for each person
in the family.

BP MEASUREMENT

Participants were followed up in the hospital once a week. OBP
was measured for three times by trained professionals and com-
pleted between 8-9 am, with an interval of about 2 min. The aver-
age of the last two OBP measurements was used for the analysis.
Automated upper-arm cuff devices according to the oscillometer
technique were adopted (manufacturer: Omron, Dalian, Co., Ltd.
Product name: “Omron” electronic sphygmomanometer. Model:
HEM-7130).

LABORATORY MEASUREMENTS

Laboratory measurements included 24-hour urinary electro-
lytes, blood electrolytes, blood lipids, liver function, renal function,
urinary creatinine, and urinary albumin. All indexes were tested
in the Second Affiliated Hospital of CQMU, and we reported the
results to patients in a timely manner.

STATISTICAL ANALYSIS

The statistical analysis was carried out using the SPSS 24.0
(IBM, Armonk, NY, USA) program. Quantitative normal-distribu-
tion data were described as mean and standard deviation, and
the t-test was used to compare differences between groups.
Qualitative data were described by frequency, and Pearson’s
chi-square test was used to compare the differences between
groups. Non-positive distribution data are expressed as me-
dian and quartiles, and Friedman’s Rank Test was used. A re-
peated measures analysis of variance (RMANOVA) was used
to analyze the changes of physical examination indexes during
the intervention. The Generalized Estimating Equation (GEE)
was used to compare the changes in BP during each week,
and Bonferroni’s method was used for comparison between
groups. P-values < 0.05 were considered statistically signif-
icant.



L. Mu et al.

540

29'¢99 78'178¢ 2¢'020¢ 186691 Ll SY99v L Sv/lvy | G9¢29 19°0€LL Geel - |ejol
ac ¢ G/'208 €60l 0 970 0 220 118y g 1[es
¥'¢ 70 20 10 0 0 8661 0 8'6.1 0¢ llo Bupjo0)
sidylo
9 9 Gvel G6°L GG¢ GG0¢ €0 90 G'6. 0S| Hni4
¢ hb 2'9¢ 1/ 8¢’ 6l 28'¢ 9/'LL 86'¢C 2'6cl 0¢ (S1nufea) sINN
) ) ) ) ) ) ) ) (se|qr18b0A UBBIE YIBp)
09 G/ley GeLe9y G/'8¢ Gel'y G810} 62990 | G/81°¢€ G2y 08¢ se[qEIaBa)
SIJ ‘UBMIIY Jauul
90 L' 6°¢le 70°8¢ 0 810 (Y 60°¢l 2’68 09 u _Jmm_w“_ ) =
16'C Ll 19'7E €50 820 78l er’o €6’ 69 09 30y
. . . . . . . ) (sa|qr1869A UBBIH YIRp)
09 Gl'ey GZL'e9y G/'8¢ &Ly G/81°01 G295'0 | G/8l°¢ G2y 0S¢ se|qeIabo)
SIJ ‘UayaIYD oun
90 L'l 6€¢le ¥0°8¢ 0 810 [ 60°Cl 2’68 09 u _ﬁmm_w_,_ ) R
16'¢ vl 19%€ €50 820 ve8l 7] €6’ 69 09 a0y
Gl 0 g9 g9 0 G0'0 Ge's 609 Gl 0§ s663
_ ) ) _ ) ) WIW Wniofed seeal
Gele Glc G¢le 08} 0 Geel Ge'e g/ 0Lk 0S¢ UBIY ‘121 MO isepjeaig
g9l 1/ 0S¢ G9¢ A4 €'¢S 0 ok e 00} pealq 1esym sjoym
(Bu) (Bw) (Bw) (Bu) (o) auqy (6) (6) (6) (1eoy) | (6) ybrom bool
wnioje) | wnisaubepy | wnissejod | wnipos | Aieyaig | sejeipAyoqien 1eq uidlold | ABisug ysaiq

uos.iad suo oy 18Ip HSVA Allep payipow v °| 3jqeL

[Nutr Hosp 2022;39(3):537-546]



EFFECT OF SODIUM REDUCTION BASED ON THE DASH DIET ON BLOOD PRESSURE IN HYPERTENSIVE PATIENTS 541

WITH TYPE 2 DIABETES

RESULTS

BASELINE CHARACTERISTICS

A total of 61 patients were included, and 2 patients were lost
to follow-up (due to low back pain and job transfer); 59 patients
(30 in the low sodium salt group and 29 in the common salt
group) completed the 8-week intervention. There were no differ-
ences between the two groups regarding demographic features,
lifestyle characteristics, anthropometric indices, 24-hour urine
sodium and potassium values, and OBP values (Table II).

Table Il. Baseline characteristics of
hypertensive patients
with type 2 diabetes

Table Il (Cont.). Baseline characteristics of
hypertensive patients
with type 2 diabetes

. Low sodium | Common
Variable
name salt group salt group |p-value
(n =30) (n = 29)

Exercises, no. (%) 20 (66.67) 24 (82.76) 0.1562
Current alcohol
intake, no. (%) 3(10) 6 (20.69) 0.436°
Current smoking, 1339 2(6.90) 0.976°

no. (%)

Office systolic BP,

139.72 £ 1598 | 134.79 + 15.24 | 0.231°
mmHg

Office diastolic BP,

(Continues on next column)

[Nutr Hosp 2022;39(3):537-546]

mmHg 79.07 = 8.89 79.95 + 8.45 0.698°
Variable Low sodium | Common :
salt group | salt group |p-value Use of calcium
name (n = 30) (n = 29) channel blockers, 19 (63.33) 17 (58.62) 0.7112
no. (%)
Male, no. (%) 11 (36.7) 14 (48.3) 0.3672 Use of ACE
Se 0 .
Age, s 70.00 + 424 | 68.03+3.82 | 0.067 inhibitors, no. (%) 00 301034 | 0224
Han ethnicity, Use of diuretics,
0. (%) 30 (100.0) 29 (100.0) 0. (%) 4(13.33) 5(17.24) 0.956¢
. 0, a
Married, no. (%) 22 (73.33) 22 (75.86) 0.824 ti/s;; of ARBs, no. 12 (40) 13 (44.83) 0.708°
. . 0
Dr':betes durallon, | 10724753 | 1061533 | 0.951 PprT—
y o (%)ﬁ ' 1(3.33) 6 (20.69) 0.097¢
ggf;g“s'fsn 1081 =6.81 | 12.00+6.10 | 0.499° Pp—
Y . 0 pirin, 5 (16.67) 8(27.59 | 0.312
Family history of :
hypertension, 14 (46.67) 17 (58.62) 0.358 Use of statin, no. 8 (26.67) 11(37.93) 0.355°
no. (%) (%)
Family history of . 2Pearson’s chi-square test. Yindependent-samples t-test. °Continuous
diabetes, no. (%) 11(36.67) 11(37.93) 0.920 correction chi-square test. “Daily physical exercise time > 30 minutes.
Saltconsumption, | g 99 . 551 | 8884308 | 0.868°
g/day
Eg;jr#mass index, 9533+308 | 9519+199 | 0832 BP MEASUREMENTS DURING THE STUDY
Waist The results of GEE showed that one week after intervention,
circumference, cm | 5480847 | 84.86=6.49 | 0.975° systolic blood pressure (SBP) in the low sodium group and the
: ; common salt group decreased by 9.13 % (-12.17 mmHg, p <
Fat mass, % 3093+691 | 31.36+558 | 0.801 0.001) and 5.16 % (-7.16 mmHg, p = 0.012), respectively,
24-hour and diastolic blood pressure (DBP) decreased by 9.81 % (-7.25
urine sodium, 153.95 + 43.01 | 151.87 + 52.62 | 0.868° mmHg, p < 0.001) and 6.79 % (-5.29 mmHg, p < 0.001), re-
mmol/24 h spectively. At 4 weeks, SBP in the low sodium group and the
24-hour urine common salt group decreased by 13.12 % (-17.48 mmHg, p <
0/ (- q .
potassium, 4375+ 1827 | 447151712 | 0837 0.001)and 8.26 % (-11.47 mmHg, p < 0.001), respectively; DBP
mmol/24 h decreased by 10.76 % (-7.95 mmHg, p < 0.001) and 7.24 %

(-5.64 mmHg, p < 0.001), respectively. At the end of interven-
tion, SBP was reduced by 10.74 % (-14.32 mmHg, p < 0.001) in
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the low sodium group and 7.91 % (-10.98 mmHg, p < 0.001) in

the common salt group, while DBP decreased by 8.55 % (-6.32
mmHg, p < 0.001) and 6.73 % (-5.24 mmHg, p = 0.001). How-

ever, there were no statistically significant differences in SBP and
DBP between groups (SBP: -0.28 mmHg, p = 0.929; DBP: -3.32

mmHg, p = 0.093) (Table Il & Table V).

Table lll. Changes in SBP from baseline during the study

URINE TEST RESULT

L. Mu et al.

An analysis of RMANOVA for repeated measures indicat-
ed that 24-hour urine sodium (the low sodium salt group:
-49.29 mmol/24 h, p < 0.001; the common salt group: -27.62

mmol/24 h, p = 0.015) decreased significantly in both groups

Low sodium salt group Common salt group S oo
groups
e S ZIELL) p-value* e Sanog p-value* Dif::irae:;: . p-value*
(M = SE) (MD, 95 % CI) (M = SE) (MD, 95 % CI) (MD, 95 % Cl)
Baseline | 133.26 + 4.44 — — 138.79 + 3.89 — —
1 12110 +3.83 |- 12.17 (-19.72,-4.62) | <0.001 | 131.63+4.20 | -7.16 (-13.53,-0.78) 0.012
2 12343 +3.83 | -9.83(-19.04,-0.63) | 0.023 |133.89+4.25| -4.90(-12.64,2.85) 1.000
3 118.93 +3.80 | - 14.33(-23.68,-4.98) | <0.001 | 129.69 +4.47 | -9.10(-17.51,-0.69) 0.019
4 115.78 +3.43 | -17.48 (-26.13,-8.84) | <0.001 |127.32 +4.76 | -11.47 (-19.69, -4.19) | < 0.001 (-6.;1%,258.86) 0.929
5 119.49 +3.30 | -13.77 (-21.46,-6.08) | <0.001 | 127.26 +4.34 | -11.53(-18.99, -4.08) | < 0.001
6 118.51 £ 3.72 | -14.75(-22.46,-7.04) | <0.001 |129.20+4.49| -9.59(-17.10,-2.08) | < 0.001
7 119.90 + 3.70 | -13.37 (-20.82,-5.91) | <0.001 | 129.62 +4.32 | -9.17 (-15.84,-2.51) | <0.001
8 118.95+3.94 | -14.32(-21.80,-6.83) | <0.001 | 127.81 +4.21 | -10.98 (-18.26,-3.71) | < 0.001

M =+ SE: mean =+ standard error; MD: mean difference. *The GEE was used for analysis, adjusting gender, age, annual family income, education level, marital status, smoking,
drinking, exercise, family history of hypertension, age of hypertension, waist-to-hip ratio, baseline BMI and statins, aspirin use.

Table IV. Changes in DBP from baseline during the study

Low sodium salt group Common salt group Differences between
groups
Weel DBP Change p DBP Change PR Difiir::;: of e
(M = SE) (MD, 95 % CI) -value* | (M = SE) (MD, 95 % CI) (MD, 95 % Cl)
Baseline | 73.90 + 2.66 — — 77.87 £2.27 — — _3'302 é_g)'m' 0.093
1 66.65+2.96 | -7.25(-10.61,-3.89) | <0.001 | 7258 +2.46 | -5.29(-8.55,-2.04) | <0.001
2 6813299 | -577(-9.90,-1.63) | <0.001 | 7445+2.34 | -3.41(-7.53,0.70) 0.288
3 67.68 £2.91 | -6.22(-10.10,-2.34) | <0.001 | 7297 £2.48 | -4.90(-9.74,-0.05) 0.045
4 65.95+261 | -7.95(-11.93,-3.97) | <0.001 | 7223 +2.64 | -5.64(-9.48,-1.79) | <0.001
5 67.66 +2.61 | -6.24(-9.88,-2.60) | <0.001 | 71.32+2.40 | -6.55(-10.33,-2.77) | <0.001
6 66.71 £291 | -7.18(-11.06,-3.30) | <0.001 | 7244 +273 | -5.43(-9.49,-1.38) 0.001
7 66.30 £2.78 | -7.60 (-10.75,-4.45) | <0.001 | 72.32+2.27 | -5.55(-8.50,-2.60) | <0.001
8 6758 £2.75 | -6.32(-9.55,-3.08) | <0.001 | 7263232 | -5.24(-9.23,-1.25) 0.001

M = SE: mean + standard error; MD: mean difference. *The GEE was used for analysis, adjusting gender, age, annual family income, education level, marital status, smoking,
drinking, exercise, family history of hypertension, age of hypertension, waist-to-hip ratio, baseline BMI and statins, aspirin use.
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after 4 weeks of intervention. However, 24-hour urine sodium
(the low sodium salt group: -23.41 mmol/24 h, p = 0.015; the
common salt group: -17.83 mmol/24 h, p = 0.091) decreased
significantly only in the low sodium salt group at the end of the in-
tervention. An increase in 24-hour urinary potassium (p = 0.020)
and a decrease in the sodium/potassium ratio (p < 0.001) were
observed in the low sodium salt group, but not in the common
salt group (p > 0.05) (Table V).

SERUM TEST RESULT

Compared with baseline, changes in sodium, potassium,
chlorine and calcium in serum electrolyte concentration were
observed in both groups, and the change trend was the same
as that of 24-hour urine electrolytes. No serious adverse events
occurred during the intervention. After the intervention, 2 items
of liver function (AST, ALT) and 3 items of kidney function (uric
acid, urea, creatinine) were in the normal range (Table VI).

543

DISCUSSION

The Chinese Guidelines for the Management of Hypertension
(2018) (17) recommend that the target of hypertension com-
bined with diabetes should be < 130/80 mmHg. Therefore, pa-
tients with hypertension and T2D should have a more strict BP
control than those with normal hypertension. A large number of
studies have repeatedly demonstrated that consumption of the
DASH diet could decrease BP in hypertensives (10,11), but it
has been less commonly used in hypertensive patients with T2D.
In the study by Azadbakht et al. (13), after 8 weeks of DASH
diet intervention among patients with T2D, the intervention group
had a significant BP reduction compared with the control group.
Paula et al. (14) also had a similar conclusion, but in the study of
Hashemi et al. (18), there was no significant difference in the re-
duction of BP between the DASH diet and the control diet. To our
knowledge, this is the first study to evaluate the effect of reduced
sodium intake on BP in Chinese hypertensive patients with T2D
under a modified DASH diet.

Table V. Changes of urine test results during the study

Observation Low sodium salt group Common salt group
index Baseline Week 4 Final p-value* | Baseline Week 4 Final p-value*

f’rﬁﬁlﬂﬂz sr | 153954301| 104663096 130545207 | <0001" | 15187 +5262 | 124.252 4369 | 134.04 £ 5580 0.027"
Potassium

4375+ 18.27 | 4438 +16.08 | 5525 +24.73 | 0.020° | 44.71+17.12 | 41.80 + 12.04 | 45.49 +19.89 | 0.306
(mmol/24 h)
Sodium/ 875280- | 248(184- | 237(184 | _ oo | 360258 | 313(230- | 300Q07- | .
Potassium ratio 5.06) 3.07) 3.35) ' 4.55) 3.83) 4,074 '
52:312934 § | 14357£47.04|108.07 +3167 | 1341855027 | 0001 |130.87 +5023 | 11387 3811 | 127.06 £ 5644 | 0.035
Calcium

413+212 | 369+238 | 381+24 0.445 | 332+162 | 328+201 | 310+184 | 0612
(mmol/24 h)
Magnesium 305+076 | 275+095 | 287+083 | 0237 | 285+095 | 258+105 | 271104 | 0236
(mmol/24 h)
Phosphorus 1455 +386 | 1322408 | 1405+419 | 0233 | 1466+4.02 | 13.61+4.05 | 1361469 | 0.269
(mmol/24 h)
. 34,5 (9.93- ) 52.55 (16.2- | 1890106~ | 113545 | 5030 (08-

Albumin mal) | g o 7.9(3.7-36.7) 310 <0.001 735 30 59.95 0.053
Creatinine "
ol 1344+671 | 11.04+561 | 1093+7.85 | 0.106 | 1353695 | 11.26+529 | 10.18+4.60 | 0.013
UACR (mg/ 325(0.97- | 108(046- | 561(194 | _ oo | 154(107- | 115068 | 540(1.87- | oo
mmol) 7.81) 2.74) 8.35) : 3.62) 3.03) 9.92) :

*“The RMANOVA was used for analysis. a: baseline vs week 4 (p < 0.001); baseline vs final (p = 0.0150); week 4 vs final (p = 0.006); b: baseline vs week 4 (p = 0.015);
c: baseline vs final (p = 0.028); week 4 vs final (p = 0.018); d: baseline vs week 4 (p < 0.001); baseline vs final (p = 0.001); e: baseline vs week 4 (p = 0.002); week 4 vs
final (p = 0.005); f: baseline vs week 4 (p = 0.017); g: baseline vs week 4 (p = 0.035); week 4 vs final (p < 0.001), h: baseline vs week 4 (p = 0.036); baseline vs final
(0 =0.018); i: baseline vs week 4 (p = 0.017); week 4 vs final (p < 0.001); j: baseline vs final (p = 0.017); week 4 vs final (p = 0.017).
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Table VI. Changes of serum test results during the study
Low sodium salt group Common salt group
Observation
index Reference Baseline Week 4 Final Baseline Week 4 Final
value range

Sodium (mmol/L) 137.0-147.0 | 141.84 +1.51 | 140.89 £ 1.91 | 140.38 +2.29 | 14257 +2.32 | 141.80 £2.20 | 141.24 +2.82
Potassium (mmol/L) 3.50-5.30 3.96 + 0.62 495+ 0.27 4.31 +0.36 417 +0.41 4.78 +0.46 433+0.41
Chlorine (mmol/L) 99.0-110.0 | 101.98 +2.16 | 102.66 + 2.52 | 100.33 £ 2.57 | 102.74 +2.36 | 103.53 +2.98 | 101.08 + 2.65
Calcium (mmol/L) 2.12-2.92 2.35+0.10 2.44 +0.09 2.40 + 0.099 2.34+0.11 2.39+0.10 2.36 = 0.08
?r/'nanigﬁﬂ”m 0.75-1.02 | 0.86+0.09 | 085+009 | 0.81+009 | 084+007 | 085+005 | 081008
Potassium (mmol/L) 0.85-1.51 1.10+0.16 1.15+0.17 1.13+£0.15 1.14+£0.19 1.14 +£0.21 116 +0.16
Lactate (mmol/L) 1.31-3.96 3.01 +0.58 2.34+0.72 311 +£0.77 2.79 +0.60 2.27 +0.58 2.92+0.73
ALT (UL 9-50 2403 +11.46 | 23.77+£13.99 | 2050+8.69 | 22.36+13.08 | 19.79+9.86 | 22.03 +8.55
AST (UL 15-40 2240+725 | 2197715 | 2047 +3.98 | 24.93 +19.96 | 24.26 + 21.56 | 23.86 + 10.17
UA (umol/L) 210-430 348.24 +91.33|373.17 £ 91.56 | 362.93 + 90.34 | 392.9 + 102.99 | 379.8 + 106.62 | 399.9 + 111.16
Urea (mmol/L) 3.6-9.5 6.36 + 1.56 6.74 +1.53 6.57 +1.69 6.45 +1.52 6.33 + 1.50 6.36 + 1.49
Creatinine (Umol/L) 57-111 69.79 +13.77 | 69.24 +13.75 | 64.79 +15.69 | 73.95+22.79 | 73.25+20.98 | 69.51 + 22.11

Studies have shown that high dietary sodium intake can lead
to high BP by inhibiting the activity of Na*-K*-ATPase pumps
in cell membranes (22), damaging vascular endothelial func-
tion (23) and activating the renin-angiotensin-aldosterone sys-
tem (RAAS) (24). There is substantial evidence that reducing
sodium intake lowers BP in persons with hypertension. Contrary
to the effect of sodium on BP, potassium can lower BP by stim-
ulating Na*-K*-ATPase pumps and the opening of potassium
channels in vascular smooth muscle cells and adverse nerve re-
ceptors (25). Previous studies (26,27) suggest that the high level
of potassium in the DASH diet is important for its hypotensive ef-
fects. The DASH diet also recommends reducing dietary sodium
and consuming more potassium-rich fruits and vegetables [9],
but it is hard to achieve the desired effect by supplementing po-
tassium with food. Studies have shown that increasing potassium
intake by consuming low sodium salt is an effective and econom-
ical way (28). In the 18 % substitute salt experiment by Professor
Wu Yangfeng, the BP lowering effect of low sodium salt (sodium
chloride 18 %, potassium chloride 35 %) has been demonstrated
in the same type of phase 1 single-arm trial (28,30). However,
the promotion of formula salt remains a challenge because it
contains different ratio of sodium to potassium from that of ordi-
nary salt, leading to a peculiar taste.

We used the salt with a sodium chloride content of 52 % and a
potassium chloride content of 31 % in the low sodium salt group,
providing a daily intake of 1,693.87 mg of sodium and 3,020.22
mg of potassium, whereas the common salt group took salt with
a sodium chloride content of > 99 %, giving patients a daily

intake of 2,617.57 mg of sodium and 2,212.47 mg of potas-
sium. Participants had a high compliance with the intervention,
and noone dropped out. As the golden criteria to determine the
intake of sodium, 24-hour urine electrolytes have been widely
used in scientific research (21). We calculated the 24 h urine
sodium from three physical examinations — the 24 h urine sodi-
um decreased in two groups, and the 24 h urine potassium only
increased in the low sodium salt group significantly. Mean sodi-
um intake at baseline was 3540.85 mg in the low sodium salt
group and 3493.01 mg in the common salt group. At week 4 and
end of intervention, sodium intake was reduced in both the low
sodium salt group (-1133.67, -538.43 mg) and the common salt
group (-635.26, -410.09 mg). However, mean potassium intake
at baseline was 1706.25 mg in the low sodium salt group and
1743.69 mg in the common salt group. At week 4 and at end
of intervention, sodium intake was increased in the low sodium
salt group (24.57, 448.5 mg), but not in the common salt group
(-113.49, 30.42 mg). Overall, sodium reduction on the DASH diet
had a significant effect on reducing sodium intake, and the use
of low sodium and high potassium salt significantly increased
potassium intake.

Our study showed that SBP and DBP were significantly reduced
at week 1, at week 4 and at the end of the intervention in the low
sodium salt group (SBP: -12.17, -17.48, -14.32 mmHg; DBP:
-7.16, -11.47, -10.98 mmHg) and the common salt group (SBP:
-7.25, -7.95, -6.32 mmHg; DBP: -5.29, -5.64, -5.24 mmHg),
with the most pronounced drop at week 4. From baseline to the
end of the intervention, there were no statistically significant dif-
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ferences in systolic and diastolic BP between the two groups (SBP:
-0.28 mmHg, p = 0.929; DBP: -3.32 mmHg, p = 0.093). But we
observed that the decrease of SBP in the low sodium salt group
appeared earlier and more significantly than that in the common
salt group. In a cohort randomized trial of 20,995 hypertensive pa-
tients by Neal Bruce et al. (29), 24-hour urinary sodium excretion
(-350 mg), 24-hour urinary potassium excretion (803 mg) and
mean SBP (—3.34 mmHg) were significantly different between the
salt substitute (75 % sodium chloride and 25 % potassium chlo-
ride) and the regular salt groups. The observed changes in 24-
hour urinary sodium and potassium excretion are of a magnitude
consistent with the measured decline in SBP. Finally, after five
years of follow-up, the salt substitute group (low sodium and high
potassium) had a lower rate of stroke, cardiovascular events, and
death from any cause than did the regular salt group. Long-term
effects of low sodium and high potassium on hypertension had
been widely claimed. However, our study was conducted based
on diet, which greatly interfered with the life of patients and was
easily affected by social factors, so long-term observation could
not be carried out. Therefore, we speculate that the application of
low-sodium salt in the DASH diet may have more beneficial and
significant effects on BP reduction in hypertensive patients with
T2D if long-term, large size study is carried out.

Most evidence for the DASH diet comes from either short-term
feeding studies (11,19) or dietary behavioural intervention stud-
ies (20), but this study combined feeding and dietary behaviour
interventions. Interestingly, although the dietary and salt require-
ments for participants during the dietary behaviour intervention
were the same as those during the feeding trial, we still observed
a mild increase in BP in phase 3, as confirmed by the changes
in urine sodium and potassium in 24 hours urine analysis. The
possible reason for this increase is cooking meals at home that
meet DASH nutritional requirements is affected by many factors,
leading to the relatively poor adherence. On the other hand, the
modified DASH diet menu contains coarse grains, low-fat milk,
and nuts that do not meet Chinese diet habits. In the future, we
should strengthen health education on diet to change the dietary
behavior of Chinese people with hypertension and T2D.

The high potassium content of the low-sodium salt is thought
to cause hyperkalemia and safety monitoring should be conduct-
ed. During the study period, no serious adverse events occurred,
and the safety of the participants was monitored and confirmed.
Serum test results showed that there was a slight increase in
potassium during the intervention period, but it was still within
the normal range. In addition, there was no significant difference
in the changes of AST, ALT, UA, Urea.

CONCLUSIONS

Under the modified DASH diet, both 52 % sodium salt and
common salt can improve BP in community hypertensive patients
with T2D who took regular medication, with certain safety. The
52 % sodium salt may improve sodium and potassium intake
more significantly than the common salt. There is reason to be-
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lieve that long-term adherence to 52 % sodium salt can be the
more rational intake of sodium and potassium, to achieve health
promotion. This is an effective nutritional strategy for BP control
in patients with hypertension and T2D.

SHORTCOMINGS

There are still some limitations in this study. It is a phase-|
clinical trial designed to observe the efficacy and safety of differ-
ent sodium levels of salt on BP control based on the DASH diet.
Firstly, the sodium content of the salts used in the tests did not
vary much, making it difficult to make a significant difference
in short-term effects. This can only be achieved by extending
follow-up or using salt with lower sodium content. Secondly, due
to the half-opened trial, confounding factors had an impact on
the results during the period of home medical care. Because of
patients’ inability to fully follow the trial’s dietary requirements,
the effect of the intervention may be underestimated.
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Diabetes might not be a risk factor for worse prognosis among hospitalized patients
due to COVID-19 in a Mediterranean area

La presencia de diabetes entre los pacientes ingresados por COVID-19 podria no ser un factor
de peor pronostico
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Abstract

Aim: type-2 diabetes (T2DM) seems to worsen the prognosis of patients admitted for COVID-19, although most studies included Asiatic patients.
We aimed to assess whether this condition applies for Mediterranean patients.

Methods: a total of 90 patients admitted for COVID-19 with T2DM were retrospectively compared with 50 patients without T2DM.

Results: subjects with T2DM were older than their counterparts (73.3 + 12.4 vs 53 + 15.7 years; p < 0.0001). Either absolute lymphocyte
count (1.1 £ 0.6 vs 1.3 + 0.7 x 10%L; p = 0.005) or hemoglobin (11.9 + 1.6 vs 13.1 = 2.1 g/dL; p < 0.0001) were lower among subjects
with T2DM. CRP and procalcitonin were higher among subjects with T2DM (91.9 + 71.2 vs 70.1 + 63.3 mg/L; p = 0.002 and 0.8 + 0.3 vs
0.4 = 0.1 ng/mL; p < 0.0001, respectively). Albumin was lower among patients with T2DM (3.4 + 0.5 vs 3.8 + 0.5 g/L: p < 0.001). Length of
stay was longer among subjects with T2DM (11.7 + 7.7 vs 9.7 + 8.6 days; p = 0.01). However, both groups were comparable regarding both
the proportion of subjects who were admitted to the ICU (16.5 % vs 8 %; p = 0.1) and mortality (11 % vs 4 %; p = 0.2).

Conclusions: in a Mediterranean sample, despite of age, comorbidities, nutritional status, and inflammatory markers, subjects with T2DM with
a proper glycemic control admitted for COVID-19 had similar prognostic outcomes than patients without this metabolic condition.

Resumen

Obijetivo: la diabetes de tipo 2 (DM2) parece empeorar el prondstico de los pacientes ingresados por COVID-19, aunque la mayoria de los estudios
incluyeron pacientes asidticos. Nuestro objetivo fue evaluar si esto se aplica a los pacientes de una poblacion Mediterranea.

Métodos: un total de 90 pacientes ingresados por COVID-19 con DM2 se compararon retrospectivamente con 50 pacientes sin DM2.

Resultados: los sujetos con DM2 eran mayores que sus contrapartes (73,3 + 12,4 frente a 53 + 15,7 afos; p < 0,0001). El recuen-
to absoluto de linfocitos (1,1 + 0,6 vs. 1,3 = 0,7 x 10%L; p = 0,005) o la hemoglobina (11,9 + 1,6 vs. 13,1 = 2,1 g/dL; p < 0,0001)
fueron menores entre los sujetos con DM2. La PCR y la procalcitonina fueron mayores entre los sujetos con DM2 (91,9 + 71,2 frente
a70,1 +£633mg/L; p=0,002y0,8=+0,3frente a 0,4 = 0,1 ng/ml; p < 0,0001, respectivamente). La albimina fue menor entre los
pacientes con DM2 (3,4 + 0,5 vs. 3,8 = 0,5 g/L: p < 0,001). La estancia hospitalaria fue mayor entre los sujetos con DM2 (11,7 = 7,7 frente
a9,7 + 8,6 dias; p = 0,01). Sin embargo, ambos grupos fueron comparables en cuanto a la proporcion de sujetos con ingreso en la UCI (16,5 %
vs. 8 %; p=0,1) y la mortalidad (11 % vs. 4 %; p = 0,2).

Conclusiones: en una muestra mediterranea, a pesar de la edad, las comorbilidades, el estado nutricional y los marcadores inflamatorios, los
sujetos con DM2 con un adecuado control glucémico ingresados por COVID-19 tuvieron resultados pronésticos similares a los de los pacientes
sin esta condicion metabdlica.
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INTRODUCTION

It has been more than one year since the first case of COVID-19
was reported in Wuhan (China), causing more than 85 million of
infected cases and almost 2 million deaths worldwide (1). Spain
has been one of the countries more affected by this viral disease,
with more than one and a half million confirmed cases and up
to 40,000 deceased people (1,2). As a new disease, the factors
that may influence the severity or prognosis of this disease are yet
to be well stablished. However, preliminary data have shown that
most people with a worse prognosis have some specific comor-
bidities, such as obesity, chronic obstructive pulmonary disease,
cardiovascular disease, hypertension, and also diabetes (3,4).

In this sense, diabetes, with more than 460 affected million
adults worldwide in 2019, is a long-standing global epidem-
ic (5). With such a great prevalence of this metabolic disease, it is
mandatory to know better the relationship between diabetes and
COVID-19 (3,6—11). Actually, type-2 diabetes (T2DM) is one of the
most frequent comorbidities found in patients with COVID-19. In
fact, the prevalence of diabetes among subjects with COVID-19
ranges from 5 to 11 % (12,13). Most of studies have been con-
ducted in China, but similar results have been found in the few
studies performed in the USA and Europe (12,14). Also, the preva-
lence of diabetes was almost three-fold greater in patients infected
by SARS-CoV-2 with severe disease compared with those without
severity criteria (4). Moreover, the incidence of COVID-19 patients
who were admitted to an ICU was twofold greater among individuals
with diabetes. Furthermore, mortality rates were also higher among
subjects with diabetes and COVID-19, and ranged from 22 to 31 %
according to different studies (12,14). The most widely accepted
hypotheses for these negative outcomes among subjects with di-
abetes infected with SARS-CoV-2 would be a more severe acute
inflammatory response and/or prothrombotic state (11,13,15).

What is more, it remains to be elucidated whether these negative
outcomes among subjects with diabetes affected by COVID-19 are
secondary to either acute or chronic poor glycemic control. In this
sense, results have found contradictory results not only regarding
the effect of glycated hemoglobin (HbA1c) on admission (13), but
also the negative impact of acute hyperglycemia (16).

Also, most of these studies have been conducted in China and
only a few of them in Western countries, with results being ex-
trapolated to other ethnicities (14).

We aimed to study whether, in a Mediterranean sample, there
were any differences in clinical, biochemical, or prognostic pa-
rameters among subjects with T2DM admitted to hospital due to
COVID-19 compared with patients admitted for the same infec-
tion but without this chronic condition.

MATERIAL AND METHODS

SUBJECTS

This retrospective case-control study was performed in 90 pa-
tients with T2DM admitted to a tertiary hospital due to infection

J. Nicolau et al.

with SARS-CoV-2 from April to June 2020. All patients were
confirmed with COVID-19 by PCR. Inclusion criteria were: pa-
tients older than 18 years with a diagnosis of T2DM for longer
than 12 months; patients were excluded from the study if they had
type-1 diabetes or gestational diabetes, as were individuals with a
diagnosis of T2DM in the preceding 12 months and T2DM patients
during pregnancy or lactation. This group of patients was com-
pared with 50 gender-matched patients admitted due to infection
with SARS-CoV-2 without T2DM. This study was conducted ac-
cording to the World Medical Association Declaration of Helsinki.
The study was approved by the Ethics Committee of the hospital.

CLINICAL CHARACTERISTICS, LABORATORY
VALUES, AND ANTHROPOMETRIC MEASURES

The clinical parameters included were extracted from the
electronic medical records. They included demographic char-
acteristics, comorbidities, symptoms, and treatment related
to COVID-19. The latest glycated hemoglobin (HbA1c) value,
microangiopathic and macrovascular complications related to
T2DM, and other cardiovascular risk factors (dyslipidemia, hy-
pertension, obesity and tobacco use) were also recorded. Blood
tests performed 24 hours after admission were also extracted
from the electronic system. Blood tests included blood count, co-
agulation, inflammatory parameters, glycemic values, lipid and
renal parameters, thyroid and hepatic profiles. The latest record-
ed height and pre-admission weight were registered. Body mass
index (BMI) was calculated as weight divided by height squared.

STATISTICAL ANALYSIS

Initial analyses were descriptive and included calculation of
mean and standard deviation (SD) for continuous variables, and
frequencies for categorical variables. Paired Student’s “t”, chi-
squared, ANOVA, and Fisher’s exact tests were used to compare
values of variables between groups. Pearson’s chi-squared test or
Fisher’s exact test were used to assess the association between
each of the discrete parameters and patient nutritional status. A
p-value < 0.05 on the two-tailed test was considered to indicate
statistical significance. Data were analyzed using the SPSS ver-
sion 22 statistical software (SPSS Inc., Chicago, IL, USA).

RESULTS

Among the 90 patients with T2DM included, 57.1 % were men
with a mean T2DM duration of 7.2 + 5.7 years. Fasting plasma
glucose was 142.2 = 58.2 mg/dl and HbA1c was 6.9 + 1.4 %.
Regarding macrovascular complications related to T2DM, 24.2 %
and 9.9 % had coronary and cerebrovascular disease, respec-
tively. When taking into account microangiopathic complications,
12.9 % had diabetic nephropathy, 7.9 % suffered from diabetic
retinopathy, and 14.9 % had peripheral neuropathy.
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Subjects with T2DM were older than their counterparts
(73.3 = 12.4 vs 53 + 15.7 years; p < 0.0001). Conversely,
when taking into account cardiovascular risk factors, tobacco
use was more frequent among subjects without T2DM (24 %
vs 6.6 %: p = 0.007). Regular alcohol consumption was also
more frequent among subjects without T2DM (48 % vs 0 %: p <
0.0001). However, the frequency of subjects with obesity, hy-
pertension and dyslipidemia was greater among subjects with
T2DM than among patients without it (65.9 % vs 40 %, 83.5 %
Vs 52 %, and 74.7 % vs 28 %; p = 0.004, p < 0.0001 and p <
0.0001, respectively).

Moreover, either coronary disease or cerebrovascular disease
were more prevalent among subjects with T2DM (24.2 % vs 10 %
and 9.9 % vs 0 %; p = 0.04 and p = 0.03, respectively). Also, both
chronic kidney disease and depression were more frequent among
subjects with T2DM compared with their counterparts (39.6 %
Vs 6 %; p < 0.0001, and 40.7 % vs 20 %, p = 0.02, respectively).

BMI at the time of the evaluation was significantly greater
among subjects with T2DM compared with those without T2DM
(33.5 +6.1vs 27.1 + 6.6 kg/m? p < 0.0001). Also, either sys-
tolic or diastolic blood pressure were higher among patients with
T2DM (137.8 = 21.6 vs 127.1 = 20.5 mmHg; p = 0.007, and
776 = 13.6 vs 72.1 = 14.5 mmHg; p = 0.02, respectively).
Besides, the proportion of subjects with proper glycemic control
during hospitalization regarding the American Diabetes Associ-

ation recommendations was significantly lower among subjects
with T2DM compared with those without the condition (49 % vs
82 %; p = 0.001) (Table I).

Regarding symptoms related to COVID-19 and compared
with patients with T2DM, more patients without diabetes pre-
sented fatigue (96 vs 51.6 %, p < 0.0001), headache (44 vs
17.6 %; p = 0.001), pectoralgia (58 vs 23.1 %; p < 0.0001),
diarrhea (90 vs 35.2 %; p < 0.0001), nausea (52 vs 11 %; p <
0.0001), anosmia (28 vs 13.2 %; p = 0.05), and dysgeusia (50
vs 11 %, p = 0.001). No differences between the two groups
were seen regarding fever, cough, dyspnea, vomiting dermato-
logical lesions or the presence of pneumonia. On the other hand,
length of stay was higher among subjects with T2DM compared
with those without it (11.7 + 7.7 vs 9.7 = 8.6 days; p = 0.01).
However, both groups were comparable regarding both the pro-
portion of subjects with admission to ICU (16.5 vs 8 %; p = 0.1)
and mortality (11 % vs 4 %; p = 0.2). Both the frequency of
thrombosis and of ADRS were comparable between the group
with T2DM and those without T2DM (9.9 % vs 2 %; p = 0.09,
and 11 % vs 10 %; p = 0.9, respectively). Corticosteroid treat-
ment was more frequently prescribed among patients admitted
with T2DM (25.3 % vs 8 %; p = 0.01). These data are summa-
rized in table II.

As shown in table lll, numerous biochemical parameters were
significantly different between patients with T2DM and those

Table I. Comparison of sociodemographic features, toxic habits, anthropometric variables
and cardiovascular risk factors among subjects hospitalized due to COVID-19
with and without T2DM

Total T2DM No T2DM

(n = 140) (n = 90) (n = 50) P
Gender (male/female) (%) 55.3/44.7 57.1/42.9 52/48 0.6
Age (years) 66.1 £ 16.7 733124 53 +£15.7 < 0.0001
Tobacco use (%) 12.8 6.6 24 0.007
Regular alcohol consumption (%) 17 0 48 < 0.0001
BMI on admission (kg/m?) 29.8 £ 7.1 335+6.1 271 +6.6 < 0.0001
SBP on admission (mmHg) 134 £217 137.8 +21.6 1271 +£205 0.007
DBP on admission (mmHg) 74 +14.4 776 +13.6 721 +145 0.02
HTA (%) 72.3 83.5 52 < 0.0001
Dyslipidemia (%) 58.2 74.7 28 < 0.0001
Obesity (%) 56.7 65.9 40 0.004
Coronary disease (%) 19.1 24.2 10 0.04
Cerebrovascular disease (%) 6.4 9.9 0 0.03
Chronic kidney disease (%) 271.7 39.6 6 < 0.0001
Depression (%) 33.3 40.7 20 0.02

Data are mean =+ SD or %. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Table Il. Comparison of symptoms related to COVID-19 and percentage of patients with
corticosteroid treatment among subjects hospitalized due to COVID-19 with T2DM
compared with those without T2DM

Total T2DM No T2DM

(n = 140) (n = 90) (n = 50) P
Fever (%) 68.1 62.6 78 0.08
Fatigue (%) 67.4 51.6 96 < 0.0001
Headache (%) 27 17.6 44 0.001
Dry cough (%) 66.7 70.3 60 0.3
Dyspnea (%) 76.6 7.4 86 0.07
Pectoralgia (%) 355 23.1 58 < 0.0001
Nausea (%) 25.5 11 52 < 0.0001
Vomiting (%) 13.5 9.9 20 0.1
Dysgeusia (%) 24.8 11 50 0.001
Anosmia (%) 18.4 13.2 28 0.05
Diarrhea (%) 54.6 35.2 90 < 0.0001
Dermatologic lesions (%) 6.4 55 8 0.7
Presence of pneumonia (%) 72.3 74 7.4 0.8
Admission to ICU (%) 13.5 16.5 8 0.1
Mortality (%) 8.5 11 4 0.2
Length of stay (days) 105+8.2 MnM7+77 9.7+86 0.01
Thrombosis (%) 71 9.9 2 0.09
ADRS (%) 10.6 11 10 0.9
Corticosteroid treatment (%) 19.1 25.3 8 0.01

Data are mean =+ SD or %. ICU: intensive care unit; ADRS: acute distress respiratory syndrome.

Table Ill. Comparison of biochemical parameters among subjects hospitalized due to
COVID-19 with or without T2DM

Normal Total T2DM No T2DM

range (n = 140) (n =90) (n = 50) P
Hemoglobin (g/dl) 13-16.7 126 +1.9 119+16 13.1+241 < 0.0001
Lymphocyte count (x 10°) 1-4.5 1.6+09 1.1+06 1.3+07 0.005
Neutrophils (x 109 1.8-7.5 55+33 53+25 3.8+09 0.9
Platelet count (x 10°) 150-400 2745 +210.7 267.8 +168.2 281.7 +126.3 0.7
Prothrombin time (%) 70-120 755127 741 +£124 77113 0.2
Fibrinogen (mg/dL) 200-500 606.7 +170.4 635.4 + 177 616.6 +177.2 0.4
D dimer (ng/ml) 0-255 1065.8 + 813.1 1298.9 + 854.3 4771 £ 379 0.06

(Continues on next page)
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Table Ill (Cont.). Comparison of biochemical parameters among subjects hospitalized due

to COVID-19 with or without T2DM

Normal Total T2DM No T2DM
range (n = 140) (n =90) (n =50) P
FPG (mg/d) 70-110 141.2 £ 83.6 142.2 +£58.2 104 + 80 0.01
Creatinine (mg/dI) 0.72-1.25 1507 1209 16+1.2 0.02
Urea (mg/d) 15-50 43.7 + 261 515+31.9 36.2+16.9 0.002
GFR (mL/min) 775+285 66.4 +29.3 88.9+22.8 < 0.0001
Albumin (g/L) 3.5-55 37+06 34+05 3.8+05 < 0.0001
Ferritin (mcg/L) 20-274 582.9 +394.8 597.5 + 354.6 568.2 +401.3 0.7
CRP (mg/L) 0-5 76.5 + 64.6 919+71.2 70.1+63.3 0.002
Procalcitonin (ng/ml) 0-0.05 2.7+0.6 0.8+03 04+01 < 0.0001
GOT (U/) 5-34 31.6+27.1 323317 309+21.7 0.3
GPT (U/1) 1-55 349+28 33.1+281 36.9+283 0.7
GGT (UN) 12-64 76.3 =51 743 +61.9 78.5 +36.6 0.2
FA (U/) 40-150 78.6 £70.2 86.2 +£72.3 70.6 £ 69.5 0.003
Bi (mg/dL) 0.2-1.2 08+04 09+03 06+0.3 < 0.0001
LDH (UL 125-243 2715 +151.7 309.4 +176.9 269.1 +134.3 0.04
TSH (uU/mL) 0.3-4.9 25x12 25+13 24 +1 0.5
250H-vitaminD (ng/mL) 30-100 226 +155 19.3+8.7 29.8 + 241 0.4
Data are mean + SD or %. FPG: fasting plasma glucose; CRP, C-reactive protein.
without. Either the absolute count of lymphocytes (1.1 = 0.6 vs DISCUSSION

1.3 £ 0.7 x 10%L; p = 0.005) or hemoglobin level (11.9 = 1.6
vs 13.1 = 2.1 g/dL; p < 0.0001) were significantly lower among
subjects with T2DM. C-reactive protein and procalcitonin levels
were greater among subjects with T2DM compared with those
without the condition (91.9 = 71.2 vs 70.1 = 63.3 mg/L; p =
0.002 and 0.8 = 0.3 vs 0.4 = 0.1 ng/mL; p < 0.0001, re-
spectively). Plasma albumin levels were lower among patients
with T2DM compared with those without T2DM (3.4 + 0.5 vs
3.8 = 0.5 g/L: p < 0.001). When taking into account hepatic
parameters, total bilirubin (0.9 + 0.3 vs 0.6 + 0.3 mg/dL; p <
0.0001), alkaline phosphatase (86.2 + 72.3 vs 70.6 + 69.5
U/L; p = 0.003) and LDH (309.4 + 176.9 vs 269.1 = 134.3
U/L; p = 0.04) were higher among subjects with T2DM. Creati-
nine levels (1.2 + 0.9 vs 1.6 = 1.2 mg/dL; p = 0.02) and glo-
merular filtration rate (66.4 + 29.3 vs 88.9 = 22.8 mL/min; p <
0.0001) were lower among patients with T2DM when compared
with those without T2DM, whereas urea values were greater
(561.5 + 31.9vs 36.2 + 16.8 mg/dL; p = 0.002). No differences
were seen between the two groups in the other biochemical pa-
rameters evaluated.
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Our study found that patients with T2DM admitted to hospital
due to COVID-19 were older and had more comorbidities than
patients without it. Moreover, these subjects with T2DM had
worse nutritional parameters and more acute phase reactants
compared with their counterparts. However, although length of
stay was greater among subjects with T2DM, either the frequen-
cy of admission to the ICU or mortality was comparable between
patients with diabetes and those without this disease.

Since COVID-19 is a new disease, knowledge about prog-
nostic factors that could affect outcomes or mortality is still in-
complete and continuously evolving. Actually, many studies on
COVID-19 have concluded that T2DM is associated with a severe
clinical course and increased mortality. However, to date, these
data are still conflicting. On one hand, most of the single stud-
ies as well as the meta-analyses published so far have included
Asiatic populations, with very few studies referring to Caucasian
subjects (14,17). In a meta-analysis performed by Li and col-
leagues, T2DM accounted for 11.7 % of ICU/severe cases and
4 % of non-ICU/severe cases. These results indicated a greater
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proportion of T2DM in the 1CU/severe group, but did not reach
statistical significance (17). Also, in another meta-analysis by
Kumar et al., who included 8 studies with more than 46,000 pa-
tients, the odds ratio of severe COVID-19 was not significantly
greater among subjects with T2DM (14). On the contrary, Bode et
al. published a retrospective observational study including more
than 1,100 patients, and found that among hospitalized subjects
with COVID-19, T2DM and/or stress hyperglycemia had a nega-
tive impact on both median length of stay and mortality rate (16).

However, T2DM is more frequent among the elderly, and age,
along with comorbidities, are considered to be the main risk
factor for increased risk of poor outcomes and/or death among
subjects with COVID-19 (13,18,19).

Besides, patients with T2DM constitute a highly heterogeneous
population in terms of duration of the disease, glucose control,
related comorbidities, and presence of micro or macrovascular
complications, among others. Therefore, a relevant point to find
out would be which of all these different factors could have an
influence on the prognosis of patients with T2DM admitted due
to SARS-CoV-2 infection.

It is important to point out that the patients with T2DM included
in our sample had a very good glycemic control pre-hospitalization,
with a mean Hbalc value below 7 %. Therefore, the prevalence
of chronic complications secondary to T2DM was also low. In this
sense, Bode et al. found that, among 1,122 patients hospitalized
due to COVID-19, the mortality rate was four-fold higher among
subjects included in the group with diabetes and/or uncontrolled
hyperglycemia (28.8 %) compared with COVID-19 inpatients with-
out evidence for diabetes or uncontrolled hyperglycemia (6.2 %).
Actually, in a subset analysis of outcomes within the T2DM and/or
uncontrolled hyperglycemia group, they found that 75 % of deaths
occurred in patients with a diagnosis of uncontrolled hypergly-
cemia (16). These results could mean that, rather than T2DM,
it would be poor glycemic control, either acute or chronic, that
negatively could influence prognosis in these patients.

On the contrary, the CORONADO study, which was a large-
scale French nationwide observational study in patients with
T2DM admitted due to COVID-19, found different results when
they published an intermediate analysis with 1,317 participants
included. The aim of such study was to determine the risk fac-
tors that could contribute negatively to the prognosis of subjects
with T2DM and COVID-19. It seems that previous glucose control
does not influence negatively the severity of COVID-19 subjects
with T2DM who require hospitalization. Actually, HbA1c values
were not related to either the composite primary outcome or
death rate. However, these preliminary results should be taken
with caution as HbA1c measurements were missing in one-third
of the studied population (20).

This hypothesis would make sense given the fact that a hyper-
glycemic state, but not T2DM per se, increases the virulence of
pathogens, lowers interleukin production in response to infection,
and reduces phagocytic activity and polymorphonuclear leuko-
cytes (21,22). Moreover, the innate immune system, the first line
of defense against SARS-CoV-2, is compromised mainly among
patients with uncontrolled T2DM (11,23).

J. Nicolau et al.

Patients with T2DM had lower albumin, creatinine, and he-
moglobin levels compared with those without T2DM, reflecting
a risk for malnutrition. Actually, the prevalence of malnutrition
among subjects admitted to hospital is high, especially among
the elderly. Li et al., in a cross-sectional study, evaluated the
nutritional status of elderly inpatients with COVID-19 using the
Mini Nutritional Assessment (MNA). They found that of a total
of 182 patients included, 52.7 % had criteria for malnutrition and
up to 27.2 % were at risk for malnutrition (24). Even though there
is lack of evidence concerning nutritional status and COVID-19
prognosis, previous research focused on other respiratory virus-
es has shown that an adequate nutritional support is positive.
Actually, underweight adults with any respiratory viral infection
have a four times higher risk of hospitalization compared with
normal-weight adults (18,24-26).

On the other hand, the clinical spectrum of COVID-19 has
been shown to be heterogeneous. We found that subjects without
T2DM reported more symptoms, either typical or less common,
than patients with T2DM. To date, the few Asiatic studies reporting
these data have not found any differences regarding COVID-19
symptoms between subjects with and without T2DM (15,18).

Moreover, acute inflammatory markers such as procalcitonin
and CRP were higher among patients with T2DM. Also, biliru-
bin, LDH, urea, and alkaline phosphatase were higher among
patients with COVID-19 and T2DM, which could indicate injury
of organs other than the lungs, such as the liver or kidney. Al
these biochemical findings, along with older age, higher BMI, and
greater prevalence of comorbidities should have increased either
the proportion of patients admitted to an ICU or the mortality rate
among subjects with T2DM. However, our results showed com-
parable outcomes in the two groups. One possible explanation
could be that glycemic control among the patients included with
T2DM was optimal. As mentioned before, it seems that acute
hyperglycemia, more than HoA1c, could mediate the association
between COVID-19 and diabetes (16).

This study has several limitations that are worth noting. It was a
study conducted in a single center with a relatively small number
of patients. Also a retrospective method was used in our study.
Due to the isolation of these patients, capillary blood glucose de-
terminations were irregular among all patients admitted due to
COVID-19, and much of this information is lacking. However, al-
most all studies previously published have been conducted in Asi-
atic populations and, therefore, their results have been extrapolat-
ed to Caucasians. We are aware the main findings of our results
are contradictory to what has already been published, but, as we
pointed out, the difference could be related to glycemic control
more than T2DM per se. As knowledge of this infection is still in
process, heterogeneity in the results encourages future research.

In conclusion, in a Mediterranean sample, despite of age, co-
morbidities, nutritional status and inflammatory markers, subjects
with T2DM with proper glycemic control admitted due to COVID-19
had similar prognostic outcomes than patients without this meta-
bolic condition. Future research should focus on whether chronic
glycemic control or acute hyperglycemia has any impact on the
prognosis of SARS-CoV-2 infection in the Caucasian population.
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Resumen

Introduccion: la obesidad es una enfermedad que afecta a un alto porcentaje de la poblacion mundial. Pese a que su origen es multicausal y
multifactorial, menos atencion se ha puesto en las variables psicolégicas y conductuales.

Objetivo: determinar si las variables psicoldgicas (estigma de peso, estrés y sintomatologia depresiva) y la variable conductual (indice de dieta
mediterranea) predicen la obesidad segun el indice de masa corporal (IMC), controlando el efecto de variables fisiolégicas (colesterol HDL,
triglicéridos, glucosa y presion arterial) y sociodemograficas (sexo, ingresos, nivel de estudios).

Método: disefio no experimental, transversal, correlacional. Por medio de un muestreo no probabilistico por conveniencia, se selecciond
a 344 personas de poblacion general chilena de la region de la Araucania (M., = 55,7 afios; DE = 5,1 afios; 55,8 % de mujeres). Se obtuvo
una muestra de sangre, medicion antropométrica de peso y talla, y medidas de autorreporte de variables psicologicas y conductuales.

Resultados: se realizo un andlisis de regresion mdltiple jerarquica de 5 bloques. Las covariables sociodemograficas no predijeron significati-

Palabras clave: vamente el IMC; sin embargo, las fisioldgicas, la variable conductual y el estigma de peso, se asociaron significativamente con el IMC, siendo el
estigma de peso el predictor que explicd mayor varianza.
Estigma de peso. Dieta 9 i p P 9 ) p y ) o o ) . )
mediterranea. Obesidad. Conclusiones: los hallazgos permiten comprobar el rol de las variables psicologicas y conductuales en la etiologia multifactorial de la obesidad.
Enfoque biopsicosocial. Se discute los hallazgos a la luz del enfoque biopsicosocial, y se sugiere un abordaje multidisciplinario de la obesidad.
Abstract

Balckground: obesity is a disease that affects a high percentage of the world’s population. Although its origin is multicausal and multifactorial,
less attention has been paid to psychological and behavioral variables.

Aim: to determine whether psychological variables (weight stigma, stress and depressive symptomatology) and behavioral variable (Mediterranean
diet index) predict obesity according to body mass index (BMI), controlling for the effect of physiological variables (HDL cholesterol, triglycerides,
glucose and blood pressure) and sociodemographic variables (sex, income, educational level).

Method: non-experimental, cross-sectional, correlational design. By means of a non-probabilistic convenience sampling, 344 persons were
selected from the general Chilean population from the Araucania region (Mage = 55.7 years; SD = 5.1 years; 55.8 % women). A blood sample,
anthropometric measurement of weight and height, and self-report measures of psychological and behavioral variables were obtained.

Keywords: Results: a 5-block hierarchical multiple regression analysis was performed. Sociodemographic covariates did not significantly predict BMI,
o however physiological covariates, the behavioral variable and weight stigma, were significantly associated with BMI, with weight stigma being

Weight stigma. the predictor that explained the most variance.

Mediterranean diet.

Obesity. Biopsychosocial Conclusions: the findings allow us to verify the role of psychological and behavioral variables in the multifactorial etiology of obesity. The findings

approach. are discussed in the light of the biopsychosocial approach, and a multidisciplinary approach to obesity is suggested
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INTRODUCCION

La obesidad es una enfermedad compleja y de elevada comor-
bilidad (1). Dentro de las definiciones mas actualizadas hay con-
senso en sefialar que es una enfermedad cronica, multifactorial
y multicausal en donde hay una alteracion de la correcta funcion
del tejido adiposo, ya sea en su forma cuantitativa o en la cuali-
tativa, en su capacidad para almacenar grasa (2). La prevalencia
mundial de malnutricion por exceso ha tenido un significativo
aumento durante las Ultimas 4 décadas, generando con esto que
casi un tercio de la poblacion a nivel mundial tenga sobrepeso u
obesidad, con independencia de la edad, el sexo, el lugar geo-
gréfico o el nivel socioeconomico (3).

En Chile, seguin la Encuesta Nacional de Salud 2016-2017,
el 74,2 % de la poblacion tiene sobrepeso u obesidad, cifra que
en relacion con los Ultimos datos publicados por la Organizacion
para la Cooperacion y Desarrollo Econdmicos (OCDE) sittia a Chi-
le como el pais de la OCDE con las tasas mas elevadas de so-
brepeso y obesidad, superando a México y a Estados Unidos (4).

Clasicamente, la obesidad se ha estudiado desde un modelo
biomédico, dejando de lado variables psicoldgicas y conductuales
que pueden estar a la base de la malnutricion por exceso (5). El
enfoque biopsicosocial considera complejas interacciones entre
variables fisioldgicas, conductuales, psicoldgicas y sociales que
en su conjunto explican de manera integral la obesidad (6).

A nivel conductual, el principal comportamiento asociado a la
obesidad es la alimentacion. Dicha ingesta se caracteriza por ser
cualitativamente carente de nutrientes beneficiosos para la salud
y excesiva en alimentos refinados, azucarados y procesados, los
que favorecen significativamente la patogénesis cardiometabdlica
de la malnutricion por exceso (7). En linea con esto, la dieta medi-
terranea (DMed) se considera como uno de los patrones alimen-
tarios mas saludables y ha demostrado ser un importante factor
protector al contribuir a la disminucion del riesgo cardiovascular y
el abordaje de alteraciones como el sindrome metabolico y enfer-
medades cronicas no transmisibles (ECNT) (8). Un indice alto de
adherencia a la dieta mediterranea tendria diversos beneficios en
las personas con obesidad. Estudios reportan que mientras mas
adherencia se tenga a este patron alimentario, mayores benefi-
cios se observaran en el perfil lipidico (9), en la funcion endotelial
y en la resistencia a la insulina; marcadores fisiologicos que, al
mantenerse estables, contribuiran a un menor ambiente proinfla-
matorio y, por consiguiente, a un menor IMC (10).

Por otra parte, desde la psicologia se ha estudiado el rol que
las variables psicoldgicas tienen en el incremento del peso cor-
poral como, por ejemplo, los sintomas depresivos, el estrés psi-
coldgico y, mas recientemente, el estigma de peso. El malestar
psicoldgico ocasionado tanto por los sintomas depresivos como
por el estrés psicologico puede provocar una mayor desregula-
cion del eje hipotalamo-hipofisiario-adrenal (11). Dicho desba-
lance tiene una consecuente afeccion metabdlica que redunda
en una resistencia a la insulina y la leptina, ambiente propicio
para alterar el tejido adiposo a nivel ectopico-visceral y el peso
corporal tras la desregulacion neuroendocrina del hambre y la
saciedad (12), proceso por el cual se podria explicar la predic-
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cion que ejercen tanto los sintomas depresivos como el estrés
psicoldgico en la malnutricion por exceso (13).

De igual forma, una variable que el Ultimo tiempo se ha vincu-
lado a la obesidad es el estigma de peso, pues existe evidencia
que indica que tiene un rol importante en la perpetuacion de la
obesidad. Las situaciones de estigmatizacion por el peso son
frecuentes en las personas que tienen exceso de peso y generan
efectos adversos en la salud de las personas (14-16). Segun el
modelo ciclico de la obesidad y el estigma basado en el peso,
el estrés psicoldgico, inducido por el estigma de peso, desen-
cadena una serie de respuestas conductuales, emocionales y
fisiologicas que contribuiran al aumento de peso (17).

Debido a la etiologia multifactorial de la obesidad es importan-
te considerar el rol de variables sociodemograficas y fisiologicas
que se han relacionado clasicamente con obesidad. Respecto
de las variables sociodemograficas, es importante considerar
el sexo y el nivel socioecondmico, ya que la obesidad es mas
prevalente en mujeres (18) y se observa en mayor medida en
sectores de mayor vulnerabilidad economica (19). En cuanto
a las variables fisioldgicas, el colesterol HDL se encuentra de
manera caracteristica en baja concentracion en presencia de
obesidad (20) y altos niveles de triglicéridos se asocian a la obe-
sidad ectdpica (21). Respecto de los niveles de glucosa y presion
arterial, conviene sefalar que la hiperglicemia es mas frecuente
en personas con sobrepeso y obesidad en comparacion con las
personas con peso normal (22) y la hipertension arterial, ademas
de ser el principal factor de riesgo de mortalidad, también es la
enfermedad que mas se asocia con obesidad (23).

En consecuencia, el objetivo de este estudio fue determinar el
rol predictivo de las variables de adherencia a la dieta mediterra-
nea, los sintomas depresivos, el estrés psicoldgico y el estigma
de peso en la obesidad medida a través del indice de masa cor-
poral, controlando el efecto de las variables sociodemograficas
de sexo, ingresos y estudio, y de las variables fisioldgicas de
colesterol HDL, triglicéridos, glucosa y presion arterial.

MATERIAL Y METODOS

Se realizé un estudio no experimental, transversal, con alcance
correlacional.

PARTICIPANTES

Se trabajo con datos secundarios, obtenidos de la segunda
ola del proyecto FONDECYT Regular 1180463, obtenida en el
aio 2019. Los 344 participantes fueron reclutados mediante un
muestreo no probabilistico por conveniencia, los cuales eran re-
sidentes de la region de la Araucania.

Los criterios de exclusion fueron tener una enfermedad car-
diovascular en la linea base del estudio, haber recibido trata-
miento antiinflamatorio y haber tenido un accidente cerebrovas-
cular durante los Ultimos cinco afios, ya que constituyen factores
que podrian interferir en los objetivos del estudio.
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INSTRUMENTOS E INDICADORES
FISIOLOGICOS

Indice de adherencia dieta mediterrdnea (24): se mide por au-
torreporte la frecuencia de consumo de 14 grupos de alimentos
como lacteos, aceites, carnes, entre otras; de acuerdo al con-
sumo se puntta con 0, 0,5 0 1 en donde O representa nulo
consumo. Posteriormente se suman los valores de cada grupo
alimentario para generar un puntaje total que fluctiia entre 0 y
14, este indice fue calculado de acuerdo a las recomendaciones
de Leighton y colaboradores (25) y ha demostrado ser un instru-
mento valido en poblacion chilena.

Center for Epidemiologic Studies Depression Scale, Esca-
la de Depresion del Centro para Estudios Epidemioldgicos
(CES-D) (26): consiste en una escala de autorreporte que mide a
través de 20 afirmaciones con qué frecuencia las personas han
experimentado en la Ultima semana una serie de situaciones que
dan cuenta de sintomatologia depresiva. Algunos ejemplos de
items son: “Me senti triste a pesar de tener el apoyo de mi familia
y amigos” o “Aunque dormia, al otro dia me levantaba cansa-
do”. Las opciones de respuesta varian entre 1y 4 en donde 1 =
raramente 0 ninguna vez (menos de un dia); 2 = pocas veces
(1-2 dias); 3 = algunas veces (3-4 dias); y 4 = la mayoria de las
veces (5-7 dias). Para este estudio se tested la confiabilidad del
instrumento con un alfa de Cronbach de 0,877.

Perceived Stress Scale (PSS-14): instrumento de autorre-
porte orientado a medir el nivel de estrés percibido durante el
ultimo mes. El PSS-14, en su version espafiola, adaptada por
Remor (27), consta de 14 items con un formato de respuesta
de escala de frecuencia de 5 puntos, de 0 = Nunca a 5 = Muy
a menudo. Algunos items son “En el Ultimo mes, ;con qué fre-
cuencia se ha sentido incapaz de controlar las cosas importantes
en su vida?”" y “En el Gltimo mes, ¢,con qué frecuencia ha sentido
que no podia afrontar todas las cosas que tenia que hacer?”. En
este estudio la escala tuvo una confiabilidad de o = 0,759 luego
de eliminar el item 5, el cual fue removido ya que era el Unico
item inverso que pese a ser recodificado, cargaba de manera
negativa y quitarlo mejoraba la confiabilidad total de la escala,
quedando conformada por 13 items.

Inventario de Situaciones Estigmatizantes (ISE) (28): es una
escala de autorreporte abreviada de 10 items, la cual pregunta
a los participantes con qué frecuencia le han ocurrido diferentes
experiencias de estigmatizacion por el peso corporal en el Gltimo
afo. Algunos ejemplos de reactivos son “Los nifios se burlan de
mi por mi peso”, 0 “No encuentro ropa de la talla que necesi-
to”. Las opciones de respuesta se encuentran en una escala de
frecuencia de 8 puntos en donde O corresponde a nunca 'y 7 a
diariamente. En este estudio la confiabilidad del instrumento fue
de 0,804,

Indice de masa corporal (IMC): Las medidas de peso y talla
fueron obtenidas con una varilla de medicion Seca 220, fabrica-
da de perfil de aluminio robusto con reglilla de plastico abatible.
Ademas, la varilla esta combinada con una bascula que permite
estimar el peso en kilogramos. Corresponde a un producto mé-
dico-sanitario conforme a la directiva 93/42/CE.

F. Bastias Gonzalez et al.

Covariables fisiologicas: la concentracion de glucosa se obtu-
vo a través del método de referencia de la hexoquinasa (valor
de referencia < 100 mg/dl), la medicion de colesterol HDL se
determind por medio de una medida directa/PEG (valor de refe-
rencia > 50 mg/dl) y la concentracion de triglicéridos fue obtenida
con método GOD PAP (valor de referencia < 150 mg/dl). Todas
las medidas anteriores se obtuvieron a través de una muestra
de sangre plasmatica en ayuna. Se realizaron tres mediciones
de presion arterial sistolica y diastdlica con un equipo DINAMAP
V100 (General Electric), utilizandose la Ultima medida de presion
arterial sistolica para el andlisis (valor de referencia < 120 mmHg).

Covariables sociodemograficas: se midieron variables como
Sexo, ingresos (renta mensual) y nivel de estudios a través de
autorreporte.

PROCEDIMIENTO

El proyecto contd con la aprobacion del Comité Etico Cientifi-
co de la Universidad de La Frontera. Posterior a la convocatoria
abierta mediante avisos publicitarios para participar en el estu-
dio, las personas interesadas fueron citadas segun su disponi-
bilidad al Laboratorio de Estrés y Salud de la Universidad para
el proceso de consentimiento informado, el cual explicitaba los
objetivos del estudio, el caracter voluntario y confidencial de la
participacion y cada uno de los pasos involucrados en el proce-
dimiento. Una vez realizada la firma del consentimiento, profe-
sionales del Laboratorio Clinico practicaron el examen de sangre.
Todos los participantes respondieron a instrumentos psicologicos
en formato digital o fisico segun fuera su preferencia y se toma-
ron medidas objetivas de presion arterial y antropométricas de
peso y estatura. Tras el término del procedimiento, las personas
que participaron obtuvieron los resultados de sus examenes de
sangre y una retribucion econdémica de 10.000 pesos chilenos
equivalente a ~12 ddlares americanos.

PLAN DE ANALISIS

Los andlisis fueron realizados con el software estadistico JASP
version 0.14 y STATA en su version 14.2. Para tomar decisiones
estadisticas se considerd un alfa nominal menor o igual a 0,05.

Inicialmente se realizaron analisis descriptivos con el objetivo
de caracterizar a la muestra. Posteriormente se estimo la con-
fiabilidad mediante alfa de Cronbach de los instrumentos para
medir sintomas depresivos, estrés y situaciones estigmatizantes.
En el caso de la adherencia a la dieta mediterranea, se calculd
por cada participante el indice de acuerdo a la sumatoria por
cada grupo de alimentos sugerida por los autores (24).

Se estimaron correlaciones de Pearson simples entre las va-
riables predictoras y las covariables en relacion a la variable de-
pendiente de indice de masa corporal. Para probar el objetivo del
estudio se realiz6 un andlisis de regresion mudltiple jerarquica,
para la cual se consideraron 5 bloques, los cuales fueron ingre-
sados de acuerdo a la evidencia disponible, primero los bloques
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con covariables y luego los bloques para probar las hipétesis
del estudio. En el primer bloque se ingresaron las covariables
sociodemogréaficas, en el segundo las covariables fisioldgicas, en
el tercero se ingreso el indice de dieta mediterranea, en el cuarto
las variables psicologicas de depresion y estrés y en el quinto
bloque se ingreso la variable de estigma de peso. Previamente
se comprob¢ el cumplimiento de los supuestos requeridos por la
técnica de andlisis. Se calcularon los coeficientes de determina-
cion (AP, los coeficientes estandarizados () y el valor p asociado
a cada predictor para informar el porcentaje de varianza explica-
da controlando el efecto de las restantes variables.

RESULTADOS

PARTICIPANTES

Respecto a los andlisis descriptivos de la muestra, de
los 344 participantes, un 55,8 % corresponde a mujeres, el
promedio de edad fue de 55,7 afos (DE = 5,1) con edades
comprendidas entre 50 y 83 afios. Respecto del nivel de es-
tudios de los participantes, un 24,6 % completaron la edu-
cacion secundaria, un 23,2 % completaron estudios técnicos
y un 14,7 % completaron estudios universitarios y, sobre el
nivel de ingresos, el promedio mensual fue de 752.000 pe-
sos chilenos (~940 ddlares americanos) con un minimo de sin
ingresos hasta 4.500.000 (~5.625 ddlares americanos). Res-
pecto de los marcadores fisioldgicos, los participantes tuvieron
en promedio un IMC de 29,3 kg/mt? (DE = 4,542), un 38 %
de los participantes tuvieron obesidad, distribuyéndose en
28,4 % con obesidad de tipo |, 7,5 % con obesidad de tipo Il y
2,61 % con obesidad de tipo lll. Una concentracion de glucosa
en ayuna de 108 mg/dl (DE = 38,109 mg/dl) de triglicéridos
de 162,468 mg/dl (DE = 90,996 mg/dl), de colesterol HDL de
51,166 mg/dl (DE = 12,216 mg/dl) y un promedio de la pre-
sion arterial sistolica de 123 mmHg (DE = 16,13) y de presion
arterial diastdlica de 70 mmHg (DE = 10,58).

ANALISIS DE CORRELACION

Al realizar andlisis de correlaciones entre las variables ingre-
sadas al modelo, se encontrd que el IMC se asocio significati-
vamente con ingreso economico (r = -0,114, p = 0,039), afios
de estudio (r = -0,147, p = 0,007), glucosa (r = 0,127, p =
0,018), triglicéridos (r = 0,142, p = 0,008), colesterol HDL
(r=-0,175, p=0,001), presion arterial (r= 0,184, p=0,001),
dieta mediterranea (r = -0,172, p = 0,001) y con estigma de
peso (r=10,334, p=0,001) (Tabla ).

ANALISIS DE REGRESION

Antes de hacer el andlisis de regresion se comprobd el cum-
plimiento de los siguientes supuestos: 1) sobre que la variable
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criterio sea continua y los predictores nominales, intervalares o
de razén se cumple, ya que IMC es continua y todos los predic-
tores son intervalares o de razon; 2) en el caso de la relacion
lineal entre variables predictoras y criterio, se examing el grafico
de residuos estandarizados entre predictores y criterio, y debi-
do a que no habia forma de U, V 0 J, se asume una relacion
lineal; 3) sobre la independencia de los errores, el estadistico
de Durbin-Watson es de 1,883, el cual se encuentra entre 1,5y
2,5, por lo que se asume independencia de las observaciones
y se cumple el supuesto; 4) sobre normalidad de los errores o
residuos, el histograma sugiere que hay una distribucion similar
a la normal, al inspeccionar el grafico Q-Q, se concluye que los
errores presentan una distribucion bastante similar a la normal;
5) sobre homocedasticidad de los residuos, se comprueba el su-
puesto, ya que al observar el grafico de residuales versus valores
de la variable predicha, se asemeja a un rectangulo mas que a
un cono o triangulo, por o que la distribucion de los residuos se
mantiene constante a medida que aumentan o disminuyen los
valores predichos; 6) sobre multicolinealidad, no existe ninguna
correlacion mayor a 0,70 entre los predictores. La mas alta es
entre depresion y estrés = 0,612 (p < 0,001), pero no es nece-
sario mirarla en profundidad porque no excede el 0,7. Al mirar
la tabla de coeficientes, no hay problemas de multicolinealidad
porque los valores de tolerancia son mayores de 0,1y los valores
de VIF son menores de 10. Sobre el supuesto de los outliers, si
bien se detectaron 3 casos (10, 117y 118), la distancia de Cook
fue menor de 0,5 en los tres casos, por lo que se mantuvieron
en el andlisis (29).

En el primer blogque analizado en el modelo de regresion
multiple jerarquica, ninguna covariable sociodemografica
predijo significativamente el IMC (3,319) = 2,40, p = 0,068;
el segundo bloque con las covariables fisiologicas predijo
significativamente el IMC (4,315) = 6,36, p = 0,001, espe-
cificamente HDL (3 = -0,190, p = 0,006) y presion arterial
(3B = 0,158, p = 0,004), este bloque aportd 0,073 al cambio
del R% el tercer bloque incluyo el indice de dieta mediterranea
y aporto a la prediccion del IMC (1,307) = 6,31, p = 0,012, el
cambio del R? fue de 0,020; el cuarto blogue no aportd a la pre-
diccion del IMC (2,305) = 0,06, p = 0,938, y no hubo cambios
en el R? y el dltimo bloque que incluyo el estigma de peso predijo
el IMC (1,304) = 43,91, p= 0,001, aportando 0,112 al cambio
del R? controlando todas las covariables (sociodemograficas vy
fisiologicas) y las variables psicoldgicas y conductual (Tabla II).

DISCUSION

Este estudio tuvo por objetivo determinar el rol predictivo de la
adherencia a la dieta mediterranea, los sintomas depresivos, el
estrés psicoldgico y el estigma de peso en la obesidad medida
a través del indice de masa corporal, controlando las variables
sociodemogréficas y fisiologicas. Los resultados de la regresion
permiten afirmar que el gran predictor de obesidad es el estigma
de peso, controlando el efecto de la dieta mediterranea, los mar-
cadores fisioldgicos y las variables sociodemograficas.
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Tabla I. Correlacion entre las variables

F. Bastias Gonzalez et al.

IMC | Sexo |Ingreso |Estudio| PA Glu TG HDL ([DMed| Estig| SD |EP
indice de masa
corporal (IMC)
Sexo gggg
Ingreso -0,114 | 0,072

0,039 | 0,190
2l o007 | oes | oo |
Presion arterial 0,184 | 0,189 | -0,045 | -0,091 i
(PA) <0,007|<0001| 0411 0,096
Glucosa 0127 | 0,32 | -0,017 | 0,048 | 0,146 |
(Glu) 0,018 | 0,014 | 0,749 0375 | 0,006
Tglicéridos 10) | 555 | 01| 0315 | 0056 | 0025 | <000
Colesterol HDL | ‘0 | Z5oor( 0126 | goor | 6104 | 0058 | <000
Dieta mediterranea | -0,172 | -0,172 | 0,061 0,072 | -0,053 | 0,068 | -0,121 | 0,215
(DMed) 0,001 | 0,001 | 0274 0,193 | 0337 | 0214 | 0,028 | < 0,001
Estigma 0,334 | -0,002 | -0,011 | -0,036 | -0,000 | -0,006 | 0,071 | -0,026 | -0,114

<0,001| 0967 | 0830 0513 | 0997 | 0903 | 0,191 | 0,626 | 0,039
Sintomas 0,009 | -0,253 | -0,141 | -0,121 | -0,044 | -0,055 | -0,093 | 0,034 | -0,025 | 0,140
depresivos (SD) 0,861 | <0,001| 0010 0026 | 0418 | 0309 | 0088 | 0534 | 0650 | 0,010
Estrés percibido 0,004 | -0,1778 | -0,158 | -0,126 | -0,040 | 0,008 | -0,055 | 0,062 | 0,002 | 0,160 | 0,612 |
(EP) 0,939 | 0,001 | 0,004 0020 | 0459 | 0879 | 0312 | 0,256 | 0,960 | 0,003 | < 0,001
En cursiva los valores de p.

Tabla Il. Regresion multiple jerarquica de las variables

Modelo R?a AR? F Gl B t p

Bloque 1 0,020 2,40 3,319 0,068
Sexo -0,026 -0,46 0,645
Ingreso -0,035 -0,50 0,616
Estudio -0,114 -1,35 0,179
Bloque 2 0,093 | 0,073 6,363 4,315 < 0,001
Sexo -0,141 -2,31 0,022
Ingreso -0,027 -0,38 0,707
Estudio -0,075 -0,93 0,353
Glucosa 0,092 1,43 0,153
Triglicéridos 0,027 0,46 0,643

(Contintia en pdgina siguiente)
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Tabla Il (Cont.). Regresion multiple jerarquica de las variables

Modelo R%a AR? F Gl 3 t P
HDL -0,190 -2,75 0,006
Presion arterial 0,158 2,89 0,004
Bloque 3 0,114 | 0,020 6,312 1,307 0,012
Sexo -0,154 -2,48 0,014
Ingreso -0,031 -0,42 0,674
Estudio -0,048 -0,60 0,547
Glucosa 0,113 1,67 0,096
Triglicéridos 0,020 0,34 0,731
HDL -0,178 -2,61 0,009
Presion arterial 0,154 2,90 0,004
indice de adherencia a dieta mediterranea -0,144 -2,55 0,011
Bloque 4 0,114 | 0,000 0,064 2,305 0,938
Sexo -0,159 -2,46 0,015
Ingreso -0,031 -0,43 0,668
Estudio -0,051 -0,65 0,519
Glucosa 0,113 1,65 0,700
Triglicéridos 0,019 0,32 0,748
HDL -0,180 -2,66 0,008
Presion arterial 0,154 2,90 0,004
Indice de adherencia a dieta mediterranea -0,145 -2,57 0,011
Sintomas depresivos -0,014 -0,19 0,851
Estrés psicologico -0,008 -0,12 0,905
Bloque 5 0,226 | 0,112 | 43,917 | 1,304 < 0,001
Sexo -0,170 -2,80 0,005
Ingreso -0,030 -0,47 0,642
Estudio -0,058 -0,79 0432
Glucosa 0,116 1,76 0,080
Triglicéridos -0,005 -0,10 0,920
HDL -0,192 -3,19 0,002
Presion arterial 0,157 2,89 0,004
indice de adherencia a dieta mediterranea -0,095 -1,81 0,071
Sintomas depresivos -0,046 -0,67 0,506
Estrés psicologico -0,051 -0,77 0,443
Estigma 0,345 6,06 < 0,001

RPa: r-cuadrado ajustado; AR?: diferencia de r-cuadrado entre cada bloque, F: estadistico F; gl: grados de libertad; B: coeficiente estandarizado de cada predictor;
t: estadistico prueba t.
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En este estudio, y de acuerdo con los resultados de la co-
rrelacion entre las variables, los participantes que llevaban un
bajo indice de dieta mediterranea tenian mayores riesgos de
obesidad segun el IMC. Estos resultados son coherentes con
la evidencia previa obtenida de estudios observacionales (30) y
experimentales (8), que indica que un patrén de alimentacion
basado en una dieta mediterranea se asocia a un menor de-
sarrollo de sobrepeso y obesidad, asi como también a una
mayor contribucion a la pérdida de peso corporal y la dismi-
nucion de la obesidad ectdpico-visceral; incluso si este patron
alimentario no contara con una restriccion caldrica significativa,
se podria lograr un IMC reducido y mantenido a lo largo del
tiempo (31). Sin embargo, al realizar el andlisis de regresion
e introducir todas las variables, la dieta mediterranea deja de
predecir la obesidad cuando se agrega la variable de estigma
de peso, demostrando con ello que la variable de estigma de
peso es el principal predictor de un mayor IMC. Este resultado
aporta evidencia sobre la importancia de comprender la obesi-
dad como una enfermedad que no debe reducirse Unicamente
a la conducta alimentaria.

Pese a lo anterior, es importante sefialar que 10s beneficios
de la dieta mediterranea se asocian a multiples mejoras de
los factores de riesgo cardiovascular (9,10). Por ejemplo, en
el presente estudio, la dieta mediterranea se asocio en la di-
reccion esperada con los triglicéridos y el HDL, sugiriendo que
este tipo de dieta puede tener ademas un rol cardioprotector.
Adherirse a una dieta mediterranea podria ayudar a contro-
lar estos factores de riesgo cardiometabdlicos que, en niveles
inadecuados, por si solos y mediante distintos mecanismos
(32,33), podrian producir un aumento del peso corporal y de la
obesidad androide (34).

En relacion a las variables psicologicas, el estigma de peso
fue la Unica variable que en este estudio predijo la obesidad;
de hecho, al incluir este predictor, el indice de adherencia a la
dieta mediterranea dejo de ser estadisticamente significativo, por
lo que comprender la obesidad como resultado exclusivamente
de la conducta alimentaria, ademas de ser reduccionista, con-
tribuye a responsabilizar individualmente a las personas por su
enfermedad, desconociendo el rol que otras variables tienen en
la obesidad. Estos resultados estan en linea con otros estudios
que sefalan que la experiencia de ser estigmatizado por el peso
Se asocia a una conducta alimentaria reconfortante que a su
vez genera un mayor IMC por la ingesta de alimentos con alta
densidad calorica (35). El estigma no solo comprometeria una
ingesta por episodios de atracon sino que ademas contribuye a
una desregulacion metabdlica producto de la accion del cortisol,
provocada por el estrés percibido tras la estigmatizacion (36), 1o
que implica mayores dificultades para disminuir el tejido adiposo
y, en consecuencia, el peso y el volumen corporal.

Pese a que se suponia que los sintomas depresivos y el estrés
psicoldgico se asociarian a la obesidad (11), este resultado no se
confirmd. Una posible explicacion del hallazgo nulo es que estas
variables podrian estar ejerciendo su efecto via el estigma de
peso, variable que si se asocio en este estudio al IMC. Al respec-
to, el modelo ciclico de obesidad de Tomiyama (37) menciona
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que una reaccidn comun al estigma de peso es la afectividad ne-
gativa, caracterizada por estrés psicoldgico, variable que tiende
a asociarse a sintomatologia depresiva (38).

Estudios previos permiten afirmar que el malestar psicoldgico,
las emociones negativas y los sintomas depresivos pueden influir
en la toma de decisiones poco saludables como la ingesta de ali-
mentos “reconfortantes” y los episodios de atracon (35), ademas
de alterar el ambiente metabdlico, promoviendo con esto am-
bientes obesogénicos. Es posible que, bajo situaciones de estrés
y emociones negativas, las personas se involucren en conductas
poco saludables como mecanismo de autorregulacion (39). Mas
alla de este hallazgo nulo, la relacion entre estrés psicoldgico,
sintomatologia depresiva y obesidad debe profundizarse en otros
estudios.

Este estudio tiene fortalezas y limitaciones. Dentro de sus for-
talezas destaca el abordaje biopsicosocial como marco de refe-
rencia para el estudio de la obesidad. Lo anterior se ve reflejado
en la incorporacion de variables conductuales, psicologicas vy fi-
sioldgicas al estudio, lo que permite tener una vision mas amplia
e integral del fenémeno. A lo anterior se agrega el uso de instru-
mentos psicoldgicos robustos y validados en la poblacion chilena.

Como limitacion, el disefio no experimental y transversal invita
a ser cauteloso en las interpretaciones causales que se pueden
hacer de sus resultados. No obstante lo anterior, la literatura con-
sultada permite establecer relaciones con causalidad tedrica im-
portante. Otra limitacion esta relacionada con el uso del indice de
masa corporal como proxy de la obesidad, producto de la diversi-
dad fenotipica de las corporalidades, en especial cuando se trata
de obesidad. La inclusion de otras mediciones, como la determi-
nacion de la grasa corporal por bioimpedancia, habria otorgado
otros componentes, como la distincion del tipo de obesidad, y ha-
bria permitido dar cuenta del estado de salud de los participantes.
Pese a esto, se destaca que el IMC sigue siendo un parametro (il
en términos epidemioldgicos pues, en la poblacion general, hay
correlacion del IMC con el riesgo cardiovascular, ademas de co-
rrelacionarse con la imagen corporal, variable que es importante
al considerar el estigma de peso. Otra limitacion de este estudio
es que, si bien considera la dieta mediterranea como una variable
conductual, no se exploré el rol de la actividad fisica, una variable
conductual que también se ha relacionado con la obesidad.

Como futuras lineas de investigacion, para el estudio de la
obesidad es importante considerar un estudio longitudinal que
permita hacer un seguimiento de las variables que pudieran pre-
decir una mayor malnutricion por exceso. De igual manera, una
buena estrategia seria incluir instrumentos de medicion relacio-
nados con las respuestas emocionales derivadas de las expe-
riencias de estigmatizacion o, dado el contexto sanitario actual,
medir como la pandemia de COVID-19 ha influido en la salud
mental y en la conducta alimentaria mediante patrones alimen-
tarios como la dieta mediterranea. Finalmente, seria importante
que los futuros estudios pudieran profundizar en el rol del sexo,
ya que en este estudio fue una covariable que se asocio al IMC,
de tal forma que las muijeres tenian mayor IMC que los hombres
y, por lo tanto, seria interesante indagar si existen diferencias en
las variables de interés segun el sexo.
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En consecuencia, debido a la etiologia multifactorial de la obe-
sidad, es imperioso un enfoque de investigacion biopsicosocial,
puesto que hay diversas variables que influyen en la malnutricion
por exceso. Las politicas publicas de salud han planteado diver-
sas estrategias (40) para hacer frente a este problema, pero co-
munmente visto desde un enfoque biomédico. Los resultados de
este estudio, como lo documentado empiricamente, demuestran
que la obesidad es una enfermedad multicausal y que las dis-
tintas variables, tanto fisiologicas como conductuales y psicold-
gicas, estaran estrechamente vinculadas, por o que el abordaje
deberfa ser igualmente multidisciplinario.
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Serum 25-hydroxyvitamin D correlates with systolic blood pressure in obese male
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La 25-hidroxivitamina D sérica se correlaciona con la presion arterial sistolica en nifios escolares
con obesidad
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Abstract

Introduction: childhood obesity is associated with an increased risk of chronic diseases. We aimed to examine the relation between serum levels
of 25-hydroxyvitamin D (25[0H]D) and blood pressure in obese schoolchildren.

Material and methods: a cross-sectional study in school-age children with obesity. The serum levels of 25(0H)D were measured and clas-
sified as sufficient or insufficient/deficient. Blood pressure was measured. Normal values were considered < 90™ percentile, elevated blood
pressure > 90" to < 95" percentiles, and hypertension > 95" percentile, according to blood pressure reference tables specific for age, sex, and
height. A Pearson correlation was performed.

Results: a total of 256 obese schoolchildren (123 [48.0 %] females and 133 [51.9 %] males) were evaluated. The prevalence rates of vitamin D

deficiency, insufficiency, and sufficiency were 23.4 %, 52.3 %, and 24.2 %, respectively. Normal blood pressure was observed in 101 (39.4 %)

children; the frequencies of elevated blood pressure and hypertension were 10.9 % and 49.6 %, respectively. A moderate inverse correlation

of 25(0H)D levels with systolic blood pressure levels (r = -0.54, p = 0.03) was observed. When analyzed by sex, a significantly high inverse
Keywords: correlation between 25(0H)D levels and systolic blood pressure was observed in males (r = -0.85 and p < 0.001). No significant correlation was
25-Hydrorvitamin D found in females (systolic r = -0.16 and p = 0.67; diastolic r = -0.15 and p = 0.812). When performing the multiple regression analysis, the
Hypertension. Obesity. 25(0H)D levels and BMI were the significant predictors for systolic blood pressure.

Elevated blood pressure. Conclusions: we identified an inverse correlation between 25[0H]D levels and systolic blood pressure in male schoolchildren with obesity.
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Resumen

Introduccion: la obesidad infantil se asocia con un mayor riesgo de desarrollar enfermedades cronicas. El objetivo fue analizar la relacion entre
los niveles séricos de 25-hidroxivitamina D (25[0H]D) y la presion arterial (PA) en escolares obesos.

Material y métodos: estudio transversal en nifios en edad escolar con obesidad. Los niveles séricos de 25(0H)D se clasificaron como suficientes
e insuficientes/deficientes. Los valores de PA se clasificaron como normales si < percentil 90, presion elevada entre los percentiles > 90y < 95,
e hipertension si > percentil 95, de acuerdo con las tablas de referencia de la PA, especificas para cada edad, sexo y altura. Se realizaron una
correlacion de Pearson y una regresion multiple.

Resultados: se evaluaron 256 escolares obesos (123 [48,0 %] mujeres y 133 [51,9 %] hombres). La frecuencia de la deficiencia, insuficiencia y
suficiencia de vitamina D fue del 23,4 %, 52,3 %y 24,2 %, respectivamente. Se observo una PA normal en 101 (39,4 %) nifios; las frecuencias de la
PA elevada y la hipertension fueron del 10,9 % y 49,6 %, respectivamente. Se observé una correlacion inversa moderada de los niveles de 25(0H)D con
los niveles de presion arterial sistolica (PAS) (r = -0,54; p = 0,03). Cuando se analizd por sexos, se observd una correlacion inversa entre los niveles
de 25(0H)D y la PAS en los nifios (r = -0,85; p < 0,001). No se encontrd ninguna correlacion significativa en las nifias (sistélica, r = -0,16; p = 0,67;
diastolica, r = -0,15; p = 0,812). Al realizar el andlisis de regresion multiple, los niveles de 25(0H)D y el IMC fueron predictores significativos de la PAS.

Hipertension. Obesidad.
Presion arterial elevada.

INTRODUCTION

Obesity is defined as a chronic, complex, and multifactorial
disease that is unfavorable to health and characterized by an
excessive increase in body fat (1). Over the past decades, obe-
sity in children has increased worldwide, with an eight-fold in-
crease in children between 5-19 years of age within the period
of 1975 and 2016. By 2016, the number of obese children and
adolescents aged 5-19 years had increased to 50 million girls
and 75 million boys (2). According to the 2018 Health and Nutri-
tion Survey conducted in Mexico, there was a 35.6 % combined
prevalence of overweight and obesity in the school population
(18.1 % overweight and 17.5 % obesity). Said prevalence was
higher in boys (37.8 %) than in girls (33.4 %) (3).

Obese individuals are known to be prone to vitamin D deficien-
cy, because vitamin D is a liposoluble vitamin that is sequestered
in adipose tissue. Vitamin D deficiency and obesity are two inter-
related global epidemics that affect school-aged children. Hypo-
vitaminosis D and vitamin D deficiency have a high prevalence
worldwide, in all age groups. Recent data on 4691 Mexican chil-
dren, 1-11 years of age, were analyzed. Vitamin D deficiency
was found in 17.2 % of school-age children and was positively
associated with the body mass index (BMI) (4). Another study
performed by our group on Mexican children and adolescents
reported 33.5 % insufficiency and 11.5 % deficiency (5). Clear-
ly, obesity and hypovitaminosis D are health problems that have
been described in pediatric populations worldwide.

Many studies have provided evidence of a strong association
between vitamin D and cardiovascular risks, especially involv-
ing blood pressure. Vitamin D deficiency could be linked to the
pathophysiology of hypertension, through its influence on the
renin-angiotensin system (6). Despite the existing information
about the mechanisms through which vitamin D protects against
cardiovascular disease, particularly in the field of pediatric re-
search, studies regarding the association of vitamin D and blood
pressure are controversial (7), and a recent systematic review re-
ported a lack of association between vitamin D status and blood
pressure in children and adolescents (8).

On the other hand, childhood obesity is a risk factor for the de-
velopment of hypertension, but other modifiable factors may also
be involved in its development, such as physical activity and die-
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Conclusiones: identificamos una correlacion inversa entre los niveles de 25[0H]D y la PAS en nifios escolares con obesidad.

tary factors, in which vitamin D could play an important role (9). In
some studies, obese children with lower vitamin D levels have
shown increased odds for hypertension, and that association may
vary among age groups and sex (10-12). Therefore, the aim of the
present study was to examine the relation between serum 25(0H)
D and blood pressure in schoolchildren presenting with obesity.

MATERIAL AND METHODS

STUDY POPULATION

A cross-sectional study was conducted on children be-
tween 6 and 12 years of age, diagnosed with obesity, that attended
four elementary schools, within the time frame of August 2017 and
August 2018. The inclusion criteria were participation acceptance,
statements of informed consent signed by the parents, and obesity
determined by the WHO criteria (13). The exclusion criteria were
children with diabetes, hypothyroidism, or any disease related to
obesity, and children receiving treatment with antiepileptic drugs,
corticoids and/or nutritional supplements, or whose anthropomet-
ric data were missing. The formula for calculating sample size was
based on a correlation (14). The expected correlation between the
two variables was -0.27 (15), with a statistical power of 80 % and
an alpha of 95 %. The estimated sample size was 135 school-
children. Convenience sampling, as opposed to random sampling,
was carried out. The present study was conducted in compliance
with the Declaration of Helsinki and the Research Ethics Commit-
tee of the Hospital Regional Universitario in Colima, Mexico (Reg-
istration number: 2016/1/CR/CL/PD/113).

DATA COLLECTION PROCEDURE
Anthropometric data

All measurements were carried out by trained technicians and
performed according to international anthropometric standards,
following the official anthropometry manual of the International So-
ciety for the Advancement of Kinanthropometry (ISAK, 2001). The
measurements were taken by accredited nutrition researchers, with
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ISAK level 1 international anthropometrism certifications. For weight
and height measurements, 100 g precision and 200 kg capacity
portable scales (SECA model 813®) and 1-mm precision and 2.05-
m capacity portable stadiometers (SECA model 213®) were used.

The children were measured according to standard proce-
dures, wearing lightweight clothing and no shoes. BMI was cal-
culated as weight (kg) divided by height squared (m?). The defi-
nitions of obesity were based on the age-specific BMI Z scores
established by the 2007 WHO criteria (13).

Blood pressure (BP)

BP was consecutively measured 3 times, using an integrat-
ed aneroid sphygmomanometer kit with a stethoscope (RM
1807001E®). An appropriately sized cuff was selected, according
to arm circumference, to ensure that the length and width of the
bladder inside the cuff encircled 80 % and 40 % of the upper arm,
respectively. The stethoscope was placed over the brachial artery
pulse, proximal and medial to the cubital fossa, below the bottom
edge of the cuff. It was taken with the child in a sitting position, us-
ing the left arm. Three readings were taken, at 10-minute intervals,
obtaining the average. Systolic blood pressure (SBP) was identified
using phase | of the Korotkoff sound, and diastolic blood pres-
sure (DBP) was identified by phase V of the Korotkoff sound. SBP
and DBP classifications were made, according to blood pressure
reference tables specific for age, sex, and height. Normal values
were considered < 90" percentile, elevated blood pressure > 90"
to < 95" percentiles, and hypertension > 95" percentile (16,17).

Quantification of serum levels of 25[OH]D

Prior to blood sample collection, the participants fast-
ed 8 to 12 hours. The blood was drawn by a biochemistry spe-
cialist, following the standards of the Clinical and Laboratory
Standards Institute (CLSI). Each blood sample was centrifuged
at 3000 rpm for 10 min to obtain the serum, which was frozen
at -70 °C on site and shipped on dry ice to the multidisciplinary
laboratory of the medical school, until analysis. Vitamin D levels
were measured by enzyme immunoassay, using the ELISA test
(Inmunodiagnostik AG, Bensheim, Germany, Cat. 2154). The con-
centrations were classified according to the cutoff point estab-
lished by the Clinical Practice Guidelines of the Endocrine Society
as follows: < 20 ng/mL of 25-0OH-D corresponded to deficient
levels; 21 to 29 ng/mL to insufficient vitamin D; > 30 to < 100
ng/mL to sufficient vitamin D; and > 100 n/mL to possible vita-
min D poisoning or excess vitamin D (18).

STATISTICAL ANALYSIS

To determine the optimal statistical test to be used, the nor-
mality of data was confirmed or ruled out, using the Kolmogo-
rov-Smirnov test, and the equality of variances was confirmed,
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using the Levene’s test. Descriptive analyses were performed.
The continuous data were presented as means + standard devi-
ations and the categorical variables were presented as numbers
and percentages. A one-way analysis of variance was utilized
to compare the continuous data between groups. For multiple
comparisons, the Tukey’s honest significant difference test was
used. The chi-square test was utilized to compare the categorical
variables between groups. Finally, the Pearson correlation coef-
ficient was used to determine the relationship between 25(0H)D
and blood pressure. We conducted a multiple regression analy-
sis to identify the interaction of the independent variables (age,
BMI and 25(0H)D levels) with the SBP and DBP. The SPSS v25.0
software was utilized for the statistical analysis and statistical
significance was set at a p < 0.05.

RESULTS

Atotal of 256 obese children, 6-12 years of age (123 [48.0 %]
females and 133 [51.9 %] males), that met the selection criteria
were included. The mean age was 8.7 = 2.7 years, and the mean
25(0H)D level was 15.8 + 8.8 ng/mL. The prevalence rates of
25(0H)D deficiency, insufficiency, and sufficiency were 60 [23.4
%], 134 [52.3 %], and 62 [24.2%], respectively. Additional-
ly, 101 [39.4 %)] of the children analyzed had normal blood pres-
sure, 28 [10.9 %] had elevated blood pressure, and 127 [49.6 %)]
presented with hypertension. Table | summarizes the qualitative
variable distribution in the entire study population, according to the
levels of 25(0H)D. The prevalence of elevated blood pressure and
hypertension, regarding SBP, was found to be significantly higher
in the deficient and insufficient group vs the sufficient group.

Table Il summarizes the mean values and quantitative varia-
bles, according to the serum levels of 25(0H)D. The SBP values
in the deficient and insufficient groups were higher than those of
the sufficient group, with statistical significance.

Regarding the correlations between 25(0OH)D levels and blood
pressure, a moderate negative correlation was found between
25(OH)D levels and SBP (r = -0.54 and p = 0.03), and no corre-
lation was found with DBP (r = -0.08 and p = 0.16). When ana-
lyzed by sex, a strong and significant inverse correlation between
25(OH)D levels and SBP was exclusively observed in males
(r=-0.85and p < 0.001); no correlation was found in relation to
female sex (systolic, r = -0.16 and p = 0.67; diastolic, r = -0.15
and p = 0.812). Figure 1 presents scatter plots of 25(0H)D, with
values of SBP and DBP, respectively.

Finally,amultiple regressionanalysis was conducted, predicting the
SBP values. The overall model accounted for approximately 10.2 %
of the variance in SBP values (F (7, 357) = 18.322, p = 0.001), with
BMI and 25(0H)D levels as significant predictors (Table Ill).

DISCUSSION

The present study examined the relationship between serum
25(0OH)D levels and BP in schoolchildren with obesity. The results
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Table I. Distribution of qualitative variables according to the levels of 25(OH)D
in schoolchildren with obesity
25(0OH)D levels
. Total
Variables (n = 256) Deficient Insufficient Sufficient
(n = 60) (n = 134) (n=62) P
Female 123 (48.0 %) 20 (16.2 %) 64 (52.03 %) 39 (31.7 %)
Sex 0.185
Male 133 (51.9 %) 40 (30.07 %) 70 (52.63 %) 23 (17.2 %)
Normal 103 (40.2 %) 39 (37.8 %) 22 (21.35 %) 42 (40.7 %)
Diastolic blood pressure Elevated 64 (25 %) 12 (18.7 %) 39 (60.9 %) 13 (20.3 %) 0.192
Hypertension 89 (34.7 %) 9(10.1 %) 73(82.02 %) 7(7.8%)
Normal 87 (33.9 %) 10 (11.4 %) 25 (28.7 %) 52 (59.7 %)
Systolic blood pressure Elevated 33(12.8 %) 11 (33.3 %) 15 (45.4 %) 7 (21.2 %) 0.001
Hypertension 136 (53.1 %) 39 (28.6 %) 94 (69.1 %)* 3 (2.2 %)t

Data are shown as n (%). The chi-square test was used. *p < 0.05 when deficient vs insufficient, *deficient vs sufficient, and *insufficient vs sufficient were compared.

Deficient: 25(0H)D level < 20 ng/mL; insufficient: 25(0H)D level = 21 to 29 ng/mL; sufficient: 25(0H)D level > 30 ng/mL (23).

Table Il. Distribution of quantitative variables, according to the levels of 25(OH)D
in schoolchildren with obesity

25(OH)D levels
. Total
Variables (n = 256) Deficient Insufficient Sufficient
(n = 60) (n =134) (n =62) P
Age 8.7+27 78+19 86+17 92+19 0.192
Weight (kg) 51.6 +15.7 53.7 +14.5 51.6 +15.7 50.0 +14.5 0.166
Height (cm) 139.8 +12.1 140.5+10.1 139.2 +12.1 140.0 +14.0 0.669
BMI 254 +45 258 +3.3 252 +4.3 255+ 3.7 0.312
SBP (mmHg) 115.7 +13.9 116.7 £ 16.3 1148 +14.5 92.1 +13.0" <0.001
DBP (mmHg) 70.6 +10.4 726 +9.0 70.9 +10.3 69.0 +7.6 0.659
25 (OH) D (ng/mL) 15.8 + 8.8 13.34+35 23.01 + 4.5 30.5+ 0.8 <0.001

Data are shown as mean + standard deviation (ANOVA, Tukey's post-hoc). BMI: body mass index; SBP: systolic blood pressure; BDP: diastolic blood pressure.
*n < 0.05 when deficient vs insufficient; "deficient vs sufficient, and *insufficient vs sufficient were compared. Deficient: 25(0H)D level < 20 ng/mL; insufficient:

25(0H)D level = 21 to 29 ng/mL; sufficient: 25(0H)D level > 30 ng/mL (23).

showed a significant correlation between SBP and 25(QH)D lev-
els in the school-age boys. When analyzing the variables in mul-
tiple regression, the significant predictor variables were 25 (OH)
D levels and BMI. There was no correlation in girls or with DBP.
Our results are consistent with previous studies that identified
an association between 25(0H)D deficiency and hypertension.
For example, in a representative sample of 6275 children and
adolescents (1-21 years of age) from the National Health and
Nutrition Examination Survey, Kumar et al. found an associa-
tion between 25(0H)D insufficiency/deficiency and high systol-
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ic blood pressure, with a 2.24-fold greater risk of developing
high systolic blood pressure. Kao et al. found a 4-fold greater
increase in the OR of having high BP for children in the lowest
25(0H)D quintile, compared with those in the highest quintile,
and it remained significant after BMI adjustment (10). Recent
research performed on 6091 Chinese children and adolescents
identified a significant negative correlation between SBP and
25(0H)D levels. When analyzed by sex, it remained significant
only in girls, contrary to what we found. Nutritional status was not
analyzed (19). In the same study, those authors found a clearly
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Table lll. Multiple regression of SBP

R2? = 0.102 p ANOVA < 0.001
Variable B coefficient P
Age 1.542 0.081
25(H D -0.303 0.037
BMI 1.073 <0.001
Sex 1.212 05

BMI: body mass index. *p < 0.05.

higher prevalence of hypertension in girls with inadequacy and
deficiency of 25(0OH)D status than in girls with adequate status,
which was not observed in boys. In comparison with our results,
we found a higher prevalence of elevated blood pressure and
hypertension in the groups with insufficiency and deficiency of
25(0H)D, and when solely analyzing by sex, there was a signif-
icant correlation in boys. More research must be carried out on
the pediatric population, to determine whether sex affects 25(0H)
D status, and how that status influences blood pressure.

The link between low serum 25(0H)D concentrations and car-
diovascular risk, in children and adolescents, has been described
in observational studies, identifying an association with endothe-
lial dysfunction, increased arterial stiffening, and an increase in
intima-media thickness. A negative correlation between 25(0H)
D levels and SBP and DBP values has also been found, as well
as suppression of the renin-angiotensin-aldosterone system and
parathyroid hormone (PTH), which diminishes sympathetic activ-
ity and stabilizes calcium transport in the vascular smooth mus-
cle. An inverse association of 25(0H)D with systemic markers of
oxidative stress has also been described (6,10,11,20,21).

Interventional studies supplying vitamin D have had inconsist-
ent results, mainly because of the doses given, supplementation
duration, and the cutoff points used for vitamin D deficiency. For
example, a randomized clinical trial conducted by Dong et al.
randomly assigned adolescents to the control group (400 IU/day
of vitamin D3) or the experimental group (2000 IU/day of vitamin
D3) for 16 weeks. They found that optimal vitamin D status was
achieved after 16 weeks of 2000 |U/day of vitamin D3, favorably
improving aortic stiffness in black youths (20).

Regarding nutritional status, we found that vitamin D insuffi-
ciency or deficiency was clearly a frequent issue in the obese
population. Such findings have already been described in ob-
servational and interventional studies performed on adult and
pediatric populations, in which an inverse association between
adiposity (total and central) and vitamin D levels has been found.
A study conducted on prepubertal Chilean children found that
those with suboptimal serum 25(0H)D had a higher risk (2 or
3-fold) for obesity (22). Another study carried out on Spanish
children reported higher body weight, BMI, waist measurement,
and waist-to-height ratio in the group of children with vitamin
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D insufficiency, compared with the group with adequate levels
of vitamin D (23). The mechanisms related to vitamin D and
obesity have been described as follows: vitamin D deficiency
increases PTH levels, leading to an intracellular calcium flux
in adipocytes, enhancing lipogenesis and promoting weight
gain (21). However, obesity may also be the consequence of
poor vitamin D status, since vitamin D is sequestered in a larger
body pool of adipose tissue in obese individuals, leading to less
bioavailable 25(0H)D in the circulation (24). Other associated
factors are low sun exposure and sedentary activities in obese
children (25).

Importantly, the prevalence of elevated systolic-diastolic blood
pressure and hypertension in our study population was present
in half of the children with obesity. A study performed on chil-
dren and adolescents (2-18 years of age) attending a pediatric
weight management clinic identified elevated blood pressure
and stage | hypertension in 14 % and 25 % of the cases, re-
spectively (26), whereas a study conducted on obese Spanish
schoolchildren, 4-6 years of age, reported a prevalence of ele-
vated blood pressure and hypertension of 12.3 % and 18.2 %,
respectively (27). In their study, Yang et al. found that the status
of overweight and obesity doubled the risk of high blood pres-
sure (28). In another study performed on adolescents, those
authors reported that obesity rates were highest among African
American and Hispanic adolescents, and that the Hispanic youths
had the highest rates of hypertension (12). A study conducted
on Chinese children reported that boys presenting with adiposity
had a greater risk of high blood pressure than girls (28). A recent
study performed on Hungarian children (8624) identified a great-
er frequency of high BP in children with obesity, with an OR of
3.6 (29). Obesity is a well-known modifiable risk factor that has
been associated with hypertension in children and adolescents,
and factors such as race could also be important.

Among the limitations of our study is the fact that we did not
measure other factors that could contribute to 25(OH)D levels,
in relation to cardiometabolic disorders, such as sun exposure,
pubertal stage, skin phototype, vitamin D intake, physical activity,
and seasonal variations. However, Colima has a predominantly
sub-humid warm climate (86%) with an average annual temper-
ature of 25 °C (max 30°, min 18°), as described by the Nation-
al Institute of Statistics and Geography (30), so we believe that
the time the serum was taken did not affect the serum 25(0H)
D levels.

CONCLUSION

To the best of our knowledge, this is the first Mexican study to
evaluate the association between BP and serum 25(0H)D levels
in school-age children with obesity, in which 25(0H)D levels had
an inverse correlation with SBP. Therefore, clinical trials should
be conducted to demonstrate whether vitamin D supplementa-
tion could be a therapeutic option in children that present with
BP values > 90 percentile and vitamin D insufficiency or defi-
ciency.
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Abstract

Objective: bioinformatic methods and molecular docking technology were used to predict the active components, targets, and related biological
pathways of the Xiexin capsule in the intervention for dyslipidemia, exploring its mechanism.

Methods: the active components and targets of the Xiexin capsule were screened by the TCMSP (Traditional Chinese Medicine Systems Phar-
macology Database and Analysis Platform )database. Genecards (The Human Gene Database), OMIM (Online Mendelian Inheritance in Man),
PharmGkb (Pharmacogenomics Knowledge Base database), TTD (Therapeutic Target Database), and Drugbank platforms were used to search
the disease targets of dyslipidemia. The Cytoscape 3.8.0 software was used to construct the ‘component-target’ network diagram, and the
STRING (functional protein association networks) platform was used to analyze protein-protein interaction (PPI). Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomics (KEGG) enrichment analyses were performed by R language data packets to predict the mechanism of
action. The AutoDockVina and PyMol software were used to dock the key active components in the Xiexin capsule and the core proteins in PPI.

Results: a total of 66 effective components were screened, involving 114 targets; 87 key active compounds were screened from the ‘drug-com-

ponent-target’ diagram. The PPI network mainly involved core proteins such as PTGS?2 (prostaglandin-endoperoxide synthase 2), PTGS1 (pros-

taglandin-endoperoxide synthase 1), and HSPO0AAT (heat shock protein 90 alpha family class A member 1). GO and KEGG enrichment analysis

results of common targets mainly involved hormone-mediated signaling pathway, steroid hormone response, lipid transport and metabolism,

regulation of cholesterol storage, cyclooxygenase pathway, and other biological pathways, as well asMM PPAR (peroxisome proliferators-activated

receptor) signaling pathway, IL-17 (interleukin 17) signaling pathway, PI3K-Akt (protein kinase b) signaling pathway, FceRlI signaling pathway, and
Keywords: other related pathways. Molecular docking verification showed that quercetin had the best binding with the core target protein HSP90AA1, and
Xiexin capsule HSPI0AAT was the target protein with the best binding activity for the key chemical components in Xiexin capsules.

Dyslipidemia. Conclusion: the main chemical components in the Xiexin capsules may participate in the regulation of PPAR and other signaling pathways by
Bioinformatics. Molecular regulating key genes such as ESR1 (estrogen receptor 1), MAPK14 (mitogen-activated protein kinase 14), and HSP90AAT, to exert the pharma-
mechanism. cological effect of the intervention on dyslipidemia.
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Resumen

Obijetivo: se utilizaron métodos bioinformaticos y técnicas de acoplamiento molecular para predecir los componentes efectivos, 10s objetivos y
las vias bioldgicas relacionadas de la capsula Xiexin en la intervencion de la dislipidemia y explorar su mecanismo.

Métodos: los componentes activos y los objetivos de la capsula Xiexin fueron seleccionados por la base de datos TCMSP. Se utilizaron las
plataformas Genecards, OMIM, PharmGkb, TTD (Therapeutic Target Database) y Drugbank para buscar las dianas de la enfermedad en la
dislipidemia. El diagrama reticular “componente-diana” fue construido por el software Cytoscape 3.7.0, y la interaccion proteina-proteina (PPI)
fue analizada por la plataforma STRING. Los andlisis de enriquecimiento de Gene Ontology (GO) y Kyoto Encyclopedia of Genes and Genomics
(KEGG) se realizaron mediante paquetes de datos en lenguaje R para predecir el mecanismo de accion. El software AutoDockVina y PyMol se
utilizd para unir los componentes activos clave de la capsula Xiexin y las proteinas clave de la PPI.

Resultados: se seleccionaron 65 componentes activos y 114 dianas. Veintitrés compuestos activos clave fueron seleccionados a partir de la
tabla “componentes farmacéuticos-dianas”. Las redes PPI incluyen principalmente proteinas basicas como PTGS2, PTGS1 y HSP90AAT. Los
resultados del andlisis de enriquecimiento de GO y KEGG en los objetivos comunes se refieren principalmente a la via de sefializacion mediada
por esteroides, la respuesta hormonal esteroidea, el transporte y metabolismo lipidicos, la regulacion del almacenamiento de colesterol, la via de
la ciclooxigenasa y otras vias biologicas, asi como la via de sefializacion de PPAR, la via de sefializacion de IL-17, la via de sefializacion de PI3K-
Akt, la via de sefializacion de FceRl y otras vias relacionadas. La prueba de acoplamiento molecular mostré que la quercetina se une mejor a la
proteina diana central HSP90AAT, que es la proteina diana con la mejor actividad de union de los componentes quimicos clave de la capsula Xiexin.

Conclusion: los principales componentes quimicos de la capsula Xiexin pueden participar en la regulacion de la PPAR y otras vias de sefializacion
mediante la regulacion de genes clave como ESR1, MAPK14 (mitogen-activated protein kinase 14), HSP90AAT, por o que pueden desempefiar
un papel farmacoldgico en la intervencion de la dislipidemia.

INTRODUCTION

Dyslipidemia refers to the abnormal quality and quantity of
lipid substances in plasma, the increase of cholesterol and/
or triglyceride in plasma, and the decrease of high-density li-
poprotein (1). Lipid exists in the form of binding lipoprotein in
plasma, circulating and metabolizing through the intestinal tract
and liver through exogenous/endogenous metabolic pathways,
respectively, which is closely related to energy supply and ath-
erosclerosis (2). At present, it is believed that a variety of acute
and chronic diseases are closely related to dyslipidemia, such
as acute pancreatitis, coronary heart disease, cerebral infarc-
tion, and fundus changes of hyperlipidemia (3-6). There is no
name for dyslipidemia in TCM, but pathological products such
as phlegm turbidity and blood stasis are quite similar to dyslipi-
demia, especially blood turbidity. For a variety of diseases, such
as chest obstruction, heartache, syncope, stroke, etc., there is a
syndrome of phlegm turbidity accumulation/blood stasis stagna-
tion, and its pathogenicity is obvious (7,8).

At present, the drugs used in clinical intervention of dyslipi-
demia mainly include HMG-CoA (3-hydroxy-3-methylglutaryl
coenzyme A) (reductase inhibitors, phenoxy aromatic acids, nic-
otinic acid, cholic acid chelating agents, intestinal cholesterol
absorption inhibitors, n-3 fatty acid preparations, etc. (9-13). The
most widely used class is statins, which can reduce serum cho-
lesterol and low-density lipoprotein, and also reduce triglycerides
to a certain extent. However, some patients still have an intoler-
ance to the above six lipid-lowering drugs, drug resistance, or
poor compliance, which affect the prognosis of patients (14-17).

A Chinese herbal compound has great potential in the interven-
tion of dyslipidemia. It has the characteristics of extensive effect,
low toxicity and side effects, and stable curative effect (18). lts
advantages in improving prognosis cannot be ignored. Bioinfor-
matics is the result of integrating medicine, computer science,
statistics, and other multidisciplinary theories and research meth-
ods, which can better analyze and predict the molecular mech-
anism of traditional Chinese medicine compound intervention in

diseases, which is consistent with the multi-target, multi-chan-
nel, and multi-faceted treatment of traditional Chinese medicine
(11,19,20). Therefore, bioinformatics can further effectively guide
the connotation mining and new drug research and development
of traditional Chinese medicine prescriptions to enrich the theory
of traditional Chinese medicine and promote clinical development.

Based on this, this paper uses bioinformatic methods to study
the potential molecular mechanism of the Xiexin capsule in the
intervention of dyslipidemia from an overall perspective, taking
the hospital preparation of the Xiexin capsule in the First Affiliated
Hospital of Hunan University of Traditional Chinese Medicine as
the starting point and provides some reference for subsequent
research (Fig. 1).

XieXin Capsule
(XXC)

Drug target acquisition

Pharmaceutical ingredients
‘ @RUGBANK
v
Gene name
v
L Disease target
Intersection gene J
0 | @ o b
v v v
q GO/KEGG
“Herb-Ingredient- Topolog§031
Target Network of analysis l
XXC against
dyslipidemia ‘

&3 pymoL ¢ AutoDock

Figure 1.
low diagram of the study (XXC: xiexin capsules).
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METHODS

SELECTION OF EFFECTIVE COMPONENTS
AND PREDICTION OF TARGETS
OF THE XIEXIN CAPSULE

The Xiexin capsule is a hospital preparation of the First Affil-
iated Hospital of Hunan University of Traditional Chinese Med-
icine. It is composed of three herbs: Rheum officinale Baill,
Scutellaria baicalensis Georgi, and Coptis chinensis Franch.
The effective components and corresponding targets of the
above three Chinese medicines were searched by the TCMSP
database (https://tcmspw.com/tcmsp.php). Oral bioavailabili-
ty (OB) and drug-likeness (DL) are two important indexes used
to evaluate the gastrointestinal absorption of Chinese herbal
medicines and the possibility of becoming potential drugs; OB
refers to the speed and extent of the drug being absorbed into
the human circulation, which describes the percentage of oral
drug absorbed from the gastrointestinal tract and through the
liver to the circulating blood. DL refers to the similarity between
compounds and known drugs. Drug-like compounds are not
drugs, but may become drugs. According to the official rec-
ommended screening criteria, OB > 30 % and DL > 0.18 were
used as screening conditions (21,22). Use the UniProt data-
base (https://www.uniprot.org/) to obtain the official target gene
name.

THERAPEUTIC TARGETS FOR DYSLIPIDEMIA

Using “hyperlipidemia”, “hypertriglyceridemia” and “hypercho-
lesterolemia” as keywords, the Genecards (https://www.gene-
cards.org/), OMIM (https://omim.org/), PharmGKB (https://www.
pharmgkb.org/), TTD (http://db.idrblab.net/ttd/), and DrugBank
(https://go.drugbank.com/) disease databases were searched to
obtain the disease targets of dyslipidemia. DrugBank was first
searched for indications and the corresponding disease targets
of drugs were obtained according to the search results. The dis-
ease targets obtained in Genecards were filtered according to a
relevance score > 1.

CONSTRUCTION OF COMPONENT-TARGET
MAP

To understand the interaction between the predicted targets
of the main active components of the Xiexin capsule and the
targets of dyslipidemia, the predicted targets of the Xiexin cap-
sule and the related targets of dyslipidemia were crossed us-
ing the Perl software to obtain the key genes of drug-disease
and the intersection of drug targets and disease genes. The
drug target-disease intersection was aggregated into a file and
imported into Cytoscape 3.8.0 software to construct the com-
ponent-target network diagram by using its Network Analyzer
function.

[Nutr Hosp 2022;39(3):569-579]

PPI NETWORK CONSTRUCTION
AND TOPOLOGY ANALYSIS

The obtained intersection target genes were imported into the
String platform (https://string-db.org/), species was set as ‘Homo
sapiens', the combined score (the lowest interaction score) was
setto 0.4, and the free nodes were removed to obtain the protein
interaction network diagram. Thus we can get the core genes
of the Xiexin capsule in the treatment of dyslipidemia. The Cy-
toscape 3.8.0 software was used to download CytoNCA, and
further topology analyses were carried out according to network
centrality.

GO AND KEGG ENRICHMENT ANALYSIS

DOSE, cluster profiler, enrichment plot, path view, and oth-
er related packages of R language were used to perform gene
ontology (GO) function enrichment analysis and Kyoto gene
and genome encyclopedia (KEGG) pathway enrichment anal-
ysis on the overlapping genes. GO function enrichment anal-
ysis described the possible forms of molecular functions of
gene products, involved biological processes, and the cellular
environment. KEGG pathway enrichment analysis refers to
the most significant biological process obtained by classifying
known genome annotation information. It can predict the poten-
tial mechanism of the Xiexin capsule active ingredients in the
intervention of dyslipidemia. The first 10 items of significantly
enriched BP (biological process), CC (cell component), and MF
(molecular function) were selected to draw the histogram. The
first 30 pathways with significant enrichment were selected to
draw the bubble diagram.

MOLECULAR DOCKING

Select the top 3 active compounds in drug-component-tar-
get as small molecule ligands: quercetin, wogonin, baicalein.
Molecular docking was performed with the first three target
proteins of the six key targets obtained after PPl network topol-
ogy analysis, namely ESR1 (estrogen receptor 1), MAPK14,
and HSP90AA1. The SDF file of the 2D structure of the active
ingredient was downloaded from the PubChem CID database
(https://pubchem.nchi.nlm.nih.gov), and the 2D structure of
the core gene-related proteins was downloaded from the PDB
database (http://www1.rcsb.org/). The ligands and non-pro-
tein molecules(such as water molecules) in the target proteins
were removed by PyMOL software and then saved as the PDB
format file. AutoDock Tools 1.5.6 software was used to hy-
drogenate the crystal structure and calculate the charge of
the protein. All ligand and receptor files were stored in PDB
format. The Autodock Vina software was used for molecular
docking, and the lowest binding energy was calculated. The
PyMol software was used to generate a molecular docking
model diagram.
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RESULTS

SELECTION OF EFFECTIVE COMPONENTS
AND PREDICTION OF TARGETS OF THE
XIEXIN CAPSULE

In the TCMSP database, 66 compounds were screened under
the conditions of OB > 30 % and DL > 0.18, including 16 Rheum
officinale Baill, 36 Scutellaria baicalensis Georgi, and 14 Coptis
chinensis Franch. Uniprot database was used to standardize the
corresponding targets of effective components, and * Reviewed
“and ‘ Human ‘ were selected to download the standard target
name. By matching and deleting duplicate values, 114 targets
were finally obtained.

THERAPEUTIC TARGETS FOR DYSLIPIDEMIA

Genecards, OMIM, PharmGkb, TTD, and Drugbank disease da-
tabases were, and the number of dyslipidemia targets was, 897,
13, 580, 16, and 68 after screening and removing the repeat-
ed values. The intersection of drug targets and disease targets
was 87 (Fig. 2).

Drug Disease

Figure 2.

Crossplot of action targets and dyslipidemia targets of the Xiexin capsule. The
orange circle is the disease target, the blue circle is the drug target, and the
intersection part is the common target of drugs and diseases.

CONSTRUCTION OF COMPONENT-TARGET
MAP

The intersection of predicted targets of the Xiexin capsule and re-
lated targets of dyslipidemia was imported into the Cytoscape 3.8.0
software, and its Network Analyzer function was used to construct
a component-target network diagram. We adjusted area size, color
depth, and sorting of nodes (target genes) in the network to some
degree. The combined score is represented by the size of the line,
and the drug-component-disease target diagram was finally ob-
tained (Fig. 3). A total of 132 nodes, 384 edges was obtained. It can

K. Yao et al.

be seen from the figure that the active ingredients of MOL0O00098
contain the most relevant target genes (67), and the active ingre-
dients MOL000173, MOL002714, MOL000449, and MOLO01689
are related to 17,15, 13, and 12 targets, respectively. Among them,
PTGS?2 is the largest number of effective components correspond-
ing to target genes(40), followed by PTGS1 (36), HSP90AAT (35),
NCOAZ2 (nuclear receptor coactivator 2) (28), and NOS2 (23).

Figure 3.

Drug-Component-Target diagram of the Xiexin capsule. The brown part represents
the target, and the concentric circles represent the effective components of the
drug. Blue is Scutellaria baicalensis Georgi, green is Rheum officinale Baill, and
apricot is Coptis chinensis Franch.

PPI NETWORK CONSTRUCTION AND
TOPOLOGY ANALYSIS

The selected Xiexin capsule and 87 common targets of dyslipi-
demia were submitted to the STRING platform. The species first
located ‘Homo sapiens’, the combined score (the lowest interactive
score) was set to 0.4, and the free nodes were removed to obtain
the PPI network of the Xiexin capsule. The reader may visualize the
files generated by the STRING database through Cytoscape 3.8.0
(Fig. 4). The network involves 23 nodes and 63 edges, in which the
nodes represent the target gene and the edges represent the inter-
action between the target genes. CytoNCA of Cytoscape 3.8.0 was
used for topological analysis, and relevant indicators were select-
ed: betweenness centrality (BC), closeness centrality (CC), degree
centrality (DC), eigenvector centrality (EC), local average connec-
tivity (LAC), and network centrality (NC). Gene-related indicators
were screened, and genes greater than the median of all indicators
(BC>8.63,CC > 0.5,DC > 6,EC > 0.21, LAC > 2.3, NC > 3.6)
were selected for subsequent analysis. After one screening,
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Figure 4.
PPI network diagram of Xiexin capsule intervention dyslipidemia targets.

six core genes were finally obtained and sorted according to DC.
The core genes were ESR1, MAPK14, HSP90AAT, PTGS2, NCOA2,
and NCOA1 (nuclear receptor coactivator 1) (Fig. 5).

GO AND KEGG ENRICHMENT ANALYSIS

DOSE, cluster profiler, enrichment plot, path view, ggplot2, and
other related programs of R language were used to conduct gene
enrichment analysis on 87 potential targets of Xiexin capsules,
and 969 GO enrichment entries were obtained, including 867 bi-

ological processes (BP), 4 cellular components (CC), and 98 mo-
lecular functions (MF). The top 10 GO entries of BP, CC, and MF
were selected to draw the histogram, and the top 30 entries of
KEGG were selected to draw the bubble diagram (Fig. 6 and Fig. 7).
Bioprocess enrichment showed that hormone-mediated signaling
pathways, steroid hormone response, lipid transport and metabo-
lism, cholesterol storage regulation, cyclooxygenase pathway, and
other biological processes played an important role in the interven-
tion with the Xiexin capsule in dyslipidemia. KEGG enrichment anal-
ysis showed that the main pathways related to dyslipidemia were
the PPAR signaling pathway, IL-17 signaling pathway, PI3K-Akt
signaling pathway, and FceRl signaling pathway (Fig. 8 and Fig. 9).

MOLECULAR DOCKING

The first three main active compounds in the “Drug-Compo-
nent-Target” network with the closest interaction with the target
were selected as small molecule ligands: MOL0O00098 (querce-
tin), MOLO00173 (wogonin), and MOL0O02714 (baicalein). Molec-
ular docking was performed with the first three core target pro-
teins obtained after PPl network topology analysis, namely ESR1,
MAPK14, and HSP90AA1. Molecular docking was performed
using the Autodock Vina software and the minimum binding en-
ergies of each protein to small molecular ligands were calculated
(Table ). The smaller the binding energy, the greater the affinity
between the receptor and the ligand, and the more stable the
spatial conformation. We used the PyMol software for visualiza-
tion (Fig. 10). The results showed that the binding energy of each
compound to protein was less than -4.0 kcal-mol”, indicating
that each compound could bind to protein closely. Baicalein had
the highest affinity with ESR1, wogonin had the highest affinity
with MAPK14, quercetin had the highest affinity with HSP90AAT.

RXRA
noas
o PTGS2
i FPARD
KDR
il MAPK14
POARG ADREZ F2
NC a2
T NCOAT
ESR1
MARK14 L
- PTCEZ AeR1Bt
HSPE0AAT
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HEPR0&AT
OFPL
NCOAZ
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SR
Figure 5.

Topological analysis of intersection genes.
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GO enrichment analysis of Xiexin capsule on dyslipidemia.
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KEGG enrichment analysis of Xiexin capsule on dyslipidemia.
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KEGG enrichment results and potential regulatory network prediction of Xiexin capsules: the PPAR signaling pathway.
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KEGG enrichment results and potential regulatory network prediction of Xiexin capsules: the IL-17 signaling pathway
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Table I. Binding energy of main active
ingredients with the target protein

. Lowest binding energy
Active CAS ID (kcal-mol-)
ingredient
ESR1 | MAPK14 | HSP90AA1

Quercetin 117-39-5 | -8.3 -7.9 -9.2

. 632-85-
Wogonin 910-29-7 -6.0 -8.1 -8.7
Baicalein 491-67-8 | -85 -4.7 -1.8
DISCUSSION

MODERN SCIENTIFIC CONNOTATION OF
COMPATIBILITY OF THE XIEXIN CAPSULE

The Xiexin capsule is a hospital preparation developed by Pro-
fessor Chen Xinyu in the First Affiliated Hospital of Hunan Univer-
sity of Traditional Chinese Medicine, which has been used safely
for more than 10 years. The main components are Rheum offic-
inale Baill, Coptis chinensis Franch, and Scutellaria baicalensis
Georgi. The traditional Chinese medicine compound was born in
Zhongjing Xiexin Decoction (Synopsis of Golden Chamber) cloud:
lack of heart gi, vomiting, bleeding, Xiexin Decoction. Professor
Chen Xinyu believes that dyslipidemia is closely related to the
evil of blood turbidity. Blood turbidity can be caused by an im-
balance of cooling and heat in the blood, or by cold coagulation,
or heat accumulation. Blood turbidity is deposited in the wall of
the pulse, blocking the wall of the pulse, and gi and blood stasis.
It can lead to phlegm turbidity, blood stasis, daily heat, or cold

K. Yao et al.

knots, circulation, and malignant causality. Therefore, Professor
Chen Xinyu from the “fire evil” point of view, “Qingfa” argument,
uses Xiexin capsule to reduce fire evil and clear blood turbidity.
This study found that the main key active ingredients in the Xiexin
capsule were quercetin, wogonin, baicalein, stigmasterol, acace-
tin, etc. Through the synergistic effect of the traditional Chinese
medicine compound, it may activate the PPAR signaling pathway,
the IL-17 signaling pathway, PI3K-Akt signaling pathway, FceRl
signaling pathway, and then regulate downstream related targets
to intervene in dyslipidemia, which is in line with the principle
of syndrome differentiation and treatment of traditional Chinese
medicine. Huanglian is the monarch in the prescription, purging
the heart and solid fire, treating the root of the disease, elimi-
nating evil fire is turbid and clear. Modern pharmacology shows
that berberine in Coptis chinensis Franch can reduce the levels
of serum total cholesterol, triglyceride, and low-density lipopro-
tein in animal models. The mechanism is to activate the PPAR
signaling pathway and regulate the mRNA and protein expres-
sion of low-density lipoprotein receptor (LDLR) and cholesterol
7a-hydroxylase (CYP7A1 [cytochrome P450 family 7 subfamily
A member 1]) (23-25). Scutellaria, Rheum officinale Baill as the
subject medicine, scutellaria’ bitter to dry wet, cold to win the
heat, with Coptis heart and purging heart fire. Badawy found that
the levels of oxidative stress, apoptosis, and inflammatory re-
sponse in cisplatin-induced nephrotoxicity rats were decreased
by using wogonin, and the inflammatory response in the process
of renal damage was well inhibited (26). By activating the PPAR
signaling pathway and IL-17 signaling pathway, the downstream
PPAR-y was up-regulated, while the activities of IL-1f, TNF-a
(tumour necrosis factor o), NF-kB (nuclear factor kappa B), and
caspase-3 were inhibited to varying degrees (27). Li further con-
firmed that wogonin can increase the expression of PPAR-y, in-
hibit the expression of TNF-o. and IL-6, and also has a significant
anti-inflammatory effect in alcoholic liver disease animal models.

Figure 10.

Molecular docking pattern of the main compounds of the Xiexin capsule with key targets. Figure A is the binding pattern of HSP9OAA1 with quercetin, figure B is the binding
pattern of MAPK14 with wogonin, figure C is the binding pattern of HSP90AAT with baicalein.
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Rheum officinale Baill bitter cold, good at heat down, auxilia-
ry Huanglian to dissipate the heat of the heart and diaphragm,
and blood stasis, disease care, clear blood turbidity to eliminate
chronic illness (28). Through the analysis of Rheum officinale
Baill extract, it is found that the stilbene compound deoxy radish
sulfur contained in Rheum officinale Baill extract can significantly
reduce the expression of inflammatory/apoptosis-related proteins
such as NF-xB, PTGS2, and iNOS, and its role involves a series
of signaling pathways such as PI3K-Akt/MAPK/IL-17 (29). An
animal study showed that the Xiexin Decoction increased the
mRNA levels and activities of key enzymes for short-chain fatty
acid synthesis such as acetate kinase (ACK) and methylmalonyl
COA decarboxylase (MMD), thereby increasing the production of
short-chain fatty acids by intestinal microflora, further improving
insulin sensitivity and reducing fat accumulation (30).

REGULATORY NETWORK OF THE XIEXIN
CAPSULE ON DYSLIPIDEMIA

Based on the previous studies of the research group, the Xiex-
in capsule has a significant effect on the intervention of dyslipi-
demia. However, its potential molecular mechanism is not clear.
The results showed that the active components of Xiexin cap-
sule may regulate ESR1, MAPK14, HSP90AA1, PTGS2, NCOA2,
NCOA1, and other targets by activating/inhibiting the PPAR sign-
aling pathway, IL-17 signaling pathway, PI3K-Akt signaling path-
way, and FceRl signaling pathway, and then play an intervention
role in dyslipidemia. Based on the above studies, it is speculated
that the Xiexin capsule may intervene in dyslipidemia through
two aspects. First, it directly regulates the related pathways of
lipid metabolism disorders, such as the PPAR signaling pathway,
and mediates downstream ApoA, CETP, PLTP, MTP, and other
proteins, as well as LDLR, LRP/LCAT, and other receptors and
enzymes, thereby directly regulating the generation and metabo-
lism of lipids. On the other hand, it may activate/inhibit oxidative
stress, inflammatory response, and apoptosis-related pathways
such as IL-17 signaling pathway, PI3K-Akt signaling pathway,
and FceRl signaling pathway by participating in the oxidative and
inflammatory reactions of cells in the body, and further, affect the
downstream Bcl-2/Caspase9/p53/NF-kB/PTGS2/INOS/ERK and
other related proteins. After the formation of lipid accumulation,
it can reduce the level of inflammatory infiltration in the blood
vessel, delay the formation and development of atherosclerotic
plaques, and reduce cell apoptosis, and ultimately prevent and
treat atherosclerosis. Through literature review, it is found that
peroxisome proliferators-activate receptors (PPAR) are nuclear
hormone receptors activated by fatty acids and their derivatives.
The essence of PPAR is a ligand-dependent transcriptional reg-
ulator that regulates intracellular lipid metabolism, including
three subtypes: PPARa, PPARB/S, PPARy (31,32). PPARa. main-
ly regulates lipid metabolism in the liver and skeletal muscle,
then affecting clearing circulation or intracellular lipids. PPARB/d
regulates lipid oxidation, and PPARy is involved in adipocyte dif-
ferentiation and sugar uptake (33,34). In the early studies, by
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comparing the gene array analysis of high-fat diet and normal
diet animals, it was found that the serum cholesterol of animal
models with a long-term high-fat diet increased, and the PPAR
signaling pathway was activated. The downstream gene expres-
sions of LPL (lipoprotein lipase), PPARc., PPARy, CD36, AQP7
(aquaporin 7), CPT1b (carnitine palmitoyltransferase 1B), and
FABP?2 (fatty acid binding protein 2) were significantly up-regu-
lated (35,36). The expression of PPARa., CYP7A1, APOB, APOE,
and HMGCS1 mRNA was increased in the animal model by drug
intervention, which indicated that the PPAR signaling pathway
was activated in the process of lipid metabolism, and the down-
stream genes of PPARa., CYP7A1, APOB, APOE, and HMGCS1
were regulated, which promoted the conversion of cholesterol
to bile acid, and reduced the level of cholesterol in the serum
by increasing the excretion of bile acid (37). In the process of
clinical diagnosis and treatment, the control of blood lipids is
not the ultimate goal, and the prevention and treatment of long-
term complications such as atherosclerosis, non-alcoholic liver
disease, cerebrovascular disease, and kidney disease are more
valuable (38). IL-17, PI3K-Ak, FceRI, and other signaling path-
ways are involved in the occurrence and development of several
complications of dyslipidemia in terms of inflammatory response
and apoptosis. Recent studies have shown that the above path-
ways may improve lipid clearance and metabolism by reducing
the inflammatory response and adjusting intestinal flora (39-42).
A drug study on atorvastatin found that the levels of blood li-
pid-related proteins, including TC (total cholesterol) (19, LDL (low
density lipoprotein), HDL (high-density lipoprotein), and TG, were
improved to varying degrees by using lipid-lowering drugs to in-
tervene in patients with hyperlipidemia. Accordingly, the down-
stream genes of the IL-17 pathway, such as CRP (C-reactive
protein), MCP-1 (macrophage chemoattractant protein 1), IL-1p,
IL-6, and TNF-a., are reduced, suggesting that the regulation
of dyslipidemia may require the mediation of anti-inflammatory
pathways (43).

CONCLUSION

Based on the results of this study and the review of the rel-
evant literature, it is speculated that Xiexin plays a role against
dyslipidemia through two mechanisms. On the one hand, the
PPAR signaling pathway is activated to regulate downstream tar-
gets such as ApoA, CETP, PLTP, MTP, CYP7A1, and peroxisomal
acyl-coenzyme A oxidase (ACOX), thus directly participating in
the process of lipid-binding/transport/metabolism. On the other
hand, by activating/inhibiting the IL-17 signaling pathway, PI3K-
Akt signaling pathway, and FceRlI signaling pathway, the down-
stream targets of ESR1, MAPK14, HSP90AA1, PTGS2, NCOA2,
NCOA1, CRP, MCP-1, IL-18, IL-6, and TNF-o are regulated, and
then intervene to improve inflammatory response, reduce ap-
optosis and regulate the intestinal flora, thereby indirectly inter-
fering with dyslipidemia and preventing long-term target organ
complications (Fig. 11).
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Figure 11.

Potential mechanism prediction of the Xiexin capsule on dyslipidemia (ACOX: peroxisomal acyl-coenzyme A oxidase; XXC: xiexin capsules).
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Resumen

Introduccion: estudiar el porcentaje de grasa corporal (%GC) en nifios y adolescentes es muy relevante, puesto que un elevado nivel de grasa
corporal en la infancia y la adolescencia representa sobrepeso y obesidad.

Obijetivo: identificar los indicadores antropométricos que se relacionan con el %GC y validar ecuaciones de regresion para predecir el %GC de
nifios y adolescentes a partir del uso de la absorciometria de rayos X de doble energia (DXA) como método de referencia.

Métodos: se disefid un estudio descriptivo (transversal) en 1126 escolares (588 hombres y 538 muijeres) de la region del Maule (Chile). El
rango de edad oscila desde los 6,0 hasta los 17,9 afios. Se evaluaron el peso, la estatura, dos pliegues cutaneos (tricipital y subescapular) y
la circunferencia de la cintura (CC). Se calcularon el indice de masa corporal (IMC), el indice ponderal (IP) y el indice cintura-estatura (ICE). Se
evalud el porcentaje de grasa corporal (%GC) por medio del escaneo DXA.

Resultados: las relaciones entre X (Tricipital + Subescapular), IP e ICE con el %GC (DXA) fueron de R? = 52-54 % en hombres y R? = 41-49 %

en mujeres. Las ecuaciones generadas para los hombres fueron: %GC = 9,775 + [(0,415 * (Tr + SE)] + (35,084 * ICE) - (0,828 * edad),

R?=70 %,y %GC = 20,720 + [(0,492 * (Tr + SE)] + (0,354 * IP) - (0,923 * edad), R? = 68 %; y para mujeres: %GC = 8,608 + [(0,291 *
Palabras clave: (Tr + SE)] + (38,893 * ICE) - (0,176 * edad), R? = 60 %, y %GC = 16,087 + [(0,306 * (Tr + SE)] + (0,818 * IP) - (0,300 * edad), R* = 59 %.
Porcentaje de grasa Conclusidn: este estudio demostro que la sumatoria de l0s pliegues cuténeos tricipital y subescapular, el IP y el ICE son adecuados predictores

corporal. DXA. Ecuaciones.  del %GC. Estos indicadores permitieron desarrollar dos ecuaciones de regresion aceptables en términos de precision y exactitud para predecir
Nifios. Adolescentes. el %GC en nifios y adolescentes de ambos sexos.
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DESARROLLO DE ECUACIONES ANTROPOMETRICAS PARA PREDECIR EL PORCENTAJE DE GRASA CORPORAL TOTAL 581
EN NINOS Y ADOLESCENTES CHILENOS

Keywords:

Body fat percentage.
DXA. Equations. Children.

Abstract

Introduction: studying the percentage of body fat (%BF) in children and adolescents is very relevant, since a high level of body fat in childhood
and adolescence represents overweight and obesity.

Objective: to identify the anthropometric indicators related to %BF and to validate regression equations to predict %BF in children and adolescents
using dual-energy X-ray absorptiometry (DXA) as a reference method.

Methods: a descriptive study (cross-sectional) was designed in 1126 schoolchildren (588 males and 538 females) from the Maule region
(Chile). The age range ranged from 6.0 to 17.9 years. Weight, height, two skinfolds (tricipital and subscapular and waist circumference (WC) were
evaluated. Body mass index (BMI), triponderal mass index (TMI), waist height index (WHtR) were calculated. Body fat percentage (%BF) was
assessed by DXA scanning.

Results: the relationships between K (Tricipital + Subscapular), TMI and WHtR with %BF (DXA) ranged from R? = 52 % to 54 % in men, and from
R% = 41 % to 49 % in women. The equations generated for men were: %BF = 9.775 + [(0.415 * (Tr + SE)] + (35.084 * WHtR) - (0.828 * age),
R? =70 %, and %BF = 20.720 + [(0.492 * (Tr + SE)] + (0.354 * TMI) - (0.923 * age), R* = 68 %], and for women: %BF = 8.608 + [(0.291 *
(Tr + SE)] + (38.893 * WHR) - (0.176 * age), R? = 60 %, and %BF = 16.087 + [(0.306 * (Tr + SE)] + (0.818 * TMI) - (0.300 * age), R? = 59 %.
Conclusion: this study showed that the sum of tricipital and subscapular skinfolds, IP and WHIR are adequate predictors of %BF. These indicators
allowed the development of two regression equations acceptable in terms of precision and accuracy to predict %BF in children and adolescents

Adolescents. of both sexes.

INTRODUCCION

La infancia y la adolescencia son periodos donde se necesi-
ta una adecuada nutricion para alcanzar el maximo potencial de
crecimiento. Durante estas etapas se puede observar un aumen-
to dindmico de la masa grasa, asi como de la masa libre de grasa,
resultante del crecimiento corporal (1). En general los aumentos
acentuados en el porcentaje de grasa corporal (%GC) en am-
bos sexos son similares en la infancia mientras que, durante la
adolescencia, las diferencias son inminentes (2): las nifias ganan
mas grasa corporal mientras que 10s nifios ganan masa muscular.

De hecho, el organismo humano requiere nutrientes esencia-
les en cantidades adecuadas para asegurar que el crecimiento
celular, la proliferacion y la diferenciacion genética puedan desa-
rrollarse sin obstaculos (3). Para ello es necesario mantener un
equilibrio energético en la alimentacion, pues un déficit energé-
tico puede traer como consecuencia la desnutricion, asi como el
exceso se refleja en el sobrepeso y la obesidad, respectivamente.

El andlisis de la composicion corporal in vivo se puede utilizar en
nifios y adolescentes para evaluar el crecimiento fisico y el estado
nutricional. Por ejemplo, las dimensiones € indices antropométri-
cos tienen el potencial de proporcionar informacion importante
sobre la composicion corporal, tanto en adultos como en nifios (4).

En consecuencia, estudiar el porcentaje de grasa corporal en
nifios y adolescentes es muy relevante, puesto que un elevado
nivel de adiposidad corporal en la infancia y la adolescencia se
refleja en sobrepeso y obesidad (5,6).

Hasta la fecha, varios estudios internacionales han evidenciado
Que, elevados niveles de grasa corporal en la infancia y adoles-
cencia se han asociado con el sobrepeso y la obesidad, asi como
con un mayor riesgo de enfermedades no transmisibles en la edad
adulta, como la diabetes de tipo 2 y las enfermedades cardiovas-
culares (7-9). Incluso en los Ultimos afios en Chile, la encuesta
nacional de salud publicada ha detectado elevadas prevalencias
de sobrepeso (39,8 %) y obesidad (31,2 %) (10), y estudios re-
cientes han identificado riesgo metabolico (11) y elevados niveles
de adiposidad corporal en los nifios y adolescentes chilenos (12).
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En consecuencia, a pesar de la importancia reconocida de me-
dir el %GC en la poblacion escolar chilena, hasta donde se sabe
son escasos 10s estudios que proponen ecuaciones para estimar
el %GC, limitandose a edades especificas (13,14); ademas, son
nulos los estudios que proponen ecuaciones que abarquen un
amplio rango de edades, desde la infancia hasta la adolescencia,
respectivamente.

Por lo tanto, basados en investigaciones anteriores, en las que
se han demostrado asociaciones de los pliegues cutaneos con el
%GC en nifios y adolescentes (15-17), y ademas, recientemente,
otros estudios han evidenciado que los indices antropométricos
son excelentes predictores de la adiposidad corporal (como el
indice de masa corporal o IMC, el indice ponderal o IP, la cir-
cunferencia de la cintura o CC y el indice cintura-estatura o ICE)
(18-20), este estudio supone que la inclusion de los pliegues
cutaneos tricipital y subescapular, asi como el IMC, el IP y el ICE
en los modelos predictivos, podrian dar lugar al desarrollo de
gcuaciones antropomeétricas para predecir el %GC de los nifios y
adolescentes chilenos.

Este estudio se propone los siguientes objetivos: a) identificar
los indicadores antropométricos que se relacionan con el %GC y
b) validar ecuaciones de regresion para predecir el %GC de nifios
y adolescentes a partir del uso de la absorciometria de rayos X
de doble energia (DXA) como método de referencia.

MATERIAL Y METODOS

TIPO DE ESTUDIO Y MUESTRA

Se disefié un estudio descriptivo (transversal) de 1126 escola-
res (588 hombres y 538 mujeres) de la region del Maule (Chile).
La seleccion de la muestra fue no probabilistica (cuotas). El ran-
go de edad oscila desde los 6,0 hasta los 17,9 afos. Todos los
escolares estaban matriculados en colegios municipales de nivel
primario y secundario de cuatro provincias de la region del Maule
(Curicd, Cauquenes, Linares y Talca).
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Fueron incluidos en el estudio los nifios y adolescentes que
estaban en el rango de edad establecido y los que completaron
las medidas antropométricas y el escaneo por DXA. Se excluye-
ron los escolares que habian presentado algun tipo de fractura
dsea y estuvieron enyesados en los Ultimos tres meses, y a los
que presentaban algun tipo de discapacidad fisica que les impo-
sibilitara valerse por si mismos al momento de las evaluaciones.

Los padres y/o tutores de los escolares estuvieron de acuer-
do con los requisitos establecidos para el estudio y firmaron el
consentimiento informado. Los nifios y adolescentes firmaron
el asentimiento y las condiciones de las evaluaciones que se
realizaron en cada uno de sus colegios. El protocolo de medi-
cion antropométrica y del escaneo DXA se efectud de acuerdo
a las indicaciones del comité de ética de la Universidad Autono-
ma (238/2013) y la Declaracion de Helsinki (Asociacion Médica
Mundial) para sujetos humanos.

TECNICAS Y PROCEDIMIENTOS

Las evaluaciones se efectuaron en un laboratorio de la univer-
sidad en horario escolar (de lunes a viernes). Se efectud durante
los meses de abril a junio y de agosto a noviembre del afio 2017.
Se registro la edad decimal de cada estudiante (fecha de naci-
miento y fecha de evaluacion). Se midieron el peso, la estatura,
dos pliegues cutaneos (tricipital y subescapular) y la circunferen-
cia de la cintura (CC) de acuerdo con las recomendaciones de
Ross y Marfell-Jones (21).

El peso corporal (kg) se midio utilizando una balanza electro-
nica (Tanita, Reino Unido) con una escala de 0 a 150 kg y una
precision de 100 g. Para la estatura de pie se utilizd un estadio-
metro portatil (Seca Gmbh & Co. KG, Hamburgo, Alemania) con
una precision de 0,1 mm, de acuerdo con el plano de Francfort.
La circunferencia de la cintura (cm) se midié en el punto medio
entre las costillas inferiores y 1a parte superior de la cresta iliaca
con una cinta métrica Seca de metal graduada en milimetros,
con una precision de 0,1 cm. Los pliegues cutaneos tricipital
y subescapular se midieron a través de un plicometro Harpen-
den (British Indicators, UK), que ejerce una presion constante
de 10 g'mm-2 y con un rango de medicion de 0 mm a 80 mm.
Todas las medidas antropométricas se realizaron en dos opor-
tunidades. El error técnico de medida (ETM) tuvo valores desde
el 1,0 hasta el 1,9 %. Este proceso estuvo a cargo de dos los
investigadores del estudio con capacitacion en ISAK, nivel II.

Se calcularon tres indices antropométricos. El indice de
masa corporal (IMC) se determind por medio de la formula:
IMC = peso (kg) / estatura? (m); el indice ponderal con la formula:
IP = peso (kg) / estatura® (m); y el indice cintura-estatura con la
formula: ICE = circunferencia de la cintura (cm) / estatura (cm).

El andlisis de cuerpo total (DXA) consistio en escanear el cuer-
po (sin cabeza) para ambos sexos. Las exploraciones se llevaron
a cabo en un laboratorio utilizando un densitémetro. Se estimo el
%GC a través de un equipo Lunar Prodigy (General Electric, Fair-
field, CT, EE. UU.) con software ENCORE 2006. El procedimiento
consistio en que los sujetos se deben acostar sobre la plataforma
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de exploracion (posicidn supina con los brazos y piernas exten-
didas en pronacion). Los tobillos se sujetan junto a una cinta de
velcro para asegurar el posicionamiento estandar. El equipo fue
calibrado todos los dias (antes de iniciar los escaneos) segun las
recomendaciones del proveedor.

El proceso de evaluacion estuvo a cargo de uno los investiga-
dores del estudio y se escaneo al 10 % de la muestra total dos
veces (54 chicas y 60 chicos). El ETM entre ambas evaluaciones
tuvo un intervalo de tres dias y los valores oscilaron del 1,5 al
3,2 %.

NIVEL

La prueba de normalidad se verificd por medio de Kolmogo-
rov-Smirnov. Se realizaron calculos de estadistica descriptiva
(promedio, desviacion estandar, rango). Las comparaciones en-
tre ambos sexos se efectuaron por medio de test t para mues-
tras independientes. Para relacionar las variables e indicadores
antropométricos con la referencia (DXA) se utilizd el coeficiente
de correlacion de Pearson simple y multiple. Se desarrollaron
cuatro modelos de regresion simple y mdiltiple por pasos (dos
para hombres y dos para mujeres). El proceso de seleccion de
los modelos se Ilevd a cabo a partir de R?, error estandar de esti-
macion (EEE), prueba de contraste de Durbin-Watson, tolerancia
y factor de inflacion de la varianza (FIV). Se calculo también el
coeficiente de correlacion de concordancia (CCC) de Lin (1989).
El nivel de significancia adoptado fue de 0,05. Los calculos se
efectuaron en planillas de Microsoft Excel, en SPSS 16.0 y en
MedCalc 11.1.0.

RESULTADOS

Las caracteristicas antropométricas por rangos de edad y sexo
se observan en la tabla I. Las comparaciones entre ambos sexos
reflejaron diferencias significativas (p < 0,05). Los hombres pre-
sentaron valores superiores en relacion a las mujeres en el peso
alos 12 y 15-17 afos; en la estatura, desde los 13 hasta los
17 afos; en la CC, a los 10 afios. Por el contario, las mujeres pre-
sentaron valores superiores en comparacion con los hombres en
el pliegue tricipital desde los 11 hasta los 17 afios, en el pliegue
subescapular desde los 12 hasta los 17 afios, en el = (Tr + SE) y
%GC (DXA) desde los 6 a 9 arios y desde los 12 hasta 17 arios, y
ademas, en el IP desde los 12 a los 17 afios. No hubo diferencias
significativas entre ambos sexos en el IMC y el ICE en todas las
edades (p > 0,05).

Las correlaciones entre medidas e indices antropométricos
con el %GC (DXA) de los nifos y adolescentes chilenos de am-
bos sexos se pueden apreciar en la tabla Il. En los hombres, los
valores del coeficiente de correlacion oscilaron desde r=0,13 a
0,72, mientras que en muijeres, desde r = 0,03 hasta 0,70. Los
mejores coeficientes de determinacion se observan en ambos
sexos en el pliegue tricipital y subescapular, = (R + SE), IP e ICE,
respectivamente.
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Tabla Il. Relacion entre indicadores antropomeétricos y % de grasa corporal determinado
por DXA como método de referencia

Chicos Chicas
Indicadores
R R? EEE p R R? EEE p
Edad (afios 0,42 0,18 7,74 0,000 0,02 0,00 6,10 0,698
Peso (kg) 0,13 0,02 8,47 0,001 0,33 0,11 5,76 0,000
Estatura (cm) 0,38 0,14 7,91 0,000 0,03 0,00 6,10 0,490
C. cintura (cm) 0,25 0,06 8,28 0,001 0,55 0,31 5,09 0,001
Pliegue TR (cm) 0,74 0,55 572 0,000 0,61 0,37 4,85 0,000
Pliegue SE (cm) 0,61 0,37 6,78 0,000 0,65 0,42 4,64 0,000
2 (TR + SE) (mm) 0,72 0,52 5,94 0,000 0,70 0,49 4,37 0,000
IMC (kg/m?) 0,29 0,09 8,17 0,000 0,56 0,31 5,07 0,000
IP (kg/m?) 0,59 0,34 6,92 0,000 0,64 0,41 4,68 0,000
ICE (i.e) 0,72 0,51 5,97 0,000 0,66 0,43 4,59 0,000

C: circunferencia; TR: tricipital; SE: subescapular; ICE: indice cintura-estatura; IMC: indice de masa corporal; IP: indice ponderal; EEE: error estandar de estimacion.

Tabla Ill. Ecuaciones antropomeétricas que predicen el porcentaje de grasa corporal para
escolares de ambos sexos

Modelos Ecuaciones R R?2 | EEE \?v::zlc:; T VIF
Chicos
TR+ SB 0,46 2,19
y %G =9,775 + (0,415 * (Tr + SE)] + (35,084 * ICE) 084 | 070 471 183 ICE 0.42 939
- (0,828 * edad) : : 1 . , ,
Edad 0,86 1,17
0,83 | 0,68 4,83 1,89 TR+ SB 0,61 1,64
%G = 20,720 + (0,492 * (Tr + SE)] + (0,354 * IP)
2 - (0,923 * edad) P 0,58 1,73
Edad 0,92 1,08
Chicas
TR + SB 0,54 1,84
3 %G = 8,608 + [(0,291 * (Tr + SE)] + (38,893 * ICE) 078 | 060 386 188 CE 059 17
- (0,176 * edad) ’ ' ’ ’ ' '
Edad 0,77 1,29
TR+ SB 0,57 1,74
%G = 16,087 + [(0,306 * (Tr + SE)] + (0,818 * IP)
4 - (0,300 * edad) 0,77 | 0,59 3,90 1,87 P 0,63 1,58
Edad 0,88 1,13

TR: tricipital; SE: subescapular; ICE: indice cintura-estatura, T: tolerancia; VIF: factor de inflacion de la varianza.
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Las ecuaciones para predecir el %GC en escolares de am-
bos sexos se describen en la tabla Ill. Los mejores modelos pre-
dictivos en ambos sexos se basaron en la combinacion del =
(TR + SE), la edad, el ICE y el IP. El coeficiente de determinacion
en los hombres reflejo un 70 % para la ecuacion 1, y un 68 %
para la ecuacion 2. En las mujeres, para la ecuacion 3 fue del
60 % y para la ecuacion 4 del 59 %. En las cuatro ecuaciones
generadas, los valores del EEE oscilan de 3,86 a 4,83; los va-
lores de la tolerancia oscilan entre 0,42 y 0,92, los valores de
Durbin-Watson de 1,83 a 1,89, y los valores VIF fueron inferiores
a 2,39 en todos los casos.

Los valores que definen el grado de acuerdo entre la ecua-
cion de referencia (DXA) con las ecuaciones desarrolladas se
observan en la tabla IV. No hubo diferencias significativas en-
tre la referencia y 1as ecuaciones propuestas para ambos Sexos
(p > 0,05). Los valores de CCC para las ecuaciones de hombres
fueron ligeramente superiores (0,82 y 0,81) en relacion a las
mujeres (0,75 y 0,74); consecuentemente, estos valores se re-
flejan en la precision y exactitud aunque, en general, las cuatro
ecuaciones indican valores aceptables en términos de dispersion
y proximidad al valor real de DXA.

DISCUSION

El estudio tuvo como objetivo inicial identificar los indicadores
antropométricos que se relacionan con el %GC en los nifios y
adolescentes chilenos. Los resultados han evidenciado relacio-
nes de moderadas a alta con el X de los pliegues (TR + SE),
IP e ICE en ambo sexos. Estos hallazgos son consistentes con
estudios anteriores que han utilizado los pliegues cutaneos en di-
versas poblaciones (23,24) e indicadores de adiposidad corporal
como el IP e ICE en nifios y adolescentes (20,25).

De hecho, hace mas de 40 afios, algunos estudios clasicos
ya habian alertado de que las mediciones del grosor de los
pliegues cutaneos debian usarse para monitorear la obesidad

en los nifios y adolescentes debido a que tienen la ventaja de
ser relativamente precisos, reproducibles, méviles, econémicos
y seguros (26); ademas, varios informes recientes destacan la
importancia del uso del IP e ICE en los nifios y adolescentes para
determinar el exceso de peso corporal (27,28).

Por otro lado, las relaciones entre el %GC determinado por
DXAy la CC y el IMC fueron bajas, a pesar de que varios estu-
dios han reportado relaciones de moderadas a altas (29-31). De
hecho, los patrones antropométricos son especificos para cada
poblacion y estan estrechamente relacionados con la nutricion,
la composicion genética, las caracteristicas ambientales, las
condiciones sociales y culturales, el estilo de vida y el estado
funcional y de salud (32), por lo que los componentes corporales,
independientemente del tipo de poblacion, son modificables por
la edad, el sexo y el grupo étnico (33), respectivamente.

En consecuencia, tanto los pliegues cutaneos como los indices
antropométricos (IP e ICE) se caracterizan por ser econémicos,
portatiles y factibles para el uso en evaluaciones de campo, por
lo que su aplicabilidad a grandes poblaciones es una necesidad,
especialmente donde la tecnologia sofisticada es limitada (34).

Desde esa perspectiva, desarrollamos como segundo objetivo
la validacion de ecuaciones de regresion para predecir el %GC
de nifios y adolescentes chilenos, usando la DXA como método
de referencia.

Se generaron 2 ecuaciones para predecir el %GC de cada
sexo, donde los predictores fueron el = (TR + SE), el IP, el ICE y la
edad. Los modelos que usaron X (TR + SE), ICE y edad reflejaron
levemente un mayor coeficiente de determinacion en relacion al
modelo que utilizd el IP (R? > 1 a 2 %).

En general, ambos modelos reflejaron un R? del 68 al 70 % en
los hombres y del 59 al 60 % en las mujeres. Ademas, los EEE
fueron inferiores al 4,8 %, los valores de tolerancia fueron infe-
riores a 0,92 y no se observo inflacion en ningin modelo. Incluso
la precision y la exactitud fueron adecuadas segun el indice de
Lin (22), lo que garantiza la robustez de los modelos predictivos
propuestos (35).

Tabla IV. Valores del indice de reproducibilidad deseable (DRI) para la concordancia
entre DXA y las ecuaciones propuestas

Porcentaje GC D|fe.renc|a de IRD
Ecuaciones test t p media con DXA
X DE X DE CCC Precision Exactitud

Hombres

DXA 26,226 | 8,5346

Ecuacion 1 26,215 | 7,1204 | -0,0571 | 09545 | -0,01107 | 4,698 0,8213 0,8348 0,9838

Ecuacion 2 26,228 | 7,0464 | 0,0071 0,9943 | 0,00141 4,820 0,8104 0,8253 0,9820
Mujeres

DXA 33,561 6,0961

Ecuacion 1 33,563 | 4,7245 | 0,0117 | 0,9906 | 0,00195 3,853 0,7505 0,775 0,968

Ecuacion 2 33,565 | 4,6959 | 0,0187 | 0,9851 0,00314 3,890 0,7445 0,770 0,967

GC: grasa corporal; CCC: coeficiente de correlacion de acuerdo; P: probabilidad; DE: desviacion estandar; Min: minimo; Max: maximo, DXA: absorciometria de rayos

X de doble energia.
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Las nuevas ecuaciones de prediccidon basadas en pliegues
cutaneos, IP e ICE presentadas en este estudio mostraron coefi-
cientes de determinacion similares a los de otras investigaciones
internacionales (36), aunque algunos reportes han evidenciado
valores relativamente superiores (37,38) a los descritos en este
estudio, por lo que estas diferencias podrian deberse a las varia-
ciones metodoldgicas en el proceso de recoleccion de datos o al
modelo y version de software del fabricante (39).

El' hecho de incluir en los modelos predictivos la edad, el ICE y
el IP de cada sexo ha permitido ajustar mejor las variaciones de
estatura durante la etapa del crecimiento y el desarrollo somatico
pues, en los ltimos afos, los aumentos seculares positivos de la
CC, la estatura y el peso corporal de los nifios y adolescentes han
sido mayores (40), por lo que las ecuaciones predictivas deben
actualizarse constantemente.

Algunas fortalezas deben destacarse en este estudio, puesto
que es una de las primeras investigaciones en que se proponen
ecuaciones de prediccion del %GC en una muestra representati-
va de escolares chilenos de 6 a 17,9 afios; ademas, tales ecua-
ciones pueden servir como herramienta valiosa para el ambito
clinico y epidemioldgico, y pueden utilizarse en el ambito escolar
a nivel primario y secundario. También es necesario destacar al-
gunas limitaciones, dado que se midieron Unicamente dos plie-
gues cutaneos, por o que futuros estudios deben incluir pliegues
cutaneos de otras regiones corporales y explorar el %GC segun
la maduracion bioldgica.

Este estudio demostré que el sumatorio de los pliegues cuta-
neos tricipital y subescapular, el IP y el ICE son adecuados pre-
dictores del %GC. Estos indicadores permitieron desarrollar dos
ecuaciones de regresion aceptables en términos de precision y
exactitud para predecir el %GC en nifios y adolescentes de am-
bos sexos. Estos resultados sugieren su uso y aplicacion en el
ambito escolar de Chile.
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The relationship between vitamin B, levels and electrocardiographic ventricular
repolarization markers

La relacion entre los niveles de vitamina B, y los marcadores electrocardiograficos de
repolarizacion ventricular
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Abstract

Background: it has been shown that vitamin B, , deficiency, which can cause hematological and neuropsychiatric disorders, may also be asso-
ciated with cardiac autonomic dysfunction, heart rate variability, endothelial dysfunction, and a decrease in myocardial deformation.

Aims: the aim of our study is to evaluate the relationship between vitamin B,,, levels and electrocardiographic repolarization disorders, which are
indicators of arrhythmogenic predisposition in healthy individuals.

Methods: our study population consisted of 214 healthy adults. Considering the distribution of vitamin B, , levels and accepting 25 % and
75 % percentiles as the cut-off values, the participants were divided into 3 groups. Laboratory, echocardiography and electrocardiography (ECG)
measurements were compared between three groups. ECG measurements were performed manually and Tpeak-Tend (Tp-e), Tp-€ corrected
(Tp-ec), QT and QT corrected (QTc) intervals were calculated.

Keywords: Results: the patients in Group 1 (vitamin B, < 253 pg/ml) were found to have significantly higher QT and QTc dispersions, Tp-g interval, Tp-e/QT
and Tp-e/QTc ratios when compared to those in Group 2 (253 pg/ml < vitamin B,, > 436 pg/ml) and Group 3 (vitamin B, , > 436 pg/ml). On the

uT dispersion. Tpeak- other hand, a negative significant correlation was detected between vitamin B, , levels and Tp-e, Tp-e/QT, Tp-e/QTc ratios, QT and QTc dispersions.

Tend interval. Ventricular

repolarization markers. Conclusion: a low level of vitamin B, in healthy individuals can be a significant indicator of arrhythmogenic susceptibility. A close follow-up of
Vitamin B,,. these subjects in terms of arrhythmogenic predisposition can be useful.
Resumen

Fundamento: se ha demostrado que la deficiencia de vitamina B, ,, que puede causar trastornos hematoldgicos y neuropsiquiatricos, también
puede estar asociada con disfuncion autonémica cardiaca, variabilidad de la frecuencia cardiaca, disfuncion endotelial y disminucion de la
deformacion miocdrdica.

Objetivos: el objetivo de nuestro estudio es evaluar la relacion entre los niveles de vitamina B,, y los trastornos de repolarizacion electrocardio-
grafica que son indicadores de predisposicion arritmogénica en individuos sanos.

Métodos: la poblacion del estudio fue de 214 adultos sanos. Considerando la distribucion de los niveles de vitamina B, y aceptando los
percentiles del 25 % y 75 % como valores de corte, los participantes se dividieron en 3 grupos. Se compararon las mediciones de laboratorio,
ecocardiografia y electrocardiografia (ECG) entre tres grupos. Las mediciones del ECG se realizaron manualmente y se calcularon los intervalos
Tpeak-Tend (Tp-e), Tp-e corregido (Tp-ec), QT y QT corregido (QTc).

Resultados: se encontro que los pacientes del grupo 1 (vitamina B, < 253 pg/ml) tenian dispersiones QT y QTc, intervalo Tp-e, cocientes
Palabras clave: Tp-e/QT y Tp-e/QTc significativamente més altos cuando se compararon con los del grupo 2 (253 pg/ml < vitamina B, > 436 pg/ml) y el gru-
po 3 (vitamina B, > 436 pg/ml). Por otro lado, se detectd una correlacion significativa negativa entre los niveles de vitamina B,,, y las relaciones

Dispersion QT. Intervalo . _ _ i i
Toeak Tend. Marcadores Tp-e, Tp-e/QT, Tp-e/QTc, dispersiones QT y QTc.

de repolarizacion Conclusion: el bajo nivel de vitamina B, en los individuos sanos puede ser un indicador significativo de susceptibilidad arritmogénica. Un
ventricular. Vitamina B,,. seguimiento estrecho de estos sujetos en términos de predisposicion arritmogénica podria ser util.
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REPOLARIZATION MARKERS

INTRODUCTION

Vitamin B, , is a water-soluble molecule that is essential for the
hematological and neurological systems. Vitamin B,, acts as a
coenzyme of methyl-malonyl-Co-A mutase, which is involved in
myelin synthesis as well as in lipid and carbohydrate metabolism
and DNA synthesis (1).

[t has been shown that autonomic dysfunction symptoms such
as orthostatic hypotension can be observed before neurological
and hematological findings. Effects of vitamin B, , defficiency on
sympathetic and parasympathetic systems may cause heart rate
variability and autonomic dysfunction. Heart rate variability spec-
tral analyses have shown that sympathetic and parasympathetic
activities are decreased in patients with B, deficiency. Moreover,
the interaction of vitamin B, , deficiency with the sympathetic sys-
tem seems to be more profound than that of the parasympathetic
system (1-6).

Prolonged QT dispersions, Tp-¢ intervals and Tp-e/QT ratios,
and corrected measurements of these parameters, were found
to be associated with ventricular arrhythmias (3,4). However, the
association of vitamin B, , deficiency with repolarization disorders
and arrhythmogenic susceptibility in adults is unclear. We be-
lieve that since vitamin B, , defficiency leads to demyelination and
autonomic dysfunction, it may be more closely associated with
arrhythmogenic susceptibility and repolarization defects when
compared to other vitamin disorders. The aim of our study was to
evaluate the relationship between vitamin B,, levels and repolar-
ization parameters in healthy adults.

MATERIALS AND METHODS

STUDY POPULATION AND PROCEDURE

Electronic data of 745 patients who applied to our outpa-
tient clinic with the complaint of atypical chest pain between
August 2019 and March 2021 were analyzed retrospectively.
Routine biochemistry and hemogram tests as well as mineral,
vitamin B,, and hormone levels were evaluated. Echocardio-
graphic and electrocardiographic measurements were ana-
lyzed from the electronic data system. Patients with coronary
artery disease, structural heart defect, chronic heart failure,
permanent pacemaker, atrial fibrillation or chronic arrhyth-
mias were not included in the study. The subjects who use
antiarrhythmic and/or any drug that may affect the QT inter-
val, follow a vegetarian diet, have malnutrition, have a history
of gastric or bowel resection, have a diagnosis of cobalamin
absorption-metabolism-transport disorder and receive ongo-
ing vitamin B,, replacement therapy, and those with missing
laboratory tests, ECG and echocardiographic information were
also excluded from the study. Finally, 214 healthy individuals
over the age of 18 were included in our study. Our study was
designed and conducted in accordance with the principles of
the Declaration of Helsinki, after approval from the local ethics
committee.

[Nutr Hosp 2022;39(3):588-593]

BLOOD SAMPLES

A vitamin B, level below 200 pg/ml is considered deficiency
(5,6). There are not enough publications in the literature evalu-
ating the relationship between vitamin B,, level and ECG param-
eters and determining the cutoff value, and the main purpose of
our study was to determine the effects of B, level rather than B,
deficiency on ECG. For this reason, the 200 pg/ml limit was not
accepted as the cut-off value. Instead, 25 % and 75 % percen-
tiles of vitamin B,, levels were accepted as cut-off values, and
the study population was divided into 3 groups. Group 1: vitamin
B,, level < 253 pg/ml; Group 2: 436 > vitamin B,, level > 253
pg/ml; Group 3: vitamin B,, level > 436 pg/ml.

ELECTROCARDIOGRAPHY

After the patients had rested for 10 minutes in the supine po-
sition, ECG recordings were obtained by placing electrodes in
standard anatomical points with a speed of 25 mm/s and a width
of 10 mm/mV (Cardiofax GEM, model 9022 K, Nihon Kohden,
Tokyo, Japan). ECGs were recorded in our local online imaging
program in order to improve the accuracy and reliability of our
measurements. Callipers and magnifying lenses were used in the
evaluation of manual ECG measurements, which was performed
by two experienced cardiologists. One of the ECG evaluators
was blinded to the demographic data of the patients and had
no conflicts of interest, and the other was one of the authors of
the study. The interobserver coefficient of variation was 2.12 %.
Baseline ECG measurements such as heart rate (HR), PR interval,
QRS interval, QT interval were obtained manually, and Bazett’s
formula (cQT = QT+/(R-R interval) was used in the calculation of
the QTc interval. The Tpeak-Tend (Tp-e) interval was measured
as the interval between the end point of the T wave obtained
during the measurement of the QT interval and the projection of
the T-wave peak on the isoelectric line (Fig. 1). The average of

PR interval 1 jptarval

Figure 1.
The measurment of T-peak and T-end interval on ECG.
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the values obtained separately from each derivation of the 12-
lead ECG was used in the calculation. Dispersion was calculated
as the difference between the maximum and minimum PR, QT,
QTc, and Tp-e intervals. One measurement was taken from each
derivation. However, when the image quality of a derivation was
inadequate, at least two consecutive measurements were aver-
aged in order to improve accuracy. ECGs were included in the
study data if at least 8 of the 12 leads could be measured.

STATISTICAL ANALYSIS

The analysis was performed with the SPSS 22 (SPSS/IBM,
Chicago, IL, USA) software. Continuous and categorical variables
were given as mean = standard deviation and percentages (%),
respectively. Normal distribution of continuous variables was
evaluated using the Kolmogorov-Smirnov test. The Chi-square
test was used for categorical variables. One-way variance analy-
sis or the independent samples t-test was used for the statistical
analysis of the clinical data between the three groups. The Pear-
son’s correlation coefficient was used for correlations and the
Tukey test was used in the post-hoc analysis. A value of p < 0.05
was considered statistically significant.

RESULTS

A total of 214 subjects were included in the study. Their
mean age was 58.09 + 15.19 years, and 132 (61.68 %)
were male. The demographic characteristics and laboratory
findings of study participants are presented in table I. Con-
sidering the distribution of vitamin B,, levels and accepting
25 % and 75 % percentiles as the cut-off values, the partici-
pants were divided into 3 groups. Groups 1, 2 and 3 consisted
of 52 (24 %), 108 (50 %) and 54 (25 %) subjects, respectively.
There was no significant difference between groups in terms of
demographic characteristics and laboratory findings, except for
vitamin B, , levels.

E. Yilmaz et al.

The electrocardiographic evaluation is presented in table II. It
was observed that the Tp-e interval, Tp-e/QT and Tp-e/QTc ratios
were significantly higher in Group 1 as compared to the other
groups. An analysis of the dispersion data showed that QTd and
QTcd were also significantly higher in Group 1 compared to the
other groups. There was not a significant difference in terms of
other ECG parameters between groups.

The correlation analysis of the ECG parameters that signifi-
cantly differ between groups and vitamin B, , levels is presented
in table lll. There was a moderately negative correlation between
vitamin B,, level and Tp-e interval as well as QTcd. It was also
observed that vitamin B, level had a weak negative correlation
with Tp-ec and Tp-e/QT ratios.

DISCUSSION

Our study results revealed that Tp-e interval, QT, QTc disper-
sions and Tp-e/QT, Tp-e/QTc ratios, which are predictors of ar-
rhythmia, were significantly longer in healthy individuals with low
vitamin B,, levels. Moreover, a moderate correlation was found
between Tp-e and QTcd parameters and vitamin B, , level. To the
best of our knowledge, it is the first study to investigate the asso-
ciation between vitamin B,, level and arrhythmogenic potential.

Vitamin B,,, is found in animal products and food supplements.
The leading causes of low vitamin B,, are insufficient intake of
foods containing vitamin B,,, cultural reasons, defficiency of in-
trinsic factor, and decreased intestinal absorption. Vitamin B,
defficiency is most commonly seen in the elderly population and
vegetarians (7,8). In our study, the difference in the vitamin B,,
levels of healty individuals may have been due to differences in
their eating habbits and intestinal absorption.

Vitamin B,, deficiency affects the activity of the sympathetic
and parasympathetic systems leading to heart rate variability and
cardiac autonomic dysfunction. In addition, it causes endothelial
dysfunction and subclinical atherosclerosis via its effects on cel-
lular metabolic pathways that inhibit homocysteine metabolism,
lipid peroxidation, and free radical formation (9,10).

Table I. Demographic data and laboratory results of study patients

Variables All (n = 214) Group 1 (n =52) Group 2 (n = 108) Group 3 (n = 54)

Mean = SD Mean = SD Mean = SD Mean = SD

Age 58.09 + 15,19 57.79 £15.10 59.87 + 15.04 56.63 + 15.74

Gender, male, n (%) 132 (61.68 %) 35 (67.30 %)* 63 (58.33 %) 34 (62.96 %)

Ejection fraction, % 59.83 +1.47 59.81+2.20 59.85 +1.24 59.81 +0.95

Glucose, mg/dl 120.81 £ 31.25 130.17 + 36.48" 117.34 £ 30.70 118.75 £ 25.04

BUN, mg/dl 17.52 £ 5.57 17.67 = 4.50 18.20 + 6.54 17.79 £ 3.39

Creatinin, mg/dl 1.06 + 0.24 1.08 +0.23 1.04 + 025 1.09 +0.24

Albumin, g/dl 4.65+0.33 4.60 +0.27 4.64 +0.35 471 +0.32

(Continues on next page)
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Table I (Cont.). Demographic data and laboratory results of study patients

Variables All (n = 214) Group 1 (n=52) Group 2 (n=108) Group 3 (n = 54)
Mean = SD Mean = SD Mean = SD Mean = SD
Sodium, mEg/L 140.89 + 2.03 140.82 + 2.06 140.69 + 2.09 141.47 £1.70
Potassium, mEg/L 453 +0.40 463 +0.49 454 £0.37 462 +0.32
Chlorine, mmol/L 104.23 + 2.60 104.73 £ 2.75 104.04 £ 2.75 104.31 £2.19
Iron, pg/dL 88.3 + 30.71 88.45 + 31.54 86.22 + 30.68 94.56 + 29.44
TIBC, pg/dL 318.26 + 45.64 321.33 +53.80 315.63 + 42.05 318.33 +43.90
Hemoglobin, g/dl 13.90 +1.60 13.83 +1.63 13.84 £1.70 1417 £1.24
HCT, % 4111 +£4.50 41.25 + 4.40 41.77 + 3.47
MCV, fL 90.75 +5.79 91.26 +4.37 90.67 +6.93 90.08 + 3.84
RDW, % 13.36 + 0.96 13.14 +0.83 13.45+1.10 13.38 + 0.52
Platelet, 10,000/mm3 242.55 +76.32 240.52 + 86.47 241.12 +63.13 246.81 + 56.82
MPV, fL 9.29+0.92 9.41+0.90 9.32+£0.85 9.07 £1.04
T3, pg/ml 311 £1.01 2.94 £ 0.60 314 £1.27 3.21+0.50
T4, pg/ml 0.99 +0.11 0.97 +0.08 1.00 £ 0.12 097 +0.11
TSH, pu/ml 1.40 = 1.06 1.26+£0.79 1.41+£1.19 1.41£0.93
Ferritin, ng/ml 79.26 + 23.59 66.18 + 54.88 78.99 + 72.51 90.39 + 89.80
Folate, ng/ml 112121 10826 106 +28 111 +£31
25-0H-vitamin D, ng/ml 30.1+5.9 29.7+4.38 32.3 +6.1 30.8+5.7
Vitamin B, pg/ml 361.82 + 49.87 202.03 + 29.87 333.77 + 54.95* 566.33 + 123.59™

12’

Group 1: vitamin B, , level < 253 pg/mi; Group 2: 436 > vitamin B, , level > 253 pg/mi; Group 3: vitamin B, level > 436 pg/ml. SD: standard deviation; BUN:
blood urea nitrogen; TIBC: total iron-binding capacity; HCT: hematocrit; MCV: mean corpuscular volume;, T3: triiodothyronine; T4: thyroxine; TSH: thyroid stimulating
hormone. “Independent sample t-test between group 1 and group 2: p-value < 0.05. fIndependent sample t-test between group 1 and group 3: p-value < 0.05.
*Independent sample t-test between group 2 and group 3: p-value < 0.05.

Table Il. Electrocardiographic results of study patients

Variables All (n = 214) Group 1 (n =52) Group 2 (n = 108) Group 3 (n = 54)
Mean = SD Mean = SD Mean = SD Mean = SD
Tp-e, msn 85.81 £9.98 91.10 £ 10.59* 84.41 £ 8.85 83.53 +9.88
Tp-e/QT 0.220 + 0.023 0.231 + 0.022* 0.216 + 0.022 0.217 £ 0.025
Tp-e/QTc 0.204 +0.024 0.218 + 0.021*t 0.201 + 0.022 0.199 + 0.025
Heart Rate 70.54 +11.93 67.73+7.70 70.70 £12.30 72.93 + 14.061
PR, msn 195.61 + 21.51 198.00 + 17.50° 196.98 + 23.65 190.57 + 20.00
QRS, msn 93.34 +11.30 92.69 + 10.03 93.33 +11.88 94 +11.44
QT, msn 389.82 +30.22 393.22 +25.30 390.61 + 33.59 384.94 +27.19
QTd, msn 3494 +14.11 3851 +16.12f 35.83 + 12.38* 29.38 + 13.91
QTc, msn 420.21 +£31.98 420.84 +28.79 421.14 +33.33 417.64 + 32.71
QTc d, msn 3751 +£15.16 42.04 +16.85¢ 38.25 +13.17* 3129 +£15.45

Group 1. vitamin B,,, level < 253 pg/mi; Group 2: 436 > vitamin B, , level > 253 pg/ml; Group 3. vitamin B, level > 436 pg/ml. SD: standard deviation; Tp-e. T-wave
peak and end point duration; QTc: QT corrected (by Bazett formula); QTd: QT dispersion (maximum and minimum QT-wave duration difference); QTc d: QTc dispersion
(maximum and minimum QTc-wave duration difference). *Independent sample t-test between group 1 and group 2: p-value < 0.05. Tindependent sample t-test
between group 1 and group 3: p-value < 0.05. *Independent sample t-test between group 2 and group 3: p-value < 0.05.
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Table Ill. Correlation analysis results
of vitamin B12 levels
and electrocardiography findings

Vitamin B,
Variables
r p-value
Tp-e -0.485 < 0.001
Tp-e/QT -0.279 0.004
Tp-e/QTc -0.327 < 0.001
QTd -0.320 0.001
QTc d -0.438 < 0.001

Tp-e: T-wave peak and end point duration; QTc: QT corrected (by Bazett
formula); QTd: QT dispersion (maximum and minimum QT-wave duration
difference); QTc d: QTc dispersion (maximum and minimum QTc-wave
duration difference); Tp-e d: Tp-e dispersion (maximum and minimum Tp-e
duration difference).

The autonomic nervous system is the key regulator of the phys-
iological functions of the cardiovascular system. It is well known
that vitamin B,, deficiency causes impaired neuron myelination
and thus cardiac autonomic dysfunction (11). In a study, hemod-
ynamic and autonomic responses of patients with B,, deficiency
were examined with the tilt-table test, and diminished barore-
flex response along with serious decrease in blood pressure was
observed in these patients (2). Oner et al. reported that vitamin
B,, deficiency may cause sympathetic system baroreceptor dys-
function and postural orthostatic tachycardia syndrome in chil-
dren (12). In addition, it has been shown in pediatric patients that
B,, deficiency causes heart rate variability by affecting the sym-
pathetic and parasympathetic systems. In another study, spectral
analyses of heart rate variability showed a decrease in both sym-
pathetic and parasympathetic activity, and the interaction with the
sympathetic system was found to be more pronounced (1). Our
study results are also consistent with the hypothesis that auto-
nomic nervous system dysregulation and deterioration in meta-
bolic pathways cause changes in cardiac electrical activity.

Vitamin B, acts in in cellular metabolic pathways that inhibit
lipid peroxidation and free radical formation, and hence deficiency
of vitamin B, , is associated with endothelial dysfunction and sub-
clinical atherosclerosis (9,13). Celik et al. reported that their study
results on a pediatric group with vitamin B,, deficiency revealed a
significant relationship between carotid intimamedia thickness and
autonomic modulation of heart rate variability (HRV) (9). Moreover,
vitamin B,, deficiency was found to be associated with left ven-
tricular global and segmental myocardial deformation and reduced
left ventricular ejection fraction in adults (14,15). It is well known
that heart failure and atherosclerosis are predisposing factors for
cardiac arrhythmias, especially ventricular tachycardia (16,17). In
our study, we ruled out heart failure with echocardiography. Sub-
clinical atherosclerosis may be the reason why the parameters
associated with arrhythmia were different in our study population.

E. Yilmaz et al.

Several ECG parameters are accepted to be the indicators of
predisposition to arrhythmia (18). Especially ventricular repolar-
ization parameters are thought to play an important role in the
formation of ventricular arrhythmias. Heterogeneity of repolari-
zation, which is indicated by increased dispersion of repolariza-
tion, is a marker of ventricular arrhythmias. Most commonly used
ventricular repolarization parameters are QT/QTc /QTd/QTed in-
tervals and T wave. Malignant arrhythmias are associated with
an increase in the distribution of ventricular repolarization (19). A
novel ECG parameter showing ventricular repolarization is the
Tp-e interval. Even in patients with normal QTc, the Tp-e interval
has been shown to be associated with ventricular arrhythmias
and sudden death (20,21). On the other hand, body weight and
heart rate are the major confounders for both QT and Tp-e inter-
vals that make these indices less sensitive for predicting arrhyth-
mias. Tp-e/QT ratios has also recently been used as a new elec-
trocardiographic marker for ventricular repolarization (21), and it
has been reported to be associated with malignant ventricular
arrhythmias (22). Steadiness the of Tp-e/QTc ratio even in the
dynamic variations of heart rate makes this parameter more
useful compared to a single assessment of either Tp-e or QT
intervals (23). In our study, as mentioned above, we examined
almost all parameters that are strong indicators of ventricular
repolarization and compared them between groups.

In a study by Solak et al, 64 children with B, , deficiency were
compared with 64 healthy controls. They found that the QTc,
QTcd, Tp-e, Tp-e/QTc and Tp-e /QTcd were longer in the pa-
tient group (24). In our study, repolarization parameters were also
found to be prolonged in line with the study of Solak et al. The
similarity of the results may be due to recruiment of healty indi-
viduals in both studies. Enrolment of subjects older than 18 years
old and categorization of the study population considering vita-
min B,, percentiles were the different points in our study. The
stronger negative correlation between vitamin B, levels and re-
polarization parameters in their study may be secondary to these
methodological differences.

Ventricular arrhythmias are the most common cause of sud-
den cardiac death in healthy individuals. Especially Qt and Tp-e
are the most recent ECG parameters that are thought to be as-
sociated with ventricular arrhythmias. Although the most com-
mon causes of ventricular arrhythmias are ischemia and heart
failure, the etiopathogenesis of many sudden cardiac deaths still
remains unclear (25,26). Considering that low vitamin B, , level
is associated with autonomic dysfunction, subclinical atheroscle-
rosis, heart rate variability, and myocardial deformation, it may
also be associated with some of these unclarified ventricular
arrhythmias.

STUDY LIMITATIONS

Our study has some limitations. The first is the limited number
of the study population. Since the design of our study was retro-
spective, subsequent ECGs and long-term arrhythmic outcomes
of the participants could not be evaluated. We could not present
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any information on whether vitamin B,, replacement or dietary
recommendations whould have any impact on repolarization pa-
rameters. Further studies with appropriate designs are needed in
this regard. On the other hand, our study provides valuable infor-
mation about the effects of low vitamin B, , levels on arrhythmic
parameters in asymptomatic healthy adults, and will pave the
way for other studies on this topic.

CONCLUSION

In conclusion, our study shows that low vitamin B,, levels in

healthy individuals may cause repolarization disorders that in-
crease arrhythmogenic susceptibility. Close follow-up of these
patients in terms of arrhythmic events may be beneficial.
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Abstract

Introduction: inadequate consumption of micronutrients is an emerging public health problem that can compromise health.

Objectives: to assess whether the quality of dietary carbohydrates is associated with the consumption of 13 micronutrients in a sample of
women monitored by the Brazilian Unified Health System.

Methods: this cross-sectional study included 648 women monitored by the Brazilian Unified Health System. The association between quality
of dietary carbohydrates and adequacy of consumption of 13 micronutrients was investigated using logistic regression models adjusted for
potential confounding variables.

Results: the consumption of micronutrients increased as the quality of carbohydrates improved. The micronutrients with the highest prevalence

Keywords: of inadequate intake were vitamin A, magnesium, manganese, and thiamine. After adjustments using logistic regression models, women in the
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Eﬂﬁrmhytdfat? quality. ’ confidence interval (Cl), 0.14-0.59), manganese (OR, 0.32; 95% Cl, 0.21-0.49), and copper (OR, 0.22; 95% Cl, 0.12-0.37).
Icronutrient consumption
adequacy. Food P Conclusions: intake of a higher quality of dietary carbohydrates is associated with improved adequacy in consumption of most micronutrients
consumption. Women's in women monitored by the Brazilian Unified Health System, especially magnesium, manganese, and copper, after adjustment using regression
health. models.
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IN BRAZILIAN WOMEN

Palabras clave:

Calidad de carbohidratos.
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Resumen

Introduccion: el consumo inadecuado de micronutrientes es un problema de salud publica emergente que puede comprometer la salud.

Objetivos: evaluar sila calidad de los carbohidratos de la dieta esta asociada con el consumo de 13 micronutrientes en una muestra de mujeres
monitoreadas por el Sistema Unico de Salud de Brasil.

Métodos: este estudio transversal incluy6 a 648 mujeres monitoreadas por el Sistema Unico de Salud de Brasil. La asociacion entre la calidad de
los carbohidratos de la dieta y la adecuacion del consumo de 13 micronutrientes se investigé mediante modelos de regresion logistica ajustados
por posibles variables de confusion.

Resultados: el consumo de micronutrientes aumentd a medida que mejoraba la calidad de los carbohidratos. Los micronutrientes con mayor
prevalencia de ingesta inadecuada fueron: vitamina A, magnesio, manganeso y tiamina. Después de los ajustes mediante modelos de regresion
logistica, las mujeres del tercer tercil del indice de calidad de carbohidratos tenian menos probabilidades de tener un consumo inadecuado de
magnesio (odds ratio (OR): 0,29; intervalo de confianza (IC) del 95 %: 0,14-0,59), manganeso (OR: 0,32 ; IC del 95 %: 0,21 a 0,49) y cobre
(OR: 0,22; IC del 95 %: 0,12 a 0,37).

Conclusiones: la ingesta de una mayor calidad de carbohidratos en la dieta se asocia con una mejor adecuacion en el consumo de la mayoria
de los micronutrientes en mujeres monitoreadas por el Sistema Unico de Salud de Brasil, especialmente magnesio, manganeso y cobre, después

de la mujer. del ajuste mediante modelos de regresion.

INTRODUCTION

Dietary indices are effective in assessing diet quality and the
adherence of populations to dietary recommendations for food
and nutrient consumption (1). In relation to micronutrients, epi-
demiological studies in Brazil reveal an inadequate consumption
in children (2), adolescents (3), adults (4), and the elderly (5).

Knowing that inadequacy of micronutrient consumption is re-
lated to several chronic diseases (6), strategies that evaluate and
ensure the adequacy of their consumption are of interest. Macro-
nutrients have already been reported as important factors influ-
encing adequacy of consumption for some micronutrients (7), and
previous studies have evaluated both the quantity (8-10) and the
quality (11-13) of carbohydrates in the diet as factors influencing
adequacy of consumption of micronutrients. Recently, the evalua-
tion of the quality of carbohydrates has been reported to be more
relevant than the evaluation of its quantity (14). One of the meth-
ods for evaluating the quality of carbohydrates in the diet is by us-
ing the carbohydrate quality index (CQl) (11), which considers the
amount of fiber, the glycemic index, and the relationship between
the intake of whole grains and total grains as well as between the
intake of solid carbohydrates and total carbohydrates.

Studies evaluating the relationship between the quality of die-
tary carbohydrates as measured by CQI and the consumption of
micronutrients are scarce (11,15), as are studies that evaluate
these variables specifically in women. In a study on women carried
out by our research group (16), the micronutrients whose con-
sumption was consistently associated with a CQl value were iden-
tified, but the relationship has not been thoroughly investigated.

Considering that adequate consumption of several micronu-
trients is associated with health benefits (17) and a lower risk
of developing chronic diseases in women, such as breast can-
cer (18,19) and osteoporosis (20), it is important to assess the
adequacy of micronutrient consumption in women since reports
have shown their consumption to be inadequate in this group
(21-23). It is also important to understand how the quality of
the dietary carbohydrates that women consume can influence
the adequacy of micronutrient consumption. Thus, the purpose
of this study was to assess whether the quality of dietary carbo-
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hydrates, as measured using the CQl, is associated with adequa-
cy of consumption for 13 micronutrients in a sample of women
monitored by the Brazilian Unified Health System.

MATERIALS AND METHODS

STUDY POPULATION

This study examined data from the Prevendo Project: Health,
Aging, Diet, and Inflammation, which was a cross-sectional study
that aimed to develop, validate, and/or standardize instruments
for use in the routine care of the Unified Health System (SUS) in
Brazil. The Prevendo project was approved by the Human Re-
search Ethics Committee of the State University of Ceara under
protocol number 314.351, in accordance with the standards
established by the Resolution No. 466/2012 of the Brazilian Na-
tional Health Council. The study was conducted in accordance
with the Declaration of Helsinki and all participants provided a
written informed consent.

The study population consisted of women monitored by SUS
who sought care at a health unit, which acts as a reference ser-
vice in mastology in the SUS. In summary, 672 women were in-
terviewed who met the inclusion criteria; consenting to participate
in the study, age >18 years, absence of cancer in any anatomical
site, absence of any disease that prevented participation in any
stage of the study (for example, cognitive impairment), those on
monitoring by the SUS, those who underwent mammography at
the service, and those who were not pregnant or lactating.

DATA COLLECTION AND ANALYSIS

Data collection was carried out between 2016 and 2017, and
included the application of a structured questionnaire containing
questions regarding sociodemographic data (age, education, in-
come, marital status, and self-declared color), lifestyle (smoking
and food consumption), and anthropometrics (weight, body mass-
index (BMI) waist circumference, and percentage of body fat).
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Age was recorded in complete years and used consistently.
The level of education was defined as the years of completed
study categorized as follows: < 8 years of study, 9 to 11 years
of study, and > 12 years of study. Marital status was categorized
into married and unmarried (because of the low number of wom-
en in other categories). The self-declared color was classified as
white and nonwhite. Income was collected in minimum wages
and classified as < 1, 1 to 3 and > 3. The prevailing minimum
wage established by the Brazilian government at the time of data
collection was US$ 185 (R$ 937). Smoking habit was catego-
rized as smoker and nonsmoker (those who never smoked or
had quit smoking).

ANTHROPOMETRIC ASSESSMENT

Anthropometric data were obtained according to the Center for
Disease Control and Prevention protocol (24). Weight and height
were obtained using a Filizola® scale with an attached stadiom-
eter having a capacity of 200 kg (100 g range) and 2.00 m (1.0
cm range). BMI was calculated from these data and classified
according to WHO recommendations based on the stage of life
of the women (25).

Waist circumference (WC) was measured with an inelastic tape
placed directly on the skin at the midpoint of the distance be-
tween the last rib and the iliac crest in a horizontal direction with-
out causing skin compression. This was performed while the par-
ticipant was standing with feet together, arms outstretched, and
abdomen relaxed. WC was classified into adequate (< 88 cm)
and elevated (> 88 cm) (25).

Body fat percentage (%BF) was assessed by ultrasound using
the BX2000 (BodyMetrix Pro System, IntelaMetrix Inc.) with an
established protocol that uses the anatomical points of meas-
urement of the skin folds in the abdomen, triceps, and suprailiac
region. %BF was classified into adequate (up to 32 %) and inad-
equate (> 32 %) (26).

ASSESSMENT OF FOOD CONSUMPTION

The participants were required to provide two 24-hour food re-
calls (R24h) on two nonconsecutive days, one being on a week-
end. The first R24h was obtained at the time of the interview with
the participant while the second was obtained through telephone
contact or home visit. The interviews to obtain the R24h were
performed by properly trained nutrition students and nutritionists.

Data were entered in a software developed to standardize
the entry of food consumption data based on the first National
Food Survey component of the 2008-2009 Family Budget Sur-
vey (27). After entry, the data were transferred to the Statistical
Analysis System (SAS) to analyze nutrient compositions using the
Table of Nutritional Composition of Foods Consumed in Brazil,
which was prepared by the POF 2008-2009 (28). To reduce
errors inherent to the methods of assessing food consumption,
nutritional composition data were adjusted to remove intraper-
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sonal variance using the Multiple Source Method (MSM), a sta-
tistical program available online to estimate the usual intake of
nutrients and foods. A total of 13 micronutrients were analyzed
which were as follows: zinc, selenium, magnesium, manganese,
copper, phosphorus, vitamins A, E, D, thiamine, riboflavin, niacin,
and pyridoxine. The adequacy of micronutrient consumption was
determined by the cutoff point of the estimated average require-
ment (EAR). This is a simplified method of the probability method,
which estimates the proportion of individuals with values below
the EAR (29).

CARBOHYDRATE QUALITY INDEX

The CQl was applied to assess the quality of dietary carbohy-
drates. CQI considers the glycemic index, fiber content (quan-
tity in grams), the relationship between whole grains (whole
grains + products prepared with whole flour) and total grains
(whole grains + refined grains + products prepared with whole
and refined flours), and the relationship between solid carbohy-
drates and total carbohydrates (liquid carbohydrates + solid car-
bohydrates) in the diet (11).

Dietary liquid carbohydrates were estimated by the sum of
carbohydrate values from sugary drinks and fruit juices, while
dietary solid carbohydrates corresponded to the carbohydrate
content of other foods with any carbohydrate content. In the CQl,
the Gl is analyzed continuously; however, we also categorize the
diets into low, moderate, or high Gl, where low GI < 55; moderate
Gl =56 to 69; and high GI > 70. We also determined the glyce-
mic load (GL), as the GL has a relationship with the Gl, as well as
with the consumption of micronutrients (12). The GL is calculated
by multiplying the quantity in grams of the carbohydrate with the
@Gl, divided by 100 (12). The GL was considered low if the value
was < 80, moderate if between 80 and 120, and high if > 120.
Each CQI criterion was scored from 1 to 5 and the values were
added to determine the CQl, which varied from 4 to 20 points
(Table 1) (11). Based on their CQl values, the participants were
divided into tertiles.

STATISTICAL ANALYSIS

Descriptive analyses were performed according to the ter-
tiles of the carbohydrate quality index, with mean and standard
deviation for continuous variables and percentage and a 95 %
confidence interval (95 % Cl) for categorical variables. ANOVA or
Pearson’s chi-square test were used to assess statistical signifi-
cance between means and percentages, respectively.

Logistic regression analyses were performed to assess the as-
sociation between the tertiles of the carbohydrate quality index
(tertile 1 was considered as the reference) and the adequacy of
micronutrient consumption (adequate consumption was consid-
ered as the reference). The models were adjusted for age (contin-
uous), smoking habit (smoker or nonsmoker), marital status (mar-
ried or not married), level of education (< 8 years, 9 to 11 years
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Table I. Criteria used to determine
the carbohydrate quality index

Criteria Criteria
Index for for
Components . . .
range | minimum | maximum
score score
) — Minimum Maximum
(D'fé)a ry fiber intake 1-5 dietary fiber dietary fiber
g intake intake
Maximum Minimum
Glycemic index 1-5 glycemic glycemic
index index
E\{;rt]lglgf \;\Qr?;e grains Minimum Maximum
© grains 15 | valueofthis | value of this
to refined grains : :
. ratio ratio
or their products)
Ratio of solid - '
. Minimum Maximum
carbohydrates: solid ) .
1-5 value of this value of this
carbohydrates to catio ratio
liquid carbohydrates)
Total index 4-20
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or > 12 years of study), GL of the diet (low, moderate, or high),
and energy intake. Crude and adjusted odds ratios (ORs) were
estimated with their respective 95 % Cl and p-value. All analy-
ses were performed using the R software, version 3.6.3. Values
of p < 0.05 were considered statistically significant.

RESULTS

Of the 672 women interviewed, 24 were excluded for nona-
vailability of complete data, leading to a final count of 648 women
evaluated in this study. Table Il shows the characteristics of the
women who participated in the study according to CQl tertiles.
Women in the third tertile of the CQl were more likely to be unmar-
ried, have a moderate/low dietary GL, and have a higher consump-
tion of solid carbohydrates. The consumption of micronutrients in-
creased in higher CQl tertiles, with the exception of selenium. No
statistical difference was found between the CQl tertiles regarding
the consumption of vitamin A and riboflavin. In addition, pyridoxine
consumption values remained unchanged in the CQl tertiles.

Table Il shows the rates of inadequate consumption of micro-
nutrients according to CQl tertiles. Women classified in the third
tertile had a lower rate of inadequate consumption, except for
magnesium and thiamine.

Table Il. Characteristics of women studied according to tertiles of Carbohydrate Quality
Index. Fortaleza, 2020

[Nutr Hosp 2022:39(3):594-602]

Carbohydrate Quality Index
1% tertile 21 tertile 31 tertile p-value*
5-11 12-13 14-20
Mean SD Mean SD Mean SD
CQl (continuous) 9 1.7 12 0.5 16 1.5
n 286 152 210 -
Age (years) 52 9.4 52 9.6 52 8.8 0.339
BMI (kg/m?) 28.8 5.0 29.0 4.6 28.9 4.7 0.709
Smoking habit (%) 0.133
Non-smoker 43.3 24.5 32.3
Smoker 52.7 12.7 34.5
Education level (in years) (%) 0.154
<8 47.0 19.6 33.3
9to 11 42.6 26.0 31.4
>12 36.2 31.9 31.9
Income (%) 017
<1 47.7 20.5 31.8
1103 46.5 21.9 31.6
>3 35.3 29.5 35.3
Ethnicity (%) 0.559
White 46.9 24.6 28.5
Non-white 43.4 23.6 33.4
(Continues on next page)
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Table Il (Cont.). Characteristics of women studied according to tertiles of Carbohydrate

Quality Index. Fortaleza, 2020

Carbohydrate Quality Index

1+ tertile 2™ tertile 37 tertile p-value*
5-11 12-13 14-20
Mean SD Mean SD Mean SD

Marital status (%) 0.039

Married 45.7 26.2 28.0

Not married 42.5 20.6 36.9
Glycemic index (%) < 0.001

Low 20.8 25.0 54.2

Moderate 33.3 25.3 41.5

High 73.0 18.9 8.1
Glycemic load (%) 0.092

Low 45.8 22.6 31.7

Moderate 39.6 234 36.9

High 26.3 47.4 26.3
Waist circumference (%) 0.310

No risk 47.3 20.8 31.8

At risk 42.0 25.3 32.6
Waist-hip ratio (%) 0.740

No risk 454 23.6 31.0

At risk 42.6 23.6 337
Boady fat (%) 0.164

Appropriate 47.7 24.8 27.5

Inappropriate 1.7 235 34.8
Energy (kcal) 1578.3 3935 1677.8 397.6 1752.2 378.0 < 0.001
Carbohydrates (g) 73.8 19.6 75.47 17.9 79.0 17.8 0.002
Solid carbohydrates (g) 186.8 75.3 265.7 179.0 290.4 116.2 < 0.001
Liquid carbohydrates (g) 30.3 29.7 351 30.4 31.6 28.1 0.561
Fiber (g) 12.2 5.8 18.3 7.8 26.2 10.2 < 0.001
Zn (mg) 8.4 2.7 8.5 2.2 9.0 2.2 0.003
Se (ug) 88.3 22.7 89.2 195 84.5 23.7 0.002
Mg (mg) 1814 71.0 197.8 47.8 225.3 55.7 < 0.001
Mn (mg) 1.7 1.1 1.9 0.7 2.2 0.7 < 0.001
Ca (mg) 480.8 406.7 525.9 2285 548.4 218.3 0.017
P (mg) 869.2 238.2 902.5 201.8 967.9 228.2 < 0.001
Cu (mg) 0.8 0.5 0.8 0.4 0.9 0.4 < 0.001
Vitamin A (ug) 346.8 404.9 339.1 293.6 3594 313.6 0.717
Vitamin E (mg) 3.1 2.5 3.2 1.0 3.7 1.2 < 0.001
Vitamin C (mg) 232.0 256.1 275.2 267.5 308.9 2404 < 0.001
Vitamin D (ug) 3.2 1.9 3.2 15 3.6 1.8 0.026
Thiamine (mg) 09 0.3 1.0 0.2 11 0.3 < 0.001
Riboflavin (mg) 15 0.4 1.6 0.4 1.6 0.4 0.101
Niacin (mg) 16.7 5.2 17.2 5.1 17.7 4.6 0.029
Pyridoxine (mg) 15 0.5 15 0.4 15 0.4 0.023

*ANOVA or ChF? for means and proportions, respectively.
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Table lll. Percentages of inadequate consumption of micronutrients evaluated according
to tertiles of the Carbohydrate Quality Index. Fortaleza, 2020

Carbohydrate Quality Index
p-value*
Micronutrients® (%) Total (n)* 1+t tertile 2 tertile 3" tertile
Zinc 153 56.2 22.9 20.9 < 0.001
Magnesium 579 46.6 24.4 29.0 < 0.001
Manganese 343 56.1 22.8 21.1 < 0.001
Copper 205 63.9 23.4 12.7 < 0.001
Phosphorus 28 71.4 21.4 7.1 0.004
Thiamine 254 52.8 22.8 24.4 < 0.001
Niacin 33 48.5 33.3 18.2 0.152
Pyridoxine 162 56.8 241 19.1 < 0.001
Vitamin A 588 44.2 23.5 323 0.986
Vitamin C 27 66.7 18.5 14.8 0.044

"Vitamin E, D and riboflavin have inadequate consumption above 90 %. Selenium less than 1 % of inadequacy, it is not possible to adjust models for these nutrients.

+Total women with inadequate consumption. *ChF test.

In general, the micronutrients that demonstrated the lowest
consumption rates were vitamin A, magnesium, manganese, and
thiamine.

Table IV presents the crude and adjusted ORs of the logistic re-
gression analyses for the micronutrients zinc, magnesium, man-
ganese, copper, phosphorus, thiamine, and pyridoxine. It was not
possible to perform a regression analysis for vitamin E, vitamin
D, selenium, and riboflavin, as this would violate the applicabil-
ity criteria of the logistic regression model considering that all
women demonstrated low percentages of inadequacy (6 % and
2 % for selenium and riboflavin, respectively) or low percentages
of adequacy (6 % for vitamin D) for these micronutrients and a
rate of 99.9 % of inadequacy in consumption of vitamin E (data
not shown).

In the evaluation of crude ORs using logistic regression models,
women classified in the second tertile showed a lower prevalence
of inadequacy in consumption of manganese (OR, 0.52; 95 %
Cl, 0.34-0.77) and copper (OR, 0.55; 95 % Cl, 0.36-0.82), while
women classified in the third tertile showed a lower prevalence of
inadequacy for all micronutrients evaluated in the logistic regres-
sion (zinc [OR, 0.42; 95 % Cl, 0.26-0.66], magnesium [OR, 0.24;
95 % Cl, 0.13-0.43], manganese [OR, 0.26; 95 % Cl, 0.17-0.37],
copper [OR, 0.17; 95 % Cl, 0.10-0.26], thiamine [OR, 0.47; 95 %
Cl, 0.32-0.69], and pyridoxine [OR, 0.37; 95 % Cl, 0.23-0.57]).

After the first adjustment, adequacy of consumption of man-
ganese (OR, 0.54; 95 % Cl, 0.35-0.81) and copper (OR, 0.58;
95 % Cl, 0.38-0.90) remained inversely associated with women
in the second CQl tertile. In women classified in the third tertile,
the significant inverse associations continued with p < 0.001 for
all micronutrients except phosphorus (OR, 0.12; 95 % Cl, 0.02-
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0.44). There were no changes in the ORs of the third tertile in the
adjusted model compared with those in the crude model.

In the final adjustment model (adjusted by model 2 and ener-
gy intake), only consumption of manganese remained significant
(OR, 0.58; 95 % Cl, 0.35-0.91) in the second CQl tertile, while
in the third tertile, consumption of magnesium (OR, 0.29; 95 %
Cl, 0.14-0.59), manganese (OR, 0.32; 95 % Cl, 0.21-0.49), and
copper (OR, 0.22; 95 % Cl, 0.12-0.37) remained strongly signif-
icant (p < 0.001).

DISCUSSION

This study evaluated the association between the quality of
dietary carbohydrates and the adequacy of micronutrient con-
sumption in a sample of women monitored by the SUS. Ade-
quacy of consumption of the minerals magnesium, manganese,
and copper was inversely associated with the quality of dietary
carbohydrates in women classified in the third tertile of the CQl
after final adjustments using the regression models.

In this study, the micronutrients with the highest prevalence of
inadequate consumption were vitamin A, magnesium, manga-
nese, thiamine, copper, pyridoxine, and zinc. These findings are
consistent with the previous reports on micronutrient consump-
tion inadequacy in the Brazilian population (4,5,30).

Most previous studies have sought to identify factors associ-
ated with adequate micronutrient consumption (31-33), while
few studies have focused on investigating the dietary pat-
terns (34), and diet quality (35) as a means of determining the
adequacy of micronutrient consumption. In a previous study (16)



600

L. T. Cacau et al.

Table IV. Crude and adjusted analysis of association between tertiles of Carbohydrate
Quality Index with adequacy of micronutrient consumption. Fortaleza, 2020

Carboydrate Quality Index
Adequacy 1+t tertile 2" tertile 3" tertile
OR (95 % CI) p-value* OR (95 % CI) p-value*

Zinc

Model 1 Ref. 0.70 (0.48-1.21) 0.117 0.42 (0.26-0.66) < 0.001

Model 2° Ref. 0.76 (0.46-1.16) 0.254 0.42 (0.27-0.67) < 0.001

Model 3* Ref. 1.12 (0.63-1.98) 0.687 0.86 (0.49-1.48) 0.582
Magnesium

Model 1 Ref. 0.76 (0.35-1.72) 0.497 0.24 (0.13-0.43) < 0.001

Model 21 Ref. 0.81 (0.36-1.91) 0.618 0.23 (0.12-0.43) < 0.001

Model 3* Ref. 0.98 (0.38-2.59) 0.963 0.29 (0.14-0.59) < 0.001
Manganese

Model 1 Ref. 0.52 (0.34-0.77) 0.001 0.26 (0.17-0.37) < 0.001
Model 2f Ref. 0.54 (0.35-0.81) 0.003 0.25 (0.17-0.36) < 0.001

Model 3* Ref. 0.58 (0.36-0.91) 0.018 0.32 (0.21-0.49) < 0.001
Cupper

Model 1 Ref. 0.55 (0.36-0.82) 0.004 0.17 (0.10-0.26) < 0.001

Model 21 Ref. 0.58 (0.38-0.90) 0.013 0.16 (0.10-0.26) < 0.001

Model 3* Ref. 0.72 (0.43-1.19) 0.199 0.22 (0.12-0.37) < 0.001
Phosphor

Model 1 Ref. 0.55 (0.20-1.32) 0.205 0.13 (0.02-0.44) 0.005

Model 2 Ref. 0.52 (0.18-1.28) 0.180 0.12 (0.02-0.41) 0.004

Model 3* Ref. 0.61 (0.17-1.94) 0.426 0.27 (0.04-1.21) 0.126
Thiamine

Model 1 Ref. 0.70 (0.47-1.04) 0.083 0.47 (0.32-0.69) < 0.001

Model 21 Ref. 0.74 (0.49-1.13) 0.162 0.47 (0.32-0.70) < 0.001

Model 3* Ref. 1.03 (0.61-1.73) 0.920 0.88 (0.55-1.43) 0.616
Pyridoxine

Model 1 Ref. 0.73 0.47-1.12) 0.157 0.37 (0.23-0.57) < 0.001

Model 2 Ref. 0.79 (0.50-1.24) 0.305 0.36 (0.22-0.57) < 0.001

Model 3* Ref. 1.06 (0.62-1.79) 0.837 0.62 (0.36-1.04) 0.073

"Model adjusted for age (continuous), marital status, education, smoking and glycemic load of the diet. *Model adjusted by Model 2 and energy (kcal). *Wald test.

carried out by our research group, micronutrients whose con-
sumption was consistently associated with the CQl value were
identified, but this relationship has not been thoroughly investi-
gated. Thus, in the current study, we sought to understand the re-
lationship of CQI with the adequacy of micronutrient consumption
using logistic regression models properly adjusted for potential
confounding variables. Therefore, we found that women classified
in the third tertile of the CQl, who had the highest CQl values, had
a lower prevalence of inadequate consumption of magnesium,
manganese, and copper in all three models, including the crude
and adjusted ones, and lower prevalence of inadequate con-
sumption for zinc, magnesium, manganese, copper, phosphorus,
thiamine, and pyridoxine in the crude models after adjusting for
the variables of age, education, marital status, and GL in the diet.

Previous studies (11,15) that assessed the relationship of CQl
with the adequacy of micronutrients found that individuals in the
largest quintiles of CQIl were less likely to have inadequate con-
sumption of micronutrients. However, these studies assessed the
inadequacy of micronutrient intake in two ways: one assessed
the chance of failing to meet four or more DRI recommendations
(> 4 DRI) and failing to meet eight or more DRI recommendations
(> 8 DRI) according to CQI quintiles (11), while the other study
assessed the chance of not meeting six or more DRI recom-
mendations (> 6 DRI) and eight or more DRI recommendations
(> 8 DRI) also according to CQI quintiles (15). Both studies were
performed in the Europe population. In our study, we aimed to
investigate the relationship of each micronutrient with the tertiles
of the CQl, and we found that those women in the third tertile
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in the CQl were less likely to have inadequate consumption for
magnesium, manganese, and copper, after adjustments to the
regression model.

The carbohydrate consumption in grams was similar in all
tertiles, ranging from 74 to 79 g, suggesting that the quality of
dietary carbohydrates may have been the factor that contributed
to the adequacy of micronutrient consumption. Women in the
third tertile had a higher consumption of solid carbohydrates; this
can be explained by the fact that solid foods generally have a
low G, good fiber content, and micronutrient composition, and
include foods such as fruits, vegetables, and cereals (36). Liquid
carbohydrates, which are usually in the form of sugary drinks
such as sweetened soft drinks and fruit juices, are less nutritious
and have a high Gl (14,36).

Regarding the components of CQl and the adequacy of micro-
nutrients, there are studies that have assessed the relationship
between Gl and the adequacy of micronutrient consumption.
These studies found that individuals with diets containing a high
glycemic index are more likely to have inadequate consumption
of several micronutrients (12,13,37). A study with children and
adolescents in Australia showed that individuals who exceed
20 % of the total energy intake from free sugar consumption
are more likely to have inadequate consumption of micronu-
trients (38), while a study using NHANHES data from 2009-
2014 (39) found a significant association between the intake of
added sugars and the percentage of the population below the
EAR for only 3 of the 17 micronutrients evaluated: calcium, mag-
nesium, and vitamin D.

Over time, assessment of the quality of dietary carbohydrates
has become more relevant than assessment of their quanti-
ty (14). Thus, increased consumption of sources of carbohydrates
with added sugar and sugary drinks is known to be associated
with obesity, diabetes, cardiovascular diseases, and inadequate
micronutrient consumption (10,40). In contrast, foods such as
fruits, vegetables, whole grains, and tubers are options for sourc-
es of good quality carbohydrates, which also have favorable mi-
cronutrient compositions (14). Thus, the CQl is an instrument
that captures different dimensions of dietary carbohydrates by
evaluating Gl, fibers, liquid carbohydrates, whole grains, and oth-
er characteristics of carbohydrates. The CQl can be quite useful,
as it evaluates the characteristics of the carbohydrates in the diet
in a more holistic way.

Despite the promising results, the present study has some
limitations. The data used here were obtained using a cross-sec-
tional design, and it was thus not possible to evaluate temporal
sequences. In addition, the assessment of food intake was sus-
ceptible to measurement errors; although adjustment measures
like training of interviewers and removal of intrapersonal variance
were adopted, there may still have been inaccuracies in the con-
sumption data. Another limitation of our study is that we did not
collect information on the use of dietary supplements.

We observed that the participants had an inadequate con-
sumption of most of the micronutrients evaluated. However,
those in the third tertile of the CQl demonstrated a higher preva-
lence of adequacy, showing that the quality of carbohydrates was
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correlated to the adequacy of consumption of micronutrients,
especially magnesium, manganese, and copper, when potential
confounding variables were controlled. Thus, we believe that the
CQl'is a promising tool in the evaluation of quality in dietary car-
bohydrates given its ease of determination, allowing the assess-
ment of dietary adequacy to aid in the prevention and control
of many diseases and conditions in which food is an important
factor.

In conclusion, the results of the study demonstrated that higher
CQl values were associated with improved adequacy in the con-
sumption of most of the micronutrients evaluated in the women
monitored by the SUS, with emphasis on magnesium, manga-
nese, and copper, after performing necessary adjustments using
regression models. Our findings suggest that CQl can be a useful
tool for assessing the quality of dietary carbohydrates and for
identifying inadequacies in micronutrient intake. Moreover, the
estimation of CQI highlights the relevance of an increased con-
sumption of whole grains and fibers and a decreased consump-
tion of added sugar in ensuring adequate micronutrient con-
sumption, in addition to a reduction in the health risks associated
with dietary intake of excess sugar and simple carbohydrates.
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Abstract

Objective: the aim of the present study was to assess the level of physical activity and its association with Mediterranean dietary patterns in
university students of health sciences at Universidad de Castilla-La Mancha (Spain).

Method: a cross-sectional study was performed through an online survey. The final sample consisted of 555 university students (78.2 % females).
Adherence to Mediterranean diet was assessed using the 14-item Mediterranean Diet Adherence Screener (MEDAS). To measure physical activity,
the Rapid Assessment of Physical Activity Scale (RAPA) questionnaire was used.

Results: according to physical activity, 2.5 % of the participants were considered active and 35.1 % did both strength and flexibility activities.
A greater association was seen between intake of fruits (OR = 1.95; 95 % Cl, 1.25-3.04), pulses (OR = 1.51; 95 % Cl, 1.00-3.20), and nuts
(OR=1.99; 95 % Cl, 1.33-2.99) in those considered sufficiently active. Similarly, we found a significant relationship between the intake of fruits
(OR =2.28; 95 % Cl, 1.49-3.47), pulses (OR = 1.41; 95 % Cl, 1.00-2.08), nuts (OR = 1.96; 95 % Cl, 1.34-2.86), and fish/seafood (OR = 1.67;
95 % Cl, 1.15-2.43) in those who engaged in both strength and flexibility activities.

Conclusion: this study suggests that consumption of certain Mediterranean foods was associated with higher levels of physical activity in a
sample of Spanish university students.

Resumen

Objetivo: el objetivo del presente estudio fue evaluar el nivel de actividad fisica y su asociacion con la dieta mediterranea en estudiantes uni-
versitarios de ciencias de la salud de la Universidad de Castilla-La Mancha (Espana).

Método: se realizd un estudio transversal a través de una encuesta online. La muestra final estuvo formada por 555 estudiantes universitarios
(78,2 % mujeres). La adherencia a la dieta mediterranea se evalué mediante el evaluador de adherencia a la dieta mediterranea de 14 ftems
(MEDAS). Para medir la actividad fisica se utilizo el cuestionario Rapid Assessment of Physical Activity Scale (RAPA).

Resultados: de acuerdo con la actividad fisica, el 2,5 % de los participantes se consideraron activos y el 35,1 % realizaban actividades tanto de
fuerza como de flexibilidad. Se observd una mayor asociacion entre la ingesta de frutas (OR = 1,95; IC 95 %, 1,25-3,04), legumbres (OR = 1,51;
IC 95 %, 1,00-3,20) y frutos secos (OR = 1,99; IC 95 %, 1,33-2,99) en aquellos considerados suficientemente activos. Asimismo, encontramos
una relacion significativa entre la ingesta de frutas (OR = 2,28; IC 95 %, 1,49-3,47), legumbres (OR = 1,41; IC 95 %, 1,00-2,08), frutos secos
(OR =1,96; IC 95 %, 1,34-2,86) y pescado/marisco (OR = 1,67; IC 95 %, 1,15-2,43), en aquellos que participaron en actividades de fuerza
y flexibilidad.

Conclusion: este estudio sugiere que el consumo de determinados alimentos mediterraneos se asocia con mayores niveles de actividad fisica
en la muestra de universitarios espafoles analizada.
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INTRODUCTION

The pandemic of physical inactivity is linked with several chronic
diseases and premature deaths (1). The World Health Organiza-
tion guidelines for adults include strong recommendations based
on overall moderate-certainty evidence on weekly volumes of
aerobic and muscle-strengthening physical activity (PA) and also,
it reaffirms that all adults should regularly engage in PA and that
some PA is better than none (2). Insufficient activity is a serious
health concern, especially among university students (3). Simi-
larly, studies have shown that PA decline is evident during young
adults’ transition into early adulthood with the steepest decline
occurring at the time of entering a university (4,5).

Amongst dietary patterns, Mediterranean diet (MD) is well
known as one of the healthiest (6). The main characteristics of
this diet are a high consumption of plant products (fruits, veg-
etables, legumes, nuts), bread and other cereals (wheat being
an optional food), olive oil as the main fat, vinegar, and wine
consumption in moderate quantities (7). Scientific evidence has
demonstrated an inverse association of MD with non-communi-
cable diseases (e.g., cancer, cardiovascular diseases, hyperten-
sion or metabolic syndrome) (8) as well as with mortality (9), with
some of the dietary components mentioned above being the
main influences on these relationships (9).

On the other hand, unhealthy diet and insufficient PA have
shown a tendency of clustering among Spanish university stu-
dents (10-13). Moreover, although there are studies that have
evaluated the association between PA and MD in university stu-
dents (10), studies assessing the specific Mediterranean pattern
factors associated with PA levels among university students are
scarce. Supporting this notion, one systematic review of con-
trolled trials among university students concluded that missing
information about intervention components limits the strength of
conclusions about the most effective strategies and the evidence
of effectiveness, highlighting the need for further high-quality
studies (14). Furthermore, another systematic review showed
that nutrition education, enhancing self-regulation factors to-
wards dietary intake, and point-of-purchase messaging strate-
gies may improve university or college students’ dietary intake.
Based on the above, knowing the dietary factors associated with
a higher level of physical activity might help to design more ac-
curate and effective interventions. Thus, the aim of the present
study was to assess the level of PA and its association with Medi-
terranean dietary patterns in university students of health scienc-
es at Universidad de Castilla-La Mancha (Spain).

MATERIALS AND METHODS

PARTICIPANTS AND STUDY DESIGN

A cross-sectional study was performed through an online sur-
vey among university students of health sciences of Castilla-La
Mancha (Spain). The prevalence of sufficient PA levels in univer-
sity students was estimated at 20 % (15), a total width of the

P. J. Tarraga Lopez et al.

confidence interval of 0.10 and a confidence of 95 % (16). Un-
der these conditions, the minimum number of subjects required
is 523. Regarding inclusion criteria, only university students who
signed the informed consent were enrolled. Contrariwise, regard-
ing exclusion criteria, the following were excluded: a) participants
with any kind of dysfunction that restricted practicing PA (i.e., any
disease or motor problem); and b) participants under some kind
of pharmacological treatment.

This research was approved by the Board of the Faculty of
Medicine of the University of Castilla-La Mancha (date: April 15,
2020). Also, it was performed following the Helsinki Declaration
and respecting the human rights of all study participants. All par-
ticipants voluntarily agreed to participate in the study.

Of the original 575 participants, 20 participants were exclud-
ed due to missing data. Thus, 555 participants completed the
survey (78.2 % females). The differences in terms of gender are
justified by the higher prevalence of women in health sciences
university degrees, with an approximate proportion of 70 % of
females and 30 % of males in Spain.

The study was carried out from May 2020 (first dispatch of the
on-line survey) to July of the same year. An initial data collection
survey was designed that contained demographic data on the
participants on the one hand and, on the other, a survey was car-
ried out with the collection of data on level of PA and adherence
to the MD. The data collected in the Google Forms survey was
stored in Google Sheets (https://www.google.com/sheets/about/)
(password-protected, encrypted and de-identified) for subsequent
export and processing. The “Google Sheets + Mailchimp Integra-
tions” plugin (https.//zapier.com/apps/google-sheets/integrations/
mailchimp), the Zapier automation platform (https://zapier.com/
how-it-works), and the Mailchimp platform (https://mailchimp.
com/why-mailchimp/) were used to store the database.

PROCEDURES
Adherence to the Mediterranean diet

Adherence to MD was assessed using the 14-item Mediter-
ranean Diet Adherence Screener (MEDAS), validated in the Pre-
vention with MEDiterranean DIET (PREDIMED) trial (17). To obtain
the global about adherence to MD, a value of +1 was assigned to
each condition met, and a value of O when the condition was not
meet. The final PREDIMED score ranged from 0 to 14.

Level of physical activity (PA)

To measure PA, the Rapid Assessment of Physical Activity
Scale (RAPA) (18) questionnaire was used, which is an instru-
ment that assesses any PA performed, and has administration
times that are acceptable for use in clinical settings. This test
was chosen owing to its simplicity and ease of completion. RAPA
is divided into two categories: RAPA 1, which determines the
level of PA: a - sedentary ('l rarely or never do any physical ac-
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tivities’), b - little active (‘l do some light or moderate PA, but not
every week’ or ‘I do some light PA every week’), ¢ - moderately
active (‘I do moderate PA every week, but less than 30 minutes
a day or 5 days a week’ or ‘| do vigorous physical activities every
week, but less than 20 minutes a day or 3 days a week’), and
d - active ('l do 30 minutes or more a day of moderate PA, 5 or
more days a week’ or ‘I do 20 minutes or more a day of vigorous
PA, 3 or more days a week’); and RAPA 2, which assess the
type of exercise: a - none muscle strength and flexibility activ-
ities, b - muscle strength activities ('l do activities to increase
muscle strength, such as lifting weights or calisthenics, once a
week or more’, ¢ - flexibility activities ('l do activities to improve
flexibility, such as stretching or yoga, once a week or more’),
or d - both muscle strength and flexibility activities). For further
analyses, participants were divided into two groups according
to their RAPA 1 score: ‘insufficiently active’ (“sedentary” + “lit-
tle active”) (score 1-3) and ‘sufficiently active’ (“moderately ac-
tive” + “active”) (score 4-7). Similarly, the RAPA 2 score was
used to categorize two different groups: ‘strength and flexibility
activities’ (both muscle strength and flexibility activities) and ‘nei-
ther muscle strength nor flexibility activities'.

STATISTICAL ANALYSIS

The statistical analysis was carried out by the Statistical Pack-
age for the Social Sciences (SPSS) v.24 for Windows. From the
computer platform used to collect the necessary data for the
present study, the variables were ordered, coded and refined to be
able to be analyzed. The quantitative variables have been reported
as mean and standard deviation; while qualitative variables such
as absolute and relative frequencies. The relationship between
the qualitative variables was performed using the chi-square test
or Fisher’s exact test in the case of an expected frequency lower
than 5. Finally, a binary logistic regression analysis was performed
considering the practice of PA as a dependent variable and the
different Mediterranean dietary patterns as independent variables,
through backward stepwise regression. No statistically significant
interaction was found for gender and MD in relation with the level
of sufficient PA (p = 0.973) and the engagement in strength and
flexibility activities (p = 0.177). Thus, we analyzed males and fe-
males together to increase the statistical power. Age, gender and
faculty in which he/she was enrolled were included as covariates.
A p-value < 0.05 was considered statistically significant.

RESULTS

Table | shows the characteristics of the study participants. The
mean age of the analyzed sample was 21.1 (SD = 2.6) years.
Also, the proportion of females (78.2 %) was higher than that of
males (21.8 %). As regards PA, 2.5 % of the participants were
considered active (29.9 % were considered sufficiently active)
and 35.1 % did both strength and flexibility exercise. The mean
MEDAS score was 7.9 (SD = 1.6).

[Nutr Hosp 2022;39(3):603-609]

Table I. Characteristics of the participants
in the study (n = 555)

Variable M (SD)/n (%) 95 % CI
Age (years) 21.1(2.6) 19.3-22.9
Gender
Females 434 (78.2) 74.8-81.6
Males 121 (21.8) 18.4-25.2
Faculty
Medicine 257 (46.3) 42,2-50.5
Farmacy 125 (22.5) 19.0-26.0
Nursing 169 (30.5) 26.6-34.3
Other 4(0.7) 0.0-14
RAPA 1 (score) 2.9 (1.4) 2.7-3.1
Sedentary 89 (16.0) 13.0-19.1
Little active 300 (54.0) 49.9-58.2
Moderately active 152 (27.4) 23.7-31.1
Active 14 (2.5) 1.2-3.8
Insufficiently active 389 (70.1) 66.3-73.9
Sufficiently active 166 (29.9) 26.1-33.7
RAPA 2 (score) 1.1(0.7) 1.0-1.2
Strength 195 (35.1) 31.2-39.1
and flexibility activities
No strength 360 (64.9) 60.9-68.8
and flexibility activities
MEDAS (score) 7.9(1.6) 7.2-8.6

MEDAS: Mediterranean Diet Adherence Screener; RAPA: Rapid Assessment
of Physical Activity. RAPA 1. Assessment of aerobic activities; RAPA 2:
Assessment of strength and flexibility activities.

Table Il indicates the associations between Mediterranean di-
etary factors and the different established groups of PA. A sig-
nificant association for fruits, legumes, sweets/pastries and nuts
was found for both PA groups (p < 0.05 for all). Moreover, an
association was observed for red meat, fish/seafood and sofrito
in those who engaged in both strength and flexibility activities
(p < 0.05 for all).

Figure 1 indicates the final results of the binary logistic re-
gression analyses, after adjustment for potential confounders. A
greater association was observed between the intake of fruits
(OR = 1.95; 95 % Cl, 1.25-3.04), pulses (OR = 1.51; 95 %
Cl, 1.00-3.20) and nuts (OR = 1.99; 95 % Cl, 1.33-2.99) in
those considered sufficiently active. Similarly, we found a signif-
icant relationship between the intake of fruits (OR = 2.28; 95 %
Cl, 1.49-3.47), pulses (OR = 1.41; 95 % Cl, 1.00-2.08), nuts
(OR =1.96; 95 % Cl, 1.34-2.86), and fish/seafood (OR = 1.67;
95 % Cl, 1.15-2.43) in those who engaged in both strength and
flexibility activities.
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A RAPA 1 B RAPA 2
Olive oil for cooking N.S. Olive oil for cooking N.S.
Total olive oil consumed N.S. Total olive oil consumed N.S.
Vegetables N.S. Vegetables N.S.
Fruit —_—— Fruit
Red and processed meat N.S. Red and processed meat N.S.
Butter, margarine, cream N.S. Butter, margarine, cream N.S.
Sugar sweetened beverages N.S. Sugar sweetened beverages N.S.
Wine N.S. Wine N.S.
Pulses e Pulses —
Fish and seadfood N.S. Fish and seadfood —_——
Sweets and pastries N.S. Sweets and pastries N.S.
Nuts —_———— Nuts —_——
Preference of white meat IN.S. Preference of white meat N.S.
Sofrito IN.S. Sofrito L
0 1 2 3 0 1 2 3 s
Odds ratio Odds ratio
Figure 1.

Binary logistic regression analysis with Mediterranean dietary patterns as independent variables and sufficient physical activity or engagement in both strength and flexibility
activities as dependent variables. Data expressed as odds ratio (OR) and 95 % confident intervals. Insufficiently active and no engagement in both strength and flexibility
activities selected as reference groups. Adjusted by age, gender and type of faculty. A: assessment of aerobic activities; B: assessment of strength and flexibility activities.

RAPA: Rapid Assessment of Physical Activity.

DISCUSSION

The current study aimed to evaluate the level of PA and its
association with specific Mediterranean dietary patterns in a
sample of Spanish university students of health sciences. In this
sense, only three out of 10 participants were considered suf-
ficiently active and reported to do both strength and flexibility
exercises. Similarly, some Mediterranean dietary patterns were
identified as correlates of higher physical activity level.

Our finding matches those of previous studies in the scientif-
ic literature, which indicate insufficient levels of PA among uni-
versity students (4,15,19,20). As per the factors affecting the
decline of PA levels during this life stage, they include changes
in psychosocial aspects and residency (i.e., distance to the uni-
versity (21) and greater time demands, such as work and class
time (22). Supporting this notion, one study indicated some
barriers for PA among university students such as lack of time
because of busy lesson schedule or due to responsibilities as-
sociated with family and social environment, or even the priority
of parents on academic success over PA (23). Similarly, another
study in Spanish university students reported as reasons for not
performing PA time availability, lack of time and interest in PA
(mainly in performance and/or body esthetics) (24). In addition,
another possible hypothesis about these low levels of PA might
be related to autonomous regulations (especially integrated reg-
ulation), which have been linked to higher PA levels (25). How-
ever, these abovementioned variables (i.e., barriers and motives
for PA, self-regulation) were not assessed in the present study.

Another finding of our study is that we found a significant re-
lationship between engagement in PA and Mediterranean dietary

[Nutr Hosp 2022;39(3):603-609]

patterns, coinciding with other studies found (26-28). In the same
line, a higher intake of some healthy Mediterranean patterns (e.g.,
fruits or nuts) was observed in those who were considered suf-
ficiently active and among those who engaged in both strength
and flexibility activities. Our findings match those obtained by
Mieziene et al. (28) in Lithuanian young adults, which showed
that lower levels of PA were likely related to underconsumption
of olive oil, nuts, fish, seafood, legumes and wine, as well as red
meat. Similarly, the intake of some specific foods (e.g., nuts) has
been related to higher cardiorespiratory fitness (via unsaturated
fatty acids) (29). This fact has been also reported among Span-
ish university students and, as the authors recognize, PA could
(at least partially) explain this relationship (30). Also, two studies
performed among Spanish university students showed direct sig-
nificant associations between PA and the intake of some healthy
foods (e.g., fruits (31,32) and legumes (31). Accordingly, being
more physically active could motivate individuals to make healthy
food choices (33) (e.g., adherence to MD) and provide their or-
ganism with the necessary nutrients (carbohydrates, vitamins,
healthy fats or quality proteins). Some factors could explain these
findings. First, health sciences students may have a low quality of
life and experience greater difficulties due to hospital shifts, high
study load, stress, and general burnout (34). Therefore, health
care students are at risk of adopting an unhealthy lifestyle, in-
cluding excessive alcohol consumption, smoking, and unhealthy
dietary patterns, with overconsumption of comfort foods, which
are commonly used as copying mechanisms for chronic psycho-
logical distress (35). Second, the regular practice of PA increases
energy expenditure, which leads to an increase in calorie con-
sumption, which could facilitate a more varied diet and provide
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greater nutritional quality (36). Third, the association between
fruit consumption and PA could be due to some vitamins present
in fruits (e.g., vitamin C) (37). Higher consumption of fruits could
provide greater levels of vitamin C, which might help reduce the
damage caused by free radicals, preventing injuries and improv-
ing physical performance (38). Thus, the high levels of vitamin C
found in physically active individuals can be explained by their
high intake of fruit and vegetables. Also, increased PA and higher
adherence to MD have been linked to increased total antioxidant
capacity (39). Fourth, the association between nuts and PA could
be due to their content in omega-3 fatty acids, which have poten-
tial anti-inflammatory and antioxidant activity that may provide
health benefits and improve performance, especially in those
who practice PA, due to their increased production of reactive
oxygen (40). Lastly, the relationship between some protein-rich
foods (e.g., legumes or nuts) and higher levels of PA could be due
to the influence of exercise on protein concentrations (41). Thus,
plasma protein concentrations have been shown to be responsi-
ble for regulating fuel storage (42), energy (43), and force pro-
duction (44).

Certain limitations should be indicated in this study. On the
one hand, due to the cross-sectional design, it cannot be con-
cluded that the observed relationships reflect causal relation-
ships. Furthermore, self-reported measures were used in this
study to assess both PA and adherence to MD. Another limita-
tion found is the fact that only university students from health
sciences degrees were evaluated. Thus, the results could be
different for degrees in other areas. In this sense, eating habits
and lifestyle among health sciences university students seems
to be healthier than in students from other areas of knowl-
edge (12). On the contrary, with regard to the strengths of our
study, as far as we know it is one of the first studies to analyze
the specific Mediterranean dietary patterns related to the prac-
tice of PA in university students.

CONCLUSIONS

This study suggests that the consumption of certain Medi-
terranean food patterns was associated with sufficient levels of
PA in the sample of Spanish university students analyzed. Our
results highlight the need to promote a healthy lifestyle in uni-
versity students through specific intervention programs. In this
sense, universities should be concerned about encouraging and
facilitating PA and healthy eating habits in university students.
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Abstract

Objective: the objective of our study was to evaluate the level of understanding of ostomy patients regarding lifestyle, diet, and high output stoma
(HOS) management recommendations provided by healthcare professionals.

Method: a prospective study to follow up ostomy patients at nutritional consultations was designed. The follow-up process was performed
7-10 days after hospital discharge and again one month later. At the first visit, patients were instructed in the detection and management of HOS.
At the second visit, the level of understanding of the training received was assessed using an evaluation questionnaire. A descriptive analysis of
the answers to each of the questionnaire’s items was performed. Fisher’s exact test was used to evaluate differences in the level of understanding
recorded with the questionnaire.

Results: a total of 35 patients were recruited; 71.4 % did not provide correct answers to all the questions. There were no significant differences
in the correctness of the answers to the questionnaire according to education level.

Conclusions: many patients do not adequately understand the information provided by healthcare professionals and this could have a negative
impact on the incidence of clinical complications.

Resumen

Obijetivo: el objetivo de nuestro estudio fue evaluar el nivel de comprension de los pacientes ostomizados con respecto a las recomendaciones
sobre estilo de vida, dieta y manejo de la ostomia de alto débito (OAD) proporcionadas por los profesionales de la salud.

Método: se disefio un estudio prospectivo para el seguimiento de pacientes ostomizados en consulta de nutricion. El seguimiento se realizo
7-10 dias después del alta hospitalaria y a continuacion un mes después. En la primera visita, se instruyd a los pacientes sobre la deteccion y
el tratamiento de OAD. En la segunda visita se evalud el nivel de comprension de la formacion recibida mediante un cuestionario de evaluacion.
Se registraron las respuestas dadas a cada uno de los items del cuestionario y se realizé un analisis descriptivo. Para evaluar las diferencias en
el nivel de comprension registrado con el cuestionario se utilizo la prueba exacta de Fisher.

Resultados: se reclutaron 35 pacientes. El 71,4 % no respondieron correctamente a todas las preguntas. La exactitud de las respuestas al
cuestionario no mostro diferencias significativas segun el nivel educativo.

Conclusiones: un gran nimero de pacientes no comprende adecuadamente la informacion que ofrecen los profesionales sanitarios y esto
podria tener un impacto negativo en el desarrollo de complicaciones clinicas.
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AND LIFESTYLE RECOMMENDATIONS

INTRODUCTION

Patient non-adherence to medical treatment recommenda-
tions from healthcare professionals is a major concern requir-
ing additional research that would guide the implementation of
strategies aimed at improving the level of patient compliance and
commitment with the instructions they receive (1).

In 2003, the World Health Organization defined adherence as
“the extent to which a person’s behaviour —taking medication,
following a diet, and/or executing lifestyle changes— corre-
sponds with agreed recommendations from a health care provid-
er’ (2). Although nutritional therapy and lifestyle recommenda-
tions were included in this definition, current literature examining
the degree of patient adherence or compliance with these rec-
ommendations is scarce (3).

Studies on medication non-adherence have identified certain
patient-related characteristics that have an impact on this lack of
adherence, such as age, level of education, social environment,
and difficulties in understanding instructions for the management
of their disease (4). Additionally, lack of communication between
patients and healthcare professionals, limited consultation times,
and message complexity have a negative effect on adherence (4).

The incidence of complications associated with defunctioning
stoma formation in surgical patients is high (5). Dehydration and
malnutrition are among the most common complications and are
both intimately associated with high output stomas (HOS). Al-
though a short self-limited high output during the first postoper-
ative days is normal (6), an unremitting or continuous occurrence
of this process requires a specific management given the asso-
ciated complications, which involves identifying the cause and
performing a series of actions to control it adequately (7). How-
ever, the cause is often not easy to identify. HOS triggering fac-
tors that have been described include the development of short
bowel syndrome resulting from extensive intestinal resections, a
flare of inflammatory bowel disease, diabetes, sudden discontin-
uation of drugs such as opioids or corticosteroids, or the use of
prokinetics (8). Abdominal infections or obstructions have also
been described as triggering factors. Furthermore, in their en-
deavour to establish models to predict the risk of readmissions
from HOS, Chen et al. (5) identified age > 65 years, female sex,
arterial hypertension, and short postoperative hospital stay as
predictive factors.

Many interventions aimed at reducing the incidence of HOS
and improving patient nutritional status (9), such as scheduling
early postoperative visits performed by multidisciplinary teams
or implementing aggressive educational programmes, have been
developed. These measures have been reported to have had
positive outcomes on the reduction of associated readmission
rates in certain studies (9).

However, not all interventions have achieved the objective of
reducing readmission rates through the implementation of edu-
cational programmes, emphasizing the need for new educational
strategies (10). This, together with the scarcity of published evi-
dence on the evaluation of the level of understanding and com-
pliance with dietary recommendations in this type of patients,
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highlights the need to design validated tools to assess the impact
of educational interventions on health outcomes.

The objective of our study was, firstly, to evaluate the level of
understanding of ostomy patients regarding lifestyle, diet, and
high output stoma management recommendations provided by
healthcare professionals during a nutritional consultation and,
secondly, to analyse the impact of the level of understanding on
the occurrence of this type of ostomy-related complications.

MATERIALS AND METHODS

PATIENTS

The study population consisted of > 18 year-old patients who
had undergone bowel resection with ostomy.

STUDY DESIGN

A prospective study to follow up ostomy patients at nutritional
consultations in a 350-bed hospital was designed.

Based on our centre’s clinical guidelines, all patients under-
going gastrointestinal resection requiring a defunctioning stoma
were registered and followed up during the postoperative peri-
od to facilitate diet progression and detect potential alterations
in stoma function (11). At discharge, all patients tolerated a
low-residue diet. However, given the complexity of adapting to
the diet after surgery and the high risk of developing compli-
cations, our hospital has defined and implemented a nutritional
protocol for ostomised patients which consist of a comprehen-
sive follow-up in outpatient clinics following hospital discharge to
rapidly identify and treat any electrolyte and/or nutritional prob-
lems that may appear.

The follow-up process was performed early after hospital dis-
charge and again one month later, as follows:

— The first follow-up visit was performed 7-10 days after
hospital discharge. The patients’ nutritional history was ob-
tained and their nutritional status and dietary progression
evaluated.

- In addition, patients were instructed in the detection and
management of HOS. An information leaflet was provided
(Annex ), its suitability assessed using the Suitability Assess-
ment of Materials (SAM) scale, and its readability evaluated
using the INFLESZ (Flesch- Szigriszt index) formula (12,13).

— The second visit took place one month later, with a further
assessment of nutritional status and dietary progression,
and the recording of any occurrences of HOS. The level of
understanding of the training received during the first visit
was also assessed using a five-question evaluation ques-
tionnaire with dichotomous (Yes/No) responses (Fig. 1).

Demographic characteristics (age, sex, education level, em-
ployment status), underlying disease leading to the surgical inter-
vention, length of resection, type of stoma, and presence of HOS
after surgery were collected from electronic medical records.
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ANNEX I. INFORMATION LEAFLET

USE PHARMACY
REHYDRATING
SOLUTIONS SUCH AS:

«» Sueroral®, Isotonar®, Bebesales®
“(ALTERNATIVELY USE: 1 litre of water, two
spoonfuls of sugar, half a teaspoon of salt and of
bicarbonate, and the juice of one medium-size
lemon)

“*Isotonic beverages (Acuarius®, Isostar® ,
Gatorade®, Santiveri®)

Subsequently, incorporate rice water

(50 g of rice and one large peeled carrot,

one litre and a half of water with salt, boil for 20
minutes on medium heat).

On no account must these solutions
replace meals

Please follow the nutritionist’s
instructions for these cases at all times

< IF IT LASTS FOR MORE
THAN THREE DAYS, VISIT
YOUR FAMILY DOCTOR
The addition of
medication may be
required to reduce the
speed of bowel transit, or
improve absorption.

WHAT IS OUTPUT?
OUTPUT?

In order to monitor your output, it is
important that you know the volume of
the bag you are using.

Itis the bowel content that is discharged
through the stoma and collected in the
ostomy bag.

It is important to pay attention to the
characteristics of the output to detect
potential anomalies in bowel transit:
*« AMOUNT

*« FREQUENCY
+ CONSISTENCY )
\ 1 If you detect a high volume, you should

> closely monitor your output during the
following 48-72 hours to determine if you
meet the high output criteria we have
established.

You can fill up an ostomy bag at home and
then measure the volume so you have a
reference volume to calculate your output.

¢WHEN SHOULD |
CONSIDER | HAVE A HIGH
OUTPUT?

Under normal conditions, the output usually
ranges from 500 mL to 1000 mL daily. A high
output is considered in cases when it is
greater than 2000 mL for more than 48
hours or when the output is greater than
1000 mL for 3-5 days.

HOW DO | DETECT A HIGH

/ A N\ Agencia Sanitaria Costa del Sol
umn o vmuon— CONSEJERIA DE SALUD Y BIENESTAR SOCIAL

(| OSTOMY OUTPUT
MONITORING

Patient information

Pharmacy and Nutrition Department
Hospital Costa del Sol. Marbella
Autovia A-7, Km 187, 29603
Marbella, Malaga, Spain

WHAT HAPPENS IF | HAVE
A HIGHT OUTPUT?

Because large amounts of water and salts
are lost with a high output, dehydration is
one of the main consequences.

Clear signs of fatigue and muscle weakness
may be associated with dehydration.

The absorption of the food ingested is
affected by this situation. If the high output
continues for an extended period of time, it
may cause weight loss and significant
physical impairment.

¢WHAT SHOULD | DO
HAVE A HIGH OUTPU

<+ You should reduce the total daily intake
of fluids: one litre maximum, taken in small
amounts

< Try not to drink during meals

«+Use rehydration solutions (see below) or,
as a last resort, water.

«+Always avoid herbal teas, coffee, soft
drinks, and fruit juice when you have a high
output. These drinks will make it worse.

[Nutr Hosp 2022;39(3):610-614]
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AND LIFESTYLE RECOMMENDATIONS

ASSESSMENT QUESTIONNAIRE

MR No.:
NAME AND SURNAME:
DATE:

1. - Is it important to monitor your output daily?
[0 Yes
O No
2. - If my daily output is greater than 1500mL, does it mean I am having a high output?
O Yes
O No

3.- If T am having a high output, I should take more than a litre of fluids by mouth, mainly
soft drinks and herbal teas, and always at meals.

OO Yes
O No

4. - If my output is high, in addition to being careful with my fluid intake, should I make
some changes to my diet?

O Yes
O No

5.- If my output remains high for three days despite drinking less than one litre of fluids and
changing my diet, should I seek medical advice?

O Yes

O No

Figure 1.
The assessment questionnaire.

The answers to each of the questionnaire’s items were collect-
ed and analysed.

STATISTICAL ANALYSIS

A descriptive analysis was performed using measures of cen-
tral tendency, dispersion, and position for quantitative variables,
and frequency distribution for qualitative variables. To evaluate
differences in the level of understanding recorded with the ques-
tionnaire, the Mann-Whitney U-test was used for quantitative
variables, and Fisher’s exact test for qualitative variables. Statis-
tical significance level was set at p < 0.05.

RESULTS

The study population consisted of 35 consecutively recruited
patients. Demographics are shown in table .

EDUCATIONAL MATERIAL EVALUATION

The evaluation of the information leaflet using the 22 factors
contained in the SAM scale provided a 75 % score, and therefore
the quality of the material was considered superior (70-100 %).
Text readability was assessed with the INFLESZ formula, and the
level of difficulty was considered normal.

[Nutr Hosp 2022:39(3):610-614]

Table I. General characteristics
of the study population (n = 35)

n (%)

Gender

Male 27 (77.1 %)

Female 8 (22.9 %)
Underlying disease

Malignant 30 (85.7 %)

Benign 5 (14.3 %)
Length of resection (cm)

(mean = SD) 21.5+221

Type of stoma

Colostomy 20 (57.1 %)

lleostomy 15 (42.9 %)
Duration of the stoma

Provisional 21 (60 %)

Permanent 14 (40 %)
High-outout stoma at admission 2 (5.7 %)
Education level

No qualifications/Primary-level education 15 (43 %)

Secondary-level education/University education 20 (57 %)
Employment status

Employed 6 (17 %)

Unemployed 39 %)

Retired 20 (57 %)

Sick leave 4 (11 %)

Family carer/Housekeeper 2 (6 %)

Age (years) (mean = SD) 67.9 +11.1 years

HIGH OUTPUT MANAGEMENT: LEVEL
OF UNDERSTANDING

Of all the patients, 71.4 % (n = 25) did not provide correct
answers to all the questions. Table Il shows the answers to the
different items of the questionnaire.

Correctness of the answers to the questionnaire showed no
significant differences between the group of patients with sec-
ondary/university edcation and the group without formal educa-
tion or with primary education (p = 1.00).

DISCUSSION AND CONCLUSION

Seventy percent of patients provided incorrect answers to
some of the items of the questionnaire. These results evidence
a lack of understanding of the information provided during the
nutritional consultation and are consistent with the findings of
other studies on treatment adherence, which have shown that
the limitations of certain patients to understand the character-
istics of their disease and the information received determines
their degree of treatment compliance (1,4).
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Table Il. Distribution of answers to the questionnaire’s items

Q-1 Q-2 Q-3 Q-4 Q-5
Correct answer % (n) 88.6 % (31) 68.6 % (24) 48.6 % (17) 68.6 % (24) 65.7 % (23)
Incorrect answer % (n) 11.4% (4) 14.3% (5) 28.6 % (10) 14.3% (5) 17.1 % (6)
Unanswered % () - 17.1% (6) 22.9% (8) 17.1 % (6) 17.1% (6)

In line with this, some authors have suggested that the level of
education may be a risk factor associated with non-adherence
(2,13,14). However, our analysis did not identify patient level of
education as a determinant of the results obtained in the ques-
tionnaire. Other studies have associated the lack of understanding
not so much with education level but with a lack of commitment
of the patient (6). Distrust in treatment efficacy, low motivation to
recover health, and/or lack of knowledge on the consequences
are all factors that may have an impact on adherence (1,15).

In addition to the patient-related factors, certain characteris-
tics of the healthcare professionals and settings such as lack of
written instructions or difficulty of the language used may com-
promise adherence to the instructions provided. Several tools are
available to assess educational material or health information for
adults (12,13). In our case, the analysis of the material prepared
did not reveal a high level of complexity. However, in light of the
results obtained and in line with other studies (16), our objec-
tives regarding understanding and patient commitment with the
information provided were not met. Thus, it would be beneficial
to simplify the material provided to lower the level of complexity.

Furthermore, although a large number of studies on med-
ication adherence and associated factors are readily available
(1,16), evidence on adherence in the field of clinical nutrition and
lifestyle and dietary recommendations is scarce (3).

The occurrence of ostomy-related complications, in particular
dehydration and malnutrition secondary to HOS, can be largely
prevented through patient self-care education and training (9).

Several authors have described educational programmes
based on multidisciplinary teams and aimed at reducing HOS-re-
lated hospital readmission rates (9,10,18,19).

Although our study has several limitations such as the use
of a non-validated measuring tool and a small sample size for
subgroup comparisons, our findings reveal that new validated
tools assessing the quality of clinical interventions performed to
improve patient understanding and commitment with the recom-
mendations provided are required.
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Resumen

Objetivos: un abordaje inadecuado de la desnutricion en el paciente con cancer puede conducir a un empeoramiento de su calidad de vida y
una respuesta deficiente al tratamiento. El estudio ONA (Oncologia, Nutricion y Adherencia) tiene como objetivo describir el manejo nutricional
del paciente con cancer en la practica clinica, asi como las opiniones de los profesionales sanitarios involucrados en el mismo.

Métodos: estudio observacional, descriptivo y transversal dirigido a profesionales sanitarios espafioles. El cuestionario online fue disefiado a partir
de una revision bibliografica, un grupo focal de pacientes (n = 6) y un comité cientifico multidisciplinar (n = 5), y distribuido por las sociedades
cientificas que avalan el estudio.

Resultados: de los 461 profesionales sanitarios participantes, el 95,0 % consideraron fundamental la figura del profesional sanitario con for-
macion especifica en nutricion, pero el 22,8 % no tenian acceso a ella y solo el 49,0 % habian recibido formacion. El 58,4 % afirmaron realizar
el cribado nutricional o derivar al paciente para este fin. El 86,6 % de los participantes indicaron que se informa al paciente sobre aspectos
nutricionales y consideraron que este estaba moderadamente satisfecho con la informacion recibida. En caso de detectarse desnutricion o riesgo
de desnutricion, los profesionales afirmaron realizar una evaluacion nutricional completa (73,1 %) y, de necesitarse soporte nutricional, este se
prescribiria/recomendaria (87,4 %), evaluandose la adherencia al mismo (86,8 %).

Conclusiones: a pesar de que la desnutricion es un problema comdn en el paciente con cancer, casi la mitad de los profesionales no realizan
un cribado nutricional. Ademés, el proceso de informacion y evaluacion de la adherencia nutricional es subdptimo.
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Abstract

Objectives: an inadequate approach to prevent malnutrition in cancer patients may worsen their quality of life and reduce their response to
treatment. This study aims to describe the nutritional management of cancer patients in clinical practice, as well as the opinions of the healthcare
professionals (HCPs) involved.

Methods: this was an observational, descriptive, cross-sectional study addressed to HCPs in the Spanish healthcare setting. The online ques-
tionnaire was designed based on a literature review, one focus group of patients (n = 6), and the experience of the multidisciplinary scientific
committee (n = 5), and was distributed by the scientific societies endorsing the study.

Results: a total of 461 HCPs answered the survey. Most of them considered that a nutrition expert (95.0 %) is essential for the nutritional man-
agement of patients. However, 22.8 % of HCPs did not have access to this expert, and only 49.0 % had received training. Nutritional screening
or patient referral for screening was performed by 58.4 % of HCPs. Of the total of HCPs, 86.6 % stated that nutritional information is provided
to patients and considered them moderately satisfied with the information received. In malnourished patients or in those at risk of malnutrition,
a complete nutritional assessment was performed by HCPs (73.1 %). Most HCPs (87.4 %) reported prescribing or recommending nutritional
support if needed, and assessing adherence (86.8 %).

Conclusions: despite malnutrition being a common problem in cancer patients, almost half of professionals do not perform any nutritional
screening. In addition, patient information and assessment of nutritional adherence appear to be suboptimal.

INTRODUCCION

Las dificultades para realizar una alimentacion correcta y los
problemas nutricionales son una complicacion habitual en el pa-
ciente con cancer. Estas complicaciones pueden aparecer como
consecuencia de la propia enfermedad y los tratamientos, por
el impacto en su estado emocional y estilo de vida, asi como la
falta de planificacion nutricional por parte de los profesionales
sanitarios (1-3).

Se estima que al menos la mitad de los pacientes con cancer
estan desnutridos o en riesgo de desnutricion en el momento
del diagndstico y que el 64% sufren una reduccion de peso en
los 6 meses posteriores (4). Con la progresion de la enfermedad,
la prevalencia de la desnutricion es incluso superior, llegando al
80 % en algunos tipos de cancer, como el esofagico (5, 6).

La desnutricion se correlaciona con una respuesta deficiente
al tratamiento y un incremento de la toxicidad. En consecuencia,
se produce un empeoramiento de la calidad de vida relaciona-
da con la salud, y un incremento de la morbimortalidad, de la
estancia hospitalaria y de los costes (7-9). Por este motivo, la
Sociedad Europea de Nutricion Clinica y Metabolismo (ESPEN),
y la Sociedad Espariola de Oncologia Médica (SEOM) recomien-
dan la identificacion, prevencion y tratamiento de los aspectos
reversibles de la desnutricion en el paciente con cancer (10,11).

Los problemas nutricionales en el paciente con cancer son
a menudo subestimados, infradiagnosticados e infratratados.
Cerca de la mitad de los pacientes no recibe ningun tipo de ase-
soramiento nutricional (12-14). En los pacientes desnutridos la
intervencion temprana con consejos dietéticos y/o suplementos
nutricionales orales (SNO) es fundamental para mantener, e in-
cluso mejorar, su estado nutricional. Sin embargo, diversos estu-
dios han puesto de manifiesto la baja adherencia a las recomen-
daciones nutricionales y en concreto a los SNO, especialmente
en los pacientes jovenes (15). Sin embargo, a pesar de que la co-
rrecta adherencia es crucial para el éxito de dichas intervencio-
nes, raramente se evallia (16). Por este motivo se recomienda la
implementacion de estrategias que permitan evaluar y promover
la adherencia del paciente a las pautas nutricionales realizadas
por su profesional sanitario (17).

Conocer la perspectiva y la practica clinica habitual de los pro-
fesionales sanitarios involucrados en el manejo nutricional del
paciente con cancer es fundamental para identificar barreras y
definir las estrategias adecuadas para optimizar su manejo. El
estudio ONA (oncologia, nutricion y adherencia) describe el ma-
nejo nutricional del paciente oncologico en practica clinica desde
la perspectiva del profesional sanitario.

METODOS

DISENO DEL ESTUDIO Y PARTICIPANTES

Se realizd un estudio observacional descriptivo transversal en
el ambito sanitario publico espafiol, mediante un cuestionario
dirigido a profesionales sanitarios involucrados en el manejo nu-
tricional del paciente con cancer y que ejercen su profesion en el
ambito sanitario espaol.

CUESTIONARIO

El cuestionario se disefo a partir de una revision de la literatura
y un grupo focal de pacientes, que permitieron identificar aspec-
tos relevantes en el manejo nutricional del paciente con cancer
y determinar las necesidades percibidas. El grupo focal estuvo
compuesto por 6 pacientes con distintos perfiles en funcion de su
edad, sexo, tipo de cancer y soporte nutricional recibido. Tras pre-
sentarse el contexto y objetivo del proyecto, se abordaron distin-
tos aspectos relacionados con el estado nutricional del paciente
incluyendo, su valoracion y seguimiento, la informacion recibida,
las intervenciones nutricionales prescritas, y posibles barreras
para la correcta adherencia al soporte nutricional. Cada uno de
los puntos fue dinamizado a partir de un guion semiestructurado.

Un comité cientifico compuesto por 5 profesionales sanitarios
[Medicina Familiar y Comunitaria (AP), Endocrinologia y Nutricion
(EyN), Oncologia Radioterapica (OR), Oncologia Médicia (OM) y
Enfermeria (ENF)] y 2 representantes de pacientes del Grupo
Espariol de Pacientes con Cancer (GEPAC), participaron en la
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elaboracion del cuestionario electrénico y proporcionaron aseso-
ramiento en las distintas fases del estudio.

El cuestionario constd de 34 preguntas dividas en 6 seccio-
nes: 1) variables sociodemograficas y laborales; 2) percepcion
del manejo nutricional del paciente con cancer: relevancia de la
figura del experto en nutricion, tipo de seguimiento, formacion
profesional, informacion al paciente y satisfaccion del paciente;
3) evaluacion nutricional en practica clinica: realizacion del cri-
bado/evaluacion nutricional completa, momento de realizacion/
derivacion y herramientas utilizadas; 4) informacion nutricional
proporcionada al paciente: proceso de informacion, momento de
realizacion y temas tratados; 5) intervencion nutricional en prac-
tica clinica: prescripcion/recomendacion de soporte nutricional,
consideracion de las preferencias del paciente, control de adhe-

rencia y estrategias para mejorar la adherencia; 6) percepcion
sobre las barreras existentes para la correcta adherencia del
soporte nutricional y estrategias de mejora (Anexo ).

La encuesta incluyd cuestiones cerradas (dicotomicas, multi-
rrespuesta, escalas de tipo Likert de 4 puntos y escalas numéri-
cas ordinales de 0 a 10) (n = 32) y cuestiones abiertas (n = 2).
Las cuestiones con respuestas dicotémicas se incluyeron cuando
existian dos alternativas (si/no, hombre/mujer, atencion primaria/
especializada), mientras que las multirrespuestas se incluyeron
cuando existian varias. Las escalas de tipo Likert y numéricas ordi-
nales se utilizaron para establecer gradaciones de respuesta (gra-
do de satisfaccion, utilidad, dificultad o mejorfa, sobre una cues-
tion dada). Por Gltimo, las cuestiones abiertas se establecieron
para valores numéricos como la edad y los afios de experiencia.

ANEXO |

VARIABLES SOCIODEMOGRAFICAS Y PROFESIONALES

Edad: afnos

Género:[ | Hombre [ ] Mujer

Comunidad auténoma en la que ejerce su profesion: [desplegable]

Especialidad/profesién sanitaria: [desplegable]

- Oncologia médica

- Oncologia radioterapica

- Hematologia y hemoterapia
- Endocrinologia y nutricion

- Cirugia

- Medicina familiar y comunitaria

- Nutricion humana y dietética (grado/diplomatura)
- Enfermeria en departamento/planta/unidad

- Otra (por favor, indique cudl):

Ahos de experiencia en la atencién del paciente oncolégico:

(] Primaria
[] Especializada

Tipo de atencién en la que ejerce la mayor parte de su actividad:

oncolégico?

[1S []No

¢El servicio en el que trabaja cuenta con protocolos nutricionales especificos para el manejo del paciente

[ ] Modelo de interconsulta

[ Comité multidisciplinar

[_] No hay posibilidad de derivacion
[] No existe esa figura

La derivacion del paciente oncolégico al experto en nutricién se realiza generalmente mediante:

[1Si []No

¢Ha recibido formacién nutricional especifica para el manejo nutricional del paciente oncolégico?

Likert 4 puntos (1 = nada, 2 = algo, 3 = bastante; 4 = mucho)

¢En qué medida considera que recibir formacion sobre el manejo nutricional del paciente oncolégico podria
optimizar el manejo nutricional de dicho paciente oncolégico?

[Nutr Hosp 2022;39(3):615-628]
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ANEXO I. (CONT.)
1. PERCEPCION DEL PROFESIONAL ACERCA DE LA NUTRICION ONCOLOGICA

Valore de 0 a 10 como considera que, en general, se evalla el estado nutricional del paciente oncolégico
(siendo 0 = de forma nada adecuada y 10 = de forma completamente adecuada)

Valore de 0 a 10 como considera que, en general, se trata el estado nutricional del paciente oncolégico en su
ambito mas cercano (siendo 0 = de forma nada adecuada y 10 = de forma completamente adecuada)

¢ Considera fundamental la figura del experto en nutricién para la atencién y el seguimiento nutricional del
paciente oncolégico?

[1si [1No
En general, {como considera que deberia realizarse el manejo nutricional del paciente oncolégico?

[] Exclusivamente por el experto en nutricion
[] Coordinado por el experto en nutricion pero compartido con otros profesionales
[] Exclusivamente por los profesionales sanitarios encargados del manejo clinico del paciente oncoldgico

2. EVALUACION NUTRICIONAL

En general, ¢realiza usted un cribado para conocer el riesgo de desnutriciéon del paciente oncolégico?

[]Si [JNo [] No,perolos derivo al experto en nutricion

Si realiza el cribado nutricional
¢Cuando se realiza el cribado nutricional? Puede elegir mas de una opcioén.

["] En el momento del diagndstico

[] Antes de iniciar el tratamiento oncoldgico (quimioterapia, radioterapia, inmunoterapia y/o cirugia)
[_] Durante el tratamiento

[_] En la primera visita una vez finalizado el tratamiento

[_] Durante el seguimiento tras finalizar el tratamiento

Si deriva el cribado nutricional
¢Cuando los deriva? Puede elegir mas de una opcion.

["] En el momento del diagndstico

[] Antes de iniciar el tratamiento oncoldgico (quimioterapia, radioterapia, inmunoterapia y/o cirugia)
[_] Durante el tratamiento

[_] En la primera visita una vez finalizado el tratamiento

[_] Durante el seguimiento tras finalizar el tratamiento

Si realiza el cribado nutricional
¢Como realiza el cribado nutricional de los pacientes con cancer? Seleccione todas las repuestas que
correspondan a su experiencia personal

[ ] % de pérdida de peso involuntaria

] IMC

[] Reduccion de la ingesta en las tltimas semanas

[_] Através de cuestionarios especificos (gj. MUST, NRS-2000, MST...)
[ | Otros (especificar):

¢Realiza usted una evaluacién nutricional mas completa en aquellos pacientes identificados como con
malnutricién o en riesgo nutricional tras el cribado?

[]Si []No [ No,perolos derivo al experto en nutricion

Si realiza evaluacion nutricional completa
¢Coémo realiza la evaluacion nutricional? Puede elegir mas de una opcién.

[] Mediante el control del peso

[_] Mediante el control del IMC

[] Valorando la masa muscular

[] Mediante registro dietético

[] Evaluando parametros analiticos especificos (PCR, albtimina, prealbimina)
[_] Através de cuestionarios especificos

[] Evaluando la capacidad funcional

["] Otros (especificar):

(Contintia en pdgina siguiente)
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ANEXO I. (CONT))
3. INFORMACION NUTRICIONAL QUE PROPORCIONA

En general, ¢ proporciona usted informacion nutricional a los pacientes oncolégicos?
[] Si,yomismo [ ] No, pero lo realiza alguien de mi equipo No

Si proporciona informacion

En general, ¢qué tipo de informacién relacionada con la alimentacion proporciona a sus pacientes?

Seleccione todas las repuestas que correspondan a su experiencia personal.

[_] Tipo de alimentos que deberia consumir o evitar

[_] Importancia de una alimentacion saludable durante la enfermedad

[_] Como puede afectar la enfermedad y/o el tratamiento al estado nutricional (dificultad para alimentarse correctamente, pérdida de peso,
etc.)

[_] Recomendaciones para prevenir/tratar los posibles efectos secundarios (como preparar los alimentos, cantidades adecuadas, horarios,
temperatura, modificadores de textura, etc.)

[_] Disponibilidad de formulas nutricionales para mejorar el estado nutricional

[_] Otros (especificar):

[] Ninguna

Si proporciona informacion

¢ Cuando proporciona la informacién acerca de los aspectos relacionados con la nutricion? Seleccione todas
las repuestas que correspondan a su experiencia personal.

[] En el momento del diagndstico

[] Antes de iniciar el tratamiento oncoldgico (quimioterapia, radioterapia, inmunoterapia y/o cirugia)
["] Durante el tratamiento

[_] En la primera visita una vez finalizado el tratamiento

[_] Durante el seguimiento tras finalizar el tratamiento

Desde su punto de vista, valore de 0 a 10 el grado de satisfaccion de sus pacientes con la informacion
recibida acerca de la nutricion (siendo 0 = nada satisfecho y 10 = totalmente satisfecho).

Valore del 0 al 10 el papel que desempenan las Asociaciones de Pacientes para ofrecer al paciente
informacién adicional acerca de la nutricién oncolégica (0 = nada importante; 10 = muy importante)

Valore del 0 a 10 la utilidad que podria tener la existencia de plataformas web o aplicaciones moéviles
con contenidos especificos para pacientes con cancer (validadas por expertos en nutricion oncologica)
en el proceso de informacién al paciente (0 = nada dtil; 10 = muy util)

4. INTERVENCION NUTRICIONAL

¢Prescribe o recomienda usted el soporte nutricional a los pacientes oncolégicos que lo necesitan?

[1si []No

Si prescribe o recomienda
En general, ¢tiene en cuenta las preferencias del paciente en la prescripcion del soporte nutricional? Likert
de 4 puntos: nunca, a veces, a menudo, siempre.

Si prescribe 0 recomienda
En general, irealiza usted un seguimiento o control para evaluar la adherencia al soporte nutricional?

[ ] Si lorealizoyo [ | No, pero lo realiza alguien de mi equipo [ | No

Si realiza seguimiento
¢Coémo se realiza el seguimiento/control de la adherencia al suporte nutricional?
[] Entrevista clinica

[] Utilizacion de cuestionarios

[] Recuento de unidades sobrantes

["] Registros de dispensacion

[] Otros (especificar);

(Contintia en pdgina siguiente)
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ANEXO I. (CONT.)

4. INTERVENCION NUTRICIONAL

Si realiza seguimiento

En caso de detectar baja adherencia, ¢{qué estrategias se llevan a cabo para mejorarla?
[_] Aumento de la frecuencia de visitas a la consulta

[] Sistemas de recuerdo: llamadas, sms, correos electronicos, etc.

[ ] Implicacion directa de un familiar/cuidador

[ ] Educacion del paciente

[] Implicacion del farmacéutico hospitalario

[] Otras (especificar):
[] No se lleva a cabo ninguna estrategia

Si no realiza seguimiento, multirrespuesta

¢Cudles son las razones por las que no realiza un seguimiento o control para evaluar la adherencia al soporte
nutricional?

["] Falta de tiempo

[ ] Falta de recursos especificos

[] Falta de formacion

[_] No lo considero prioritario

[] Otras (especificar);

5. BARRERAS para la correcta adherencia AL SOPORTE NUTRICIONAL

Indique cdmo cree que, en general, los siguientes aspectos dificultan a los pacientes cumplir con las pautas
nutricionales prescritas.

Likert 4 puntos (1 = no le dificulta en absoluto, 2 = le dificulta algo, 3 = le dificulta bastante; 4 = le dificulta totalmente)

Malestar geqeral 0 problemas gastrointestinales debidos al tratamiento/la enfermedad (dolor abdominal, Ulceras bucales, 112103]a
falta de apetito, etc.)

Apatia o depresion 1121314
Falta de motivacion 11234
Situacion familiar 112134
Edad del paciente 1121314
Falta de informacion acerca de la importancia de una correcta alimentacion (confianza en el prescriptor) 11234
Falta de seguimiento por parte del personal sanitario 1121314
Ausencia de la figura del experto en nutricion 1121314
Caracteristicas de las formulas nutricionales (variedad de sabores, formatos, volumen, facilidad de preparacion, etc.) 1121314
Problemas de tolerancia al soporte nutricional (estrefiimiento, diarreas, pesadez...) 1121314

- Otros (especificar):

(Contintia en pdgina siguiente)
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6. OPCIONES DE MEJORA

10 = mucho).

nutricion clinica.

- Disponer de personal de soporte con conocimiento nutricional.

- Otras (especifique):

¢Coémo cree que las siguientes medidas/estrategias podrian mejorar el manejo nutricional del paciente
oncolégico? Para cada una de las opciones indique su opinidon en una escala de 0 a 10 (0 = nada;

- Promover acciones para reforzar la formacion y concienciacion de los profesionales sanitarios involucrados en la asistencia oncolégica sobre
- Incluir el cribado nutricional en la rutina de los cuidados del paciente oncoldgico.

- Establecer protocolos de seguimiento nutricional, multidisciplinar y adaptado a las caracteristicas del centro.

- Incluir el consejo nutricional en los protocolos de actuacion, junto con la evaluacion y la intervencion nutricional.

- Programar méas consultas de nutricion especializada durante todo el proceso oncoldgico.

- Incorporar las guias nutricionales en el plan de cuidados y tratamientos del paciente oncoldgico.

- Fomentar el seguimiento de los pacientes con nutricion enteral domiciliaria.

- Disponer de materiales de apoyo (folletos, libros, app, webs, etc.) para ofrecerle al paciente informacion nutricional personalizada.

RECOPILACION DE DATOS

El cuestionario fue creado en una plataforma on-line, accesible
a través de un enlace. Para responder fue necesario un registro
previo, asegurandose una Unica respuesta por encuestado. Los
profesionales fueron invitados a participar en la encuesta online
por las diferentes sociedades cientificas que avalan el estudio:
Sociedad Espafiola de Nutricion Clinica y Metabolismo (SENPE),
Sociedad Espariola de Hematologia y Hemoterapia (SEHH), So-
ciedad Espafola de Médicos de Atencion Primaria (SEMERGEN),
Sociedad Espafiola de Endocrinologia y Nutricion (SEEN), Socie-
dad Espariola de Oncologia Médica (SEOM) y Sociedad Espariola
de Oncologia Radioterapica (SEOR). Los integrantes del comité y
el promotor del estudio participaron en su difusion. Cada socie-
dad difundid el enlace de la encuesta por sus medios habituales
(newsletters, anuncios en las paginas web de las sociedades, co-
rreo electronico y redes sociales). Las respuestas al cuestionario
se recogieron entre enero y abril de 2020.

ANALISIS ESTADISTICOS

Las variables cualitativas se representan de forma descriptiva
mediante frecuencias absolutas y relativas. Las variables cuantitati-
vas son expresadas por la media y la desviacion estandar o disper-
sion. Los resultados se describen como valores absolutos y/o fre-
cuencias, agregados y por subgrupos, de acuerdo con los siguientes
colectivos: AP, EyN, OM, OR, Hematologia y Hemoterapia (HH) y ENF
fueron invitados a participar en la encuesta; sin embargo, los datos
de los DN no se muestran de manera desagregada debido a su baja
participacion (n = 8 sobre un total de 461), sino que se incluyen
en el grupo “otros” junto a profesionales de farmacia hospitalaria,
urgencias, cuidados paliativos, cirugia y geriatria, entre otros.

[Nutr Hosp 2022;39(3):615-628]

ASPECTOS ETICOS

El estudio fue presentado al Comité Etico de Investigacion
Clinica del Hospital Puerta del Hierro, quien considerd que
debido a la baja carga ética no existia ningin impedimento
ético o legal para su realizacion. El estudio sigui6 las recomen-
daciones éticas internacional contenidas en la Declaracion de
Helsinki. La participacion fue voluntaria cumpliéndose con lo
dispuesto en la Ley Organica 3/2018, de 5 de diciembre, de
proteccion de Datos de Caracter Personal y garantia de dere-
chos digitales.

RESULTADOS

CARACTERISTICAS DE LOS PARTICIPANTES

En el estudio participaron un total de 461 profesionales pro-
cedentes de todas las comunidades auténomas. Las principales
especialidades/profesiones sanitarias involucradas en el manejo
nutricional del paciente con cancer estuvieron representadas: AP
(41,0 %), OM (10,2 %), OR (4,1 %), EyN (15,6 %), HH (9,5 %) y
ENF (8,0 %). El 63,1 % eran mujeres y la experiencia profesional
media fue de 16,3 afios. El 48,2 % habian recibido formacion
nutricional especifica. Por su parte, el 33,8 % indicaron que su
servicio contaba con protocolos nutricionales especificos para
el manejo del paciente con cancer (48,6 % en centros de aten-
cion especializada y 16,8 % en centros de atencion primaria),
siendo el modelo de interconsulta el tipo de derivacion principal
(73,1 %).

Las caracteristicas sociodemograficas y laborales se descri-
ben en la tabla .
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Tabla I. Caracteristicas sociodemograficas

y laborales de los participantes

. Participantes
Variable (n = 461)
Edad, afios (DE) 46,3 (11,1)
Muijer, % (n) 63,1 (291)
Comunidad auténoma, % (n)
Madrid 18,0 (83)
Andalucia 15,0 (69)
Comunidad Valenciana 10,0 (46)
Castilla'y Leon 9,3 (43)
Catalufa 9,1 (42
Aragon 6,3 (29)
Pais Vasco 5,4 (25)
Asturias 4,8 (22)
Murcia 4,8 (22)
Canarias 4,3 (20)
Galicia 3,9(18)
Castilla La Mancha 2,8(13)
Cantabria 1,3 (6)
Extremadura 1,3 (6)
Baleares 1,15
La Rioja 1,10
Navarra 1,15
Melilla 0,4(2)
Especialidad, % (n)
Medicina familiar y comunitaria (AP) 41,0 (189)
Endocrinologia y nutricion (EyN) 15,6 (72)
Oncologia médica (OM) 10,2 (47)
Oncologia radioterapica (OM) 41(19)
Hematologia y hemoterapia (HH) 9,5 (44)
Enfermeria (ENF) 8,0 (37)
Otras* 9,8 (45)
Experiencia, arios (DE) 16,3 (10,2
Tipo de atencion principal, % (n)
Primaria 46,4 (214)
Especializada 53,6 (247)
Formacion nutricional especifica, % (n) 48,2 (222)
Serwcllq con protocolos nutricionales 33,8 (156)
especificos, % (n)
Tipo de derivacion al experto en
nutricion, % (n) 73,1 (337)
Modelo de interconsulta 41 (19)
Comité multidisciplinar 9,142
No hay posibilidad de derivacion 13,7 (63)

No existe esa figura

DE: desviacion estandar. *Atencion domiciliaria (n = 10), farmacia

hospitalaria (n = 9), nutricion humana y dietética (n = 8), urgencias (n = 6),

cuidados paliativos (n = 5), cirugia (n = 4), geriatria (n = 3), otras (n = 7).

E. Cancer et al.

PERCEPCION SOBRE EL MANEJO
NUTRICIONAL EN EL PACIENTE CON CANCER

E195,0 % de los profesionales considerd fundamental la figura
del profesional sanitario con formacion especifica en nutricion,
siendo deseable un seguimiento multidisciplinar y coordinado
por el experto para mas del 90,0 %, en todas las especialidades.

La evaluacion y el tratamiento nutricional del paciente con
cancer fueron consideradas como aspectos mejorables, obte-
niéndose una puntuacion media de 5,2 (DE: 2,0) y 5,4 (DE: 1,9),
respectivamente, en una escala de 0 a 10. Asi mismo, el 96,7 %
consideré que una correcta formacion del profesional en nutri-
cion para el paciente oncoldgico optimizaria mucho o bastante el
manejo del paciente. Sin embargo, solo el 49,2 % habian recibi-
do formacion, observandose diferencias entre las distintas espe-
cialidades. Asi, la mayoria de los especialistas en EyN (98,6 %),
OR (89,5 %) y OM (74,5 %) indicaron haber recibido formacion
especifica, proporcion muy inferior en otras especialidades como
ENF (54,1 %), HH (25,0 %) y AP (20,2 %).

EVALUACION NUTRICIONAL EN PRACTICA
CLiNICA

Cribado nutricional

El 58,4 % de los profesionales afirmaron realizar el cribado nu-
tricional del paciente o su derivacion al experto en nutricion para
su valoracion, siendo las especialidades en EyN (78,0 %), OM
(72,4 %) y OR (89,5 %) las mas sensibilizadas con el cribado (Ta-
bla Il). Segun el tipo de centro, el cribado se realiza en mayor me-
dida por los profesionales de centros de atencion especializada
(66,4 %) y con protocolos especificos para el manejo nutricional
(82,7 %) que en centros de AP (50,0 %) y sin protocolos (45,9 %).

Los profesionales que declararon realizar el cribado nutricio-
nal (46,0 %) indicaron que la determinacion tenia lugar esen-
cialmente al inicio del tratamiento (53,3 %) o durante el mismo
(52,8 %). Asi mismo, los instrumentos de medida mas utilizados
son la pérdida de peso voluntaria (76,4 %), el IMC (72,2 %) y la
reduccion de la ingesta en las Ultimas semanas (72,2 %).

Evaluacion nutricion completa

En pacientes con desnutricion o en riesgo nutricional, el
73,1 % de los participantes afirmaron realizar una evaluacion
nutricional completa, bien ellos mismos o derivandolos al experto
en nutricion, siendo los profesionales de ENF los que tendrian un
rol menos activo (48,6 %) (Tabla Il). Dicha evaluacion se realiza
por un mayor numero de profesionales de centros de atencion
especializada (78,1 %) y con protocolos para el manejo nutricio-
nal del paciente oncoldgico (91,0 %) que aquellos que ejercen
en centros de AP (67,4 %) o sin protocolos especificos (63.9 %).

Entre aquellos que la realizaban (50,5 %), los instrumentos de
medida mas empleados son los parametros analiticos especifi-
cos (83,7 %) y el control del peso (77,7 %).
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Tabla Il. Cribado y evaluacién nutricional completa
Total AP EyN oM OR HH ENF
Cribado nutricional o derivacion n =461 n=198 n=72 n=47 n=19 n=44 n=37
St (%) 58,4 49,5 77,8% 72,3 89,4 52,3 35,1
Momento del cribado™ n=212 n=73 n=>56 n=26 n=16 n=11 n=12
Diagnostico (%) 39,2 41,1 33,9 50,0 12,5 36,3 25,0
Inicio del tratamiento (%) 53,3 39,7 53,6 76,9 93,7 63,6 25,0
Durante el tratamiento (%) 52,8 54,8 571 53,8 25,0 454 25,0
1.2 visita tras el tratamiento (%) 16,5 19,2 12,5 7,7 12,5 18,1 25,0
Durante el seguimiento (%) 25,9 32,9 16.1 23,0 6,2 18,1 41,6
Herramientas de cribado utilizadas™ n=212 n=73 n=>56 n=26 n=16 n=11 n=12
% de pérdida de peso involuntaria (%) 76,4 68,5 911 84,6 68,7 454 58,3
IMC (%) 72,2 76,7 80,4 61,5 62,5 54,5 41,6
Reduccion de la ingesta (%) 72,2 65,8 82,1 69,2 62,5 63,5 66,6
Cuestionarios especificos (%) 193 41 25,0 26,9 56,2 18,2 0
Evaluacion nutricional completa o derivacion n=461 n=198 n=70 n=47 n=19 n=44 n=237
St (%) 731 67,2 97,2 76,6 100 70,4 48,6
Instrumentos de evaluacion nutricional utilizados* n=233 n=97 n=~68 n=14 n=13 n=7 n=14
Control del peso (%) 77,7 76,3 94,2 71,4 76,9 57,1 64.3
Control del IMC (%) 62,2 66,0 71,0 28,5 61,5 28,5 64.3
Masa muscular (%) 40,3 34,0 55,1 14,2 53,8 0 28,6
Registro dietético (%) 53,6 38,1 87,0 28,5 38,4 14,3 42,8
Parametros analiticos especificos (%) 83,7 85,6 89,9 71,4 92,3 100 57,1
Cuestionarios especificos (%) 421 33,0 46,4 28,5 69,2 14,3 71,4
Capacidad funcional (%) 41,2 34,0 50,7 35,7 46,1 0 50,0

AP: medicina familiar y comunitaria; EyN: endocrinologia y nutricion;, OM: oncologia médica; OR: oncologia radioterdpica; HH: hematologia y hemoterapia; ENF:
enfermeria; IMC: indice de masa corporal. *Solo los profesionales que indicaron realizarlo ellos mismos o alguien de su equipo (no derivaciones).

INFORMACION NUTRICIONAL FACILITADA
AL PACIENTE

El 86,6 % de los profesionales afirmaron proporcionar infor-
macion nutricional al paciente, bien personalmente o a través de
algin miembro de su equipo, no observandose diferencias entre
las distintas especialidades (Tabla Ill). EI 89,1 %y 83,6 % de los
profesionales de centros de especialidades y AP, respectivamen-
te, indicaron proporcionar informacion nutricional. Asi mismo, el
96,8 % de los profesionales cuyos centros cuentan con protoco-
los nutricionales especificos proporcionan esta informacion, fren-
te al 81,3 % cuyos centros carecen de protocolos nutricionales.

La informacion se proporciona principalmente antes del trata-
miento (52,9 %) o durante el mismo (78,9 %) (Tabla Ill), a dife-
rencia del grado de informacion tras la finalizacion del tratamien-
to, que fue bajo (36,1 %).

Los principales temas tratados con el paciente son la importancia
de una alimentacion saludable (80,2 %), como afectan la enferme-
dad y/o el tratamiento al estado nutricional (79,7%) y 10s tipos de
alimentos a consumir/evitar (77,2 %). Asimismo, los profesionales
consideraron que sus pacientes estaban moderadamente satisfe-
chos con la informacion recibida (media: 6,5; DE: 1,9; escala 0-10).
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También se valoraron otros medios para reforzar los consejos
nutricionales, considerandose que las asociaciones de pacientes
(media: 6,4; DE: 2,3) y las plataformas webs o aplicaciones mo-
viles con contenidos validados por expertos en nutricion para el
paciente oncoldgico (media: 7,9; DE: 1,7) podrian ayudar en el
proceso de informacion.

INTERVENCION NUTRICIONAL EN PRACTICA
CLiNICA

El 87,4 % de los profesionales sanitarios indicaron que pres-
cribian o recomendaban soporte nutricional a los pacientes con
cancer que lo necesitaban (Tabla IV). De estos, el 91,1 % consi-
deraron que tenian en cuenta las preferencias de los pacientes
siempre 0 a menudo y el 86,8 % manifestaron evaluar la adhe-
rencia al soporte nutricional, directamente por ellos o por alguien
de su equipo. La entrevista clinica fue la principal herramien-
ta empleada para el control de la adherencia (94,6 %). Dicho
control fue similar entre profesionales de centros de atencion
especializada (88,5 %) y centros de atencion primaria (84,9 %).
Por su lado, el 95,3 % de los profesionales cuyos centros cuen-
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Tabla lll. Informacion proporcionada al paciente

Total AP EyN oM OR HH ENF
Informan al paciente sobre aspectos nutricionales n =461 n=198 n=72 n=47 n=19 n=44 n=37
St (%) 86,6 82,3 98,6 97,7 94,7 74,9 89,1
Momento de la informacion n=399 n=163 n=7r1 n=46 n=18 n=29 n=233
Diagndstico (%) 31,1 28,8 35,2 41,3 16,6 34,5 15,1
Inicio del tratamiento (%) 52,9 37,4 59,2 78,2 94,4 86,2 42,4
Durante el tratamiento (%) 78,9 78,5 87,3 78,2 72,2 82,7 78,8
1.2 visita tras el tratamiento (%) 15,0 16,0 141 13,0 27,7 10,3 15,1
Durante el seguimiento (%) 36,1 43,6 31,0 30,4 44 4 13,8 39,4
Temas tratados n=399 n=163 n=71 n=46 n=18 n=29 n=33
Alimentos a consumir/evitar (%) 77,2 71,2 78,9 80,4 83,3 93,1 60,6
Importancia de la alimentacion saludable (%) 80,2 83,4 83,1 78,2 94,4 82,7 84,8
Enfermedad/tratamiento y estado nutricional (%) 79,7 791 91,5 67,4 94,4 79,3 60,6
Prevencion/tratamiento de efectos secundarios (%) 72,4 66,3 90,1 76,1 83,3 62,0 72,7
Disponibilidad de suplementos nutricionales (%) 68,2 62,6 94,4 69,5 83,3 34,5 51,5
Otros (%) 28 0,6 8,5 43 0 0 0

AP:, medicina familiar y comunitaria; EyN: endocrinologia y nutricion; OM: oncologia médica, OR: oncologia radioterdpica; HH: hematologia y hemoterapia; ENF:

enfermeria.

Tabla IV. Intervencién nutricional y adherencia

Total AP EyN oM OR HH ENF
Zzz;rs/glr‘(/);;(:‘a/g;/recomendaC/on de suplementos N = 461 =198 no72 n=d47 n=19 0= 44 n=37
. 87,4 87,4 100 100 94,7 88,6 56,7
Si (%)

Control de la adherencia n=403 n=173 n=72 n=47 n=18 n=239 n=21
St (%) 86,8 86,1 100 93,6 100 64,0 76,2
Instrumentos de control de la adherencia utilizados | n = 350 n=149 n=7r72 n=44 n=18 n=25 n=16
Entrevista clinica (%) 94,6 94,6 97,2 90,9 100 100 93,7
Cuestionarios especificos (%) 15,4 15,4 13,9 15,9 20,0 4,0 0,0
Recuento de unidades sobrantes (%) 94 9,4 2,8 6,8 0,0 0,0 6,2
Registros de dispensacion (%) 29,1 29,1 19,4 18,1 111 16,0 12,5
Estrategias para mejorar la adherencia n=2350 n=149 n=7r72 n=44 n=18 n=25 n=16
Aumento de visitas en consultas (%) 40,9 39,6 597 27,3 55,5 4,0 37,5
Sistemas de recuerdos: llamadas, sms, correo, etc. (%) 10,0 11,4 42 45 16,6 4.0 6,2
Implicacion directa de un familiar/cuidador (%) 86,3 95,3 77,8 86,3 88,8 64,0 68,7
Implicacion del farmacéutico hospitalario (%) 6,6 5,4 6,9 0,0 55 12,0 6,2
Otras (%) 13,1 6,0 31,9 6,8 16,6 8,0 12,5

AP: medicina familiar y comunitaria; EyN: endocrinologia y nutricion;, OM: oncologia médica; OR: oncologia radioterdpica; HH: hematologia y hemoterapia; ENF:

enfermeria; IMC: indice de masa corporal.

tan con protocolos especificos indicaron controlar la adherencia
nutricional, mientras que en los centros sin protocolos esta fue
informada por el 83,3 %.

En el caso de detectar una baja adherencia al tratamiento, el
95,1 % de los profesionales que prescriben soporte nutricional
indicaron poner en marcha estrategias para mejorar la adhe-
rencia, siendo la implicacion directa de un familiar/cuidador la
mas utilizada 86,3 %, seguida del aumento de la frecuencia de

las visitas (40,9 %). Por el contrario, el empleo de los sistemas
de recuerdo como llamadas, SMS o correos, y la implicacion del
farmacéutico hospitalario fue residual (10,0 % y 6,6 %, respec-
tivamente).

Entre los sanitarios que no realizan un seguimiento o con-
trol para evaluar la adherencia (13,2 %), la falta de formacion
(54,7 %), recursos especificos (52,8 %) y tiempo (49,4 %) fueron
las principales razones sefaladas.
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PERCEPCION DE LAS BARRERAS
EXISTENTES PARA LA CORRECTA
ADHERENCIA AL SOPORTE NUTRICIONAL
Y ESTRATEGIAS DE MEJORA DEL MANEJO
NUTRICIONAL

En relacion con las barreras para la correcta adherencia del
paciente al soporte nutricional, el malestar general, la apatia o
depresion del paciente, la dificultad de acceso al suplemento
nutricional, los problemas de tolerancia y la falta de motivacion
del paciente, fueron percibidos por mas del 75,0 % de los pro-
fesionales como aspectos que influyen mucho o bastante en la
correcta adherencia (Fig. 1).

En cuanto a las estrategias presentadas, 10s sanitarios consi-
deraron que facilitar el acceso a personal de apoyo con conoci-
miento nutricional, fomentar el cribado nutricional en la practica
clinica y establecer protocolos de actuacion especificos de eva-
luacion, intervencion y consejo nutricional optimizarian en gran
medida el manejo nutricional del paciente con cancer (Tabla V).

DISCUSION

Actualmente, en Espafa, la informacion disponible sobre el
abordaje nutricional del paciente con cancer en la practica clini-
ca es escasa. El presente estudio describe las opiniones y expe-
riencias de los profesionales sanitarios sobre el manejo nutricio-
nal del paciente con cancer, observandose un manejo nutricional
suboptimo.

Una de las figuras clave para el manejo nutricional de estos
pacientes es la del experto en nutricion. Este rol puede recaer
fundamentalmente en endocrin6logos, enfermeros de nutricion
y otros profesionales con formacion especifica, como los dietis-
tas-nutricionistas, en funcion de cada centro. De acuerdo con 10s
participantes en nuestro estudio, el experto en nutricion se con-
sidera esencial, siendo deseable un seguimiento multidisciplinar

Malestar general
Apatia o depresion
Facilidad de acceso al suplemento
Problemas tolerancia
Falta de motivacion
Falta de informacién
Ausencia figura experto nutricién
Falta de seguimiento
Caracteristicas férmulas m
Situacion familiar
Edad del paciente

25% 50% 75% 100%

<
=

Figura 1.

Profesionales que consideran que las siguientes barreras dificultan mucho o bas-
tante la correcta adherencia al soporte nutricional.
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Tabla V. Valoracion de las estrategias
de mejora para optimizar el manejo
del paciente con cancer

Estrategias Media DE

Promover acciones para reforzar la
formacion y concienciacion de los

. B 8,66 1,38
profesionales sanitarios involucrados en la
asistencia oncoldgica sobre nutricion clinica
Incluir el cribado nutricional en la rutina de

. . ) 8,85 1,28
los cuidados del paciente con cancer
Disponer de personal de soporte con 8.2 134

conocimiento nutricional

Establecer protocolos de seguimiento
nutricional, multidisciplinar y adaptado a las 8,82 1,31
caracteristicas del centro

Incluir el consejo nutricional en los
protocolos de actuacion, junto con la 8,87 1,17
evaluacion y la intervencion nutricional

Programar mas consultas de nutricion
especializada durante todo el proceso 8,34 1,65
oncoldgico

Incorporar las guias nutricionales en el plan

de cuidados y tratamientos del paciente con 8,74 1,28
cancer
Fomentar el seguimiento de los pacientes

o 8,51 1,55
con nutricion enteral domiciliaria
Disponer de materiales de apoyo (folletos,
libros, app, webs, etc.) para ofrecerle 8.7 157

al paciente informacion nutricional
personalizada

DE: desviacion estandar. Escala de 0 a 10: 0 = mejoraria en nada; 10 =
mejoraria mucho.

y coordinado con el resto de las especialidades. Sin embargo, en
la practica clinica, uno de cada cuatro profesionales no tiene ac-
ceso a esta figura. En linea con lo observado en nuestro entorno,
en otros paises europeos, el acceso a esta figura parece similar.
Asi, en un estudio realizado en Alemania, el 30 % de los médicos
indicaron que en su entorno no existia la figura del experto en
nutricion, tratandose en la mayoria de los casos de un dietista o
un meédico con formacion especifica en nutricion (21).

Los profesionales que participaron en nuestro estudio coinci-
den en que la formacion nutricional de los profesionales sanita-
rios puede optimizar la deteccion y con ello promover el trata-
miento precoz de los problemas nutricionales en el paciente con
cancer. Esta formacion cobra especial relevancia en los centros
donde el paciente no puede ser atendido por un experto en nutri-
cion. Sin embargo, la mitad de ellos no habian recibido formacion
en nutricion para el paciente oncoldgico. Otros estudios euro-
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peos arrojan resultados heterogéneos, en parte debido al tipo de
cancer en el que se centra y/o a las especialidades incluidas. Asi,
en una encuesta nacional realizada en Francia, el 71 % de los
profesionales, en su mayoria hepato-gastroenterologos y oncolo-
gos, indicaron haber recibido formacion en nutricion para el pa-
ciente oncoldgico (22). Por el contrario, acorde con otra encuesta
realizada a neumologos y cirujanos del mismo pais en el contexto
del cancer de pulmon, solo el 3,4 % la habian recibido (23). Asi
pues, parecen existir diferencias formativas sustanciales entre
las especialidades sanitarias, del mismo modo que se ha obser-
vado en nuestro estudio.

Debido a su trascendencia, las principales guias clinicas que
abordan el manejo nutricional del paciente con cancer recomien-
dan evaluar su estado nutricional al hacer el diagnostico de la
enfermedad y de forma continuada (10,11). De hecho, se ha
demostrado que, cuanto mayor es la frecuencia de las visitas
para evaluar/tratar aspectos nutricionales, mayor es la ingesta
caldrica y menor es la pérdida de peso del paciente (24). Pese
a ello, nuestros resultados evidencian que mas del 40 % de los
profesionales espafoles involucrados en el manejo del pacien-
te con cancer no realizan un cribado nutricional ni lo derivan al
experto en nutricion, y un 30 % no realizan una evaluacion mas
completa en caso de detectar que el paciente esta desnutrido o
en riesgo de desnutricion.

El cribado nutricional se realiza principalmente durante el
tratamiento oncoldgico, siendo mucho menos frecuente en el
diagnostico o tras el tratamiento. En este sentido, Caccialanza
y cols. y Corbaux y cols. describen que la evaluacion nutricional
o la derivacion al experto en nutricion no es proactiva, teniendo
lugar principalmente cuando existe una pérdida de peso impor-
tante, que en muchos casos es informada por el propio paciente
(23,25). De manera similar a nuestro estudio, una prueba piloto
realizada para la implementacion de un modelo de atencién nu-
tricional en pacientes con cancer de cabeza-cuello reveld que,
antes de su implantacion, la evaluacidn nutricional era escasa
tras el tratamiento (< 15 %), realizdndose principalmente a su
inicio 0 durante el mismo (26).

En relacion con las herramientas utilizadas para el cribado/
evaluacion nutricional, las medidas antropométricas, como la
pérdida/el control del peso y el IMC son las mas extendidas (>
70 %). Por el contrario, el uso de cuestionarios especificos es
escaso (en torno al 20 % en el cribado y al 40 % en la eva-
luacion nutricional). Esta tendencia es similar a la publicada en
estudios realizados en otros paises. En Francia, Corbaux y cols.
observaron que, en los pacientes con cancer de pulmon, las
medidas antropométricas eran las mas utilizadas, mientras que
el uso de cuestionarios especificos era inferior al 25 % (23). De
manera similar, en ltalia, casi el 80 % de los oncdlogos utili-
zaban escalas antropométricas, mientras que apenas un 16 %
utilizaban cuestionarios especificos (25). En Australia, el uso de
instrumentos validados para realizar el screening nutricional en
pacientes con cancer de cabeza-cuello se ha estimado en un
14 % (26). Asimismo, una encuesta internacional realizada por la
American Society of Clinical Oncology reveld que mas del 70 %
de los profesionales sanitarios miden el IMC antes y después de
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completar el tratamiento, no reportandose datos sobre el uso
de cuestionarios especificos (27). En este sentido cabe sefialar
que algunos de estos cuestionarios de cribado nutricional son
tan sencillos que serian especialmente Utiles como herramientas
para la implementacion de un cribado sistematico en el paciente
con cancer.

El empoderamiento del paciente es un aspecto fundamental
para poder optimizar el cuidado del mismo, sustentandose este
sobre la base de una correcta informacion y formacion (28). Sin
embargo, numerosos estudios sugieren que a lo largo de su en-
fermedad, entre el 40 % y el 70 % de los pacientes con cancer
no cubren sus necesidades con la informacion nutricional reci-
bida (29-31). El grado de informacién aportada a los pacientes
observado en nuestro estudio seria mayor al descrito en la li-
teratura (> 75 %), siendo los oncdlogos y los EyN mas parti-
cipativos en el proceso, especialmente durante el tratamiento.
No obstante, hay que sefialar que estos datos provienen de la
perspectiva de los profesionales, que no tiene por qué coincidir
con la de los pacientes. En cuanto a la fuente principal de infor-
macion, nuestros resultados concuerdan con los observados por
van Veen y cols., que describen, segun los pacientes, que los
profesionales sanitarios con experiencia en nutricion y el equipo
oncoldgico son la principal fuente de informacion, esencialmente
durante el tratamiento (32). Trabajos previos han sefialado que,
cuando los pacientes reciben informacién nutricional de al me-
nos 3 profesionales diferentes, las convicciones sobre la impor-
tancia de la nutricion en los resultados del tratamiento son mas
fuertes (33), sugiriendo la conveniencia de reforzar, de manera
multidisciplinar, la necesidad de una correcta nutricion a lo largo
de la enfermedad.

Otro de los aspectos basicos en el abordaje nutricional del
paciente con cancer es la prescripcion de SNO a aquellos pa-
cientes que lo necesiten. En este sentido, diferentes estudios
sugieren que estos SNO se prescriben a menos del 40 % de
los pacientes que los requieren (14,34,35), entre otros motivos
porque la ingesta de comida suele sobreestimarse, en especial
en los pacientes ancianos (35). En el presente estudio, la mayo-
ria de los profesionales (> 75 %) indicaron que, de necesitarse,
prescribian o recomendaban soporte nutricional. Un aspecto
fundamental para que los SNO sean eficaces es la correcta ad-
herencia a ellos por parte del paciente, que en muchos casos es
pobre (15). Por ello, evaluar la adherencia al SNO, especialmente
en pacientes con desnutricion moderada-grave, es clave para
abordar estrategias que mejoren el cumplimiento del paciente.
En nuestro estudio, la mayoria de los participantes indicaron que
evaluaban la adherencia al suplemento y consideraban que las
principales barreras para el correcto cumplimiento de las reco-
mendaciones pautadas estan relacionadas con el propio pacien-
te (apatia, depresion, motivacion, etc.). En el caso de detectar
una baja adherencia, distintas estrategias para mejorarla fueron
valoradas positivamente por los profesionales, siendo la implica-
cion directa de un familiar/cuidador la mas destacada.

Por todo lo descrito anteriormente, los participantes conside-
raron que la evaluacion y el tratamiento nutricional del paciente
con cancer distan mucho de ser dptimos, existiendo pues opor-
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tunidades de mejora. En linea con las estrategias propuestas en
otros sistemas europeos (36), las mas valoradas por los profe-
sionales que participaron en la encuesta incluyen: la definicion
de protocolos o vias de actuacidn que proporcionen un marco
general para la atencion nutricional y con capacidad de adap-
tacion a estructuras especificas de los servicios sanitarios, asi
como formacion en nutricion para el paciente oncoldgico y/o el
apoyo de los especialistas.

Nuestro estudio presenta una serie de limitaciones. Primero,
la mayoria de las preguntas incluidas en el cuestionario fueron
preguntas cerradas, lo que puede dificultar la interpretacion de
las percepciones de los participantes. Pese a ello, es importante
tener en cuenta que un comité cientifico compuesto por profe-
sionales sanitarios involucrados en el manejo del paciente con
cancer y por representantes de pacientes revisé el cuestionario.
Segundo, la baja participacion de dietistas-nutricionistas no ha
permitido analizar la opinion y percepcion de ese grupo de profe-
sionales. Ademas, los subgrupos establecidos por especialidad/
profesion sanitaria estan desequilibrados, siendo en su mayoria
profesionales de AP y EyN, lo que impide establecer comparacio-
nes entre otras especialidades y entre profesionales con forma-
cion en nutricion. Tercero, debido a que la encuesta estuvo diri-
gida a todos los profesionales de las sociedades cientificas que
avalan el estudio, es probable que los participantes representen
a aquellos con mayor sensibilidad frente a los aspectos nutricio-
nales de la enfermedad v, por lo tanto, las “buenas practicas”
podrian estar sobreestimadas. A pesar de ello, los resultados de
este estudio describen el escenario actual y las deficiencias del
manejo nutricional del paciente con cancer percibidas por los
profesionales sanitarios.

En conclusion, a pesar de que la desnutricion es un problema
comun en el paciente con cancer, su manejo nutricional en la
préactica clinica es subdptimo de acuerdo con la percepcion de
los profesionales sanitarios involucrados en su cuidado. El acce-
S0 desigual a un experto en nutricion, la falta de conocimientos
nutricionales especializados, la falta de un cribado nutricional
sistematico v la falta de protocolos de actuacion adaptados a las
caracteristicas del centro son vistos por los profesionales como
puntos de mejora en el manejo nutricional de estos pacientes.
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El consumo regular de un caldo funcional enriquecido con fosfofructooligosacaridos
aumenta los niveles de las hormonas relacionadas con la saciedad en las personas
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Regular consumption of a functional broth enriched with phospho-fructooligosaccharides increases
the levels of hormones related to satiety in healthy people. A randomizea, controlled clinical trial
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Resumen

Introduccion: el exceso de peso representa un problema de salud publica debido a los factores de riesgo asociados. El sedentarismo, una
alimentacion inadecuada o una disminucion de la sensacion de saciedad son algunas de sus causas.

Objetivos: evaluar las propiedades saciantes del consumo de un caldo ibérico funcional enriquecido con fosfofructooligosacaridos (FOS) en
personas sanas a través de la concentracion plasmatica de las hormonas involucradas en el apetito.

Material y métodos: ensayo clinico nutricional, agudo, cruzado, aleatorizado, doble ciego y controlado, llevado a cabo en 18 participantes
aleatorizados en dos secuencias de tratamiento (caldo funcional (CF) compuesto de 5,6 g de FOS/100 g y caldo de control (CC), con 0,4 g de
maltodextrina/100 g) con 14 dias de lavado entre ellas. Se midieron parametros relacionados con la saciedad (glucosa, insulina, leptina, ghrelina,
GLP-1, PYY) y escalas analdgicas visuales (EAV).

Resultados: el porcentaje de grasa corporal disminuy6 en los que tomaron el CF (-0,15 + 0,32 vs. 0,09 + 0,52) (p < 0,05). La concentracion

de leptina fue superior con el CF (p < 0,001), mostrandose dicho aumento en los tiempos -30 (p < 0,001), 0 (p < 0,001), 30 (p = 0,026)

y 120 (p = 0,049) con respecto al CC. Las areas bajo la curva (AUC) de GLP-1 (p = 0,0033) y PYY (p = 0,022) fueron superiores con el CF en
Palabras clave: comparacion con el CC.

Saciedad. Conclusion: el consumo de un caldo ibérico enriquecido con FOS mejora la concentracion plasmética de las hormonas involucradas en el control
Hormonas. Apetito. de la saciedad y reduce la cantidad de grasa corporal. Dichos resultados podrian tener efectos beneficiosos para la prevencion y el tratamiento
Fosfofructooligosacaridos. del exceso de peso corporal.

Abstract

Introduction: excess weight represents a public health problem due to its associated risk factors. A sedentary lifestyle, an inadequate diet or a
decrease in the feeling of satiety are some of the causes.

Objetives: to evaluate the satiating properties of the consumption of a functional Iberian broth enriched with phospho-fructooligosaccharides
(FOS) in healthy people through the plasma concentration of hormones involved in appetite.

Material and methods: acute, crossover, randomized, double-blind and controlled nutritional clinical trial carried out in 18 randomized partici-
pants in two treatment sequences (functional broth (CF), composed of 5.6 g POS/100 g and control broth (CC), with 0.4 g of maltodextrin/100 g)
with 14 days of washing in between. Satiety-related parameters (glucose, insulin, leptin, ghrelin, GLP-1, PYY) and visual analog scales (VAS)
were measured.

Results: the percentage of body fat decreased in those who took the CF (-0.15 + 0.32 vs 0.09 = 0.52) (p < 0.05). Leptin concentration was

Keywords: higher with CF (p < 0.001), which was shown at time points -30 (p < 0.001), 0 (p < 0.001), 30 (p = 0.026) and 120 (p = 0.049) when compared
Satiety. Hormones to CC. The areas under the curve (AUC) for GLP-1 (p = 0.0033) and PYY (p = 0.022) were higher for CF as compared to CC.
Appeti{e, Phospho.— Conclusion: consumption of an Iberian broth enriched with POS improves the plasma concentration of hormones involved in the control of satiety,
fructooligosaccharides. and reduces the amount of body fat. This result could have beneficial effects for the prevention and treatment of overweight.
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INTRODUCCION

El sobrepeso y la obesidad se han convertido en uno de los
problemas de salud publica mas relevantes en el mundo occi-
dental (1). El peso elevado es un factor de riesgo para numerosas
patologias, destacando el sindrome metabolico y las enferme-
dades cardiovasculares, entre otros (2). Por ello es importante
buscar estrategias que ayuden a la reduccion del peso corporal,
que repercutiria positivamente en |a incidencia de las enferme-
dades metabdlicas.

Entre las causas que provocan el aumento de peso se encuen-
tran la reduccion de la actividad fisica y la alimentacion inade-
cuada (3). En Espafia existe un abandono del patron de alimenta-
cion mediterraneo, evidenciandose una reduccion en el consumo
de fruta, verdura y legumbres, que tiene como consecuencia un
menor consumo de fibra (4). El bajo consumo de fibra repercute
sobre la sensacion de saciedad percibida tras las comidas (5).

Actualmente existen diferentes productos enriquecidos con fi-
bra. Una de las fibras mas utilizadas por la industria alimentaria
son los fosfofructooligosacaridos (FOS), un tipo de fibra vegetal
de tipo soluble, perteneciente al grupo de los fructanos, con acti-
vidad prebidtica. Una de las propiedades de los FOS es que pro-
mueven la sensacion de saciedad, asociandose a un peso corpo-
ral mas bajo y mejorando las comorbilidades del sobrepeso (6).

La ingesta de alimentos es clave en la regulacion del apetito, al
liberar diferentes hormonas y sustancias saciantes (7). Las hor-
monas mas relevantes implicadas en estos mecanismos son la
glucosa y la insulina (8), ademas de la leptina, la ghrelina (9), el
GLP-1 (10) y el PYY (9). Todas ellas acttian como reguladores del
apetito a corto y largo plazo, siendo relevantes para prevenir el
exceso de peso y grasa corporal (9).

El objetivo de este estudio fue evaluar las propiedades sacian-
tes del consumo habitual de un caldo ibérico funcional enriqueci-
do con FOS a través de la capacidad de modular la concentracion
plasmatica de diferentes hormonas gastrointestinales involucra-
das en el apetito y la evaluacion de la composicion corporal.

MATERIAL Y METODOS

SUJETOS DEL ESTUDIO

Se contd con un total de 18 participantes, hombres y mujeres
sanos, reclutados por la Unidad de Nutricion y Dietética del Hos-
pital Universitario La Paz (HULP). Los criterios de inclusion inclu-
yeron sujetos en edades comprendidas entre 18 y 50 afios, con
un IMC entre > 22 y < 33 kg/m?y que contasen con un adecua-
do nivel cultural para comprender el estudio. Todos ellos firmaron
el consentimiento informado. Los criterios de exclusion fueron:
personas con IMC < 22 a > 30 kg/m?, que siguiesen un patron
de dieta vegetariana o tuvieran un consumo de fibra > 30 g/dia.
Estuvieron excluidos aquellos individuos con diabetes mellitus,
dislipemia o hipertension arterial bajo tratamiento farmacologico.
No podian incluirse sujetos fumadores o con consumo de alco-
hol > 2-3 raciones/dia en el caso de los varones y > 1 racion/dia
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en el de las muijeres, que hubiesen sufrido grandes fluctuaciones
de peso o que se hubieran sometido a dietas de adelgazamiento
en los tres Ultimos meses. También fueron excluidos aquellos
sujetos con enfermedades gastrointestinales que afectasen a la
digestion o absorcion de nutrientes y las mujeres embarazadas,
en periodo de lactancia o con irregularidades menstruales. Por
ultimo, no se incluyeron sujetos con actividad fisica intensa o
que rechazasen los alimentos incluidos en el desayuno estandar
del estudio.

El protocolo de investigacion fue aprobado por el Comité Etico
de Investigacion Clinica del HULP (cddigo 3451) bajo la normati-
va descrita en la Declaracion de Helsinki.

DISENO DEL ESTUDIO

Se llevo a cabo un ensayo clinico nutricional de disefio agu-
do cruzado, aleatorizado, doble ciego y controlado. Los sujetos
fueron asignados aleatoriamente (manteniendo la proporcion de
género de la muestra) a una de las dos secuencias de tratamien-
to (caldo funcional [CF] o caldo de control [CC]) durante 2 dias di-
ferentes, separados por un lavado de 14 dias. Tras este periodo,
los participantes que tomaron el CF en el primer periodo tomaron
el CC en el segundo y viceversa. Durante la intervencion, los
sujetos consumieron una barqueta de caldo con el desayuno. Ni
los investigadores ni los sujetos conocian la secuencia de trata-
miento asignada.

PRODUCTO DEL ENSAYO CLIiNICO
Y ENMASCARAMIENTO

Cada barqueta de 150 g de CF contenia 8,4 g de FOS proce-
dente de la hidrdlisis enzimatica parcial de la inulina de la achi-
coria, mientras que el CC contenia maltodextrina (Tabla I).

La empresa Sociedad Cooperativa Andaluza Ganadera de
Valle de los Pedroches, COVAP (Cordoba, Espafa), elabord, em-
paquetd, etiquetd y suministrd los productos de ambos grupos
de tratamiento. Las barquetas tenian una apariencia externa
idéntica y se diferenciaban Unicamente por un nimero de lote,
garantizando el ciego de los tratamientos. El desenmascara-
miento se llevo a cabo una vez finalizado el estudio, verificada
la ausencia de incumplimiento del protocolo y revisados y ana-
lizados los datos.

ALEATORIZACION Y TAMANO MUESTRAL

El procedimiento de aleatorizacion de los participantes a las
diferentes secuencias de intervencion fue realizado por la Unidad
de Bioestadistica del HULP. Al tratarse de un estudio piloto, el
tamafio muestral se eligio teniendo en cuenta el estudio de Hess
y cols. 2011 (11). Los voluntarios fueron aleatorizados en uno de
los dos grupos del estudio segun el sexo.

[Nutr Hosp 2022;39(3):629-637]
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Tabla I. Composicion de los productos

por 100 g
Caldo Caldo
funcional | de control
(CF) (CC)
Energia (kcal) 5,91 6,39
Proteinas (g) 0,89 0,97
Grasa (g) 0,12 0,13
Acidos grasos saturados (g) 0,09 0,1
Acidos grasos monoinsturados (g) 0,09 0,1
Acidos grasos poliinsaturados (g) 0,09 0,1
Fibra dietética total (g) 5,97 0,73
FOS (9) 5,6 -
Maltodextrina -- 0,4
Sodio (mg) 183,32 198,2
Hierro (mg) 0,421 0,456
Fosforo (mg) 13,24 14,31
Magnesio (mg) 6,47 7
Zinc (mg) 0,98 1,06
METODOLOGIA DEL TRABAJO

Este estudio se llevd a cabo segin la normativa europea,
cumpliendo con los Requisitos de la Autoridad de Seguridad
Alimentaria (12). Todos los participantes entregaron firmado el
consentimiento informado. El dia de la prueba por la mafiana,
los participantes acudieron a la Unidad Clinica de Investigacion
y Ensayos Clinicos del HULP. Los dias de estudio se obtuvieron
medidas antropométricas (peso, talla y perimetro de la cintu-
ra), se recogieron el estudio dietético del registro de alimentos
de 3 dias y la frecuencia de consumo de alimentos, y se analiz
la actividad fisica a través del cuestionario IPAQ. Los dias del
estudio se tomaron las muestras de sangre y se evaluo el apetito
mediante escalas analdgicas visuales (EAV), como se describe a
continuacion (12).

En el minuto -30, tras la primera extraccion sanguinea y des-
pués de rellenar la primera EAV, se indicé a los participantes que
consumieran el caldo adjudicado junto a una comida estandar
tipo brunch (bocadillo con 60 g de pan blanco, 40 g de jamon
de York y 40 g de queso). Su consumo debia realizarse en un
maximo de 10 minutos. Los participantes completaron inmedia-
tamente una EAV sobre las calificaciones del apetito, repitiéndola
en el minuto 30, 60, 90, 120, 180, 240 y 260. Las extraccio-
nes sanguineas coincidieron con los minutos -30, 0, 30, 60 y
120. Durante el estudio no se permiti6 comer ni beber durante
las 4 horas de la curva; se permitio leer, estudiar, hablar o escu-
char musica, pero no dormir.

[Nutr Hosp 2022;39(3):629-637]

Tras la realizacion de la EAV en el minuto 240, los participan-
tes consumieron una comida ad /ibitum que consistié en tortilla
de patata estandarizada (proteinas, 10,7 %; grasas, 72,8 %;
hidratos de carbono, 16,6 %), pan blanco y 500 ml de agua.
Se indicd a los participantes que podian consumir la cantidad
elegida hasta sentirse saciados. Para conocer el consumo que
realizd cada uno de los participantes, se pesd la cantidad de ali-
mento servida al inicio y el sobrante al final de su consumo. Tras
la comida ad /ibitum, los participantes completaron la Ultima EAV.

DETERMINACION DEL PERFIL DE APETITO

El perfil de apetito se evalud utilizando las calificaciones de
hambre, saciedad, plenitud, deseo de ingerir algun alimen-
to y deseo de ingerir algo graso, salado, dulce o sabroso se-
gun la EAV. Estas medidas se obtuvieron utilizando una esca-
la de 100 mm que iba desde O naaa a 100 mucho (13). Este
cuestionario se completd antes del consumo del caldo (-30
minutos) y cada 30 minutos durante los primeros 120 minu-
tos, cada 60 minutos hasta los 240 minutos y a los 20 minutos
hasta los 260 posteriores a la ingesta del producto. Se calculd
una puntuacion compuesta del apetito (CAS) con la ecuacion:
CAS = [saciedad + plenitud + (100 — consumo prospectivo de
alimentos) + (100 — hambre)] / 4 (13).

MUESTRA DE SANGRE

Se extrajo sangre antes de la ingesta de los productos (tiempo,
-30) e inmediatamente después de la ingesta de los caldos en
intervalos regulares a los 0, 30, 60 y 120 minutos.

DETERMINACION ANTROPOMETRICA
Y DE LA COMPOSICION CORPORAL

El peso se midio en una bascula digital de uso clinico (capaci-
dad, 0-150 kg) y la altura a través de un tallimetro de precision
milimétrica. Por tltimo, la circunferencia de la cintura se deter-
mind a cabo en el punto mas estrecho entre la Gltima costilla y la
cresta iliaca, con la cinta pegada a la piel, sin comprimir.

Para determinar la masa 6sea, la masa grasa y la masa magra
se utilizo la técnica de la absorciometria dual de rayos X (DXA)
(GE Healthcare, Madison, WI, EE. UU) el mismo dia de la inter-
vencion en agudo.

METODOS ANALITICOS

Se midieron las concentraciones del metabolismo glucémico
(glucosa, insulina, HOMA) v lipidico (colesterol total, LDL, HDL,
TG), ademas de las enzimas hepaticas (GPT-ALAT, GOT-ASAT,
transaminasas), la creatinina y el urato, mediante un método en-
zimatico-espectrofotométrico utilizando el analizador automatico
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Olympus Diagnostics AU 5400 (Beckman Coulter, Nyon, Suiza).
Para la medicion de hormonas relacionadas con la saciedad y la
plenitud (leptina, ghrelina, GLP-1, PYY) se empleo el analizador
de perfiles multianalitico Luminex® 200™ v el kit de inmunoen-
sayo HMHEMAG-34K Milliplex Map Kit (MiLLIPLEX MAP Human
Metabolic Hormone Magnetic Bead Panel - Metabolism Multiplex
Assay, EMD Millipore Corp, Billerica, MA, EE. UU). Los datos fueron
analizados utilizando el software 3.1 xPONENT (Millipore). La téc-
nica tiene un coeficiente de variacion intra e interensayo del 10y
15 %, respectivamente. La minima concentracion detectable de
ghrelina es de 13 pg/ml; la de leptina, de 41 pg/ml; la de GLP-1,
de 2,5 pg/ml; la de péptido YY, de 28 pg/ml e insulina 87 pg/mL.

ANALISIS ESTADISTICO

Los resultados cualitativos se han expresado en forma de
frecuencias absolutas y porcentajes y los datos cuantitativos
mediante media y desviacion tipica 0 mediana y cuartiles. Pre-
viamente se hizo un contraste de normalidad con la prueba de
Shapiro-Wilk. Para analizar la respuesta de la variable a lo largo
del tiempo, se calculé el &rea incremental de la curva de res-
puesta.

Para el estudio de areas y de la evolucion temporal y descar-
tar un efecto cruzado o efecto del periodo de tratamiento, se
ajustd un modelo mixto de la varianza que incluyd secuencia,
tratamiento y periodo. Se realizaron comparaciones mdltiples a
posteriori para detectar cambios debidos al tratamiento en cada
uno de los tiempos y se aplico la correccion de Bonferroni. Para
el andlisis de las areas se aplico un andlisis de la varianza uni-
factorial de medidas repetidas en caso de no detectar ningln
efecto cruzado o del periodo. En el caso de los andlisis no pa-
ramétricos para el estudio de la influencia del tiempo en cada
uno de los tratamientos se llevo a cabo el andlisis de la varianza
no parameétrico de Friedman, de medidas repetidas en el tiempo,
seguido de comparaciones mdltiples “a posteriori” entre pares
de tiempos. Para el estudio de la influencia del tratamiento, en
cada tiempo se evaluaron los rangos signados de Wilcoxon. En
ambos casos se aplicd la correccion de Bonferroni.

Todas las pruebas estadisticas se consideraron bilaterales y,
como valores significativos, aquellos p inferiores a 0.05. Los
datos se analizaron con el programa estadistico SAS 9.4 (SAS
Institute Inc., Cary, NC, EE. UU.) y SPSS 25.

RESULTADOS

Un total de 34 personas estuvieron interesadas en partici-
par; 21 cumplieron los criterios de seleccion y se aleatorizaron
para llevar a cabo el estudio. A lo largo del ensayo clinico, tres
individuos abandonaron el estudio por motivos laborales o per-
sonales. Finalmente, un total de 18 participantes sanos (8 hom-
bres, 10 mujeres) con edades comprendidas entre 22 y 56 anos
terminaron el estudio (Fig. 1). Con esta muestra se realizd el
analisis estadistico.

L. Arcos Castellanos et al.

Voluntarios - _
S— | Voluntarios (n = 34) |
Excluidos (n = 13)
\4
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(n=1) (=2

Y
Analizados (n = 8) |

\J
| Analizados (n = 10)

Figura 1.
Diagrama de flujo del proceso de reclutamiento, seleccion y asignacion aleatoria.

Todos los participantes completaron las pruebas de acuerdo
con el protocolo. En términos generales, todos los participan-
tes del estudio partieron de una situacion similar (Tabla Il). Los
sujetos tenfan una edad media de 37,3 = 9,72 afios y un IMC
de 25,26 + 3,28 kg/m? (sobrepeso). El 11,1 % de los participan-
tes tenian sobrepeso de tipo 'y el 33,3 % de tipo II. La media de
la poblacion tenia un perimetro de la cintura elevado (tanto en
hombres (92,44 + 8,15 ¢cm) como en mujeres (85,85 + 9,10
cm). La masa grasa era similar en ambos grupos y la media,
tanto en hombres (27,62 %) como en mujeres (36,15 %), mostro
un porcentaje de grasa corporal elevado. Al inicio del estudio, el
colesterol total y el LDL fueron superiores a lo aconsejado, mien-
tras que los valores medios de glucosa se encontraron dentro
de la normalidad. La masa grasa al inicio del estudio fue similar
y, aunque el porcentaje de grasa corporal que presentaron los
sujetos del estudio se encontraba en rangos de obesidad, se
pudo observar que existian diferencias significativas entre los
tratamientos (p < 0,05), disminuyendo la grasa en los sujetos
que tomaron el CF (-0,15 « 0,32 vs. 0,09 = 0,52).

Las areas bajo la curva (AUC) de todas las variables evaluadas
mediante las EAV, para determinar las calificaciones del apetito
y la ingesta energética ad /ibitum 4 horas después de la inges-
ta del caldo, se muestran en la tabla lll. No hubo diferencias
significativas en cuanto a la cantidad de alimentos consumidos
después de la ingesta del CF. Sin embargo, aquellos individuos
que consumieron el CF tuvieron un consumo significativamente
mayor de agua en la comida ad /ibitum (p = 0,032) (Tabla ).

No existieron cambios en las AUC de las EAV. Solo la variable
hambre mostrd cambios entre ambos grupos de tratamiento en

[Nutr Hosp 2022;39(3):629-637]
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Tabla Il. Caracteristicas demograficas,
antropomeétricas y bioquimicas basales
de los participantes

CF/CC CF/CC
Género (% mujeres) 62,5 50
Edad (afios) 37,75+ 9,27 37 £10,55
IMC (kg/m?) 25,34 + 3,91 25,01 £ 2,40
Circunferencia de la cintura | 89,44 + 11,10 88,25 + 5,93
Masa 6sea (kg) 2,73 + 0,59 2,67 + 0,51
Masa grasa (kg) 23,01 £ 8,92 23,12 £ 6,43
Masa magra (kg) 45,66 = 11,41 45,57 + 8,88
Glucosa (mg/dL) 81,88 + 64,24 | 84,50 + 10,64
Insulina (pU/mL) 5,50 + 2,62 5,50 + 2,32
Colesterol total (mg/dL) 220,60 = 41,23 | 203,50 + 25,53
HDL (mg/dL) 55,38 +10,20 | 61,20 + 11,32
LDL (mg/dL) 149,25 + 32,35 | 127,40 + 22,11
Triglicéridos (mg/dL) 79,75 = 23,08 74,90 = 30,68

No se encontraron diferencias significativas para ninguna de las variables
entre ambos grupos de tratamiento.

Tabla Ill. Concentracion de glucosa,
insulina, HOMA y hormonas
gastrointestinales en adultos sanos
tras la ingesta de CF y CC expresado

en AUC

Caldo
funcional (CF)

Caldo de
control (CC)

Pan (g)

38,25 +19,55

48,90 + 17,14

Tortilla de patata (g)

297,56 + 151,73

291,38 + 115,32

Agua (ml)

477,22 + 35,28"

417,11 £100,87

Hambre, AUC, m - min

-992,57 + 674,45

-1209,34 + 537,76

Saciedad, AUC, m - min

1251,64 + 629,97

1079,63 + 641,38

Plenitud, AUC, m - min

1292,29 + 612,61

1084,83 + 636,60

Deseo ingerir dulces/
grasas, AUC, m - min

-991,06 + 695,70

-1080,03 + 733,41

CAS, AUC, m - min

1166,71 + 625,66

1126,93 + 593,07

*Diferencias significativas con respecto al grupo de control (p < 0,05).
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el minuto 60, sintiendo menor sensacion de hambre el grupo
que consumid el CC (p = 0,05) (Fig. 2A). Una vez finalizado el
estudio, la sensacion de hambre fue similar en ambos grupos de
tratamiento (Tabla Ill).

La sensacion de saciedad no presentd cambios significativos
entre los tratamientos (Fig. 2B); sin embargo, si pudo observarse
una tendencia en la sensacion de plenitud, y los participantes
que consumieron el CF, en el minuto 260 sintieron mayor ple-
nitud (p = 0,059) (Fig. 2C). Ademas, se observo cdmo, a pesar
de no ser significativa, la tendencia del deseo de ingerir algo
sabroso fue mas elevada en el minuto 240 en el grupo que con-
sumio el CC (p = 0,063) (Fig. 2D). Con respecto al valor CAS no
se observaron diferencias significativas (Fig. 2E).
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Figura 2.

Puntuacion EAV de hambre (A), saciedad (B), plenitud (C), deseo de ingerir algo
sabroso (D) y CAS (E) tras la ingesta de CF y CC en voluntarios sanos.
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Tabla IV. Concentracidon de glucosa, insulina, HOMA y hormonas gastrointestinales en
adultos sanos tras la ingesta de CF y CC expresado en AUC

Caldo funcional (CF) Caldo de control (CC)

Glucosa, AUC, mg/dL - min 875,81 + 492,62 859,99 + 886,85
Insulina, AUC, meU/mL - min 1846,44 + 746,52 1798,46 + 802,73
HOMA, AUC - min 432,40 + 200,49 412,92 + 206,10
Leptina, AUC, ng/mL - min 33,81 £ 72,45 17,8 + 41,66
Ghrelina, AUC, pg/mL - min -9,10 + 12,84 -66,71 + 94,81
GLP-1, AUC, pg/mL - min 993,26 + 997,72* 503,37 = 477,64

PYY, AUC, pg/mL - min 2225,35 + 1824,11* 1697,18 + 1575,59

*Diferencias significativas con respecto al CC (p < 0,05).
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Figura 2. (Cont.).

Puntuacion EAV de hambre (A), saciedad (B), plenitud (C), deseo de ingerir algo
sabroso (D) y CAS (E) tras la ingesta de CF y CC en voluntarios sanos.

Las AUC y las concentraciones de hormonas se muestran en
la tabla IV y la figura 3, respectivamente. Los niveles de gluco-
sa, insulina y HOMA tuvieron una respuesta similar en ambos
grupos de tratamiento; sin embargo, se observé un aumento
significativo de los niveles de glucosa en el minuto 30 en los
participantes pertenecientes al CC (p = 0,001) (Tabla IV, Fig.
3A,ByC).

Si bien la AUC no mostr6 diferencias en cuanto a los niveles
de leptina entre los tratamientos, se pudo observar un aumen-
to de la concentracion en aquellos individuos que consumieron
el CF (p < 0,001), observandose diferencias significativas a los
-30 (p < 0,001), 0 (p < 0,001), 30 (p = 0,026) y 120 minu-
tos (p = 0,049) (Fig. 3D). Caso contrario ocurrié con los ni-
veles de ghrelina, cuya AUC fue menor en los individuos que
consumieron el CF (p = 0,0181) (Tabla V), observandose un
aumento significativo de la concentracion plasmatica a los —30
(p =0,030), 60 (p = 0,034) y 120 (p = 0,034) minutos (Fig. 3E).
Los niveles de GLP1 tuvieron una AUC superior en aquellos suje-
tos que consumieron el CF (p = 0,033), observandose una ten-
dencia superior de las concentraciones desde el tiempo 0 hasta
el tiempo 120 (Fig. 3F), sin llegar a ser significativa la diferencia
entre ambos grupos de tratamiento.
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Figura 3.

Concentraciones plasmaticas de glucosa (A), insulina (B), HOMA (C), leptina (D),
ghrelina (E), GLP-1 (F) y PYY (G) tras la ingesta de CF y CC en voluntrios sanos.
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Figura 3 (Cont.).
Concentraciones plasmaticas de glucosa (A), insulina (B), HOMA (C), leptina (D),
ghrelina (E), GLP-1 (F) y PYY (G) tras la ingesta de CF y CC en voluntrios sanos.

(Continda en la columna siguiente)

Por ultimo, en cuanto a las concentraciones de PYY, la AUC de
dicha hormona fue estadisticamente superior en los individuos
que consumieron el CF (p = 0,022), observandose una tendencia
al aumento de esta hormona a lo largo del tiempo de interven-
cion, pero no de forma significativa (Fig. 3G).
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Figura 3 (Cont.).

Concentraciones plasmaticas de glucosa (A), insulina (B), HOMA (C), leptina (D),
ghrelina (E), GLP-1 (F) y PYY (G) tras la ingesta de CF y CC en voluntrios sanos.

DISCUSION

Los hallazgos mas relevantes del presente estudio muestran
que la ingesta de un CF enriquecido con FOS mejora los niveles
de las hormonas relacionadas con la saciedad y reduce la can-
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tidad de grasa corporal. EI consumo del CF tuvo un efecto sobre
las concentraciones plasmaticas de las hormonas leptina, GLP-1
y PYY, hormonas que participan en la regulacion de la saciedad
modulando el apetito y el gasto de energia.

Dichos resultados podrian atribuirse al contenido de fibra del
CF. En este sentido, existen diversos mecanismos por los cuales
la fibra de la dieta puede aumentar la sensacion de saciedad. Es-
tos incluyen el retraso del vaciamiento gastrico y el aumento del
volumen del contenido gastrointestinal (14,15). Los FOS, estruc-
turados por fructanos de cadena corta, son rapidamente fermen-
tados por la microbiota intestinal, ejerciendo una accion prebidti-
ca (16). Su fermentacion aumenta la produccion de &cidos grasos
de cadena corta (AGCC) en el colon y, en las personas con exceso
de peso, se ha observado que generan un aumento de la oxida-
cion de la grasa (17) y un aumento de PYY en el plasma (18), in-
hibiendo las hormonas estimulantes del apetito (19). Los FOS,
por lo tanto, aumentan la sensacion temprana de saciedad (11).

A pesar de que se observo una mayor tendencia a la plenitud
al final del estudio en los individuos que consumieron el CF, este
efecto no fue acompafado por una reduccion significativa de la
ingesta de alimentos en la comida ad /ibitum. Estos resultados se
suman a los de otros estudios que demuestran que, a pesar de
que la fibra puede aumentar la sensacion de plenitud, no siem-
pre se acompafia de una disminucion posterior de la ingesta de
alimentos (20). Estudios como el de Kristensen y cols. (21) ob-
servo que una mayor cantidad de fibra en diferentes matrices no
regulaba el balance energético a corto plazo (20,21). Aunado a
ello, también debe contemplarse que el balance de energia esta
influido por otros factores psicoldgicos y fisiologicos (12).

Los pacientes que consumieron el CF tuvieron una curva de
glucosa estable mientras que los que ingirieron el CC mostraron
un pico acusado al minuto 30. Esto podria deberse a que los FOS
tienen un efecto hipoglucemiante (22). De hecho, los FOS incre-
mentan el nimero de bifidobacterias en el organismo, dando lu-
gar a una mayor produccion de butirato que actua positivamente
sobre el metabolismo de la glucosa (23).

Por otro lado, se ha observado que los FOS actdan alterando
la secrecion de hormonas gastrointestinales que regulan el ape-
tito (13). Gracias a la liberacion de hormonas como la leptina, la
ghrelina, el GLP-1y el PYY se controla la ingesta de alimentos
y, COMO consecuencia, el peso corporal. En ello influyen factores
como la cantidad o el tipo de fibra (12). En este sentido, es sabi-
do que la leptina es una hormona que acttia de manera positiva,
provocando la disminucion de la ingesta de alimentos a largo
plazo (24), y que su concentracion puede verse influida por la
ingesta de FOS. También se ha observado que la secrecion de
leptina es mas acusada en las personas con importante exceso
de peso (25), ya que se ve influenciada por la cantidad de tejido
adiposo del individuo (8,9). En el presente estudio, los niveles
de leptina fueron significativamente mas elevados en el grupo
del CF, relacionandose mas con el consumo de FOS que con el
contenido de grasa corporal.

Por otro lado, la ghrelina, que es una hormona estimuladora
del apetito (26), guarda una relacion directa con la regulacion del
peso corporal a corto y largo plazo (27). En este sentido habria
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cabido esperar que la ghrelina se redujera significativamente en
los participantes que consumieron el CF, dado su contenido de
fibra. De hecho, Costabile y cols. (2018) han demostrado que el
consumo de fibra da lugar a una disminucion de la concentra-
cion de esta hormona. Sin embargo, dicho mecanismo no parece
haber influido de manera importante en los consumidores del CF
enriquecido con FOS, ya que esta tendencia se observd en la
totalidad de la poblacion. Este resultado podria estar relacionado
con la cantidad de tejido adiposo, pues Cui y cols. (2012) deter-
minaron que el contenido de grasa corporal esta inversamente
relacionado con la concentracion de ghrelina. En este sentido,
se ha podido observar que los participantes que consumieron el
CF redujeron significativamente el contenido de masa grasa. Ello
podria haber tenido como consecuencia una disminucion me-
nos acusada de la ghrelina en los consumidores del CF. En este
sentido, se ha observado que las personas con mayor cantidad
de grasa presentan una menor concentracion de ghrelina. Otros
factores, como la privacion del suefio, pueden provocar altera-
ciones en la hormona (28).

El GLP-1 es una hormona capaz de provocar retrasos del va-
ciamiento gastrico, dando lugar a un aumento de la sensacion
de saciedad (29). EI consumo de FOS y la produccion de AGCC
estimulan la secrecion de GLP-1, proporcionando sefiales que
suprimen la secrecion de glucagdn (30) y provocando que la in-
gesta de alimentos sea menor. Este mecanismo podria explicar
que, en el presente estudio, se observaran valores de AUC del
GLP-1 superiores en el grupo que consumid el CF. El PYY es
un péptido anorexigeno que interviene en la inhibicién del ape-
tito (31). En este sentido, y como en el presente estudio, se ha
observado que los alimentos enriquecidos con FOS provocan un
aumento de la sensacion de saciedad, existiendo una relacion
directa entre ambos (32). Esta relacion se ha asociado a la pro-
duccion de bacterias en el colon que ayudan a la oxidacion de las
grasas (17), si bien también se ha observado un efecto directo
provocado por los FOS (33). En este sentido, también hay que
sefialar que un periodo de intervencidon mas prolongado con FOS
podria haber podido mejorar las concentraciones de PYY (34).

En el presente estudio no se recogieron factores que afecta-
sen a la concentracion de las hormonas como serian la calidad
del suefio, el gusto 0 aversion de los sujetos al producto de forma
previa o el célculo del aporte de FOS segun el peso de los partici-
pantes (35), lo cual puede representar una limitacion del estudio.

En conclusion, el consumo de caldo ibérico enriquecido con
FOS mejora la concentracion plasmatica de las hormonas involu-
cradas en el control de la saciedad y reduce la cantidad de grasa
corporal. Dichos efectos podrian ser beneficiosos en la preven-
cion y el tratamiento del exceso de peso.
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Binge eating disorder and stress level among patients attending nutrition counseling
Trastorno por atracon y nivel de estrés entre los pacientes que asisten a asesoramiento nutricional
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Abstract

Introduction: binge eating disorder (BED) is characterized by eating much more than what most people would eat under similar circumstances.
Inability to cope with stress and emotions may be the reason for BED episodes.

Objective: to assess the level of stress and BED severity based on the number of episodes of compulsive overeating among patients attending
nutrition counseling.

Methods: a total of 100 people (60 women and 40 men) were taking part in the study. A questionnaire in which subjects answered questions
concerning diet, number of meals, and coping with stressful situations was used. A nutritional diary was used to assess the amount of BED
episodes and consumed products, and the emotions felt during consumption. PSS-10 was used to measure the response to stressful situations.

Results: all subjects had episodes of compulsive overeating but the majority of respondents (52 %) had no more than 3 episodes of binge eating
per week. During a BED episode patients most often chose sweets (58.2 %). The main way of responding of people on stressful situations was
snacking, especially sweets.

Conclusions: high levels of stress correlated positively with the number of BED episodes and excessive body weight. The PSS-10 questionnaire
could be a useful tool in nutrition counseling.

Resumen

Introduccion: el trastorno por atracon (BED) se caracteriza por comer mucho méas de lo que la mayoria de la gente comeria en circunstancias
similares. La incapacidad para lidiar con el estrés y las emociones puede ser la razon de los episodios de BED.

Objetivo: evaluar el nivel de estrés y la gravedad del BED en funcién del nimero de episodios de sobrealimentacion compulsiva entre los
pacientes que acuden a asesoramiento nutricional.

Métodos: en el estudio participaron 100 personas (60 mujeres y 40 hombres). Se utilizd un cuestionario en el que los sujetos respondieron
a preguntas relativas a la dieta, la cantidad de comidas y el afrontamiento de las situaciones estresantes. Se utilizo un diario nutricional para
evaluar la cantidad de episodios de BED, los productos consumidos y las emociones durante el consumo. Se utilizo el PSS-10 para medir la
respuesta a las situaciones estresantes.

Resultados: todas las personas tuvieron episodios de comer compulsivamente, pero la mayoria de los encuestados (52 %) no presentaron mas
de 3 episodios de atracones en la semana. Durante un episodio de BED, los pacientes eligieron con mayor frecuencia los dulces (58,2 %). La
principal forma de respuesta de las personas ante situaciones estresantes era picar, especialmente dulces.

Conclusiones: los altos niveles de estrés se correlacionaron positivamente con el nimero de episodios de BED y el peso corporal excesivo. El
cuestionario PSS-10 podria ser una herramienta Util en un asesoramiento nutricional.
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INTRODUCTION

According to the DSM-5 (Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition, American Psychiatric Asso-
ciation), binge eating disorder (BED) is characterized by eating
much more than what most people would eat under similar
circumstances over a relatively short period of time. Eating
alone and loss of control over quantity and quality of food in-
take often happens in people with BED (1). Overeating appears
despite the lack of physical sensation of hunger. BED episodes
occur on average once a week for three months (2). The de-
gree of the disorder is estimated depending on the number
of episodes per week, namely: mild (1-3 episodes), moderate
(4-7 episodes), severe (8-13 episodes), or extreme (> 14 ep-
isodes) (1).

In the development of BED biological, behavioral, psychoso-
cial, environmental and family factors are involved (2). Among
the biological factors affecting the development of BED stands
out genetics. It has been proven that parents affected by
obsessive-compulsive disorder introduce children to dietary
restrictions to control their body weight, which affects the
occurrence of BED in children (3). Also, reward system dys-
functions are an important trigger of BED. A group of neuro-
transmitters, which include serotonin and dopamine, stimulate
the reward system. Disorders of the system can cause l0ss
of self-control over eating, which leads to episodes of BED
arising from the feeling of pleasure after a meal. In addition,
neurotransmitters regulating food intake play an important
role in the formation of compulsive overeating (4). In the case
of impaired leptin release, an increased feeling of pleasure
during a meal results in excessive consumption (5). It is also
proven that the reduced consumption of energy over a longer
period of time correlates with increased food intake during the
stressful situation (6).

The effect of slimming diet on compulsive overeating is also
undeniable. People using slimming diets are often characterized
by dichotomous thinking. Initially they very strictly limit the intake
of calories, which consequently leads to ‘disinhibition” when they
consume an excessive amount of food to compensate for previ-
ous dietary restrictions (7).

After an episode of overeating, a short sense of relief and ac-
complishment happens. At a later stage, remorse leads again
to stringent restrictions on food. Thus forms a vicious circle of
weight loss, where the person alternately uses strict diet and
binge eating.

Personality factors may be determinants of compulsive over-
eating. Low self-esteem, lack of self-efficacy, the inability to cope
with negative situations, anxiety or depression are significant
causes of BED (2,8).

Stress is the body’s non-specific response to factors ad-
versely affecting the human body. The occurrence of stressors
has a significant effect on food intake. According to Groesz
stress exposure may lead to a stronger drive to eat and may
be the factor that promotes excessive weight gain (9). Stress
has also a negative impact on food choices. Consumption of
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high-fat snacks and fast food is positively associated with higher
perceived stress. Ulrich-Lai and colleagues turned their atten-
tion to the consumption of food rich in fats and sugar among
stress-eating people. The authors emphasize that a diet rich in
highly processed foods correlates with increased risk of obesity
and diet-related diseases, as well as an increased risk of de-
pression by 55 % (10).

The inability to deal with difficult situations or the process of
weight reduction may correlate with an increased risk of epi-
sodes of BED. In many cases, consuming food is escape from
negative emotions or unpleasant situations.

This ‘escape’ evokes positive emotions, ie.: the feeling of
safety or emotional bond with parents hence effectively relieves
tension.

Since the problems of a dietary patient are often a conse-
quence of stress, it seems that in the work of a dietician it is
important to use tools that allow its evaluation. The Perceived
Stress Scale was used in cross-sectional studies concerned
with the eating behavior of Finns (11,12). To our knowledge
there are not any papers using the Perceived Stress Scale
among people with BED in nutrition counseling to assess the
degree to which a patient perceives life as stressful. Thus, this
study was focused on an analysis of BED cases in a dietician
practice in relation to level of stress. Improved understanding
on eating behavior and perceived stress might help to devel-
op dietary counseling methods and improve their effectiveness
among dietician patients.

The aim of the study was to check the stress level of patients
attending diet consultations, and to find out the relationship
between stress and the number of episodes of compulsive
overeating. Moreover, according to the nutritional diary and
the author’s survey, respondent preferences regarding snacks
during BED episodes and ways of coping with stress were also
studied.

MATERIALS AND METHODS

PARTICIPANTS

One hundred people (60 women and 40 men) were taking
part in the study. All the people were attending nutrition coun-
seling in one nutrition company in Silesian Voivodeship in Po-
land, mainly for weight reduction (46 %) and diet consultation
(35 %).

Men, more often than women (57.5 % and 38.3 %),
aimed at losing weight, but this difference was proved to
be nonstatistical (p = 0.167). Mean age of the study group
was 39 (SD = 14.3) years. In a majority of respondents, BMI
exceeded 25 kg/m?> — 85 % men and 28 % women were
obese. Only 14 % of patients were underweight. A statistical
correlation between gender of respondents, and their body
weight was observed (p < 0.000). The characteristics of pa-
tients are shown in table I.
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Table I. Characteristics of patients according to sex (n =100)

Women (n = 60) Men (n = 40) Total (n = 100)
Ll SD min max Ll SD Min max LSl SD min max
value value value
Age (years) 35.3 13.7 18 68 44.6 13.4 20 70 39.0 14.3 18 70
Weight (kg) 62.8 14.5 35 98 96.4 27.9 51 180 76.2 26.6 35 180
Height (cm) 166.9 7.9 150 192 177.3 8.3 160 195 1711 9.5 150 195
BMI (kg/cm?) 22.5 49 13.1 35.6 30.6 8.7 18.4 58.1 25.7 7.7 13.1 58.1
METHODS STATISTICAL ANALYSIS

The study was conducted from March 2019 to January 2020.
An anonymous author’s questionnaire divided into three parts
was used in the study. In the first part questions concerning sex,
age (vears), height (cm), weight (in kg) and slimming diet were
included. The second part of the questionnaire included ques-
tions concerning the number of meals and snacks, feelings of
hunger, the kind of snacks selected during an attack of hunger
or overeating, and an assessment of satisfaction with their figure
and methods taken to improve it. The third part concerned the
ways of coping with stress. Respondents were also asked wheth-
er stress and mood affect the consumption of certain products.

The original intention for data collection was not research.
Data were collected and stored in a dietary clinic and were used
only by a trained dietitian during diet counseling. However, on
the first page of the questionnaire was an informed consent and
information that a secondary data analysis was planned. Only
respondents who read the consent and signed it were included
in the data analysis. The secondary analysis of the data was per-
formed anonymously.

The frequency of compulsive overeating was measured by
means of a nutritional diary kept by the patient, in which he wrote
down everything that was eaten together with the accompanying
emotions and situations. At the first visit a professional dietician
instructed the patient on how to fill in the diary. The degree of the
disorder was estimated depending on the number of episodes
per week, namely: mild (1-3 episodes), moderate (4-7 episodes),
severe (8-13 episodes), and extreme (> 14 episodes).

The Perceived Stress Scale (PSS-10) was used to measure the
degree to which a person perceives life as stressful. The PSS-
10 questionnaire consists of 10 questions concerning subjective
feelings associated with the behavior, problems, events, and per-
sonal ways of coping with them in the last month. The possible
answers were scored from 0 to 4, where “0” means never, and
“4” very often. The total number of points is the overall result of
the test. The higher the score, the higher the severity of stress.
The results were interpreted in a standard ten scale (Sten score)
based on standards set for the entire study population. This al-
lowed a division of patients into 3 groups, characterised by low,
medium and high level of perceived stress.

The analysis was performed with the use of Statistica 13.1
(StatSoft, Poland) and Microsoft Excel. The normality of the dis-
tributions of quantitative variables was tested using the Shap-
iro-Wilk test. Student’s t-test for independent samples was
performed to compare two groups with normal distribution.
Otherwise, the non-parametric Mann-Whitney U-test was used.
The Kruskal-Wallis test (ANOVA) was used for comparing two or
more independent samples. The relationship between two var-
iables was verified by Pearson’s chi-squared test. The level of
significance was set at p = 0.05.

RESULTS

Compulsive overeating was measured by the number of epi-
sodes occurring in a week. In this study 52 respondents had mild
BED manifested with a maximum of 3 episodes; 46 respondents
had moderate BED, and severe BED (8-13 events per week) was
diagnosed in 2 respondents. There was nobody with extreme
BED. Moderate episodes of compulsive overeating were more
common among men than women (55 % vs. 40 %); however, this
difference was not confirmed statistically (p = 0.299) (Table Il).

The number of overeating episodes depended on BMI. People
with overweight and obesity more often had moderate BED. The
number of episodes per week was smaller among patients with
normal weight or underweight (p = 0.004) (Fig. 1).

During BED episodes the respondents most often chose
sweets as snacks (58.2 %). Only 13 patients attending dietary
consultations ate fruit during a BED episode. Salty snacks were
chosen by 5.1 % of women and 10.7 % of men.

The PSS-10 scale was used to evaluate the stress experienced
by respondents. The mean value was 6.65 and more than half of
the surveyed subjects (51 %) were characterized by high intensi-
ty of stress. Only 15 % of respondents were characterized by low
levels of stress. There was no statistically significant difference
between the level of stress presented on the Sten scale in a
group of men and women (p = 0.863). However, in the study a
statistically significant relationship was observed between stress
and BMI (p = 0.046). It has been shown that people with normal
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Table Il. Study group according to frequency of BED episodes, BMI, and level of stress

(n =100)
Percentage Percentage
of women (n = 60) of men (n = 40) P
1-3 mild 58.3 42.5
BED severity 4-7 moderate 40 55 0.299
8-13 severe 1.7 2.5
> 30 obesity 10 35
25-29.9 overweight 18.3 50
BMI <0.001
18.5-24.9 normal 50 12.5
<185 underweight 21.7 2.5
1-4 low 15 15
Level of stress (Sten scores) 5-6 medium 35 33 0.863
7-10 high 50 52
90%  85,70% 80%
0% ] 70,00%
£ o 65,70% 70% ) o
g 7% v 61,30% ] S 60%
ch 60% 'g 50,00%
2 sou 5 50% 45,70% 41'93‘;,20%
S 400 38,70 o« 40%
% 40% d1a0% 5 e 34,30
£ 30% 25% & 30% : 25,00
(7] f=4
5 20% 4,30% 2 on 21,40 20,00
a g ” 12,90
10% |:| 90% 5% & 10%
o - | |mm g ﬂ 5,009
Underweight normal weight overweight obesity 0% ,_I
Underweight normal weight overweight obesity
01-3 episodes per week  @4-7 episodes per week M 8-13 episodes per week
Olow @Emedium MWhigh
Figure 1.
Percentage of respondents according to BMI and BED (n = 100). Figure 2.

weight and underweight were characterized by lower levels of
stress when compared to those with overweight or obesity. In
all, 70 % of obese people were characterized by a high level of
stress according to the PSS-10 (Fig. 2).

A statistically significant (p = 0.003) correlation was also ob-
served between level of stress and frequency of BED episodes.
Among people experiencing 4-7 BED episodes per week more
than two-thirds (67.4 %) declared a high level of stress (Fig. 3).

In the present study, the relationship between stress levels
and the strategy for dealing with it was also examined. The
results indicated that people with high levels of stress ate
more often than less stressed individuals (51 % vs. 6.7 %, p =
0.005). Moreover, high levels of stress most often were as-
sociated with snacking, especially sweets (p = 0.005). One
third of people attending diet consultations reacted to stress
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Percentage of respondents according to level of stress and BMI (n = 100).
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Figure 3.

Percentage of respondents according to level of stress and BED (n = 100).
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with snacking, 19 % of people with walking, and 16 % with
cigarette smoking. Men more often than women coped with
everyday stress with snacking (42.5 % vs. 25 %, p = 0.196).
Only 16.7 % of women and 10 % of men in case of stress
decides to train in the gym.

It is also worth mentioning that 62 people admitted that they
did not like their body image. Dissatisfaction with the body ap-
pearance correlated positively with level of stress and severity of
BED (Table Ill).

A statistically significant (p = 0.008) relationship was observed
between level of stress according to the Sten scale and satisfac-
tion with body figure. Among people dissatisfied with their body
image, more than half (58.1 %) showed a high level of perceived
stress.

DISCUSSION

A professional dietician has to cope with many tasks in his
work. He has to assess his patients’ nutritional and health needs,
counsel patients on healthy eating habits, and develop meal and
nutrition plans. From our perspective a dietician may also deal
with patients who require psychological education due to stress.
That is why he or she needs a tool to measure it. According to
Yeo Do Lee, the currently available tools used in diet counseling
include simple questionnaires to diagnose the risk of nutritional
deficiency and simple evaluation sheets concerning overweight
status and dietary life patterns (13). Among patients with BED
these nutritional tools might not be sufficient.

The relationship between stress, BED and BMI is quite obvious.
Carson et al. concluded that women who reported higher levels
of stress had higher BMI (14). Klatzkin et al. reported that obese
BED women had higher dietary restraints and perceived stress
than those in the normal-weight, non-BED group (15). However,
the study group was quite small and only 9 women had BED. To
the best of our knowledge, this was the first study dealing with
a relationship between BED, stress, and BMI among patients in
nutrition counseling.

Table Ill. Percentage of respondents
with body image dissatisfaction (n = 62)

Percentage of
respondents P
Low 6.5
Perceived Medium 35.4 0.008
stress
High 58.1
Mild 355
Severity of
BED Moderate 61.3 0.001
Heavy 3.2

J. Malinowska-Borowska et al.

In this study most of the respondents had 1-3 episodes a
week. Pacanowski and co-workers was looking for the relation-
ship between the problem of binge eating and maintaining the
effects of weight loss treatment. They indicated that almost 20 %
of respondents from a group of 391 people had BED; however,
severity was mostly low. There was nobody with extreme epi-
sodes of compulsive overeating (16). Similarly in our study, there
was also nobody with extreme episodes of BED and only 2 with
heavy BED.

Burrows et al. confirmed statistically that the severity of BED
was determined by sex and BMI. It has been observed that
obese people had more often moderate BED than people with
normal body weight (17). In our study, similar conclusions were
formulated. Among obese people, moderate BED occurred more
frequently than in the group of respondents with normal body
weight.

Stress has a significant effect on food intake. On the one hand,
stressful situations make more than 35-60 % of people consume
more calories than necessary, while 25-40 % of people consume
a reduced number of products (10). In the present study, most
people attending diet consultations reacted to stress with snack-
ing, mainly sweets. It should be emphasized that the study group
consisted of patients of a diet clinic who should be aware of
the negative consequences of snacking. Only 16.7 % of women
and 10 % of men in case of stress decide to train in the gym.
Only 13 people ate fruit during a BED episode. In another work,
even 86.1 % of patients with high levels of stress were snacking
sweets (18). According to Babicz-Zielinska et al., 82 % of people
consumed meals under stress, despite a lack of the physical sen-
sation of hunger. During stressful situations, respondents mostly
consumed sweets (19).

The influence of stress on food consumption was also de-
scribed in another paper. According to it, a group of obese or
overweight Finns with high levels of stress were characterized
by uncontrolled consumption of food in comparison to people
with low levels of stress (11). Perceived stress was also meas-
ured with the use of the PSS-10 questionnaire. The ave-rage
stress level of respondents was 26.5. In another paper of Elina
Jarveld-Reijonen et al. (12), higher perceived stress was not
associated with unfavorable features of eating behaviour In our
study, the mean value of stress was slightly lower and amount-
ed to 20.32 for the entire study population. It is hypothesized
that this results from a different perception of stressors and
accompanying emotions by individuals with BED compared
to their healthy peers. Individuals with BED reported experi-
encing more negative stressors in the course of daily life and
were less able to tolerate a negative mood, when compared to
healthy controls. In addition, daily hassles were experienced as
more stressful by individuals with BED than by a control group
with a similar number of reported daily problems (20).

Dissatisfaction with the body image was correlated with level
of stress and BED severity. All relationships presented in the work
underline the importance of psychodietetics in practice. Many
authors emphasize psychological support as a first-line treat-
ment in all eating disorders, including BED (21,22). We do not
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know how much psychological support is needed in the case of
BED patients. We suggest that one of the measures to reduce
binge eating and improve the mental state of patients may be
achieved through participation in a dietician-administered, cog-
nitive-behavioral therapy. Moreover, the use of the stress assess-
ment questionnaire during dietician practice will help to assess
stress and show the best ways to cope with it. Knowing how to
deal with stress is necessary not only to stay healthy, but also to
keep a slim figure.

LIMITATIONS

Our findings should be interpreted in the context of the study’s
design and limitations. During the interpretation of the results of
the study, the limited number of participants should be taken into
account. All relationships demonstrated in the work were con-
cerning patients of a diet clinic. It is probable that some variables
especially stress level, could be different in other study groups.
There are also potential biases resulting from the fact that our
study was based on a self-administered questionnaire and nu-
tritional diary. The nutritional diary was filled in by the patients
themselves. Despite training by a dietician, it could well happen
that an episode or snack was not recorded by the patient.

Lastly, it should be said that it is not possible to draw any
conclusions about the cause and effect of the found relationship
because of the cross-sectional nature of the study. However, the
relation between BED and different adverse health consequences
has been proven in other studies.

CONCLUSION

In the present study it was confirmed that stress significantly
affects BED. Subjects were characterized by high levels of stress
and snacking was the way of releasing tension. In particular, the
majority of respondents during an episode of BED ate sweets.
People with high levels of stress were characterized by excessive
body weight, and they more often experienced episodes of binge
eating compared to people with normal weight.

The severity of BED correlates with the stress levels obtained
with the use of the standardized PSS-10 scale. It could be of
great importance in a dietician’s practice. The PSS-10 (Perceived
Stress Scale) may be applied as a tool for the diagnosis of obese
patients who may potentially experience BED episodes in order
to prevent the development of this disorder. Complex training
including proper eating habits and psychological consultations
aimed at coping with stress levels will be more effective in the
fight against obesity and eating disorders.
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Abstract

Introduction: osteoporosis is the most prevalent bone disease and one of the main causes of chronic disability in middle and advanced ages.
Conventional pharmacological treatments are still limited, and their prolonged use can cause adverse effects that motivate poor adherence to
treatment. Nutritional strategies are traditionally based on supplementing the diet with calcium and vitamin D. Recent studies confirm that the
results of this supplementation are significantly improved if it is accompanied by the intake of oral hydrolyzed collagen.

Objective: to evaluate the possible in vitro osteogenic activity of a peptide-mineral complex formed by bovine hydrolyzed collagen and bovine
hydroxyapatite (Phoscollagen®, PHC®).

Methods: the digestion and absorption of PHC® were simulated using the dynamic gastrointestinal digester of AINIA and Caco-2 cell model,
respectively. Primary cultures of human osteoblasts were treated with the resulting fraction of PHC® and changes were evaluated in the proliferation
of preosteoblasts and in the mRNA expression of osteogenic biomarkers at different stages of osteoblast maturation: Runt-related transcription
factor 2 (Runx2), alkaline phosphatase (ALP), osteocalcin (OC) and type | collagen (ColA1).

Keywords: Results: an increase in preosteoblastic proliferation was observed (p < 0,05). No changes were detected in the biomarkers of osteoblasts
with 5 days of differentiation, but with 14 days, registering in this case an increase in Runx2 (p = 0.0008), ColA1 (p = 0.035), OC (p = 0.027)

Digestion. Hydrolyzed and ALP (without significance).

collagen. Hydroxyapatite. . ) ) ) - . )
Osteoblasts. Osteoporosis. ~ Gonclusion: these results show that PHC® peptide-mineral complex stimulates the activity of mature osteoblasts, being capable of promoting
Peptides. bone formation.
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Resumen

Introduccion: la osteoporosis es la enfermedad dsea mas prevalente y una de las principales causas de discapacidad crénica en las edades

medias y avanzadas. Los tratamientos farmacologicos convencionales aun son limitados y su uso prolongado puede provocar efectos adversos

que motiven baja adherencia al tratamiento. Las estrategias nutricionales se basan tradicionalmente en suplementar la dieta con calcio y vita-

mina D. Estudios recientes confirman que los resultados de esta suplementacion mejoran significativamente si se acompafia de la ingesta de

colageno hidrolizado oral.

Objetivo: evaluar la posible actividad osteogénica in vitro de un complejo péptido-mineral formado por coldgeno hidrolizado e hidroxiapatita

bovinos (Phoscollagen®, PHC®).

Métodos: se simuld la digestion y absorcion de PHC® utilizando el digestor dindmico gastrointestinal de AINIA y el modelo celular Caco-2,

respectivamente. Cultivos primarios de osteoblastos humanos se trataron con la fraccion resultante de PHC® y se evaluaron los cambios en

la proliferacion de los preosteoblastos y en la expresion del ARNm de los biomarcadores osteogénicos en diferentes etapas de maduracion de

los osteoblastos: factor de transcripcion 2 relacionado con Runt (Runx2), fosfatasa alcalina (ALP), osteocalcina (OC) y colageno tipo | (ColA1).

Resultados: se observd un incremento de la proliferacion preosteoblastica (p < 0,05). No se detectaron cambios en los biomarcadores de
) o osteoblastos con 5 dias de diferenciacion, pero si con 14 dias, registrandose un aumento de Runx2 (p = 0,0008), ColA1 (p = 0,035), OC

Coldgeno hidralizado. (b = 0,027) y ALP (sin significancia).

Digestion. Hidroxiapatita.

Osteoblastos. Osteoporosis. ~ Gonclusion: estos resultados muestran que el complejo péptido-mineral PHC® estimula la actividad de osteoblastos maduros, siendo susceptible

Palabras clave:

Péptidos. de promover la formacion 6sea.

INTRODUCTION

Osteoporosis is defined as a systemic skeletal disease char-
acterized by low bone mass and microarchitectural deterioration
of bone tissue with a consequent increase in bone fragility and
susceptibility to fracture. Worldwide data indicate that osteopo-
rosis is increasingly becoming a global epidemic: the number of
individuals aged 50 years or more at high risk of osteoporotic
fracture in 2010 was estimated at 158 million and is set to dou-
ble by 2040 (1); also, 1 in 3 women over the age of 50 years
and 1 in 5 men will experience osteoporotic fractures in their
lifetime. Causes of osteoporosis include estrogen or nutritional
deficiencies, hereditary or chronic diseases, aging, and long-
term exposure to drugs (2).

Current pharmaceutical treatments may cause side effects in-
cluding several gastrointestinal reactions. Also, drugs that inhibit
bone resorption can suppress bone formation too, contributing
to the pathogenesis of osteonecrosis (3). That is why there is
growing concern in developing nutritional strategies with fewer
side effects and greater intake adherence to prevent and assist
osteoporosis treatment. These strategies have to include effec-
tive and long-term safe food bioactive ingredients with the ability
to stimulate bone formation, establishing synergy between food
functionality and most suitable nutrients for bone tissue main
components.

Bone is a connective tissue composed of an organic matrix
(30 % w approx.) made up mainly of type-I collagen (90 % w
approx.) and inorganic components (45 % w calcium salts and
25 % w water approx.). Unlike other connective tissues, bone
matrix possesses the ability to become calcified in a special way:
calcium phosphate biocrystals of hydroxyapatite (Ca, ,(PO,),(OH),)
are fixed to collagen fibers (Fig. 1) whose good condition is es-
sential to support bone mineral components (4).

Aging and estrogen secretion decrease at menopause cause a
slowdown in collagen synthesis (6). As the bone collagen network
progressively deteriorates, calcium salts are released (decalcifi-
cation) and bones lose mass, becoming brittle and more prone to
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fracture. Therefore, functional supplementation to improve bone
health should take into account providing ingredients to nourish
both the mineral and organic parts of the bone.

Traditionally, supplementation based on calcium salts and vi-
tamin D has been recommended to prevent osteoporosis and
fractures (7). However, there is much controversy regarding its
proper mode of use (8) and it only targets the mineral part of the
bone. As a source of calcium, oral hydroxyapatite from animal
bone tissues (bovine or porcine) has acquired special relevance
since the fact that it is the specific form of calcium phosphate
present in bone gives it certain advantages. In fact, it provides
a physiological Ca/P ratio, favoring the necessary balance be-
tween both minerals to avoid decalcification (9). Furthermore, the
affinity existing between bone hydroxyapatite and bone matrix
proteins (as evidenced by their bond to build bone nanostructure
[Fig. 1]) makes it a compound naturally suitable for formulat-
ing protein-mineral complexes, which are not a mere hetero-
geneous physical mixture, since protein component acts as a
binder for mineral components, forming a homogeneous com-
pound (10). Protein-hydroxyapatite complexes provide nutrients
for both organic and mineral parts of bone and also, thanks to the
binding capacity of proteins, calcium absorption is higher than
that of organic or inorganic calcium salts (11).

From the 1970s to the present day, an ossein-hydroxyapatite
complex from bovine bone, containing collagenous and non-col-
lagenous proteins and hydroxyapatite, has been commercialized
and studied with positive results (12). Following the same line,
the product object of this study is also a bone protein-mineral
complex but, in addition to micronized hydroxyapatite, its protein
component is exclusively hydrolyzed collagen or collagen pep-
tides (neither the entire molecule nor non-collagenous proteins),
which have shown high bioavailability (13), calcium chelating ca-
pacity (14), and multiple bioactivities (15).

As is known, collagen is the main component of the extracel-
lular matrix in animal connective tissues and the most abundant
protein in the human body. Edible hydrolyzed collagen or collagen
peptides come from different animal sources (bovine, porcine,
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Figure 1.

Bone structure hierarchical multiscale levels. Image adapted from Sadat-Shojai M, et al., 2013 (5), with permission.

fish...) and are obtained by hydrolysis of gelatin or denatured
collagen by enzymatic or chemical methods until reaching a mo-
lecular weight of less than 6000 Dalton.

Hydrolysis has been shown to improve the functional and
nutritional properties of proteins, and collagen peptides have
exhibited several physiological activities (15). Among these, it
is worth noting its osteogenic capacity, whose mechanism re-
vealed in in vitro studies (16,17) supports the results of in vivo
studies (18,19). Furthermore, bone beneficial effects of calcium
and vitamin D supplementation increase remarkably if it is ac-
compained by oral hydrolyzed collagen intake (20-22). On the
other hand, when calcium intake is clearly deficient, taking hy-
drolyzed collagen does not produce appreciable bone beneficial
effects (23,24). This indicates that to effectively stimulate bone
formation through diet supplementation, it is important to cov-
er both the functional and nutritional aspects of bone. The first
requires bioactive components that act as biological signals to
promote osteoblast activity, and the second protein and miner-
al components adapted to the metabolic needs of bone. What
is more, bringing these components together in the same food
supplement presumably allows to take advantage of the synergy
between them.

Thus, the present study assesses, for the first time, the in
vitro osteogenic activity of a hydrolyzed collagen-hydroxyapatite
complex, which combines in a homogeneus food supplement the
functionality of collagen peptides with nutrients naturally related
to main bone components. In addition, the evaluation is carried

out after simulating gastrointestinal digestion and absorption
processes using an /n vitro methodology for a better approach
to in vivo systems.

MATERIALS AND METHODS

SAMPLE

A hydrolyzed collagen-hydroxyapatite food complex (Phoscol-
lagen®, PHC®) manufactured and provided by Protein, S.A. (Giro-
na, Spain) was used for this study. The product is commercially
available and consists of micronized hydroxyapatite stabilized on
a collagen peptide matrix with a mean molecular weight of 3000-
5000 Da and a high safety profile. Both ingredients, hydroxyapa-
tite and collagen peptides, come from fresh bovine bones and
are in the form of a homogeneous and dispersible powder. PHC®
does not contain any additives, sweeteners, or flavors. No aller-
gies or incompatibilities with drugs, foods or diet supplements
have been observed.

DYNAMIC GASTROINTESTINAL DIGESTION
The simulation of human gastrointestinal digestion was car-

ried out using the in vitro Dynamic Digester developed by AIN-
IA (ES 2 361 983 B1). This is a computer-controlled system

[Nutr Hosp 2022;39(3):644-651]
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consisting of interconnected compartments that simulate the
gastric and intestinal digestions. The complete process sim-
ulates the three digestive steps: oral, gastric, and intestinal
digestion. The whole procedure was conducted at a temper-
ature of 37 °C, in darkness and under anaerobic conditions to
mimic the physiological conditions of the body, as previously
described (25).

To reproduce the oral stage, the process of size reduction
(chewing) and enzymatic digestion was simulated. For this pur-
pose, 11.75 g of the sample were dispersed at a temperature
of 37 °C in a simulated salivary solution containing o-amylase
with a pH between 6.5 and 6.7. This mixture was kept under
agitation for 2 min and at a pH between 6.5 and 6.7 (26).

For the gastric stage, the oral digesta was introduced into
the gastric module, which already contained a stomach resid-
ual solution preheated to 37 °C. Subsequently, the simulation
of gastric secretion with pepsin was carried out. During this
process, the pH curve was controlled by the addition of 1-M
HCI. Thus, the pH of the gastric digesta (mixture of the resid-
ual stomach solution and the buccal digesta of the sample)
reached a value close to pH 2. The simulation of the transit
from stomach to intestine was done continuously according to
the Elashoff equation, with a t,,, of 70 minutes and a factor
[ equal to 2 (27). The total duration of the gastric digestion
process was 3 h.

The subsequent gastric emptyings were mixed with the intesti-
nal media (containing residual solution preheated to 37 °C at the
beginning of the process). A simulated intestinal solution con-
taining pancreatin, electrolyte solution, and bile salts was grad-
ually added and maintained at pH 6-6.5 by the addition of 1-M
NaHCO,, generating the intestinal digestion media. The intestinal
emptying was simulated based on human in vivo data using the
Elashoff equation, with a t, , of 160 minutes and a factor  equiv-
alent to 1.6. Total transit time at this stage was 6 h (27). Finally,
the subsequent intestinal emptyings were accumulated, gener-
ating the digested fractions.

CELLS

To carry out intestinal transport studies, the human epithelial
cell line Caco-2, obtained from the American Type Culture Collec-
tion (ATCC® HTB-37™, USA) was used. Cells were maintained
in growth medium containing Eagle Minimum Essential Medi-
um (EMEM) supplemented with 20 % fetal bovine serum (FBS)
and antibiotics (penicillin, 100 U/mL; streptomycin, 30 ug/mL),
following ATCC recommendations. A biocompatibility test was
carried out with the samples to determine the maximum biocom-
patible concentration of the digested sample with the cell model.

To carry out osteogenic modulation, human osteoblasts (Hob)
from bones were used (PromoCell, Heidelberg, Germany). Cells
were maintained following PromoCell recommendations and cul-
ture media, including Osteoblast Growth Medium and Osteoblast
Mineralization Medium. All cell cultures were grown at 37 °C and
5 % CO,.

[Nutr Hosp 2022;39(3):644-651]

CACO-2 CELL VIABILITY ASSAY
WITH DIGESTED FRACTIONS

The samples used were the soluble fractions generated from
the simulated gastrointestinal digestion of PHC®. Also, a blank
adding water instead of the sample was generated as control
digest. These soluble fractions were thermally treated at 100 °C
for 10 min, filtered and frozen until used. The two replicates of
each product obtained in the bioaccessibility studies were inte-
grated to perform the cellular assays. A cytotoxicity assay was
done using serial dilutions of the samples with Caco-2. For that,
the AlamarBlue Cell Viability Reagent (Thermo Fisher, Waltham,
MA, USA) was used. After the exposure period (120 min), the
reagent was added according to manufacturer instructions and
the fluorescence read. Dimethyl sulfoxide (DMSO) at 10 % was
used as positive cytotoxic control. The percentage of cell viability
relative to control cells (untreated) was determined as follows:

Cell viability (%) = (Fluorescence Units from the sample /
Fluorescence Units from the control) x 100

INTESTINAL TRANSPORT STUDIES
WITH DIGESTED FRACTIONS

After optimizing culture conditions, intestinal absorption
through intestinal epithelial cells was assessed. Briefly, the
Caco-2 cells were seeded into polyester membrane (0.4 pm
of pore size) inserts and cells were incubated at 37 °C for
21 days for differentiation (28). The integrity of the cell mon-
olayers was determined by measuring transepithelial electrical
resistance (TEER) before and after the treatment. Incubation time
was 120 min, since it is the contact time in other studies to
see collagen effects using this intestinal cell model (17,29). After
incubation with digested PHC® at 1/4 dilution (approx. 3 mg/mL
of PHC) and control, the basal medium was collected for further
treatments of osteoblasts. Only cell monolayers with TEER values
higher than 300 Q cm? were considered.

PRE-OSTEOBLAST PROLIFERATION
WITH INTESTINAL ABSORBED FRACTIONS

For the proliferation experiments, the cells were seeded in
multi-well plates in their growth medium, without inducing differ-
entiation. Then, after 24 h in contact with the absorbed fractions,
a determination of cell proliferation was made with AlamarBlue®
reagent, following manufacturer’s instructions.

OSTEOBLAST DIFFERENTIATION
WITH INTESTINAL ABSORBED FRACTIONS

For the differentiation experiments, the protocols recommend-
ed by PromoCell were used. For this, the cells were seeded in
plates coated with collagen and treated with the differentiation
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medium, changing the medium every 2-3 days. At 5 or 14 days,
cells were in contact with the absorbed fractions obtained after
the intestinal transport assay for 24 h, and the cells were col-
lected for their RNA extraction and subsequent analysis of gene
expression.

RNA ISOLATION AND QUANTITATIVE REAL-TIME
POLYMERASE CHAIN REACTION (QRT-PCR)

After the different cell treatments, cellular RNA was isolated
and purified using the MAXWELL equipment (Promega, Madison,
WI, USA). RNA quantity and quality was measured by Nanodrop
(Thermo Fisher Scientific). Then, the cDNA was obtained using
the High-Capacity cDNA reverse transcription kit (Applied Biosys-
tems, Foster City, CA, USA). Real-time PCR was performed with
TAQMANT fast advanced master mix (Thermo Fisher Scientific)
from the cDNA using commercial primers of the selected bio-
markers: Runx2 (Hs01047973), collagen 1 (Coll, Hs00164004),
alkaline phosphatase (ALP, Hs01029144), and osteocalcin (OC,
Hs01587814). All primers were from Thermo Fisher Scientific
(Waltham, MA, USA). Also, as housekeeping gene p-actin was
used (4326315E). The amplification conditions in the thermocy-
cler (7600 Applied Biosystem) were universal and the quantifica-
tion of gene expression is carried out in a relative way, so that the
magnitude of the physiological changes in the biomarker gene is
obtained in comparison with a reference gene.

STATISTICAL ANALYSES

Results are presented as mean + standard error of the mean
(SEM) of at least two independent studies and 2-3 replicates.
Statistical significance between different conditions (treated with
PHC®vs digested control) was assessed using Student’s t-test
with Welch’s correction applied in case of significantly different
variances (F-test). The tests were performed using the Graph-
Pad Prism software 8.3.1. A value of p < 0.05 was considered
significant.

RESULTS

ASSESSMENT OF CACO-2 CELL
BIOCOMPATIBILITY

Epithelial intestinal cells were in contact with serial dilutions
of digested fractions and its cell viability was measured. Results
showed that using a 1/4 dilution of both digested control and
digested PHC® fraction (approx. 3 mg/mL) no toxic effects were
observed, since it was the first dilution that showed no differ-
ences with the untreated control. At 1/2 dilution (approx. 6 mg/
mL), digested PHC® fraction exhibited biocompatibility unlike
the digestion control sample (Fig. 2). The positive control DMSO
showed cytotoxic effects, as expected.
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Cell viability of intestinal epithelial cells (Caco-2) after 2 h in contact with digested
Phoscollagen®and control fractions (DMSO: dimethyl sulfoxide; n = 3).

For all subsequent studies, the absorbed PHC® fraction ob-
tained from 3 mg/mL of digested PHC® and its equivalent control
were used.

ASSESSMENT OF PRE-OSTEOBLAST
PROLIFERATION

Pre-osteoblasts were in contact with the absorbed fractions
and changes in cell proliferation were measured. After 24 h of
treatment, pre-osteoblasts showed a significant proliferation in
contact with the absorbed PHC® fraction compared to the ab-
sorbed control (Fig. 3).

*
120+ Absorbed
control
c
.0
£ 1004 —— Bl PHC®
S
£
©°
s 80-
3
2
= 60-
Figure 3.

Cell proliferation of human primary osteoblasts (Hob) after 24 h in contact with the
absorbed Phoscollagen®and control fractions (*p < 0.05; n = 8).

ASSESSMENT OF OSTEGENIC CAPACITY
The mRNA expression of osteogenic biomarkers, including

Runx2, ALP, ColA1 and OCN, were evaluated in primary osteo-
blasts previously differentiated for 5 days or 14 days.
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Figure 4.

Changes of osteogenic biomarkers in human primary osteoblast (Hob) after 24 h
of exposure to absorbed Phoscollagen® and control fractions. Osteoblasts were
previously differenciated for A) 5 days or B) 14 days (**p < 0.001; *p < 0.05;
n = 3-6).

Compared to the control, 24 h of treatment with the absorbed
PHC® fraction caused no changes in osteogenic biomarkers
in osteoblasts with 5 days of differentiation (Fig. 4A) but, with
14 days of differentiation (Fig. 4B), -x- an increase in all gene
biomarkers was detected, being statistically significant in Runx2
(p = 0.0008), ColA1 (p = 0.035) and OCN (p = 0.027).

DISCUSSION

This study confirms osteogenic effects of a hydrolyzed colla-
gen-hydroxyapatite complex (Phoscollagen®, PHC®) by prolifer-
ation and differentiation of osteoblasts, the bone cells that syn-
thesize bone extracellular matrix and regulate its mineralization.
In fact, osteoblasts carry out the anabolic processes involved in
bone formation, during which they mature and express specific
genes necessary for its achievement.

Bioavailable PHC® fractions derived from simulated gastro-
intestinal digestion and absorption induce human osteoblasts
to notoriously increase mRNA expression of the following o0s-
teogenic biomarkers measured by real-time PCR: 1) COL1A1
(p < 0.05), the gene that encodes a1 chains of type-1 pro-col-
lagen, essential for collagen synthesis and bone formation; 2)
Runx2 (p < 0.001), the specific transcription factor for osteo-
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genesis, determinant for osteoblastic lineage differentiation from
mesenchymal cells under stimulation of specific genes (COL1AT,
ALPand 0C); 3) ALP, an enzyme that provides inorganic phos-
phate, which binds to calcium, regulating mineralization (in this
case, the increase does not reach significance); 4) osteocalcin
(0C, p < 0.05), the most abundant non-collagenous protein in
the extracellular matrix, synthesized by osteoblasts; it acts as a
hormone, elevating bone category to endocrine organ.

It is noteworthy that OC is involved in glucose homeostasis,
skeletal muscle function, brain development and male fertility.
Also, it has a preventive effect on hepatic steatosis and arterial
calcification (30). This suggests that stimulating bone formation
and, in particular, secretion of OC, may have therapeutic impli-
cations beyond bone structure good condition and could be one
of the mechanisms involved in the lipid and glucose modulating
effects detected in collagen peptides (31-33).

The results obtained in this study about cell growth and gene
expression are consistent with those obtained in other studies
that have detected osteogenic activity produced either by colla-
gen peptides (16,34-36) or by combinations of these with calci-
um and phosphorus (37).

Unlike those studies, the present study carries out a simula-
tion of gastrointestinal digestion and absorption, which implies a
greater approximation to /n vivo systems and allows to include the
influence in osteogenic activity not only of the absorbed collagen
peptides, calcium and phosphorus, but also of the metabolites gen-
erated by Caco-2 cells when interacting with the digested PHC®
fraction. Furthermore, it has been observed that the biocompati-
bility of the digested PHC® fraction (at 1/2 dilution, aprox. 6 mg/
mL) with Caco-2 cells is significantly higher than that of digested
control fraction, showing a protective effect on intestinal epithelial
cells which has also been detected in collagen peptides (38).

Other studies on collagen peptides have carried out different
in vivo approaches with success either using human serum after
ingesting hydrolyzed collagen to treat osteoblast and osteoclast
cell cultures (39) or combining /n vitro and in vivo trials in which
beneficial effects on bone mass and microarchitecture have been
correlated with an increase in osteoblast proliferation, gene ex-
pression, and collagen synthesis (17,31,40).

Among the studies cited above, special mention should be
made of Wu’s, 2020 (37), which evaluated how the introduction
of a phosphate group (phosphorylation) and calcium chelation of
collagen peptides affected their osteogenic activity and ability
to improve calcium absorption. Thus, the effects of 4 groups of
compounds were studied: collagen peptides (CP), phosphorylat-
ed collagen peptides (PCP), calcium-chelated collagen peptides
(CP-Ca), phosphorylated calcium-chelated collagen peptides
(PCP-Ca). All groups significantly increased the proliferation of
mouse pre-osteoblasts, as well as the mRNA expression levels
of osteoblast differentiation biomarkers and mineralization. How-
ever, the most osteogenically active group was PCP-Ca, the one
with a composition most closely related to the hydrolyzed col-
lagen-hydroxyapatite complex evaluated in this study. This fact
suggests a higher anabolic efficacy when collagen peptides are
adequately bound with calcium and phosphorus compounds than
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when they are alone, possibly due in part to synergy between
funcional and nutricional actions of collagen peptides and specif-
ic inorganic nutrients closely related to bone tissue composition.

In conclusion, this study shows the osteogenic activity of a hydro-
lyzed collagen-hydroxyapatite complex (Phoscollagen®) after sim-
ulating its digestion and absorption using in vitro methods, based
on its effect on preosteoblast proliferation and on gene biomarker
mRNA expressions as involved in the bone formation process.

Furthermore, taking into account current knowledge and evi-
dence on the nutritional strategy to prevent and assist bone loss
pathology and fractures, the protein-mineral complex under study
brings together several nutritional aspects that can enhace bone
formation from a diet supplementation approach: 1) bioactivity
of collagen peptides, which promotes bone metabolism more
effectively than non-hydrolyzed and/or non-collagenic proteins;
2) binding capacity of collagen peptides to increase calcium ab-
sorption; 3) physiological Ca/P ratio supported by hydroxyapa-
tite, which prevents decalcification and allows mineralization; 4)
nutrition of both organic and mineral main bone components,
using the food compounds most naturally related to bone tissue
composition; 5) synergy between nutritional and functional ac-
tion, gathered in a homogeneous food supplement aimed to be
easily incorporated into the diet.
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Abstract

In order to improve the recovery process in combat sports disciplines, ergo-nutritional strategies could be an effective option in training and
competition. Some of these ergo-nutritional aids could improve performance but literature references are scarce, with controversial results
regarding actual recovery effects. This systematic review aimed to examine which ergo-nutritional methods are most effective for assisting in
the recovery process in combat sports, and to determine the appropriate training stimuli. This systematic review was carried out following the
Preferred Reporting Items for Systematic Review (PRISMA) guidelines. A computerized search was performed in PubMed, Web of Science, the
Cochrane Collaboration Database, Evidence Database, Evidence Based Medicine Search review, National Guidelines, EM-BASE, Scopus and
Google Scholar system (from 1995 to April 30, 2021). The PICOS model was used to define inclusion and exclusion criteria. Out of 123 studies
initially found, 18 met the eligibility criteria and were included in the review. Data from 367 athletes from different disciplines were examined.

Keywords: The evidence was grouped in 4 areas: oxidative stress, muscle and energy recovery, muscle repair, and metabolic acidosis. Evidence showed that
Recovery. Fatigue. Combat  Vitamins, minerals, and some natural ergo-nutritional products are effective as antioxidants. Carbohydrates and protein determine the recovery
sports. Nutrition. Ergo- effect. Sodium bicarbonate has a role as primary acidosis metabolic delayer. Accordingly, ergo-nutritional aids can help in the recovery process.
nutritional aids. Considering the effects outlined in the literature, more studies are needed to provide firm evidence.

Resumen

Para mejorar el proceso de recuperacion en las disciplinas deportivas de combate, las estrategias ergo-nutricionales son una opcion eficaz en
el entrenamiento y la competicion. Algunas de estas alternativas mejoran el rendimiento, pero actualmente existe una escasa bibliografia con
resultados controvertidos relacionados con el efecto de recuperacion. Esta revision sistematica tuvo como objetivo determinar qué estrategias
ergo-nutricionales son mas efectivas en los procesos de recuperacion. Se llevd a cabo siguiendo las pautas Preferred Reporting ltems for Systema-
tic Review (PRISMA). Se realizé una busqueda computarizada en PubMed, Web of Science, Cochrane Collaboration Database, Evidence Database,
Evidence Based Medicine Search review, National Guidelines, EM-BASE, Scopus y el sistema Google Scholar (desde 1995 hasta el 30 de abril de
2021). Se utilizd el modelo PICOS para definir los criterios de inclusion y exclusion. De los 123 estudios encontrados inicialmente, 18 cumplieron
los criterios de elegibilidad y fueron incluidos. Se examinaron datos de 367 atletas de diferentes disciplinas. La evidencia se agrup6 en 4 areas:
estrés oxidativo, recuperacion muscular y energética, reparacion muscular y acidosis metabolica. La evidencia mostré que las vitaminas, los

Palabras clave: minerales y algunos productos ergo-nutricionales naturales son eficaces como antioxidantes, los hidratos de carbono y las proteinas determinan
- ) su efecto recuperador y el bicarbonato de sodio es el principal retardador metabélico de la acidosis. Se destaca la importancia de aceptar un
Recuperacién. Fatiga. plan ergo-nutricional para mejorar el proceso de recuperacion. A pesar de ello, y teniendo en cuenta los efectos descritos en la literatura, se

Deportes de combate.
Nutricién. Ayudas ergo-
nutricionales.

necesitan mas estudios para reforzar la evidencia actual.
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INTRODUCTION

Combat sports (CS) are old traditional sports that have been
solidly established worldwide. Boxing, mixed martial arts, wres-
tling, judo, taekwondo, kickboxing, karate, and jiu-jitsu are the
main disciplines that have been researched (1). In order to main-
tain a highly competitive level in these disciplines, the develop-
ment of diverse performance factors such as aerobic and anaer-
obic capacities, and an optimal level of power and strength are
required (2). Although it is true that performance improvement
through physical condition, and technical and tactical training are
key in CS, some aspects such as the biomechanical aspects,
pharmacological methods, nutritional ingredients, psychological
techniques, and different recovery tools must be considered in
the complex road to success (3).

Recovery is regarded as a multifactorial process that can be
enhanced by different intervention strategies (4). Among them,
nutritional aids are considered an important option within this
restorative process (5). In fact, ergo-nutritional aids are con-
sidered a nutritional ingredient or practice that could improve
exercise performance capacity and training adaptations, or en-
hance recovery from an exercise bout or competition (6). The
specific metabolic requirements within the discipline are an
important aspect to be considered as they determine the pre-
ferred nutritional aid. CS are characterized by a great number
of high-intensity movements and short breaks that are insuffi-
cient for a complete recovery during the different rounds that
compose said bouts (7). This high intensity that is typical of
CS disciplines markedly increases acute metabolic and oxida-
tive stress, and much in the same way also produces muscle
damage and increased physiological stress. This situation will
produce energetic substrate deficiencies and a need to buff-
er the intracellular H* generated by exertion. Accordingly, the
capacity to recover not only between efforts but also between
fights remains crucial to adequately perform in these sport dis-
ciplines (8).

According to the American College of Sport Medicine, Acade-
my of Nutrition and Dietetics and Dietitians of Canada, adequate
and well-chosen nutritional strategies are necessary for optimal
performance across different scenarios in competitive sports
(9,10).

Over the last 5 decades sport nutrition has been rapidly evolv-
ing and several ergo-nutritional aids have been researched for
different purposes; before competition (e.g., pre-exercise fue-
ling), during competition (e.g., fluid intake and carbohydrate
feeding), and in the recovery from competition or post-competi-
tion (e.g., carbohydrate or protein feeding to promote muscle re-
covery) (11). However, the cost/benefit ratio of an ergo-nutritional
plan must be weighed before application (4).

The current scientific literature has proposed several ergo-nu-
tritional options to be used by CS practitioners: antioxidants, cre-
atine, alkaline water, carbohydrates and proteins, (3-alanine or
[3-hydroxy-p-methylbutyrate, among others. Although some of
these ergo-nutritional aids could promote recovery, to the best of
the authors’ knowledge there is a lack of scientific bibliography,

[Nutr Hosp 2022;39(3):652-662]

and some controversy exists regarding the results related to the
real recovery effect in CS (3). Given the relevance of ergo-nutri-
tional strategies in CS, this systematic review aimed to review the
scientific literature to examine which ergo-nutritional methods
are the most frequently used by CS athletes, and to determine
the appropriate dosage for each one.

MATERIALS AND METHODS

LITERATURE SEARCH STRATEGIES

This systematic review focused on different ergo-nutritional
strategies used in CS as well as on their most effective dose
and timing of administration. It was carried out following the
Preferred Reporting Items for Systematic Review (PRISMA)
guidelines (12). A structured search was performed in different
sources of high-quality information in the field of health sciences
using the following information databases: Medline (PubMed),
Web of Science (WOS), the Cochrane Collaboration Database,
Cochrane Library, Evidence Database (PEDro), Evidence Based
Medicine (EBM) Search review, National Guidelines, EM-BASE,
Scopus, and Google Scholar system. This allowed to guarantee
a complete bibliographic support and enabled us to identify all
relevant studies on this topic. The search strategy ended on
April 30, 2021. Search terms included a mix of medical sub-
ject headings (MeSH) and free-text words for key concepts
related to ergo-nutrition in CS. The keywords used in the next
equation of the search were: “combat sports,” “recovery,” “nu-
trition” “fatigue,” and “ergogenic aids”. The following specific
search strategy was applied: antioxidants [MeSH Terms] OR
“antioxidants”[All Fields]) AND combat sports [MeSH Terms] OR
“combat sports”[All Fields]) AND caffeine [MeSH Terms] OR “caf-
feine”[All Fields]) AND combat sports [MeSH Terms] OR “com-
bat sports”[All Fields]) AND creatine supplementation [MeSH
Terms] OR “creatine supplementation”[All Fields]) AND combat
sports [MeSH Terms] OR “combat sports”[All Fields]) AND car-
bohydrates supplementation [MeSH Terms] OR “carbohydrates
supplementation “[All Fields]) AND combat sports [MeSH Terms]
OR “combat sports”[All Fields]) AND protein supplementation
[MeSH Terms] OR “protein supplementation “[All Fields]) AND
combat sports [MeSH Terms] OR “combat sports”[All Fields])
AND alkaline water AND bicarbonate [MeSH Terms] OR “alkaline
water AND bicarbonate”[All Fields]) AND combat sports [MeSH
Terms] OR “combat sports”[All Fields]) AND beta alanine [MeSH
Terms] OR “beta alanine”[All Fields]) AND combat sports [MeSH
Terms] OR “combat sports”[All Fields]) AND beta hydroxy beta
methylbutyrate [MeSH Terms] OR * beta hydroxy beta methylbu-
tyrate “[All Fields]) AND combat sports [MeSH Terms] OR “com-
bat sports”[All Fields]). Through this equation relevant articles
related to the use of ergogenic aids in CS were obtained. No
filters were used to increase the power of the analysis in relation
to the athletes’ level and age. The specific filters “performance
enhancement” and “rapid weight loss” were applied to not deter-
mine the recovery effect.



654

INCLUSION AND EXCLUSION CRITERIA

The search strategy was determined using the PICOS model
to define inclusion and exclusion criteria that were relevant to
this review (13). P (population): “CS athletes”, | (intervention):
“ergo-nutritional supplementation”, C (comparison). “ergo-nu-
tritional supplementation group, different ergo-nutritional strat-
egies versus placebo group or ergo nutritional supplementation
in the same group comparing baseline versus post-intervention”,
O (outcome): “acute post-exercise response or evolution after
ergo-nutritional strategies with recovery effect”, and S (study de-
sign): “single, double-blind or randomized design”.

In this systematic review the studies included had to respond to
all of the following criteria: (i) participants were men and women
and elite or amateur fighters from the following disciplines: boxing,
mixed martial arts, wrestling, judo, taekwondo, kickboxing, karate
and jiu-jitsu; (i) participants used some form of ergo nutritional
supplementations according to the classification of the Australian
Institute (14); (iii) the effects of ergo nutritional aids were com-
pared to an identical experimental situation such as the ingestion
of placebo, to a different nutritional protocol in the same CS train-
ing group or in the same CS group, to the same nutritional proto-
col comparing baseline and final outcomes; (iv) articles examined
the recovery effects of supplementation; (v) study designs were
randomized, double-blind, and placebo-controlled or same group
pre and post comparisons. The exclusion criteria included the fol-
lowing: (i) studies that were performed for clinical purposes or
therapeutic use; (ii) studies related to performance enhancement;
(iii) studies carried out in rapid weight loss moments or 48h before
the fight and (iv) other CS that were not considered in this review.

Once the inclusion criteria and exclusion criteria were applied
to each study, the data concerning the study source (including
the authors and the year of publication), the study design, the ad-
ministration of the supplement (dose and time), the sample size,
and the characteristics of the participants (level, race and sex)
were extracted independently by two authors (IL-L and AV) using
a spreadsheet (Microsoft Inc, Seattle, WA, USA). Subsequently,
disagreements were resolved by discussion until a consensus or
third-party adjudication (DM) was reached.

STUDY SELECTION

Two authors identified papers through database searching (IL-
L and AV). Only original articles written in English and published
in peer-reviewed journals were considered for inclusion in this
systematic review. Accordingly, abstracts, non-peer-reviewed
papers and book chapters were excluded. Titles and abstracts
of scientific publications identified by the search strategy were
screened for a subsequent full-text review and were cross-ref-
erenced to identify duplicates. Moreover, the references sections
of all relevant articles were also examined applying the snowball
strategy (15). All trials assessed for eligibility and classified as
relevant were retrieved, and their full text was peer-reviewed (IL-
L and AV). Based on the information of the full-text reports, inclu-
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sion and exclusion criteria were used to select the trials eligible
for inclusion in this systematic review. Disagreements were re-
solved through discussions among 3 authors (IL-L, AV and DM).

DATA EXTRACTION

Once inclusion and exclusion criteria were applied, study data
were extracted independently by 2 authors (IL-L and AV). The
following data were extracted from each paper: study source (au-
thor/s and year of publication); sample (level of activity or sports
discipline, age, gender and number of participants); intervention
(type of ergo nutritional supplementation, administration protocol,
source from which it was obtained) and physiological outcomes
that were measured.

RISK OF BIAS ASSESSMENT

Trials with unclear or inadequate methodological quality may
be associated with risk of bias when compared to trials using
adequate methodology (16). This bias may lead to either an
overestimation or underestimation of the true effect, so it is
imperative to carefully consider the potential limitations of the
included studies in order to obtain reliable conclusions. Follow-
ing the Cochrane Handbook for Systematic Reviews of Interven-
tions (17), two authors (IL-L and AV) independently assessed
the risk of bias in the included studies using the assessment
criteria defined in the protocol. Eventual differences in the risk
of bias of trials were resolved by discussion with a third-par-
ty evaluator (DM) in order to reach consensus. In the Cochrane
Risk of Bias tool, the following sources of bias were included
and divided into different domains, defined as: 1) selection hias
(items: random sequence generation, allocation concealment),
2) performance bias (blinding of participants and personnel), 3)
detection bias (blinding of outcome assessment), 4) attrition bias
(incomplete outcome data), 5) reporting bias (selective reporting),
and 6) other bias (other sources of bias). The assessment of the
risk of bias was characterized as low risk (plausible bias unlike-
ly to seriously alter the results), unclear risk (plausible bias that
raises some doubts about the results), or high risk (plausible bias
that seriously weakens confidence in the results).

RESULTS

SEARCH STRATEGY

The literature search provided a total of 209 articles related to
the selected descriptors. Also, 5 that were not found initially for
full-text analysis were included for relevance. A total of 214 were
certificated through database search and other sources. After re-
moving duplicates, 91 studies were screened. After the application
of eligibility criteria 73 were excluded as they were related only to
performance capacity or rapid weight loss moments. Eighteen met
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all the inclusion/exclusion criteria and showed a real recovery effect
in their conclusions. All of them were also suggested by the third
researcher. Consequently, 18 studies met the previously defined
inclusion criteria and were included in the systematic review (Fig. 1)

SAMPLE CHARACTERISTICS

Sample characteristics are shown in table I. The total sample
consisted of 367 participants (n = 336 males; n = 31 females)
(18-35). All studies were performed using adult populations ex-
cept 3 of them in which part of the sample was composed by
underage participants (20,28,31). In relation to the CS disciplines,
6 studies were about judo (19,22,24,26,32,34), 3 about taek-
wondo (18,21,28), 2 about jiu-jitsu (27-30), 3 about wrestling
(20,23,31), 2 about boxing (29,35), and in 2 of them the sample
was described as CS athletes (25-33). As regards the sample’s
level, 5 studied world-class or Olympic athletes (18,27,32,34,35),
3 studied elite or national-level athletes (19,28,31), 2 studied
trained or well-trained athletes (23,33), 2 studied amateur and
university level athletes (21-29), and finally 5 studies described the
sample without specifying performance level (20,22,24-26,30).

ERGO-NUTRITIONAL STRATEGIES

The sources about the recovery effect in the CS field were var-
ied, and all of them were grouped into 4 general effects (Table I);
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i) vitamins and minerals for health maintenance and stress delay-
ing effects (18-20,21); ii) carbohydrates for energy contribution
and glycogen replenishment; iii) protein for muscle repair, home-
ostasis maintenance and effective supercompensation (26,27);
and iv) ergogenic aids for the maintenance of an optimal state of
metabolic alkalosis (28-31,34,35).

RISK OF BIAS
Details for all sources of bias, divided into different domains,

are presented in figure Il and figure Ill.

DISCUSSION

In order to minimize the risk of injury and to enhance the recov-
ery process, nutritional strategies could be effective to enhance
the recovery rates that are necessary during multiple competing
periods characterized by several practices per day (4). CS fight-
ers and performance staff must be knowledgeable, and they
should be able to choose the best nutritional strategy for each
process involved in GS competition or training (36). Despite the
variety of disciplines that compose CS and the different studies
that have analyzed the effect of ergo-nutritional strategies on
recovery enhancement, to the best of the authors’ knowledge
there have been no reviews related to the status of the different
ergo-nutritional strategies as recovery tools.

Records identified through
database searching
(n=209)

Additional records identified
through other sources
(n=19)

+

]

Records after duplicates removed
(n=123)

+

Records screened

(n=91)

Records excluded
(n="71)

A 4

J [ Eligibility J [ Screnning J [ Identification J

A

+

Reviews (n = 4)

Studies included in
qualitative synthesis

Case report (n = 2)
Performance (n = 65)

2 (n=18) Special situation (n = 2)
=]
2 [
= v v v v
Oxidative terms Muscle and energy Muscle repair Metabolic acidosis
(n=4) recovery (n=3) (n=38)
(n=3)
Figure 1.
PRISMA flow diagram.
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Efficiency in recovery periods can be beneficial in attenuating
muscle damage and post-exercise inflammatory respons-
es (37). Vitamin and mineral support is needed for health
maintenance and stress management. In a recent study, it was
determined that up to 90 % of athletes had vitamin deficien-
cies (38). Some groups of vitamins are primary regulators of
metabolic functions and are considered as real antioxidants. For
example, vitamin C can directly quench free radicals, recycle
vitamin E to suppress oxidative damage, and reduce eccentric
exercise-induced muscle soreness and damage (39). On the
other hand, vitamin E protects against oxidative stress and mus-
cle damage after high-intensity exercise (40). In the sports field,
recent studies in endurance specialties have shown better physi-
ological adaptations obtained after intensive (41) rather than light
training (42).

To date, only two studies have tried to show the recovery ef-
fects of vitamins in the CS field. Chou-Chung et al. observed
the effects of short-term high-dose vitamin C plus E supple-
mentation after intensive training and competition by compar-
ing supplementation and placebo groups. Nine athletes in each
group were analyzed for different parameters of inflammatory
response and muscle damage. The results showed that 4 days
with short-term vitamin C and E supplementation attenuate the
damage and inflammatory responses that occur during and af-
ter successive taekwondo matches (18). Also, in order to ob-
serve the combined effects of different vitamins, Filaire et al.
described the influence of 6 weeks of fatty acid supplementation
with vitamin E and C in judo athletes, and determined that the
consumption of an n-3 LCPUFA fatty acid combined with vitamin
E plus C increased oxidative capacity after a judo training sea-
son (19). It should be noted that there were other researchers
that studied vitamins in CS, but their results were inconclusive
and directly related to performance rather than recovery (43-
45). Also, some scientific articles tried to understand the anti-
oxidant effects of vitamins. However, they were rejected in the
current review because they did not meet the criteria related to
study design (46,47).

Some evidence points towards the protective effect of different
minerals on free-radical formation and oxidative stress, but only
one study analyzed this response in CS. Kara et al. examined
the effect of zinc supplementation on free-radical formation and
the antioxidant system in a wrestling group, and determined that
zinc sulfate (5 mg/kg/day) administered to athletes contributes
to their health and performance by preventing the production of
radicals while activating the antioxidant system (20).

Regarding natural supplementation, inflammation, and oxida-
tive stress, the scientific literature is very scarce. Only green tea
could be highlighted as a recovery enhancer in the CS field. Lin et
al. investigated the short-term effect of green tea consumption in
taekwondo athletes following intensive training, and showed that
this infusion significantly enhances oxidative activity and some
immune-system proteins (21). Natural supplements could pro-
duce an increase in the activity of the oxidative system (forearm
SmO0, and amylase); so, despite the scarce scientific evidence
available, they should be further explored.

[Nutr Hosp 2022;39(3):652-662]

MUSCLE AND ENERGY RECOVERY

Scientific evidence determines that carbohydrates (CHO) are
the main energy source that allows replenishment of muscle gly-
cogen stores. Given that a deficit of this substrate could anticipate
early fatigue and consequently decreased performance in CS
disciplines, an adequate nutritional plan can assist in the main-
tenance of performance and delay the onset of fatigue (22,48).

CS athletes are advised to consume an adequate CHO intake
before a competitive bout, and supplementation with 8-10 g of
CHO/kg of body mass per day is typically suggested in these dis-
ciplines. In relation to the recovery process, the intake of CHO
solutions could be an effective strategy (49). On the one hand,
to maintain blood glucose levels and delay fatigue, and on the
other hand to diminish the alterations of the immune system
that are typical of high intensity exercise and very hot environ-
ments (50). Those results were reported by Brito et al. in 15 male
judo athletes after an intake of 3 mL (CHO)/kg for each 20 minutes
of practice (22). This same protocol was tested by Lacerda et al.
ina group of 16 CS athletes, and the same results were obtained.
CHO supplementation during a judo training session (3 mL (CHO)/
kg every 20 minutes) generated less disturbance in total leuko-
cytes and could protect the immunological health of atheletes (24).

Regarding the combinations of CHO with other macronutrients,
it should be noted the only one study tried to examine whether
post-exercise CHO supplementation could restore performance
in subsequent simulated wrestling matches. Jang et al. analyz-
ed the effect of CHO or CHO plus branched-chain amino acids
and arginine on glucose in a group of well-trained wrestlers. At
the end of the fights (3 fights analyzed; 3 minutes and 1-min-
ute rests) 3 different supplementations were consumed: 1.2 g/
kg of glucose, 1 g/kg of glucose + 0.1 g/kg of arginine + 0.1
g/kg of amino acids or water (placebo trial). The results were
inconclusive and determined that CHO supplementation with or
without amino acids and arginine during the post-fight period
had no effect on recovery in the following simulated fights in
wrestlers (23) Due to the lack of studies in CS, the following
guidelines could be promoted to enhance post-exercise recov-
ery: a minimum of 8-10 g of CHO/kg and between 1.4 g/kg to
2.0 g/kg of PR per day (51). However, more research is neces-
sary in order to establish the most appropriate doses.

MUSCLE REPAIR

To date, only three studies have evaluated muscle damage
and the adaptive response after ergo-nutritional supplementa-
tion in the CS field. Two of them evaluated protein (PR) supple-
mentation, and only one analyzed natural supplementation with
beetroot gel (25-27). Regarding high performance disciplines,
protein (PR) is required to maintain high levels of training and
good performance. An optimal dietary PR intake provides a foun-
dational aspect for promoting recovery (49). The role of PR on
recovery includes a positive effect on muscle protein synthesis,
lean tissue gains, and reductions in the signs and symptoms of
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exercise-induced muscle damage (52). No previous scientific ev-
idence has been found to determine unique criteria around PR,
CS, and recovery, so according to the recommendations of the
International Society of Sports Nutrition in relation to daily PR in-
take for CS, a range of 1.4 g/kg to 2.0 g/kg per day is considered
the most appropriate dose to guarantee adequate recovery after
training or competition.

Only two nonspecific studies showed the possible increase
of post-effort adaptation after protein supplementation (26,27).
Laskowsky and Antosiewicz observed this adaptive effect on
twelve judoists after administering 0.5 g/kg body mass/day pro-
tein supplementation before and after 4 weeks of highly intensive
training (26). They observed the metabolic stress as hyperam-
monemia after high-intensity exercise. In this study, 100 mg/kg
of arginine reduced lymphocytes and ammonia. This change in
ammonia metabolism could be related to better recovery and
adaptations after high-intensive training (27). The use of beetroot
gel could also be remarked as a recovery enhancement in CS. De
Oliveira et al. tried to assess the effect of beetroot gel on exercise
time until fatigue in response to handgrip isotonic exercises. Al-
though this is an analytic exercise, their results determined that a
single dose of beetroot gel supplementation may be considered
a good nutritional strategy to accelerate strength recovery in CS
athletes (25). More studies are needed in order to establish the
most appropriate dose that minimizes muscle damage and en-
hances adaptation responses in the CS field.

METABOLIC ACIDOSIS

For optimal performance in CS, the anaerobic glycolytic path-
way must be optimized due to the need to buffer the intracellular
H* that is produced during the high-intensity intermittent efforts
that are common in these sport disciplines. These intervals are
intercalated with phases of lower intensity and partial recover-
ies between the rounds that normally compose a fight (28). This
metabolic response seems to be necessary to inhibit the en-
zymes of the glycolytic metabolism implicated in muscular fa-
tigue. Therefore, the maintenance of an adequate pH level within
the physiological range is essential to sustain muscle contractil-
ity. To achieve this effect, sodium bicarbonate (Sb) supplemen-
tation (NaHCO,) must be highlighted as the main alkalinizing
nutritional supplement to minimize intracellular H*, enhance the
blood buffering capacity, and consequently delay metabolic ac-
idosis (29). The importance of the buffering systems in fatigue
has led to an increasing interest in nutritional strategies capable
of increasing both the intracellular and extracellular buffering ca-
pacities. Accordingly, this strategy is an effective option for the
prevention of the effects of metabolic acidosis as induced during
and after physical exercise (53).

Several studies have suggested that a specific dose of 300 mg/
kg body mass of Sb increases the acid-base balance during the
recovery process between CS rounds, which in turn facilitates a
better predisposition for the subsequent high intensity efforts that
are normally found in these sports disciplines (28-31,34,35).

. Lopez Laval et al.

Specifically, Siegler et al. highlighted the technical improvements
observed after 4 rounds of CS because of the metabolic alkalo-
sis induced by the intake of Sh (29). Besides, Lopes-Silva et al.
observed an increase in the time spent fighting in each round
among athletes who had ingested Sh (28). Related to this, Dur-
kalec-Michalski et al. described a shortened time-to-peak power
during fatigue-induced situations with a dose of 100 mg/kg ad-
ministered for 10 days (31). All these studies highlighted the role
of Sb supplementation as a recovery aid in CS and as a promoter
of an optimal state of metabolic alkalosis (28-31,34,35).

Regarding the combination of the use of Sb with other er-
go-nutritional supplementation or recovery techniques, it should
be noted that only two studies attempted to determine the impact
of Sb on acid-based balance in the CS field. On the one hand,
Chychi et al. analyzed 16 well-trained CS athletes divided into
two groups. The experimental group ingested water that con-
tained Sh (357.8 mg/dm?), carbonate (163.5 mg/dm®) and so-
dium (254.55 mg/dm0®) for three weeks. The results indicated
that drinking alkalized water enhances hydration and improves
acid-base balance at rest and during the 3 minute of recov-
ery (33). On the other hand, San¢i¢ et al. analyzed active recov-
ery (10 minutes running at 50 % VO, _, ~ 130 beats per minute)
versus Sb (300 mg/kg) for the removal of blood lactate after a
judo match simulation and specific judo fitness test. They deter-
mined significant differences in blood lactate levels between the
active recovery and Sb groups, and concluded that this result
could be due to the H* removal capacity attributed to Sb (32).

Finally, there are concerns regarding the possible gastroin-
testinal side effects related to Sb use. Durkalec-Michalski et al.
determined with a new loading regimen (100 mg/kg) that gastro-
intestinal symptoms could be avoided (31). Furthermore, another
recent study with higher doses of Sb (300 mg/kg) also did not
find any adverse events resulting in gastrointestinal upset (30).

Al of the studies included in this systematic review were relat-
ed to the recovery effects of several ergo-nutritional aids in CS.
Nevertheless, some publications have shown improvements in
physical performance after the ingestion of different doses of Sb,
both in isolation (54,55) and in combination with other nutritional
supplements (56-58), although this topic was not covered in the
current systematic review.

CONCLUSIONS

Recovery is recognized as one of the most important parts of
a training regimen. According to the current evidence, the use of
ergo-nutritional supplements to promote recovery in different CS
could be divided into 4 different strategies with different meta-
bolic effects for each one of them: reduction of metabolic stress,
muscular and energetic recovery, muscle repair, and improve-
ments in metabolic acidosis. Vitamins, minerals, and other nat-
ural components reduce the inflammation and oxidative stress
that are normally generated during CS. CHO and PR determine
the recovery effect related to energy replenishment and muscle
remodeling, and finally Sh is the main metabolic delayer due to

[Nutr Hosp 2022;39(3):652-662]
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its alkalinizing properties, which minimize intracellular H*. One of
the most important limitations of this study is the lack of previ-
ous scientific production regarding different recovery strategies
in GS. Because of that, new research is necessary to understand
the potential effect of the different methods commonly used in
these disciplines. Furthermore, the effects of these strategies on
female athletes should also be explored as this population has
been scarcely studied in the literature.
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Resumen

Antecedentes: los trastornos gastrointestinales (TGI) son comorbilidades comunes en los pacientes con trastornos del espectro autista (TEA);
los tratamientos con dietas libres de gluten y caseina (LGLC) o suplementos de prebidticos/probitticos podrian reducir la severidad de los TGI.

Objetivo: integrar y discutir la evidencia sobre la efectividad de las terapias con dietas LGLC y suplementos de prebicticos/probidticos sobre
los TGI en pacientes con TEA.

Metodologia: se utilizaron las guias para la publicacion de revisiones sistematicas y metaanalisis (PRISMA). Se analizaron las caracteristicas
de los participantes, las intervenciones dietéticas, la administracion de suplementos de prebidticos/prebitticos, los efectos de las intervenciones
sobre los TGl, el riesgo de sesgo de los estudios y la seguridad de los tratamientos.

Resultados: se analizaron quince investigaciones; la prevalencia de los TGl entre los pacientes con TEA fue alta (58 %; rango, 27-83 %). En mas

Palabras clave:
. del 20 % de los pacientes intervenidos con dietas LGLC o suplementos disminuy la severidad de los TGI (principalmente estrefiimiento, diarrea

Autismo. Trastornos y dolor abdominal). Se reportaron aumentos en los conteos de bacterias benéficas y una disminucion de la proporcion de bacterias patdgenas
EA%SV%URES?”?'?S- | tras el uso de los suplementos. Sin embargo, todas estas investigaciones presentaron sesgos metodoldgicos importantes.

icrobiota intestinal. ) . . . - . ,
Prehidticos. Probidticos. Conclusiones: aunque se han encontrado reducciones en la frecuencia y severidad de algunos TGl la efectividad de estos tratamientos atin
Libre de gluten. Libre no se ha comprobado. Dadas las diferencias metodoldgicas de las investigaciones, se justifica el disefio de estudios rigurosos para evaluar los
de caseina. efectos terapéuticos de estos tratamientos sobre la salud gastrointestinal en pacientes con TEA.
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Abstract

Background: gastrointestinal disorders (GIDs) are common comorbidities in patients with autism spectrum disorders (ASD); treatments with
gluten- and casein-free (LGLC) diets or prebiotic/probiotic supplements may reduce the severity of GIDs.

Objective: to integrate and discuss the evidence on the effectiveness of LGLC diet therapies and prebiotic/probiotic supplements on GIDs in
patients with ASD.

Methodology: the guidelines for the publication of systematic reviews and meta-analyses (PRISMA) were used. Participant characteristics,
dietary interventions, prebiotic/prebiotic supplementation, effects of interventions on GIDs, risk of bias, and safety of treatments were analyzed.

Results: fifteen investigations were analyzed; the prevalence of GIDs among patients with ASD was high (58 %; range, 27-83 %). In more than
20 % of the patients managed with LGLC diets or supplements GID severity decreased (mainly constipation, diarrhea, and abdominal pain).
Increases in the counts of beneficial bacteria and a decrease in the proportion of pathogenic bacteria were reported after supplement use.
However, all these investigations had significant methodological biases.

Conclusions: although reductions in the frequency and severity of some GIDs have been found, the effectiveness of these treatments has not
been proven yet. Given the methodological differences in the investigations, the design of rigorous studies to evaluate the therapeutic effects of

Casein-free.

INTRODUCCION

Los trastornos del espectro autista (TEA) son un conjunto de
desordenes biologicos complejos del neurodesarrollo caracteri-
zados por comportamientos repetitivos, dificultades en la inte-
raccion social y alteraciones marcadas en la comunicacion ver-
bal y emocional (1). Los nifios con esta condicion tienen visitas
médicas recurrentes, utilizan mas medicamentos y presentan
mayores problemas de salud que los nifios neurotipicos (NT) (2),
lo cual impacta negativamente en su calidad de vida (3,4). Segun
Holingue y cols., (5), entre el 30 % y 70 % de estos pacientes
presentan uno 0 mas trastornos gastrointestinales (TGI) que va-
rian desde sintomas leves hasta severos como estrefiimiento,
dolor abdominal, diarrea y sindrome de intestino irritable (6). En
los nifos y adolescentes con TEA, los TGl se correlacionan po-
sitivamente con la severidad de las manifestaciones neurologi-
cas (7), por lo cual es necesario conducir intervenciones enfoca-
das en la salud gastrointestinal (Gl) de estos pacientes.

Algunos estudios han evidenciado que la microbiota intestinal
de los sujetos con TEA es escasa y menos diversa pero con una
mayor densidad de bacterias patogenas que la de los nifios NT
(8,9). Las alteraciones en la microbiota promueven respuestas
inflamatorias localizadas que aumentan la permeabilidad intesti-
nal y la entrada de metabolitos bacterianos o nutrientes parcial-
mente digeridos al torrente sanguineo, acentuando l0s trastornos
digestivos y neuroldgicos (10). El equilibrio en la microbiota colo-
nica se ha propuesto como blanco terapéutico para la reduccion
de los TGI en los pacientes con TEA (11); incluso, durante la
Ultima década se ha sugerido el uso de tratamientos basados
en alimentos funcionales como terapia para la reduccion de los
sintomas autisticos (12).

Por otra parte, se denomina alimento funcional a todo aquel
alimento, producto alimenticio o ingrediente capaz de proveer
beneficios a la salud humana superiores a los ofrecidos por los
alimentos tradicionales y con efectos comprobados en la reduc-
cion del riesgo de desarrollo de enfermedades (13). Actualmen-
te, los modelos dietéticos mas empleados en la terapéutica de
pacientes con TEA (con y sin TGI) incluyen las dietas libres de
gluten y/o caseina (LGLC), utiles en la terapia funcional enfocada
hacia la reduccion de comorbilidades neuroldgicas, respuestas

these treatments on gastrointestinal health in patients with ASD is warranted.

alérgicas y afecciones intestinales; este modelo dietético es el
mas empleado en la practica clinica y su uso se ha extendi-
do a diferentes paises del mundo (14,15). La efectividad de las
dietas LGLC se ha evaluado determinando sus efectos sobre la
respuesta clinico-cognitiva, pero sus beneficios sobre los TGI
son controvertidos y sus efectos en la microbiota se han explo-
rado minimamente (16). Ademas de las dietas LGLC, algunos
investigadores recomiendan el uso de prebidticos/probidticos
para regular la composicion de la microbiota coldnica, mejorar
la funcion de barrera intestinal (que regula los mecanismos de
selectividad y permeabilidad) y disminuir los sintomas asociados
alos TGl (17,18); sin embargo, hasta la fecha no existen protoco-
los terapéuticos definidos en cuanto a cepas bacterianas, dosis
y tiempos de tratamiento.

Por todo lo anterior, el objetivo de esta revision es integrar,
analizar y discutir 1a efectividad de las terapias de alimentacion
funcional basadas en intervenciones con dietas LGLC y suple-
mentos de prebidticos/probidticos para aliviar los TGl en pacien-
tes con TEA de entre 2 y 18 afos.

METODOLOGIA

Se realizd una revision sistematica segun las guias para la pu-
blicacion de revisiones sistematicas y metaandlisis (PRISMA). La
busqueda fue realizada por dos autores de manera independien-
te durante enero y julio de 2021 en las bases de datos PubMed,
Scopus y EBSCOhost, con las siguientes cadenas de busqueda:
1) (diet OR gluten OR casein) AND (gastrointestinal disorders) OR
(gut OR microbiota) AND (autism OR autism spectrum disorders);
2) (probiotics OR prebiotics) AND (gastrointestinal disorders) OR
(gut OR microbiota) AND (autism OR autism spectrum disorders).

Los criterios de inclusion de los articulos fueron: 1) ensayos
clinicos (de etiqueta abierta, cuasiexperimentales, controlados
y/o aleatorizados) con intervenciones mediante dietas LGLC o
suplementos de prebidticos/probidticos; 2) efectuados en nifios
0 adolescentes de entre 2 y 18 afos con diagndstico de TEA; 3)
resultados de los efectos sobre los indicadores de salud gastroin-
testinal (sintomas digestivos, indices de severidad gastrointestinal,
indicadores bioquimicos y/o microbiota intestinal); 4) publicados
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entre el 01-01-1990 y el 01-07-2021, y 5) escritos en idioma
inglés o espariol. Algunos estudios incluidos en revisiones previas
también se identificaron en el analisis bibliométrico. Se excluyeron
los estudios de casos y aquellos que no reportaron informacion
sobre los TGI. La informacion extraida de los manuscritos fue:
caracteristicas de los sujetos del estudio, tratamientos recibidos
(tipo, dosis, frecuencia y duracion), indicadores de salud gastroin-
testinal (antes mencionados) y seguridad de las intervenciones.
El riesgo de sesgo de los estudios se evalud segun los criterios
del capitulo 8 del Manual Cochrane de Revisiones Sistematicas
de Intervenciones, Version 5.1.0 (19). En breve: se analizaron
siete items de evaluacion de la calidad y rigurosidad metodoldgi-
ca de los estudios, que incluyeron: A) generacion de la secuencia
aleatoria, B) ciego de asignacion, C) ciego de participantes y per-
sonal, D) ciego de evaluacion de resultados, E) datos de resul-
tados incompletos, F) informes selectivos y G) otros sesgos. Se

clasificaron como: “riesgo bajo”, “riesgo incierto” o “riesgo alto”.

RESULTADOS Y DISCUSION

ANALISIS DOCUMENTAL

La busqueda inicial generd 436 documentos, de los cuales
se eliminaron 160 articulos duplicados y 214 documentos no
relevantes (133 articulos no relacionados, 56 revisiones, 16 es-
tudios con animales, 5 estudios en modelo celular, 2 articulos
de opinion, 1 libro y 1 capitulo de libro). De 62 articulos res-
tantes, se descartaron 38 segun el contenido de los resiimenes
(19 revisiones, 10 estudios transversales, 3 estudios con anima-
les, 3 articulos sin informacion sobre TGl, 2 estudios de caso y
un estudio en modelo celular). Se revisaron en extenso 24 es-
tudios de intervencion para la verificacion de los criterios de
inclusion; de estos, 3 se descartaron debido al uso de terapias
alternativas no nutricionales, 3 debido a la falta de seguimiento a
los indicadores de salud gastrointestinal, un estudio descriptivo,
uno que incluyd poblacion adulta y un protocolo de investigacion.
Finalmente, 15 articulos se incluyeron para el analisis (Fig. 1).

665

HALLAZGOS

La evidencia encontrada acerca de la efectividad de los tratamien-
tos alimenticios sobre los indicadores de salud Gl de los pacientes
con TEA se empez0 a publicar a partir del afio 2010. En los estudios
incluidos participaron 707 sujetos con TEA y 89 pacientes NT (2-18
afos); 568 formaron parte de 10s grupos experimentales (Tabla ).
En diez ensayos, el diagndstico de TEA fue confirmado por medio
de instrumentos validados, como el DSM (Diagnostic and Statisti-
cal Manual of Mental Disorders), la ADI-R (Autism Diagnostic Inter-
view-Revised) y/o la ADOS (Autism Diagnostic Observation) (20-29).

El estudio con menor niimero de participantes incluyo 8 pacien-
tes (22) y el de mayor nimero, 130 (24). Los pacientes se seleccio-
naron de instituciones de educacion especial, centros de atencion
terciaria y departamentos de psiquiatria, pediatria o gastroentero-
logia. De acuerdo con el lugar de procedencia de los estudios, cin-
co se realizaron en Estados Unidos de América (22,23,28,30,31),
dos en Inglaterra (32,33), dos en ltalia (24,29), uno en Indo-
nesia (26), uno en Egipto (34), uno en Eslovaquia (21), uno en
Iran (25), uno en China (20) y uno en México (27) (Tabla I).

La duracion de los tratamientos oscild entre 1y 24 sema-
nas. En siete estudios se utilizaron suplementos con probidticos
(20,21,23,29,31,33,34); en otro se utilizaron galacto-oligosa-
caridos comerciales (B-GOS) como prebidticos (32) y en uno
se disefid un alimento en polvo, fuente de prebidticos natura-
les derivados de calostro bovino descaseinado, que se ofrecio
en ausencia o presencia de probidticos (suplementacion mix-
ta) (22). Los probitticos mas empleados fueron los lactobacilos
(21-23,29,33,34), seguidos de las bifidobacterias (21,23,29,34)
y, en menor medida, os estreptococos (21,29). En otros cuatro
estudios se usaron dietas LGLC (19,23,25,26) y en dos, la dieta
LGLC se suplementd con gluten y caseina mediante la incorpo-
racion de alimentos fuente (26,28) (Tabla I).

Nueve trabajos fueron estudios clinicos aleatorizados; 8 con-
trolados con placebo (23-26,28-30,32,33) y uno de disefio cru-
zado con dos intervenciones (22). Los métodos de aleatorizacion
incluyeron: asignacion 1:1 (23,29), sistema de nimeros aleato-
rios (32,33) y por blogues (26,28,30).

Sin variables Gl

(IWK), gastrointestinal (Gl)

i Descartados
EBSCOHost | | 160 252
Pubmed +->! Duplicados No intervencionales
Scopus ! No humanos

*Guias para la publicacién de revisiones sistematicas y meta-andlisis (PRISMA), periodo 01-01-1990 al 01-07-2021 Isi web of Knowledge

I'

]

H

i Descartados

T e 1

e g9 |

1 ! i . -

i Mo controlados | En_sayos Sl
L_; Otfras terapias | Pac;e-n;:zs con TEA
| Sinvariables Gl | e
' Protocolos | Parametros de salud Gl

| Mo pediatricos |

Figura 1.

Diagrama de flujo del proceso de hisqueda, cribado y seleccion de los ensayos clinicos revisados sistematicamente (periodo 1990-2021).
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Dos estudios no reportaron los métodos de aleatorizacion em-
pleados (22,25). Los otros seis articulos fueron estudios cuasiex-
perimentales, cuatro de ellos con un solo grupo de intervencion
(24,27,31,34) y dos estudios controlados (20,21) (Tabla I).

Todos los estudios presentaron “riesgo de sesgo alto” en al
menos uno de los items evaluados. Los estudios con mayo-
res sesgos fueron los descritos por Tomova y cols. (21), Niu'y
cols. (20) y West y cols. (31) (“riesgo alto” en 7/7 items evalua-
dos), mientras que el de Santochii y cols. (29) presentd menores
riesgos (1/7 items), seguido del de Navarro y cols. (21) y el de
Parracho y cols. (33) (4/7 items). Los sesgos mas frecuentes
fueron: Los informes selectivos de datos y resultados (item
F; 10 de 15 articulos) (20,21,23,25-28,31,32,34), y “otros ries-
gos” (item G; 14 de 15 articulos) como: nimero reducido de
participantes (21-23,28,30), intervenciones de corta duracion
(< 4 semanas) (20,26,30,33), uso de instrumentos no valida-
dos (20,21,24), poco tiempo de lavado en los ensayos de disefio
cruzado (entre 2-3 semanas) (22,23,33) y omision del nimero
pacientes con mejoria clinica de los TGl (23,26,28,32,33) (Fig.
2). En el caso de los estudios cuasiexperimentales, la falta de
control y aleatorizacion aumentd el riesgo de sesgo en cuatro
de los siete items evaluados (A-D) y, segtin el mapa de riesgo,

J. Herrera-Mejia et al.

mas de la mitad de los estudios presentaron riesgos de sesgo
inciertos o altos en los diferentes items, integrando los de menor
calidad metodoldgica (Fig. 2).

EVIDENCIAS SOBRE LOS TGI EN PACIENTES
CON TEA

Los instrumentos mas utilizados para el diagnostico y eva-
luacion de los TGl en estos estudios fueron: la escala de va-
loracion de heces de Bristol (22,28,31,32), el cuestionario
sobre sintomas gastrointestinales pediatricos, version Roma Il
(22,25,26), y el indice de severidad de los sintomas gastroin-
testinales (GIS; por sus siglas en inglés) y sus versiones modi-
ficadas (26,29,34). También se utilizo la escala del Modulo Gl
del Inventario de Calidad de Vida Pediatrico (Peds-QL; por sus
siglas en inglés) (23), el Modulo Gastrointestinal de la Escala
de Riesgos Genéticos y Medioambientales del Autismo Infantil
(CHARGE; por sus siglas en inglés) (22), el Modulo Gastroin-
testinal de la Lista de Evaluacion del Tratamiento del Autismo
(ATEC; por sus siglas en inglés) (31), y cuatro estudios reporta-
ron el uso de instrumentos no validados (20,21,24,33). Debido

Item

(A) generacion de secuencia aleatoria (Riesgo de seleccion)
(B) ciego de asignacion (Riesgo de seleccion)

(C) ciego de participantes y personal (Riesgo de ejecucion)
(D) ciego de evaluacién de resultados (Riesgo de deteccion)
(E) datos de resultados incompletos (Riesgo de descercion)
(F) informes selectivos (Sesgo de reporte)

(G) otros sesgos

Estudios y autores **
5 6 7 8

9 10 11 12 13 14 15

Estudios y autores**

Mapa del riesgo de sesgo 1. Niu, et al (2019)
N B 2 Tomovs, e 2015
3. West, et af (2013)
) ] 4. shaaban, et al (2017)
p I . O
7. Alessandra, et al (2019)
e I I 8. Ghalichi, et al (2016)
9. Grimaldi, et al (2018)
s B 30 Pusponesoro, et (2015)
G 11. Sanctuary, et al (2019)
| 12. Hyman, et al (2016)
0% 20% 40% 60% 80% 100% 13. Parracho, et al (2010)
14. Navarro, et al (2015)
15. Santocchi, et al (2020)
Figura 2.

Evaluacion del riesgo de sesgo de los articulos incluidos (formato de presentacion adaptado por los autores). Se realizé de acuerdo con los criterios del capitulo 8 del Manual
Cochrane de Revisiones Sistematicas de Intervenciones (v.5.1.0). Las letras (A-G) corresponden a los items de evaluacion. En colores los riesgos de sesgo: altos (rojo),
inciertos (amarillo) y bajos (verde). La escala numérica (1-14) corresponde a los ensayos clinicos y sus autores correspondientes (**).
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a estas variantes metodoldgicas, no fue posible determinar el
nimero exacto de pacientes con TEA afectados por TGI. Sin
embargo, de la informacion extraida de doce articulos (12/15)
y considerando las prevalencias mas altas de los sintomas eva-
luados, se estima que 387 pacientes (promedio del 58 %, rango
del 27-83 %) cursaron con algun tipo de TGl en la linea base de
los estudios (17-28).

Los TGl y sintomas mas prevalentes fueron el estrefiimien-
to (50-88,5 %) (20,22,24,27,31), la flatulencia (51-87,5 %)
(22,24), la distension abdominal (33-87,5 %) (22,24,27) y la
diarrea (12,5-72,8 %) (22,24,27,31). Otros trastornos identi-
ficados incluyeron: sindrome de intestino irritable (Sll), dolor al
evacuar (22), proctalgia y malabsorcion macroscopica (24). En
algunos estudios, los TGl fueron mas prevalentes y severos
en los pacientes con TEA que en los voluntarios NT (20,21).
Ademas, en el estudio de Alessandria y cols. (24) se encontrd
que mas de un tercio de los pacientes cribados para la interven-
cion (n = 56/151, 37 %) presentaban enteritis por infiltracion
linfocitaria (moderada o severa) segln los analisis histoldgicos
obtenidos a partir de biopsias intestinales.

Los TGI (y sus sintomas asociados) afectan la calidad de vida
de los pacientes con TEA y sus familias, son motivo de con-
sumo de farmacos y de consulta médica, aumentan la seve-
ridad de los sintomas autisticos, alteran la respuesta social y
comprometen el estado de salud y nutricion (36,37). Por ello,
el manejo nutricional de los TGl se ha postulado como un ele-
mento importante para el manejo terapéutico, con beneficios en
la respuesta clinico-cognitiva y Gl de los pacientes (7). Y desde
el afio 2015 se dispone de las “Guias de manejo nutricional de
los TGI en nifios con trastornos del espectro autista”, dirigidas
especialmente a los profesionales de salud implicados en la te-
rapéutica nutricional de estos pacientes (38).

CARACTERISTICAS DE LA MICROBIOTA
INTESTINAL EN LOS PACIENTES CON TEA

Siete de los estudios (7/15) revisados evaluaron biomarca-
dores asociados con la microbiota intestinal de los pacientes
(20-23,32-34). Sin embargo, debido a las diferencias en las
técnicas de extraccion, cuantificacion y clasificacion del geno-
ma bacteriano de las muestras fecales utilizadas en los es-
tudios, estos resultados no son comparables (20-23,32-34)
y la prevalencia de pacientes con disbiosis intestinal no pudo
estimarse.

En el estudio de Manman y cols. (20) se encontré que la mi-
crobiota de los individuos NT era mas uniforme y homogénea
que la de los nifios con TEA (p < 0,05) y que los pacientes con
TEA y TGI presentaban menor diversidad bacteriana que los NT
(p < 0,001) e incluso que los pacientes con TEA sin patologias
digestivas (p < 0,01). Shaaban y cols. (34) encontraron que las
concentraciones de bifidobacterias de los nifios con TEA fueron
mas bajas que las de los nifios sin TEA (p = 0,0001). Tomova y
cols. (21) reportaron que, a diferencia de los voluntarios NT, los
pacientes con TEA tuvieron una relacion Bacteroidetes/ Firmicu-
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fes mas baja (~ 0,8 vs. ~ 0,4; p < 0,05) y mayores niveles de
especies de lactobacilos (< 2E + 07 vs. ~ 4E + 07; p < 0,05). En
este mismo estudio, los pacientes con TGl mas severos (indice
de severidad > 5) presentaron menores relaciones Bacteroide-
tes/Firmicutes y mayor abundancia de bacterias de los géneros
Clostridium (cluster 1) y Desulfovibrio que los pacientes con sin-
tomas leves o moderados (Tabla I).

Actualmente no se han definido puntos de corte ni rangos
de adecuacion para las proporciones de especies bacterianas
presentes en la microbiota intestinal, y su contribucion a la pa-
togénesis de los TGl en lospacientes con TEA esta aln poco
estudiada (39). Sin embargo, estudios recientes en ratones
trasplantados con muestras fecales provenientes de nifios con
TEA y voluntarios NT han brindado informacion relevante para
entender los efectos de la microbiota intestinal en el desarrollo
de los comportamientos autisticos (40) a través del denominado
eje microbiota-intestino-cerebro (MIC).

Las filas bacterianas mas abundantes en la microbiota intes-
tinal de los seres humanos son Firmicutes y Bacteroidetes, las
cuales representan mas del 90 % del total de especies bac-
terianas presentes en el intestino (41). En los pacientes con
TEA, bajas relaciones Bacteroidetes/Firmicutes son indicativas
de microbiotas poco abundantes y reflejan disminuciones en las
concentraciones de bacterias constitutivas de la microbiota co-
mensal, lo cual se asocia con un mayor riesgo de infecciones por
bacterias oportunistas, causantes de enfermedad (42). En parti-
cular, niveles elevados de bacterias de los géneros Clostridiumy
Desulfovibrio en pacientes con TEA se han asociado con dafio in-
testinal severo debido a mecanismos implicados en la liberacion
de toxinas proinflamatorias (43) y mayor produccion de sulfuro de
hidrdgeno (S2H) en el lumen intestinal, respectivamente, capa-
ces de alterar también la respuesta neuroldgica (44). Algunas
especies bacterianas pertenecientes al género Clostridium son
dificiles de erradicar debido a su resistencia al uso de mdiltiples
antibioticos (43).

EFECTIVIDAD DE LOS TRATAMIENTOS
DE ALIMENTACION FUNCIONAL SOBRE
LOS TGI EN PACIENTES CON TEA

No fue posible identificar el nimero de pacientes en que me-
joraron los TGl con los tratamientos, dado que en los estudios de
Arold y cols. (23), Tomova y cols. (21), Parracho y cols. (33), Gri-
maldi y cols. (32), Hyman y cols. (28), Santocchi y cols. (29) y
Pusponegoro y cols. (26) no se reportaron cambios en las pre-
valencias de los TGI, ni la frecuencia de los pacientes en que
disminuyo el grado de severidad de dichos trastornos después de
recibir las intervenciones correspondientes (Tabla ).

Segun resultados disponibles de nueve estudios (9/15), al me-
nos 127 pacientes (24 %) presentaron mejorias de los TGl des-
pués de recibir los tratamientos; de ellos, 68 recibieron dietas
modificadas en gluten y/o caseina (24,25,27,30) y 59 recibieron
suplementos de prehidticos/probidticos (20-22,34). En dos estu-
dios, 27 participantes disminuyeron el indice de severidad gene-
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ral de los TGI (20,22) y, en el de West y cols. (31), 12y 13 pa-
cientes disminuyeron la severidad de la diarrea y el estrefiimiento,
respectivamente. Teniendo en cuenta los cambios de las pre-
valencias de los TGl después de los tratamientos, 41 pacientes
resolvieron la malabsorcion macroscopica (24), otros 34 el es-
trefiimiento (25,27,34) y uno el dolor intermitente con mejoria en
la consistencia de las heces (30).

Efectos de las dietas LGLC

Seis de siete (6/7) estudios reportaron mejoras en ciertos in-
dicadores de salud Gl. Se encontraron menores prevalencias de
estrefiimiento (24,25,27), diarrea (24), dolor abdominal (24,25),
flatulencia (27), malabsorcion macroscopica, proctalgia (24) y
susceptibilidad de permeabilidad intestinal (27) después de
la implementacion de las dietas. En el estudio de Navarro y
cols. (30), solo en uno de seis pacientes disminuyd el dolor abdo-
minal intermitente y mejord la consistencia de las heces después
del tratamiento con una dieta LGLC. Pusponegoro y cols. (26) en-
contraron que la incorporacion de gluten y caseina durante una
semana en pacientes con TEA que consumian dietas LGLC au-
mento significativamente (p = 0,027) la puntuacion del indice de
severidad general de los TGI. Pero Hyman y cols. (28) no encon-
traron alteraciones en la frecuencia o las caracteristicas de las
heces tras incorporar durante 12 semanas gluten y/o caseina a
la dieta LGLC que llevaban previamente los pacientes (Tabla I).
Los riesgos de sesgo introducidos en las investigaciones (Fig. 2)
no permiten comprobar los efectos de estas dietas sobre los TGl
y, debido a los riesgos de deficiencias nutricionales, su prescrip-
cion debe estar clinicamente justificada.

Los mecanismos de accion de las dietas LGLC sobre la salud
Gl no estan completamente estudiados. Algunos autores sefia-
lan que los sujetos con TEA presentan alteraciones en la di-
gestion y absorcion de algunos nutrientes (45,46). La digestion
deficiente de caseina y gluten parece aumentar la formacion y
transferencia de exorfinas (p. ej., gliadinomorfinas y casomor-
finas) hacia el torrente sanguineo, acentuando los sintomas
neurologicos (47). En el colon, estos péptidos pueden ser reco-
nocidos por células presentadoras de antigenos de la mucosa
(p. €., macrofagos y células dendriticas) capaces de desenca-
denar respuestas inmunolégicas locales debido a la liberacion
de reactantes inflamatorios, como citoquinas y anticuerpos, con
efectos potencialmente nocivos para el intestino (48). Por ello,
las dietas LGLC se utilizan cada vez con mas frecuencia dentro
del abordaje clinico de los pacientes con TEA (16) pero, hasta la
fecha, sus aplicaciones terapéuticas para la correccion o dismi-
nucion de los TGI en pacientes con TEA son poco concluyentes
debido a la falta de estudios longitudinales que permitan deter-
minar con precision sus riesgos o beneficios en el corto, medio
y largo plazo.

Las desventajas de las dietas LGLC incluyen, principalmente,
inadecuados métodos de sustitucion de los alimentos restringi-
dos por parte de los padres o cuidadores y practicas inapropiadas
en la lectura, revision e interpretacion de las etiquetas nutricio-

J. Herrera-Mejia et al.

nales de los productos comestibles procesados y ultraprocesa-
dos, muchos de ellos elaborados con alimentos o ingredientes
contenedores de gluten o caseina, que podrian afectar a la res-
puesta al tratamiento, a lo cual se suman los costos econémicos
relacionados con los precios elevados de dichos alimentos, con
impactos importantes en la economia familiar (49), especial-
mente en las familias que viven bajo condiciones econdmicas
desfavorables.

Adicionalmente, desde el punto de vista clinico, la implemen-
tacion de dietas LGLC en nifios con TEA podria reducir poten-
cialmente la ingesta de nutrientes criticos como calcio, vitamina
D y aminodcidos esenciales, desencadenantes de alteraciones
en el crecimiento lineal y la densidad mineral 6sea (50) y, por lo
tanto, su prescripcion debe realizarla cuidadosamente un pro-
fesional en dietética y nutricion quien, ademas de reducir los
riesgos nutricionales asociados, debera determinar la necesidad
de emplear suplementos para corregir las deficiencias de micro-
nutrientes especificos.

Efectos de los suplementos de prebiéticos
y/o probiéticos

La efectividad de los prebidticos/probidticos en la disminu-
cion de los TGI en pacientes con TEA ha sido tema de inte-
rés cientifico en la Ultima década (51). En seis de ocho (6/8)
estudios en los que se utilizaron este tipo de suplementos
(20-22,29,31,33,34) se reportaron disminuciones en las pre-
valencias del estrefiimiento, la diarrea, el dolor abdominal, el
dolor al evacuar y la flatulencia, en algunos casos con mejo-
ras en la consistencia de las heces (22,33,34). De acuerdo con
los hallazgos obtenidos por Sanctuary y cols. (22), Shaaban y
cols. (34) y Niu y cols. (20), la suplementacion con probiéticos o
con prebidticos/probidticos disminuyd el indice de severidad de
los TGI de los pacientes con TEA entre 1y 4 puntos (p < 0,05),
datos similares a los publicados recientemente por Santocchi y
cols. (29), aunque Arnold y cols. (23) y Grimaldi y cols. (32) no
encontraron efectos terapéuticos asociados a sus respectivas
intervenciones (Tabla ).

Los probidticos aumentan la produccion de &cidos grasos de
cadena corta (AGCC), estimulan la produccion de moco coléni-
co, mejoran la tolerancia inmunoldgica a los alimentos y limi-
tan la capacidad infectiva de las bacterias patdgenas (52). Su
uso (c/s prebioticos) se ha masificado para la prevencion y el
tratamiento de patologias intestinales (53). Sin embargo, la
evidencia acerca de la efectividad de estos suplementos en
la salud intestinal de los pacientes con TEA es limitada debido
a los sesgos metodoldgicos de los estudios (Fig. 2). Y dado que
aun no se han definido cepas, dosis y tiempos de tratamiento,
los efectos terapéuticos encontrados en las investigaciones no
son concluyentes. Las brechas existentes en este campo del
conocimiento invitan a los investigadores a conducir nuevos y
mejores estudios para determinar los beneficios terapéuticos de
los suplementos probidticos (c/s prehidticos) para aliviar los TGl
en los nifios con TEA.
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EFECTOS DE LAS INTERVENCIONES SOBRE
LA MICROBIOTA INTESTINAL

De los quince estudios revisados, solo cinco (5/15) en los que
se utilizaron suplementos de prebidticos/probidticos reportaron
resultados acerca de los efectos sobre la microbiota intestinal
(21,22,32-34) (Tabla I); en ninguno de los estudios con dietas
modificadas en gluten y caseina se evalud la microbiota intestinal
como variable de respuesta al tratamiento. En estos estudios con
probidticos se emplearon diferentes técnicas para la extraccion
de ADN fecal y la evaluacion de la microbiota, y los formatos de
presentacion de resultados no fueron comparables entre si. No
fue posible calcular el nimero de sujetos que modificaron la
composicion de la microbiota después de los tratamientos y esta
informacion no se encontrd en los documentos.

En el estudio de Shaaban y cols. (34), la suplementacion du-
rante 12 semanas con Lactobacillus acidophilus, Lactobacillus
rhamnosus y Bifidobacteria longum aumento significativamente
(p =0,001) el conteo de unidades formadoras de colonias (UFC)
de bacterias benéficas en las muestras fecales de los nifios con
TEA: lactobacilos (1,98 x 107 vs. 2,53 x 107 UFC) y bifido-
bacterias (0,73 x 107 vs. 1,62 x 107 UFC). El aumento en las
poblaciones de lactobacilos (y otras bacterias benéficas) también
se encontrd en otras investigaciones (33) (Tabla I). Acorde con
los resultados de uno de los estudios (21), la suplementacion
conjugada (lactobacilos, bifidobacterias y estreptococos) duran-
te 16 semanas redujo la abundancia fecal de bacterias pato-
genas causantes de inflamacién (p. ej., Firmicutes [~ 3E + 10
vs. < 2B + 10] y Desulfovibrio [~ 9E + 08 vs. ~ 4E + Q7)) y
aumento la relacion fecal Bacteroidetes/ Firmicutes hasta valores
similares a los de los controles NT (Tabla I). Sin embargo, en los
estudios con prebidticos no se encontraron cambios en la micro-
biota intestinal asociados a dichos tratamientos (22,32) (Tabla I).

Las terapias de manipulacion de la microbiota intestinal se
han propuesto como opciones terapéuticas para la disminucion
de los TGl y la erradicacion de infecciones ocasionadas por bac-
terias resistentes con potencial ofensivo intestinal, como Clostri-
dium difficile (54), e incluyen el uso de probitticos/prebidticos y
el trasplante de bacterias fecales, este Ultimo con beneficios de-
mostrados en la disminucion de los TGl de los pacientes con TEA
a corto y largo plazo (55). Pero dadas las diferencias metodolo-
gicas y los riesgos de sesgo presentes en estos estudios (Fig. 2),
los efectos terapéuticos de los suplementos de probidticos no se
han demostrado completamente.

SEGURIDAD, TOLERANCIA'Y ADHERENCIA
A LOS TRATAMIENTOS

Ninguno de los participantes en los estudios presentd com-
plicaciones médicas graves asociadas a los tratamientos. Aun-
que los probidticos fueron bien tolerados por la mayoria de los
participantes, varios investigadores reportaron la aparicion o
exacerbacion de sintomas, principalmente Gl, ninguno de ellos
con repercusiones clinicas relevantes. En el estudio de Niu'y
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cols. (20), dos de 65 pacientes (5 %) desarrollaron diarrea, la
cual desaparecié a partir de la tercera semana de tratamien-
to. Shaaban y cols. (34) también reportaron efectos adversos
transitorios en cinco de treinta pacientes (17 %): uno por dia-
rrea, dos por calambres abdominales y dos por distension ab-
dominal. En los trabajos de Arnold y cols. (23) y de Sanctuary
y cols. (22), cinco de 18 pacientes (27 %) presentaron dolor
abdominal, diarrea 0 aumento en la frecuencia de gases. En el
estudio de Santocchi y cols. (29), tres de 32 pacientes perte-
necientes al grupo del placebo (9 %) y dos de 31 del grupo de
intervencion (6 %) abandonaron el estudio, los Ultimos debido
al aumento de sintomas Gl (uno por dolor abdominal y otro por
diarrea). En el estudio de Parracho y cols. (33), los participan-
tes que manifestaron sintomas clinicos graves durante el tra-
tamiento (p. €j., erupciones cutaneas, diarrea severa y pérdida
de peso) fueron retirados. Errdneamente, Grimaldi y cols. (32) y
Tomova y cols. (21) no informaron sobre la seguridad de los
suplementos utilizados. De manera semejante, en los estudios
con dietas LGLC, pocos investigadores evaluaron la seguridad,
tolerancia y adherencia a los tratamientos. Unicamente Hyman
y cols. (28) reportaron la aparicion de efectos adversos consis-
tentes en diarrea, dolor abdominal e irritabilidad, pero estos no
estuvieron asociados a deficiencias nutricionales por los cambios
en la dieta. Alessandria y cols. (24) encontraron que el 32 % de
los pacientes fueron incapaces de adherirse completamente a la
dieta LGLC, pero todos concluyeron el estudio.

CONCLUSIONES

Hasta la fecha han sido pocos los estudios publicados sobre la
efectividad de la estrategia de alimentacion funcional mediante
dietas LGLC y suplementos de probidticos/prebidticos para ali-
viar los TGl en los TEA. Esta revision integra y analiza los resulta-
dos de 15 estudios publicados desde el afio 2010 acerca de la
efectividad de las dietas LGLC y los suplementos de prebidticos/
probicticos sobre los indicadores de salud gastrointestinal en
pacientes con TEA.

En estos estudios, la falta de consenso en el uso de instru-
mentos para la evaluacion de TGI de los pacientes impide esta-
blecer comparaciones respecto a la proporcion de nifios afec-
tados por estos trastornos. Sin embargo, segin datos emitidos
por los investigadores, mas de la mitad de los pacientes con TEA
(58 %) presentaron algun TGl previo a la intervencion, principal-
mente estrefiimiento, diarrea y dolor abdominal, seguin los mé-
todos diagndsticos utilizados. Estos datos son compatibles con
resultados derivados de estudios epidemiol6gicos que reportan
prevalencias de entre el 21y el 77 % (56). Segun los resultados
de los estudios incluidos en esta revision, al menos 127 pacien-
tes (24 %) presentaron mejorias de los TGl después de los tra-
tamientos recibidos.

Algunos de los investigadores reportaron diferencias en la
composicion de la microbiota intestinal de los pacientes con TEA,
principalmente en aquellos con TGI, con menores relaciones
Bacteroidetes/ Firmicutes y mayores concentraciones fecales de
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bacterias patdgenas (p. €j., Clostridium y Desulfovibrio). Aunque
se desconocen los efectos de los dishalances en la composicion
de la microbiota intestinal en los nifios con TEA, se cree que esta
es un contribuyente importante en la patogénesis de los TGl y los
sintomas autisticos de estos pacientes. Sin embargo, las dife-
rencias técnicas empleadas en su evaluacion impiden establecer
comparaciones entre los resultados.

Las terapias de sustitucion de la microbiota intestinal por me-
dio de suplementos de probidticos/prebiéticos y dietas restricti-
vas se han postulado como estrategias Utiles en la reduccion de
los TGI en pacientes con TEA; sin embargo, en los estudios de
intervencion con dietas LGLC no se han evaluado sus efectos. De
igual forma, el uso de suplementos de probidticos (c/s prebioti-
cos) ha generado resultados contradictorios en la regulacion de
la microbiota de los pacientes y sus beneficios terapéuticos no se
han corroborado. Si bien, los tratamientos aqui mencionados son
seguros y en general bien tolerados por los pacientes con TEA,
hasta el 27 % de los pacientes pueden presentar exacerbacion
de sintomas Gl como diarrea, distension o dolor abdominal, prin-
cipalmente durante la fase inicial del consumo de los probidticos
(c/s prebidticos).

Todos los estudios aqui analizados presentaron riesgos de
sesgo importantes, entre ellos, la falta de controles experimen-
tales y de aleatorizacion de los tratamientos, el bajo nimero de
participantes, las caracteristicas heterogéneas de las interven-
ciones y los tratamientos de corta duracion. Ademas, las diferen-
cias en las técnicas de andlisis de la microbiota intestinal y los
instrumentos de evaluacion diagndstica no permiten determinar
los efectos de las intervenciones sobre la disminucion de los TG,
ya que los resultados no son comparables. Debido a lo anterior,
se justifica la necesidad de conducir investigaciones controladas
para comprender los efectos de estos tratamientos en el manejo
terapéutico de los TGl en pacientes con TEA.
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Resumen

Introduccion: la Guia ESPEN ofrece un enfoque multidisciplinar de la nutricion clinica en la enfermedad inflamatoria intestinal (Ell).

Metodologia: la guia se basa en una extensa revision sistematica de la literatura y en la opinién de expertos cuando faltan datos objetivos o
estos no son concluyentes. Las conclusiones y las 64 recomendaciones han sido objeto de una revision completa por pares y de un proceso
Delphi en el que se requerian respuestas fuertemente positivas (de acuerdo o totalmente de acuerdo).

Resultados: la Ell es cada vez mas comun y se revisan brevemente los posibles factores dietéticos en su etiologia. La desnutricion es muy
prevalente en la Ell, especialmente en la enfermedad de Crohn. En algunos pacientes se observan mayores requerimientos de energia y proteinas.
El manejo de la desnutricion en la Ell se considera dentro del contexto general de apoyo a los pacientes desnutridos. Se recomienda fuertemente
el tratamiento de la deficiencia de hierro (por via parenteral, si es necesario). Sin embargo, no se aconseja la prescripcion de rutina de una dieta
especial en la Ell. La nutricion parenteral esta indicada solo cuando la nutricion enteral ha fallado o es imposible. El manejo perioperatorio reco-
mendado de los pacientes con Ell sometidos a cirugia se hace de acuerdo con la guia general de la ESPEN para pacientes sometidos a cirugia
abdominal. Los probidticos pueden ser Utiles en la CU pero no en la enfermedad de Crohn. El tratamiento primario con nutricién para tratar la Ell no
estd respaldado en la colitis ulcerosa, aunque estd moderadamente bien soportado en la enfermedad de Crohn, especialmente en los nifios, donde
Enfermedad de Crohn. las consecuencias adversas de la terapia con esteroides son proporcionalmente mayores. Sin embargo, las dietas de exclusion generalmente

Colitislulﬁe;qsal. Nutricion g se recomiendan y hay poca evidencia que respalde cualquier formula de nutricion en particular cuando se realizan regimenes nutricionales.
enteral. Nutricion
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parenteral. Enfermedad Conclusiones: 0s datos objetivos disponibles para guiar el apoyo nutricional y la terapia nutricional primaria en la Ell se presentan como 64 reco-
inflamatoria intestinal. mendaciones, de las cuales 9 son recomendaciones muy fuertes (grado A), 22 son recomendaciones fuertes (grado B) y 12 se basan solo en
Terapia nutricional. evidencia escasa (grado 0); 21 recomendaciones son recomendaciones de buenas practicas (GPP).
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Abstract

Introduction: the ESPEN Guideline offers a multidisciplinary focus on clinical nutrition in inflammatory bowel disease (IBD).

Methodology: the guideline is based on a extensive systematic review of the literature, but relies on expert opinion when objective data are
lacking or inconclusive. The conclusions and 64 recommendations have been subject to full peer review and a Delphi process, in which uniformly
positive responses (agree or strongly agree) were required.

Results: IBD is increasingly common and potential dietary factors in its etiology are briefly reviewed. Malnutrition is highly prevalent in IBD —
especially in Crohn’s disease. Increased energy and protein requirements are observed in some patients. The management of malnutrition in IBD
is considered within the general context of support for malnourished patients. Treatment of iron deficiency (parenterally, if necessary) is strongly
recommended. Routine provision of a special diet in IBD is not, however, supported. Parenteral nutrition is indicated only when enteral nutrition
has failed or is impossible. The recommended perioperative management of patients with IBD undergoing surgery accords with general ESPEN
guidance for patients having abdominal surgery. Probiotics may be helpful in UC but not in Crohn’s disease. Primary therapy using nutrition to
treat IBD is not supported in ulcerative colitis but is moderately well supported in Crohn’s disease, especially in children, where the adverse
consequences of steroid therapy are proportionally greater. However, exclusion diets are generally not recommended and there is little evidence
to support any particular formula feed when nutritional regimens are constructed.

Conclusions: available objective data to guide nutritional support and primary nutritional therapy in IBD are presented as 64 recommendations,
of which 9 are very strong recommendations (grade A), 22 are strong recommendations (grade B), and 12 are based only on sparse evidence

nutrition. Ulcerative colitis.

INTRODUCCION

La enfermedad inflamatoria intestinal (Ell), en especial la colitis
ulcerosa (CU) y la enfermedad de Crohn (EC), es actualmente
frecuente en todos los paises desarrollados. La desnutricion
puede ocurrir tanto en la CU como en la EC, pero es un proble-
ma considerablemente mayor en la EC dada su capacidad para
afectar cualquier parte del tracto gastrointestinal a diferencia de
la CU, que esta restringida al colon y tiene pocos efectos directos
de malabsorcion. Al igual que en los adultos, la desnutricion es
prevalente en la Ell pedidtrica, principalmente en la enfermedad
activa y mas en la EC que en la CU. Dado que los pacientes
con Ell constituyen una poblacion de alto riesgo de desnutricion,
necesitan un cribado para detectarla, asi como su posterior eva-
luacion y tratamiento. La atencion nutricional es claramente im-
portante en el tratamiento de los pacientes con Ell e incluye la
prevencion de la desnutricion y los déficits de micronutrientes,
la prevencion de la osteoporosis y, en l0s nifios, la promocion de
un crecimiento y desarrollo optimos.

METODOLOGIA

La presente guia consta de 40 recomendaciones y se basa
en la Guia ESPEN: nutricion clinica en la enfermedad inflamato-
ria intestinal, version practica (1) y version cientifica (2). La guia
original se ha resumido acortando los comentarios recogidos de
la evidencia y la literatura en que se basan las recomendaciones.
Las recomendaciones no se han modificado (excepto “nutricion
artificial”, que se ha reemplazado por “nutricion médica”, y el
lenguaje, que se ha adaptado al inglés americano), y la presenta-
cion del contenido se ha transformado en una presentacion gra-
fica que consiste en diagramas de flujo de toma de decisiones
siempre que ha sido posible. La guia original se desarrolld de
acuerdo con el procedimiento operativo estandar (SOP) para las
guias ESPEN (3). Este SOP esta orientado hacia la metodologia
de la Scottish Intercollegiate Guidelines Network (SIGN). La bus-
queda de la literatura se califico de 1 a 4 segun la evidencia,

[Nutr Hosp 2022;39(3):678-703]

(grade 0); 21 recommendations are good practice points (GPP).

y las recomendaciones se redactaron y clasificaron en cuatro cla-
ses (A/B/0/GPP). Las recomendaciones no solo se han basado
en la evidencia sino que también se han sometido a un proceso
de consenso, que se refleja en un porcentaje de acuerdo (%).
Siempre que ha sido posible, han participado representantes de
diferentes profesiones (médicos, dietistas, enfermeras, otros), asi
como representantes de pacientes. El proceso de la guia ha sido
financiado exclusivamente por la ESPEN. El resumen y la difusion
de la guia han sido financiados en parte por la UEG y también por
la ESPEN. Para obtener mas detalles sobre la metodologia, con-
sulte la version completa de la Guia ESPEN (1) y el ESPEN SOP (3).

La Guia de Practica Clinica ESPEN “Nutricion clinica en la en-
fermedad inflamatoria intestinal” se ha estructurado de acuerdo
con un diagrama de flujo que cubre todos los aspectos nutricio-
nales de la Ell (Fig. 1).

RESULTADOS

I. PREVENCION DE LA ElI (Fig. 2)

Recomendacion 1

Una dieta rica en frutas y verduras, rica en dcidos grasos n-3 y
baja en dcidos grasos n-6, se asocia a una disminucion del ries-
go de desarrollar EC o CU y, por lo tanto, se recomienda.

Grado de recomendacion 0, consenso fuerte (90 % de acuerdo).

Comentario

El tabaquismo, el uso de antibidticos y la dieta son factores de
riesgo potencialmente reversibles para la Ell. Numerosos estu-
dios han evaluado el efecto de la dieta sobre el riesgo de desa-
rrollar Ell. Sin embargo, la mayoria de ellos son estudios retros-
pectivos de casos y controles. En 2011, Hou y cols. publicaron
la primera revision sistematica, titulada “Ingesta alimentaria y
riesgo de desarrollar Ell” (4). Utilizaron una metodologia reco-
mendada por la guia para evaluar la asociacion entre la ingesta
de nutrientes (grasas, carbohidratos, proteinas) y grupos de ali-
mentos (frutas, verduras, carnes) antes de la enfermedad, v el
riesgo de un recibir diagndstico posterior de Ell. Se incluyeron
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Figura 1.
Diagrama de flujo general.

Prevencion

desarrollar EC o CU vy, por lo tanto, se
recomienda.

R1: Una dieta rica en frutas y verduras, rica en
acidos grasos n-3 y baja en acidos grasos n-6, se
asocia a una disminucion del riesgo de

R2: Se puede recomendar la lactancia materna

porque es el alimento éptimo para los bebés y
reduce el riesgo de Ell.

Figura 2.
Prevencion de la Ell.

diecinueve estudios que agruparon a 2609 pacientes con Ell
(1269 con EC y 1340 con CU) y mas de 4000 controles. Los
resultados principales son: (i) mayor riesgo de desarrollar CU y
EC con una ingesta elevada de PUFA, cidos grasos n-6 y car-
nes; (i) menor riesgo de EC, pero no de CU, con una ingesta
elevada de fibra dietética (> 22 g/dia) y frutas.

Fibra, frutas y verduras (5): cuando se compararon, en mujeres,
los efectos de una menor ingesta de fibra ajustada por ener-
gia con los de la ingesta de fibra en el quintil mas alto (media-
na 24 g/d), se observo en el Ultimo caso una asociacion con
una reduccion significativa del riesgo de EC (HR: 0,59; IC 95 %:
0,39-0,90) pero no del riesgo de CU.

[Nutr Hosp 2022;39(3):678-703]
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En un metanalisis que incluyd un total de 14 estudios de casos y
controles (6), el consumo de vegetales se asocid negativamente
con el riesgo de CU (OR = 0,71) pero no con el riesgo de EC
(OR =0,66). Un mayor consumo de fruta se asocié negativamen-
te con un menor riesgo de CU (OR = 0,69) y de EC (OR = 0,57).
Grasa dietética (7): la ingesta acumulada de grasa total ajustada
por energia, grasas saturadas, grasas no saturadas y AGPI n-6 y
n-3 no se asocio con el riesgo de EC o CU. Sin embargo, una ma-
yor ingesta de AGPI n-3 de cadena larga se asocid a una tendencia
hacia un menor riesgo de CU (HR: 0,72). En contraste, la ingesta
elevada a largo plazo de &cidos grasos trans insaturados se asocio
con una tendencia hacia una mayor incidencia de la CU (HR: 1.34).
En el estudio EPIC se reclutaron 229.702 participantes de nueve
centros europeos entre 1991 y 1998 (8). En el momento del re-
clutamiento, la ingesta dietética de DHA y &cidos grasos se midid
mediante cuestionarios validados de frecuencia alimentaria. En
un andlisis anidado de casos y controles, cada participante que
desarrolld CU (n = 126) se compar® con cuatro controles. El
cuartil mas alto de ingesta de &cido linoleico se asocio con un
mayor riesgo de CU (OR: 2.49), con una tendencia significativa
entre los cuartiles (OR: 1.32 por aumento de cuartil).

Recomendacion 2
Se puede recomendar la lactancia materna porque es el alimento
Optimo para los nifios y reduce el riesgo de Ell.

681

Grado de recomendacicn B, consenso fuerte (93 % de acuerdo).

Comentario

Dos revisiones sistematicas de 2004 y 2009 concluyeron firme-
mente a favor de la lactancia materna (9,10) y los estudios pos-
teriores han reforzado esta interpretacion. Un estudio de casos y
controles de Nueva Zelanda report6 que la lactancia materna era
protectora frente a la Ell (EC: OR, 0,55; IC 95 %: 0,41-0,74; CU:
OR, 0,71;1C 95 %: 0,52-0,96) con un efecto de duracion-respues-
ta (11). Se reportaron datos comparables en un estudio de cohortes
danés en el que la lactancia materna durante mas de seis meses
disminuy6 las probabilidades de Ell (OR, 0,50; IC 9 5%: 0,23-
1,11) (12). Otras dos publicaciones confirmaron esta relacion, una
de los EE. UU. y otra de Asia-Pacifico (13,14). La lactancia materna
durante seis meses 0 mas es deseable en todos los lactantes (15).

Il. ASPECTOS GENERALES (Fig. 3)

Recomendacion 3A

Los pacientes con Ell estdn en riesgo nutricional y, por lo tanto,
deben someterse a un cribado de la desnutricion en el momento
del diagnostico y, posteriormente, de forma regular.

Grado de recomendacion GPF, consenso fuerte (96 % de acuerdo).

Aspectos generales

R3A: Los pacientes con Ell estan en riesgo nutricional y, por lo tanto, deben someterse a un cribado
de la desnutricion en el momento del diagndstico y, posteriormente, de forma regular.

i

R3B: La desnutricion documentada en pacientes con Ell debe tratarse adecuadamente ya que
empeora el prondstico, la tasa de complicaciones, la mortalidad y la calidad de vida.

R4: En general, los
requerimientos de energia de
los pacientes con Ell son
similares a los de la
poblacion sana; el aporte
deberia estar en linea con los
requerimientos.

Ell activa y la ingesta debe aumentarse (a 1,2-1,5
g/kg/dia en los adultos).Los requerimientos de
proteinas de los pacientes en remision generalme
no son elevados y el aporte debe ser similar
(aproximadamente, 1 g/kg/dia en los adultos) al
recomendado para la poblacién general.

R7B: El hierro oral debe considerarse como un tratamiento de primera linea en los
pacientes con anemia leve, cuya enfermedad esté clinicamente inactiva y que no
hayan sido previamente intolerantes al hierro oral.

<

R7C: El hierro intravenoso debe considerarse como tratamiento de primera linea en
los pacientes con Ell clinicamente activa, en aquellos con intolerancia previa al
hierro oral, en aquellos con hemoglobina por debajo de 100 g/L y en quienes
necesiten agentes estimulantes de la eritropoyesis.

R5: Los requerimientos de proteinas aumentan en la

l

R6: Los pacientes con Ell deben ser evaluados para detectar
deficiencias de micronutrientes de forma regular, y los déficits
especificos deben corregirse adecuadamente.

nte

R7A: Se recomienda la suplementacion con hierro de todos los
pacientes con Ell cuando presenten anemia por deficiencia de
hierro. El objetivo de la suplementacién con hierro es
normalizar los niveles de hemoglobina y las reservas de hierro.

Figura 3.
Aspectos generales.

[Nutr Hosp 2022;39(3):678-703]
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Recomendacion 3B

La desnutricion documentada en pacientes con Ell debe tratarse
adecuadamente, ya que empeora el prondstico, la tasa de com-
plicaciones, la mortalidad y la calidad de vida.

Grado de recomendacion GPP, consenso fuerte (96 % de acuerdo).

Comentario para A/B

Los adultos con Ell tienen un mayor riesgo de desnutricion, sien-
do los déficits nutricionales mas comunes en los pacientes con
EC que en aquellos otros con CU (16). Los pacientes obesos
pueden tener déficits encubiertos de masa magra que pueden
desenmascararse con herramientas tales como la medicion del
grosor de los pliegues cutaneos. Los pacientes con Ell activa,
particularmente aquellos cuya enfermedad no responde bien al
tratamiento médico, corren el mayor riesgo de desnutricion. En
los adultos, el riesgo de desnutricion se puede evaluar con he-
rramientas de deteccion validadas (17).

Los pacientes desnutridos con Ell tienen mas probabilidades de
ser hospitalizados después de una visita a Urgencias (18) y tie-
nen también mas probabilidades de ser ingresados en el hospital
debido a alguna infeccion (19). En los pacientes hospitalizados,
la desnutricion es un factor de riesgo independiente de sufrir un
tromboembolismo venoso (20), una cirugia no electiva (21), un in-
greso mas prolongado (16,21) y un aumento de la mortalidad (16).
Desnutricion en nifios: la desnutricion en la EC infantil es fre-
cuente en el momento del diagndstico y puede persistir a pesar
del tratamiento de la enfermedad (22). Los nifios con CU tam-
bién corren el riesgo de una nutricion deficiente, pero los déficits
nutricionales pueden no ser obvios en la evaluacion de la altura
y el peso (23). Aunque existe una variedad de herramientas de
cribado, dichas herramientas tienen poca capacidad para distin-
guir diferentes niveles de riesgo nutricional para los nifios con
Ell (24). La desnutricion en la Ell infantil contribuye a una inte-
rrupcion del desarrollo puberal y a una alteracion de la velocidad
de crecimiento que puede conducir a baja estatura en la edad
adulta. El fallo del crecimiento es de particular importancia en la
Ell pediatrica y es el resultado de una combinacion de inflama-
cion y desnutricion cronica (25).

Recomendacion 4

En general, los requerimientos de energia de los pacientes con
Ell son similares a los de la poblacion sana; el aporte deberia
estar en linea con los requerimientos.

Grado de recomendacion GPF, consenso fuerte (93 % de acuerdo).

Comentario

Para una mayor claridad, esta pregunta puede formularse de dos
maneras. En primer lugar, ¢tienen los pacientes con Ell unos re-
querimientos de energia alterados en comparacion con los indi-
viduos sanos?; en segundo lugar, ¢los requerimientos de energia
varian con la actividad de la enfermedad?

Hay relativamente pocos estudios que hayan evaluado el gasto
energético en pacientes con CU, y todos los estudios incluyen un
pequefio nimero de pacientes. Puede haber un aumento de la
actividad metabdlica en los casos de CU aguda grave en com-
paracion con los de adultos en remision (26,27), lo cual es com-

S. C. Bischoff et al.

prensible considerando que es frecuente la alteracion sistémica
(fiebre y taquicardia). Sin embargo, es probable que el aumento
del gasto energético en reposo se compense con la reduccion de
la actividad fisica. La reduccion significativa de la ingesta alimen-
taria es frecuente en la CU aguda y puede resultar en un balance
energético negativo (28).

Un dnico estudio ha medido el gasto energético total en adultos
con EC y detecto valores normales (29). Se ha comunicado que el
gasto energeético, medido en reposo por kilogramo, de los pacien-
tes adultos es superior (30) o igual (31) al medido en controles
sanos. Sin embargo, esto podria deberse a una consideracion in-
adecuada del tamafo corporal y las proporciones relativas de los
tejidos de diferente actividad metabdlica. No se ha demostrado
una asociacion consistente entre la actividad de la EC y el gasto
energeético en reposo en adultos. En los nifios con EC no se ha de-
mostrado que el gasto energético medido en reposo sea significa-
tivamente diferente. La medicion del gasto energético en reposo
por calorimetria indirecta podria utilizarse en los casos dificiles.

Recomendacion 5A

Los requerimientos de proteinas aumentan en la Ell activa y la
ingesta debe aumentarse (a 1,2-1,5 g/kg/dia en los adultos) en
relacion con la ingesta recomendada para la poblacion general.
Grado de recomendacion GPF, consenso fuerte (96 % de acuerdo).

Recomendacion 5B

Los requerimientos de proteinas de los pacientes en remision
generalmente no son elevados y el aporte debe ser similar (apro-
ximadamente 1 g/kg/dia en los adultos) al recomendado para la
poblacion general.

Grado de recomendacion GPF, consenso fuerte (96 % de acuerdo).

Comentario para A/B

Los pacientes con Ell desarrollan una reduccion relativa de la
masa magra y un aumento de la obesidad a lo largo del tiempo.
Esto puede ocurrir debido a una ingesta dietética cronicamente
deficiente, a unas mayores tasas de recambio de proteinas y a
la pérdida intestinal de nutrientes durante las fases de la enfer-
medad activa o por efecto de los tratamientos de la enfermedad.
Los corticoides aumentan la pérdida neta de proteinas en los
nifnos (32) y los adultos (33) con EC. En contraste, la adminis-
tracion de una dieta elemental o polimérica como tratamiento
de la EC, o como soporte nutricional complementario, da como
resultado la reduccion de la protedlisis y la adquisicion de tejido
magro en los nifos y los adultos (34-36).

La monitorizacion de la antropometria proporciona informacion
sobre qué pacientes desarrollan déficits relativos de la masa
magra y, por lo tanto, se beneficiarian de la suplementacion nu-
tricional. No hay evidencias de que las necesidades diarias de
proteinas de los pacientes con Ell difieran de las de los controles
sanos pero, como se refirid previamente, la disminucion del ape-
tito y la reduccidn de la ingesta dietética son frecuentes. En los
pacientes que reciben esteroides y estan en reposo intestinal, la
nutricion enteral (NE) puede proporcionar efectos beneficiosos
sobre el recambio proteico sin consecuencias perjudiciales para
la actividad de la enfermedad.

[Nutr Hosp 2022;39(3):678-703]
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No hay evidencia de que las necesidades diarias de proteinas de
los pacientes con Ell en remision difieran de las de los controles
sanos. Por lo tanto, es razonable proporcionar 1 g de proteina por
cada kilogramo de peso corporal. Sin embargo, en la inflamacion
activa, la respuesta catabolica proteolitica justifica un aumento
del aporte de 1,2 hasta 1,5 g/kg de peso corporal (37,38).

Recomendacion 6

Los pacientes con Ell deben ser evaluados de forma regular para
detectar las posibles deficiencias de micronutrientes y los défi-
cits especificos deben corregirse adecuadamente.

Grado de recomendacion GPF consenso fuerte (100 % de
acuerdo).

Comentario

Los pacientes con Ell son vulnerables a los déficits de micro-
nutrientes debido a las pérdidas intestinales por diarrea y a
la ingesta alimentaria inadecuada a causa de la anorexia que
acompanfa a la actividad de la enfermedad. En el momento en
que se ofrece soporte nutricional también se deben aportar su-
plementos multivitaminicos y de micronutrientes para garantizar
una ingesta nutricional adecuada y equilibrada.

Al interpretar los resultados sanguineos de micronutrientes y oli-
goelementos, es importante tener en cuenta que muchos valores
séricos, 0 marcadores de estado, son reactantes de fase aguda
tanto positivos como negativos. Los niveles séricos aumentan o
disminuyen como parte de la respuesta inflamatoria: por ejem-
plo, la ferritina y el cobre aumentan pero el folato, el selenio y
el zinc disminuyen con la inflamacion (39). A la luz de todo ello,
algunos autores han examinado el estado de micronutrientes en
pacientes con remision de la enfermedad clinica y han encon-
trado déficits de diversos micronutrientes (40,41). Ademas, los
déficits pueden estar presentes incluso en individuos aparente-
mente bien nutridos (42). Estas observaciones resaltan la nece-
sidad de un cribado de rutina (quizas anualmente) para detectar
deficiencias. Un suplemento multivitaminico diario puede corre-
gir la mayoria de las déficits pero no es garantia de suficiencia,
incluso a largo plazo; es probable que el hierro, el zinc y la vita-
mina D requieran regimenes de reposicion especificos (43). El
cumplimiento deficiente, particularmente en los adolescentes, es
frecuente con los suplementos multivitaminicos, y es importante
explicarle al paciente los motivos de su utilizacion (44).

Las consecuencias del estado alterado de micronutrientes in-
cluyen anemia, alteracion del crecimiento lineal y mala salud
oOsea. Investigaciones recientes se han centrado en la vitamina
D; esta, asi como su receptor, pueden tener algunas propiedades
inmunomoduladoras, lo que subraya aun mas la necesidad de
una atencion especifica al estado de los micronutrientes en los
pacientes con Ell (Recomendacion 11).

Recomendacion 7A

Se recomienda la reposicion de hierro en todos los pacientes con
Ell cuando presentan anemia por déficit de hierro. El objetivo de
la suplementacion es normalizar los niveles de hemoglobina y las
reservas de hierro.

Grado de recomendacion A, consenso fuerte (100 % de acuerdo).
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Recomendacion 7B

El hierro oral debe considerarse como un tratamiento de primera
linea para los pacientes con anemia leve, cuya enfermedad estd
clinicamente inactiva y que no han tenido previamente intoleran-
cia al hierro oral.

Grado de recomendacion A, consenso fuerte (100 % de acuerdo).

Recomendacion 7C

El hierro intravenoso debe considerarse como tratamiento de
primera linea en los pacientes con Ell clinicamente activa, en
aquellos con intolerancia previa al hierro oral, en quienes tienen
la hemoglobina por debajo de 100 g/L y en los pacientes que
necesitan agentes estimulantes de la eritropoyesis.

Grado de recomendacion A, consenso fuerte (93 % de acuerdo).

Comentario para A/B/C

La anemia se considera la manifestacion extraintestinal mas
frecuente de la Ell, que generalmente complica el curso tanto
de la CU como de la EC. Se debe evaluar la presencia de ane-
mia en todos los pacientes con Ell, independientemente de su
edad (45). Las principales formas de anemia en la Ell son la ane-
mia por deficiencia de hierro, la anemia por enfermedad cronica
y la anemia de origen mixto (posicionamiento de la ECCO sobre
la anemia 1A) (45). Los criterios diagnosticos para la deficiencia
de hierro dependen del nivel de inflamacion. Para el cribado de
laboratorio se deben utilizar el hemograma completo, la ferritina
sérica y la proteina C-reactiva (posicionamiento de la ECCO so-
bre la anemia 1B). Para los pacientes en remision o con enfer-
medad leve, las mediciones deben realizarse cada seis a doce
meses. En los pacientes ambulatorios con enfermedad activa, ta-
les mediciones deben realizarse al menos cada tres meses (po-
sicionamiento de la ECCO sobre la anemia 1B). En los pacientes
sin evidencia clinica, endoscdpica o bioquimica de enfermedad
activa, la ferritina sérica < 30 pg/L es un criterio apropiado para
el diagnostico de anemia por deficiencia de hierro. En presencia
de inflamacion, una ferritina sérica de hasta 100 pg/L ain puede
ser compatible con la deficiencia de hierro (posicionamiento de
la ECCO sobre la anemia 1D). En presencia de evidencia bioqui-
mica o clinica de inflamacion, los criterios diagndsticos para la
anemia por enfermedad cronica son una ferritina sérica > 100
Hg/L y una saturacion de transferrina < 20 %. Si el nivel de
ferritina sérica esta entre 30 y 100 ug/L, es probable que se
produzca una combinacion de deficiencia de hierro real y anemia
por enfermedad cronica (posicionamiento de la ECCO sobre la
anemia 1E).

Se recomienda la administracion de suplementos de hierro a
todos los pacientes con Ell, independientemente de su edad,
cuando haya anemia por déficit de hierro (posicionamiento de
la ECCO sobre la anemia 2A). La calidad de vida mejora con la
correccion de la anemia y esta mejora es independiente de la
actividad clinica (46). La guia de préctica clinica de la Organi-
zacion Europea de Crohn y Colitis (ECCO) (45) concluye que “él
hierro IV es mas efectivo, muestra una respuesta mas rapida y se
tolera mejor que el hierro oral” y establece que “el hierro IV debe
considerarse como primera linea de tratamiento en los pacientes
con Ell clinicamente activa, con intolerancia previa al hierro oral,
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con hemoglobina por debajo de 100 g/L y que necesiten agen-
tes estimulantes de la eritropoyesis, mientras que el hierro oral
puede usarse en l0s pacientes con anemia leve, con enfermedad
clinicamente inactiva y que no han tenido intolerancia al hierro
oral (45). La estimacion de la necesidad de hierro generalmente
se basa en la hemoglobina basal y el peso corporal (47) (Tabla ).
Después de un tratamiento eficaz de la anemia por deficiencia
de hierro con hierro intravenoso, se debe iniciar un nuevo trata-
miento con hierro intravenoso tan pronto como la ferritina séri-
ca caiga por debajo de 100 pg/L o la hemoglobina por debajo
de 12 0 13 g/dL, segun el género (posicionamiento de la ECCO
sobre la anemia 3E).

Tabla I. Esquema simple para estimar
las necesidades de hierro total (46)

Hemoglobina Peso Peso
g/L corporal < 70 kg | corporal > 70 kg
100-120 (mujeres) 1000 mg 1500 mg
100-130 (hombres) 1000 mg 1500 mg
70-100 1500 mg 2000 mg

lIl. RECOMENDACIONES DIETETICAS
EN LA ENFERMEDAD ACTIVA (Figs. 4y 5)

Recomendacion 8

No existe ninguna “dieta de la Ell” que se pueda recomendar de
manera global para promover la remision en los pacientes con
Ell activa.

Grado de recomendacion GPP, consenso fuerte (96 % de acuerdo).

Comentario

No se dispone aun de datos de ensayos clinicos aleatorizados
y controlados sobre los efectos de las dietas experimentales:
carbohidratos especificos, dieta paleolitica, dieta sin gluten,
con oligo-, di- y monosacaridos y polioles de baja fermenta-
cion (FODMAP), o dietas enriquecidas con PUFA w-3 sobre la
inflamacion intestinal o la induccion de la remision. Un ensayo
aleatorizado y controlado, con potencia adecuada, de fructo-oli-
gosacaridos no mostré beneficio clinico en los pacientes con EC
activa (48) (véase también la “Recomendacion 31”). Por lo tan-
to, no se puede recomendar generalmente una “dieta oral de la
Ell” para promover la remision en los pacientes con Ell activa.
Esta recomendacion no excluye las necesidades de todos los
pacientes con Ell de recibir un enfoque individual (nutricional)
basado en su situacion personal especifica, preferiblemente con
la participacion activa de un dietista o nutricionista como parte
del enfoque multidisciplinario.

Recomendacion 9A
Los pacientes con Ell y diarrea intensa o con yeyunostomia o
ileostomia de alto débito deben controlar las pérdidas de liquidos
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y el sodio en orina, y las entradas de liquidos deben adaptarse
en consecuencia (disminuir los liquidos hipotdnicos y aumentar
las soluciones salinas) teniendo en cuenta que las intolerancias
alimentarias pueden, a su vez, aumentar las pérdidas de liquidos.
Grado de recomendacicn 0, consenso fuerte (93 % de acuerdo).

Recomendacion 9B

La reposicion parenteral (liquidos y electrolitos) puede ser nece-
saria en el caso de los estomas de alto débito.

Grado de recomendacicn 0, consenso fuerte (96 % de acuerdo).

Comentario para A/B

La diarrea continua e intensa y el estoma de alto débito pueden
provocar insuficiencia intestinal (49) con malabsorcion, pérdida
de peso involuntaria, desnutricion, deficiencias nutricionales y/o
deshidratacion. La malabsorcion es un factor importante que con-
tribuye a la desnutricion en la Ell (50). El estudio retrospectivo de
Baker en 687 pacientes con estoma (51) mostro que el alto débito
precoz (dentro de las primeras tres semanas) de una ileostomia
es frecuente y que, aunque el 49 % de los casos se resolvieron
espontaneamente, el 51 % necesitaron tratamiento médico conti-
nuo, generalmente debido a un intestino delgado corto remanen-
te. El 71 % de los pacientes fueron tratados con restriccion oral
de liquidos hipotonicos, solucion salina y de glucosa, y medica-
cion antidiarreica para poder retirar las infusiones parenterales.
El 8 % tuvieron que continuar con solucidn salina parenteral o
subcutanea en el domicilio. Hace mas de 35 afios se demostro el
manejo domiciliario satisfactorio con restriccion de liquidos orales
y monitorizacion del contenido de sodio en la orina (52). En un es-
tudio de 13 pacientes adultos con estoma (ileal) de alto débito, las
soluciones de rehidratacion oral que contienen suplementos de
maltodextrinas de arroz mejoraron el equilibrio de sodio y potasio.
La asociacion del aumento del peso corporal con la disminucion
de las concentraciones séricas de renina sugiere que también
se produjo un balance hidrico positivo (53). En otro estudio se
probaron tres soluciones salinas y/o de glucosa diferentes en seis
pacientes con yeyunostomias. Basado en este pequefio grupo,
una solucion bebida de electrolitos y glucosa parecia ser el modo
optimo de reposicion del sodio en los pacientes con estoma de
alto débito (54). No hay ensayos aleatorizados y controlados dis-
ponibles sobre el tratamiento nutricional de la diarrea relaciona-
da con la Ell o el estoma de alto débito. Solo se han publicado
estudios de casos sobre el tratamiento de la EC con estoma de
alto débito, que muestran un tratamiento exitoso con restriccion
de liquidos hipotdnicos, dietas enriquecidas con sodio, nutricion
enteral exclusiva y/o infusiones parenterales que contienen sodio.

Recomendacion 10

En los pacientes con EC que presentan estenosis intestinal y sin-
fomas obstructivos, se puede recomendar una dieta de textura
adaptada o la NE distal (postestenosis).

Grado de recomendacion GPF, consenso fuerte (acuerdo del 95 %).

Comentario

Dependiendo de la gravedad (grado de obstruccion) y la locali-
zacion de las estenosis intestinales, el soporte nutricional puede
ser necesario mientras se esperan los efectos del tratamiento.
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Enfermedad activa — Recomendaciones dietéticas — Para todos los pacientes.

Probidticos

Consejos generales

R14A: El tratamiento probidtico con Lactobacillus reuteri o "VSL # 3"*,
pero no necesariamente otros probidticos, puede considerarse para su
uso en los pacientes con CU de leve a moderada con el fin de inducir la
remision.

R8: No existe una "dieta de Ell" que se pueda recomendar generalmente
para promover la remision en los pacientes con Ell activa.

R11: En los pacientes con Ell (adultos y nifios) activa y en aquellos que
estan tratados con esteroides, el calcio sérico y la vitamina D 25 (OH)
deben monitorizarse y suplementarse si es necesario para ayudar a
prevenir la baja densidad mineral dsea. La osteopenia y la osteoporosis
deben manejarse de acuerdo con las pautas actuales para la osteoporosis.

R13: Las dietas de exclusién no pueden recomendarse para lograr la
remision en la EC activa, incluso si el paciente sufre intolerancias
individuales.

R14B: Los probidticos no deben usarse para el tratamiento de la EC activa.

Figura 4.
Recomendaciones para todos los pacientes con enfermedad activa.

Enfermedad activa — Recomendaciones dietéticas — Para pacientes con complicaciones

Pacientes con Ell e
hiperoxaluria

Pacientes con EC tratados
con quelantes como la
colestiramina

|

Pacientes con Ell y diarrea Pacientes con ECy

estenosis

R12A: Los pacientes con EC tratados
con quelantes como la colestiramina
tienen un riesgo adicional minimo de
malabsorcion de grasas y, por lo
tanto, no necesitan una terapia
nutricional diferente a la de los
demas pacientes con EC.

R12B: Los pacientes con Ell e
hiperoxaluria a menudo presentan
también malabsorcion de grasas.
Estos pacientes deben recibir
asesoramiento sobre la
malabsorcion de grasa.

R9A: Los pacientes con Ell y diarrea
severa 0 con yeyunostomia o
ileostomia de alto débito deben
controlar las pérdidas de liquidos y el
sodio en la orina, y las entradas de
liquidos deben adaptarse en
consecuencia (disminuir los liquidos
hipoténicos y aumentar las
soluciones salinas), teniendo en
cuenta las intolerancias alimentarias
que pueden aumentar las pérdidas
de liquidos.

R9B: La reposicion parenteral
(liquidos y electrolitos) puede ser
necesaria en el caso de los estomas
de alto débito.

R10: En los pacientes con ECy
estenosis intestinal en combinacion
con sintomas obstructivos se puede
recomendar una dieta con textura
adaptada o una NE distal (post-
estenosis).

Figura 5.

Recomendaciones dietéticas para los pacientes con complicaciones y enfermedad activa.
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Tal tratamiento puede ser médico (con medicamentos) si el es-
trechamiento es principalmente el resultado de la inflamacion, o
mecanico (dilatacidn con balén o cirugia) cuando hay cicatrices
fibréticas. En los pacientes con estenosis del intestino radioldgi-
camente identificada pero asintomatica, es habitual recomendar
una dieta modificada que sea baja en fibra insoluble, pero no hay
datos sdlidos que respalden este enfoque aparentemente l6gi-
co. Cuando los sintomas estan presentes, puede ser necesario
adaptar la dieta a una de consistencia blanda, quizas predomi-
nantemente con fluidos nutritivos.

La fibrosis intestinal es una caracteristica frecuente de la EC y
puede aparecer como una estenosis u obstruccion intestinal. La
EC estenosante conduce a una calidad de vida significativamente
deteriorada en los pacientes afectados y constituye un desafio
para el tratamiento. Un reciente estudio chino observacional y
prospectivo de 59 pacientes adultos con EC y estenosis inflama-
torias intestinales mostrd que la NE exclusiva de doce semanas
puede disminuir eficazmente las estenosis inflamatorias del in-
testino; el 81,4 % lograron la remision sintomatica, 35 pacientes
(53,8 %) lograron la remision radioldgica y 42 pacientes (64,6 %)
lograron la remision clinica (55). Aunque es una practica comun
recomendar una dieta modificada con una consistencia adapta-
da y predominio de fluidos nutritivos, al menos en los pacientes
con estenosis radioldgicamente identificada del intestino (proxi-
mal) y sintomas obstructivos, o alimentar distalmente mediante
NE siempre que sea posible, no existen datos solidos para apoyar
estos enfoques aparentemente 16gicos.

Recomendacion 11

En los pacientes con Ell (adultos y nifios) y enfermedad activa,
y en aquellos que estdn tratados con esteroides, deben moni-
torizarse los niveles de calcio sérico y la vitamina D 25 (OH), y
suplementarse Si es necesario, para ayudar a prevenir la baja
densidad mineral dsea. La osteopenia y la osteoporosis deben
manejarse de acuerdo con las pautas actuales para la osteopo-
rosis.

Grado de recomendacion B, consenso fuerte (96 % de acuerdo).

Comentario

La vitamina D sérica baja, el género masculino, la etnia asidtica,
la EC, el IMC bajo y el uso de corticosteroides son factores de
riesgo significativos de baja densidad mineral 0sea que se han
estudiado en poblaciones adultas con Ell (n = 116 y n = 205),
mientras que no hay consenso sobre el papel de la edad actual
0 en el momento del diagnostico (56,57). En los nifios y adoles-
centes con Ell, los factores de riesgo asociados a la baja densi-
dad mineral dsea son la dosis acumulada de corticosteroides, la
puntuacion Z de la estatura para la edad y la puntuacion Z del
IMC (58).

No existe consenso general sobre el estado de la vitamina D y
las acciones necesarias en nifos y adolescentes con Ell. Un en-
sayo clinico aleatorizado y controlado de 132 pacientes adultos
osteopénicos con EC mostro una mejoria de la densidad mineral
6sea en la columna lumbar después de dos afios de tratamiento
semanal con risedronato en dosis de 35 mg, concomitantemente
con suplementos de calcio y vitamina D (59). Un ensayo clinico
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aleatorizado y controlado anterior no mostrd ningtin beneficio
significativo de la suplementacion con calcio solo (1 g/dia) sobre
la densidad mineral 6sea al afio en pacientes con Ell que precisa-
ban corticosteroides y tenian osteoporosis (60). Se recomienda
la evaluacion de la deficiencia de vitamina D en la Ell y asegurar
siempre un suministro adecuado de calcio y vitamina D, espe-
cialmente en los pacientes con Ell tratados con esteroides. La
limitacion del uso de corticosteroides ayuda a prevenir la dismi-
nucion de la densidad mineral ¢sea.

Recomendacion 12A

Los pacientes con EC tratados con quelantes como la colestira-
mina tienen un riesgo adicional minimo de malabsorcion de gra-
sas y, por lo tanto, no necesitan una terapia nutricional diferente
de la de otros pacientes con EC.

Grado de recomendacidn GPP, consenso (86 % de acuerdo).

Recomendacion 12B

Los pacientes con Ell e hiperoxaluria a menudo también tienen
malabsorcion de grasa, por lo que deben recibir asesoramiento
sobre la malabsorcion de grasa.

Grado de recomendacion GPF, consenso (acuerdo del 88 %).

Comentario para A/B

Las causas frecuentes de la malabsorcion de cidos biliares en
la EC son la reseccion ileal y la inflamacion del ileon terminal. La
disminucion de la reabsorcion de los dcidos biliares conjugados
conduce a un paso excesivo de estos a la luz del colon, don-
de son desconjugados por las bacterias. La diarrea osmética y
(en la malabsorcion intensa de acidos biliares) la malabsorcion
de grasa podrian ser una consecuencia (61). Si es leve, la dia-
rrea por acidos biliares puede controlarse mediante un quelante
como la colestiramina (62,63). En un estudio cruzado doble cie-
go de 14 pacientes con EC que se habian sometido a reseccion
ileal, no se informd de ningln efecto negativo del tratamiento
con colestiramina sobre la absorcion de grasa yeyunal. Sin em-
bargo, en los casos graves de malabsorcion de dcidos biliares, la
esteatorrea puede empeorar como resultado del tratamiento con
colestiramina (64).

La hiperoxaluria entérica (secundaria) (con mayor riesgo de cal-
culos renales) se produce en casos de EC de intestino delgado
grave asociada a malabsorcion de grasa y el incremento subsi-
guiente de la absorcion de oxalato intestinal. La hiperoxaluria en-
térica puede ocurrir después de la reseccion ileal. La presencia
del colon es un factor importante, ya que el oxalato permanece
disponible (libre) para su absorcion en el colon debido a la malab-
sorcion de grasa concomitante y su unién con el calcio (65). La
excrecion urinaria de oxalato se correlaciona con la excrecion
de grasa, como se mostrd en un estudio de pacientes con EC
sometidos a reseccion intestinal. El aumento de la ingesta de
grasas en la dieta en estos pacientes aumento aun mas la ex-
crecion urinaria de oxalato (66). Se encontraron valores medios
significativamente mas bajos de excrecion urinaria de oxalato en
los pacientes pedidtricos con EC que en los adultos (67). Una
razon para ello puede ser la historia mas corta de la EC, que
generalmente también implica menos resecciones intestinales.
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Esto implica que en los pacientes con hiperoxaluria se debe re-
comendar una dieta baja en grasas y oxalato y alta en calcio. La
restriccion del oxalato en la dieta (tés y frutas, principalmente)
parece justificada solo en aquellos con célculos recurrentes del
tracto urinario.

Recomendacion 13

Las dietas de exclusion no pueden recomendarse para conseguir
la remision en la EC activa, incluso si el paciente presenta intole-
rancias a nivel individual.

Grado de recomendacion GPP, consenso fuerte (96 % de acuer-
o).

Comentario

La investigacion sistematica ha mostrado evidencia insuficien-
te para hacer recomendaciones firmes acerca de las dietas de
exclusion como terapia de induccion. Se han descrito dietas
de exclusion para aliviar los sintomas (68), pero solo escasos
estudios no controlados han proporcionado informacion acerca
de la induccion de la remision (69,70).

En un ensayo clinico aleatorizado y controlado se observo una re-
mision mas prolongada (después de la induccion con éxito de la
remision utilizando una formula elemental) en pacientes que utili-
zaron un programa de introduccion dietética gradual, excluyendo
los alimentos que empeoraron los sintomas, en comparacion con
los pacientes que recibieron corticosteroides en un programa de
dosis decrecientes mientras seguian una dieta normal (71). Re-
sultados similares sobre el mantenimiento de la remision fueron
reportados por el mismo grupo en un estudio abierto, utilizando
una dieta personal de exclusion de alimentos (72). Otro estudio in-
formd del mantenimiento de la remision clinica utilizando una die-
ta de exclusion guiada por IgG4 en pacientes adultos con EC (73).
Las dietas de exclusion son muy laboriosas para el personal y
son complejas, exigentes y a menudo desagradables para los
pacientes. La investigacion sistematica no reveld evidencia de
que las dietas de exclusion sean peligrosas cuando se aplican
con la supervision médica adecuada. No se obtuvieron pruebas
que indicaran que contribuyen a crear deficiencias nutricionales.
No obstante, es una buena practica monitorizar cuidadosamente
las deficiencias que pudieran predecirse a partir de un conjunto
particular de exclusiones.

Recomendacion 14A

El tratamiento probidtico con Lactobacillus reuteri o “VSL # 37,
Dero no necesariamente con otros probidticos, puede plantearse
para inducir la remision en un pacientes con CU de leve a mo-
derada.

Grado de recomendacicn 0, consenso fuerte (92 % de acuerdo).

Recomendacion 14B

Los probidticos no deben usarse para €l tratamiento de la EC
activa.

Grado de recomendacion B, consenso fuerte (acuerdo del 95 %).

GComentario para A/B
Dos ensayos clinicos de pacientes pediatricos con CU muestran
un efecto moderado de los enemas rectales que contienen Lac-

[Nutr Hosp 2022;39(3):678-703]

tobacillus reuteri sobre la CU distal leve (74) y de una prepara-
cion oral de “VSL # 3” sobre la CU activa (75). La investigacion
sistematica indico que los probidticos eran, en general, inefica-
ces en la EC activa.

Al hablar del “VSL # 3" nos referimos solamente al producto pro-
bidtico utilizado en la literatura citada y a productos equivalentes
independientes del etiquetado actual del producto.

IV. NUTRICION MEDICA EN LA Ell ACTIVA
(Figs.6y7)

Recomendacion 15A

Los suplementos nutricionales orales (SNO) son el primer paso
cuando la nutricion médica estd indicada en la Ell, pero general-
mente son una terapia de soporte menor que complementa a la
comiaa normal.

Grado de recomendacicn 0, consenso fuerte (92 % de acuerdo).

Recomendacion 15B

Si la alimentacion oral no es suficiente, entonces debe plantear-
se la NE como terapia de apoyo. Las formulas de NE o liquidos
siempre deben tener preferencia sobre la NP a menos que estén
completamente contraindicadas.

Grado de recomendacion A, consenso fuerte (100 % de acuer-
ao).

Recomendacion 15C

La NP estd indicada en la Ell (j) cuando la nutricion oral o la NE
no es suficiente (por ejemplo, cuando el tracto gastrointestinal es
disfuncional o en los pacientes con EC que tienen intestino cor-
to); (ii) cuando hay un intestino obstruido y no hay posibilidad de
colocar una sonda de alimentacion mds alld de la obstruccion o
esta medida ha fallado; (iij) cuando ocurren otras complicaciones,
como una fuga anastomdtica o una fistula intestinal de alto débito.
Grado de recomendacicn B, consenso fuerte (96 % de acuerdo).

Comentario para A/B/C

La decision sobre la ruta 6ptima de la nutricion médica en la
Ell puede ser compleja e involucrar varios aspectos, incluida la
capacidad del paciente para comer, la capacidad de absorcion
del tracto gastrointestinal, el estado nutricional del paciente y los
objetivos terapéuticos. Los suplementos de nutricion oral (SNO)
son el primer paso, pero generalmente son una terapia de apoyo
menor que se usa ademas de la comida normal. Al usar SNO, se
puede lograr una ingesta suplementaria de hasta 600 kcal/dia sin
comprometer la ingesta normal de alimentos en los adultos. Si no
es posible la alimentacion oral, se debe considerar alimentar al
paciente a través de una sonda nasogastrica o nasoentérica. La
NE debe considerarse en los pacientes con tracto gastrointesti-
nal funcional pero que no pueden tragar con seguridad (76,77).
En las situaciones en que el intestino no puede absorber todas
las necesidades nutricionales, la NE debe complementarse con
la NP (42,78,79). La NP esta indicada cuando hay un intesti-
no obstruido y no hay posibilidad de colocar una sonda de ali-
mentacion mas alld de la obstruccion o esta medida ha fallado.
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Enfermedad activa — Recomendaciones dietéticas — Para pacientes con complicaciones

i l

R15B: Si la alimentacion oral no es suficiente,
entonces la NE debe considerarse como una
terapia de apoyo. Las férmulas de NE o
liquidos siempre deben tener preferencia
sobre la NP, a menos que estén
completamente contraindicadas.

v

R16: La NE exclusiva es efectiva y se
recomienda como primera linea de
tratamiento para inducir la remisién en nifios y
adolescentes con EC activa aguda.

R15A: Los suplementos nutricionales
orales (SNO) son el primer paso cuando la
nutricion médica esta indicada en la Ell,
pero generalmente son una terapia de
soporte menor que complementa a la
comida normal.

R15C: La NP estd indicada en la Ell (i) cuando la
nutricion oral o la NE no sean suficientes (por
ejemplo, cuando el tracto gastrointestinal es
disfuncional o en los pacientes con EC con
intestino corto), (ii) cuando hay un intestino
obstruido donde no hay posibilidad de
colocacién de una sonda de alimentacién mas
alla de la obstruccion o donde este
procedimiento ha fallado, o (iii) cuando ocurren
otras complicaciones, como una fuga
anastomotica o una fistula intestinal de alto
débito.

Formulaciones de NE

Tubos y bombas

R18A: La NE estandar (férmula polimérica, con
moderado contenido en grasa, sin suplementos
particulares) puede emplearse tanto para el tratamiento
nutricional primario como para soporte en la Ell activa.

R17A: Para la NE en la Ell se pueden usar sondas
nasales o el acceso percutdneo.

R17B: La NE en la EC debe administrarse a través

de una bomba de alimentacién enteral. R18B: Las formulaciones o sustratos especificos (por

ejemplo, glutamina, dcidos grasos n-3) no se
recomiendan en el uso de la NE o la NP en pacientes con

Ell.

Figura 6.
Recomendaciones dietéticas para los pacientes con complicaciones y enfermedad activa.

Enfermedad activa — Nutricion médica — Subgrupos

!

R20A: Los pacientes con EC
con fistula distal (ileal baja o
coldnica) de bajo débito
generalmente pueden recibir
todo el soporte nutricional a
través de la via enteral
(generalmente como
alimento).

Realimentacién

R21: En los pacientes con
enfermedad de Crohn (EC)
que han permanecido
privados de nutricion
durante muchos dias deben
tomarse las medidas y
precauciones estandar para
prevenir el sindrome de
realimentacion,
especialmente con respecto
al fosfato y la tiamina.

Deshidratacion

R19: En los pacientes con EC
se debe hacer todo lo
posible para evitar la
deshidratacion y minimizar
el riesgo de
tromboembolismo.

R20B: Los pacientes con EC
con fistula proximal y/o un
débito muy alto deben
recibir soporte nutricional
con NP parcial o exclusiva.

Indicaciones especiales en la
CuU

R22A: La nutricién enteral (NE) parece
segura y puede recomendarse como
terapia de apoyo, de acuerdo con la
practica nutricional estandar, en los
pacientes con colitis ulcerosa (CU)
grave.

R22B: La nutricién parenteral (NP) no
debe usarse en caso de CU, excepto si
se produce insuficiencia intestinal.

Figura 7.
Nutricién médica por subgrupos de enfermedad activa.

[Nutr Hosp 2022;39(3):678-703]
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Se requiere en los pacientes con intestino corto causante de esta-
dos de malabsorcion grave de nutrientes y/o pérdida de liquidos y
electrolitos que no se pueden manejar enteralmente. La NP tam-
bién esta indicada en los casos quirdrgicos, como se indico ante-
riormente, y en cualquier paciente intolerante a la NE o en quien
la nutricion no pueda mantenerse por la via enteral (80). Sin em-
bargo, debe reconocerse que estos pacientes que necesitan NP
son los que presentan los cuadros mas complicados (81).

Recomendacion 16

La NE exclusiva es efectiva y se recomienda como primera linea
de tratamiento para inducir la remision en los nifios y adolescen-
tes con EC activa aguda.

Grado de recomendacicn B, consenso fuerte (92 % de acuerdo).

Comentario

La terapia nutricional primaria en forma de NE exclusiva debe
considerarse en todos los pacientes con EC activa aguda. Esta es
una primera opcion para los pacientes con alto riesgo de terapia
alternativa, como los esteroides. Antiguos metaanalisis demostra-
ron que los corticosteroides son mejores que la NE exclusiva para
la induccion de la remision en los adultos. El argumento a favor
de la NE exclusiva es mas fuerte en la practica pediatrica y, nor-
malmente, sera la primera opcidn en muchos centros. En primer
lugar, esto se debe a los efectos nocivos de la desnutricion sobre
el crecimiento. En segundo lugar, dado que el crecimiento es tan
esencial en los nifios, la NE aumenta la posibilidad de evitar el uso
de esteroides o de retrasar su introduccion, lo cual es de suma
importancia. Tercero, y quizd mas importante, es (i) la capacidad
de la NE para inducir la remision, tal y como se demuestra en los
estudios pediatricos, que muestran una eficacia similar de los
esteroides y la NE exclusiva (82); v (i) en algunos entornos (por
gjemplo, el tratamiento inmunomodulador concomitante), la NE
exclusiva podria incluso ser superior a los corticosteroides en los
nifios (83). Sin embargo, estos estudios adolecen de limitaciones
metodoldgicas. Las recomendaciones en nifios se hacen solo
para la NE exclusiva y algunos datos limitados sugieren que la NE
parcial podria ser menos efectiva (61), aunque un ensayo clinico
aleatorizado y controlado mostré una eficacia similar (84). Los
datos son mas débiles para la practica en adultos y la mayo-
ria de los centros continuaran usando esteroides (0 productos
bioldgicos) como terapia de primera linea, a menos que estos
agentes estén activamente contraindicados. Sin embargo, las ca-
racteristicas del paciente y la enfermedad también contribuyen a
las decisiones de manejo terapéutico, lo que puede hacer que el
tratamiento con NE sea una opcion de primera linea también en
determinados casos de adultos con EC aguda (85). Se prefiere
la NE porque no se ha demostrado que la NP ofrezca ninguna
ventaja en el &mbito de la EC y debe usarse solo para mejorar el
estado nutricional después de la cirugia y cuando no son posibles
otros modos de nutricion (86).

Recomendacion 17A

Para la NE en la Ell se pueden usar sondas nasales o el acceso
percutaneo.

Grado de recomendacion B, consenso fuerte (96 % de acuerdo).

[Nutr Hosp 2022;39(3):678-703]

Recomendacion 17B

La NE en la EC debe administrarse a través de una bomba de
alimentacion enteral.

Grado de recomendacicn B, consenso fuerte (92 % de acuerdo).

Comentario para A/B

La NE puede administrarse de manera segura mediante sonda
nasogastrica o gastrostomia endoscdpica percutanea (87-89). La
NE continua, administrada a través de una bomba de alimenta-
cion enteral con volumenes gradualmente crecientes hasta al-
canzar las dosis prescritas, parece tener tasas de complicaciones
mas bajas que la administracion en bolos (87-90). Las complica-
ciones mas frecuentes de la NE son las mecénicas (relacionadas
con la sonda) y, luego, las metabdlicas e infecciosas, pero estas
no son notablemente diferentes de las observadas en otras en-
fermedades cronicas (89,90). Pocos pacientes con CU necesita-
ran NE o NP excepto durante las exacerbaciones mas graves y en
la fase perioperatoria. La NE es mas apropiada y esta asociada
de forma significativa a menos complicaciones que la NP en la
CU aguda. El reposo intestinal obtenido mediante nutricion ex-
clusivamente intravenosa no altera el prondstico; no obstante, no
existen contraindicaciones especificas al uso de la NP en la CU.
En la EC, el soporte nutricional se necesita con mayor frecuencia.
No existe una contraindicacion especifica para el uso de la NP en
los pacientes con EC, en comparacion con otras enfermedades,
y se puede seleccionar una via central o periférica de acuerdo
con la duracion esperada. No hay suficientes datos para acon-
sejar el uso de sustratos especificos en la composicion de la
NP en la EC. Sin embargo, la NP debe ajustarse para satisfacer
las necesidades individuales del paciente. La NP, especialmente
en el domicilio, debe verse como una nutricion complementaria,
no exclusiva, que pueda reducirse a un nivel minimo cuando la
composicion corporal se haya recuperado lo suficiente.

Recomendacion 18A

La NE estandar (formula polimérica, con moderado contenido
en grasa, sin suplementos particulares) puede emplearse como
fratamiento nutricional primario o como tratamiento de soporte
en la Ell activa.

Grado de recomendacicn 0, consenso fuerte (96 % de acuerdo).

Recomendacion 18B

Las formulaciones o sustratos especificos (por ejemplo, glutami-
na, dcidos grasos n-3) no se recomiendan en el uso de la NE o la
NP para pacientes con Ell.

Grado de recomendacicn B, consenso fuerte (96 % de acuerdo).

Comentario para A/B

Varios estudios han comparado la eficacia de diferentes tipos
de formulas enterales (dietas elementales, semielementales,
oligoméricas o poliméricas) en el manejo de la EC activa. Un
metaandlisis Cochrane de diez ensayos no mostro diferencias
estadisticamente significativas entre los pacientes tratados con
dieta elemental (n =188) y los sometidos a dieta no elemental
(dieta semielemental o polimérica; n =146) (91). La composicion
proteica no pareci6 influir en el potencial terapéutico de la NE.
La actual investigacion sistematica revela evidencia insuficiente
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para hacer recomendaciones firmes (91,92). Por lo tanto, se re-
comienda que se empleen formulas estandar si la NE se utiliza
como terapia nutricional primaria.

El uso de formulas suplementadas con factores de crecimiento,
formulas con niveles mas bajos de emulsionantes o formulas
oligoméricas como alternativa a las dietas estandar no esta res-
paldado por datos fiables. Igualmente, no hay evidencia de que
ninguna de estas alternativas sea inferior al uso de las formulas
poliméricas estandar (93).

No hay suficientes datos para recomendar el uso de sustratos
especificos en la composicion de la NP en la EC. No obstante, la
NP debe ajustarse para satisfacer las necesidades individuales
del paciente.

Recomendacion 19

En los pacientes con EC se debe hacer todo lo posible para evitar
la deshidratacion y minimizar el riesgo de tromboembolismo.
Grado de recomendacion GPP, consenso fuerte (100 % de acuerdo).

Comentario

Aunque no hay datos suficientes para prescribir la anticoagula-
cion de rutina, esta debe considerarse en todos 0s pacientes con
Ell'y, especialmente, en aquellos con NP, subrayando la impor-
tancia de evitar la deshidratacion (94-98).

Recomendacion 20A

Los pacientes con EC que presentan una fistula distal (ileal baja
0 coldnica) de bajo débito generalmente pueden recibir todo el
soporte nutricional a través de la via enteral (generalmente como
alimento).

Grado de recomendacion 0, consenso fuerte (100 % de acuerdo).

Recomendacion 20B

Los pacientes con EC que presentan una fistula proximal y/o0 un
debito muy alto deben recibir soporte nutricional con NP parcial
0 exclusiva.

Grado de recomendacion B, consenso fuerte (96 % de acuerdo).

Comentario para A/B

Los pacientes con EC son propensos a la formacion de fistulas
entre dos localizaciones intestinales o desde el intestino a otro
organo (especialmente, la piel, la vejiga y la vagina). La mayoria
se producen después de la operacion. Estd demostrado que, en
los pacientes quirdrgicos, el soporte nutricional temprano, inde-
pendientemente de la via de administracion, disminuye la apa-
ricion y la gravedad de las fistulas (85,99,100). La desnutricion
con IMC < 20 aparece como un factor de riesgo independiente
(101).

El tratamiento de las fistulas intestinales suele ser complejo, de-
pendiendo de la ubicacion, la escala y la naturaleza de los sin-
tomas, y justifica el tratamiento por un equipo multidisciplinario
que incluya un gastroenterdlogo, un cirujano y un dietista (100).
En los pacientes con fistula distal (ileal o colénica baja) puede ser
posible proporcionar todo el soporte nutricional necesario a tra-
vés de la via enteral (102-104). En el paciente con fistula proxi-
mal y/0 débito muy alto, puede ser preferible manejar la situacion
con reposo intestinal y una NP completa (105,106); sin embargo,
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aun asi, el beneficio psicoldgico de comer puede justificar su
inclusion en el régimen nutricional a pesar de las expectativas
minimas de que haya una absorcion Util de nutrientes (103). La
correccion quirdrgica es mas probable que tenga éxito si el es-
tado nutricional se ha optimizado antes de la operacion (107).

Recomendacion 21

En los pacientes con enfermedad de Crohn (EC) que han per-
manecido privados de nutricion durante muchos dias deben
fomarse las medidas y precauciones estdandar para prevenir el
sindrome de realimentacion, especialmente con respecto al fos-
fato y la tiamina.

Grado de recomendacion B, consenso fuerte (100 % de acuerdo).

Comentario

El sindrome de realimentacion no deberia ser un problema en el
paciente con enfermedad inflamatoria intestinal (Ell) bien con-
trolada, aunque no es raro encontrar pacientes en quienes la
falta de nutricion se haya prolongado muchos dias. Este es un
tema de gran interés y que requiere la debida atencion ya que,
en ellos, se requiere adoptar todas las medidas y precauciones
estandarizadas para evitar el sindrome de realimentacion, espe-
cialmente con respecto al fosfato y la tiamina (108-110).

Recomendacion 22A

La nutricion enteral (NE) parece segura y puede recomendarse
como terapia de apoyo de acuerdo con la prdctica nutricional
estdndar para los pacientes con colitis ulcerosa (CU) grave.
Grado de recomendacion: PCP, consenso fuerte (100 % de acuerdo).

Recomendacion 22B

La nutricion parenteral (NP) no debe usarse en el caso de la CU
excepto si se produce insuficiencia intestinal.

Grado de recomendacicn 0, consenso fuerte (88 % de acuerdo).

Comentario para A/B

La NE no se ha evaluado suficientemente en la CU activa. Sin
embargo, parece segura y puede ser nutricionalmente aceptable
en los pacientes con enfermedad grave (111). Su eficacia debe-
ria evaluarse en nuevos estudios con cohortes mas grandes de
pacientes.

La NP se recomienda a los pacientes desnutridos con CU y a
aquellos con enfermedad grave solo cuando no son capaces de
tolerar la NE 0 no pueden ser alimentados eficazmente por la
boca o por sonda enteral (111-113).

V. ASPECTOS QUIRURGICOS DE LA
NUTRICION EN LA Ell (Figs. 8y 9)

Recomendacion 23A

En el preoperatorio de la mayoria de los casos de cirugia progra-
mada no es necesario mantener al paciente en ayunas a partir
de la medianoche; en su lugar, se puede utilizar un protocolo de
rehabilitacion multimodal o de recuperacion intensificada (PRI),
conocidos también como protocolos ERAS (del inglés “Enhanced
Recovery After Surgery”).

[Nutr Hosp 2022;39(3):678-703]
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Enfermedad activa — Aspectos quirdrgicos de la nutriciéon — General

% ¢éCirugia electiva?

R23B: En aquellos pacientes sometidos a intervencion quirurgica de urgencia se
deberia iniciar la nutricion médica (NE, NP) en el momento del acto operatorio
si el paciente ha llegado desnutrido o si se prevé que la dieta oral no podra
reiniciarse en los 7 dias posteriores a la cirugia.

R23A: En la mayoria de los casos de cirugia programada no es
necesario el ayuno preoperatorio desde la medianoche; en su lugar, se
puede utilizar un protocolo de rehabilitaciéon multimodal o
recuperacion intensificada (ERAS: “Enhanced Recovery After
Surgery”).

¢éDeficiencia nutricional? 4@

Pre-OP

Peri-OP

R24A: A los pacientes que no pueden cubrir sus
necesidades energéticas y/o proteicas con una
alimentacién normal se les debe alentar a que

R24B: Los pacientes que no pueden cubrir sus
necesidades energéticas y/o proteicas con una
alimentacion normal complementada con SNO

R24C: Si se diagnostica la desnutricion, la cirugia
de la Ell deberia retrasarse de 7 a 14 dias
siempre que sea posible. Esta accion permite

ganar tiempo para iniciar un programa de
nutricién clinica intensiva.

tomen suplementos nutricionales por via oral deben recibir NE durante el periodo
(SNO) durante el periodo perioperatorio. perioperatorio.

R27A: Después de una proctocolectomia o una

R27A: En la mayoria de los pacientes intervenidos lectomia deb -, treliend
por Ell, la ingesta normal de alimentos o la NE — > ¢Cirugia electiva? colectomia deben administrase agua y electrolitos de
el e Fess dagmes e b @ER manera precoz para asegurar la estabilidad

hemodinamica.

Post-OP

Figura 8.
Aspectos quirlirgicos de la nutricion.

Enfermedad activa — Aspectos quirurgicos de la nutricién — Rutas y tiempos

'

R25C: La NP se utilizard como unica
intervencion si la NE es imposible
(ausencia de acceso, vomitos o diarrea
intensos) o esta contraindicada
(obstrucciones intestinales o ileo,
shock grave, isquemia intestinal).

NP suplementaria Pacientes quirurgicos con EC

R26A: Los pacientes quirdrgicos con
EC deben recibir soporte nutricional
precoz ya que, independientemente
de la via de administracion,
disminuye el riesgo de
complicaciones posoperatorias.

R25A: La NE es siempre preferible a
la via parenteral, pero la
combinacion de NE y NP debe
considerarse cuando existe una
indicacion clara de soporte
nutricional y la NE no puede cubrir >
60 % de las necesidades energéticas.

R26B: En los pacientes con EC e
insuficiencia intestinal prolongada
(como es el caso de aquellos en los
que la reseccion ha creado un
intestino corto), la NP es obligatoria y
salva vidas, al menos en las primeras
etapas de la insuficiencia intestinal.

R25B: En los pacientes con Ell, la NP
deberia utilizarse en el
perioperatorio, usualmente como
complemento de la NE.

Figura 9.
Rutas y tiempos en los pacientes quirdrgicos.

[Nutr Hosp 2022;39(3):678-703]
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Grado de recomendacion B (consulte la guia quirdrgica de la
Sociedad Europea de Nutricion Clinica y Metabolismo (ESPEN)
(114), consenso fuerte (100 % de acuerdo).

Comentario
La ESPEN ha elaborado una guia sobre la nutricion del pacien-
te quirdrgico (114) y la mayoria de los principios establecidos
son igualmente aplicables al paciente con Ell sometido a una
intervencion quirdrgica. Durante el periodo perioperatorio deben
seguirse las recomendaciones que Se enumeran mas abajo.
Desde un punto de vista metabdlico y nutricional, los aspectos
fundamentales del cuidado perioperatorio son:
— Evitar los largos periodos de ayuno preoperatorio.
— Restablecer la alimentacion oral lo antes posible después
de la cirugia.
— Integrar la nutricion en el plan de cuidados general del pa-
ciente.
— Realizar un control metabolico, por ejemplo, de la glucosa
en sangre.
— Reducir todos aquellos factores que exacerban el catabolis-
mo relacionado con el estrés o alteran la funcion digestiva.
— Llevar a cabo una movilizacion precoz para facilitar la sinte-
sis de proteinas y 1a funcién muscular.

Recomendacion 23B

En aquellos pacientes sometidos a una intervencion quirdrgica
de urgencia se deberia iniciar la nutricion clinica (NE, NP) en el
momento del acto operatorio Si el paciente ha llegado desnutrido
0 Si se prevé que la dieta oral no podrd reiniciarse en los 7 dias
posteriores a la cirugia.

Grado de recomendacion B (consulte la guia de cirugia de la
ESPEN (114), consenso (88 % de acuerdo).

Comentario

El soporte nutricional esta indicado en los pacientes con des-
nutricion e incluso en el paciente sin desnutricion importante
Si se prevé que no serd capaz de comer durante mas de siete
dias durante el periodo perioperatorio. También esta indicado
para los pacientes que no puedan mantener la ingesta por via
oral por encima del 60-75 % de la ingesta recomendada du-
rante mas de diez dias. En estas situaciones se recomienda
iniciar lo antes posible el soporte nutricional (preferiblemente,
por via enteral).

Recomendacion 24A

Se debe alentar a los pacientes que no puedan cubrir Sus nece-
sidades energéticas y/o proteicas con una alimentacion normal a
que tomen suplementos nutricionales por via oral (SNO) durante
el periodo perioperatorio.

Grado de recomendacion B, consenso fuerte (100 % de acuer-
do).

Comentario

Una ingesta preoperatoria insuficiente constituye una indicacion
deinterconsulta de asesoramiento o consejo dietético, o paralaad-
ministracion de SNO. Kuppinger y cols. (115) demostraron, en pa-
cientes sometidos a cirugia abdominal, que una menor ingesta de
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alimentos antes del ingreso hospitalario constituye un factor de
riesgo independiente de complicaciones posoperatorias. Veinti-
cuatro ensayos sobre el uso de los SNO y la NE han analizado las
ventajas significativas de la NE, especialmente con respecto a la
reduccion de las complicaciones infecciosas, la duracion de la
estancia hospitalaria y los costes. En seis ensayos clinicos alea-
torizados (ECA) se ha investigado la administracion posoperatoria
y post-hospitalaria de los SNO (116-120). Los datos disponibles
no muestran con certeza que la administracion sistematica me-
jore el resultado, pero si muestran beneficios en términos de
mejora del estado nutricional, menor tasa de complicaciones,
bienestar y calidad de vida en aquellos pacientes que no pue-
den cubrir sus necesidades nutricionales en el domicilio con la
alimentacion habitual.

Recomendacion 24B

Los pacientes que no puedan cubrir Sus necesidades energeéti-
cas y/o proteicas con una alimentacion normal complementada
con SNO deben recibir NE durante el periodo perioperatorio.
Grado de recomendacion B, consenso fuerte (100 % de acuer-
do).

Comentario

Como se indicd anteriormente, una ingesta preoperatoria in-
suficiente afecta a la tasa de complicaciones. Por tanto, si la
ingesta oral es insuficiente, independientemente de la inter-
vencion (alimentacion oral o SNO), se debe iniciar la NE (114).
Después de la cirugia, la NE debe continuarse o iniciarse ya que
muchos estudios han demostrado los beneficios y la viabilidad
de la alimentacion a través de una sonda colocada distalmente
a la anastomosis, bien sea mediante un catéter a través de una
yeyunostomia o bien mediante una sonda nasoyeyunal, situando
el extremo de la sonda mas alld de la anastomosis en el propio
acto operatorio (121-126).

Recomendacion 24C

Si se diagnostica la presencia de desnutricion, la cirugia para la
Ell deberia retrasarse de 7 a 14 dias siempre que sea posible.
Esto permite ganar tiempo para iniciar un programa de nutricion
chnica intensiva.

Grado de recomendacion A (consulte la guia de cirugia de la
ESPEN (114), consenso fuerte (96 % de acuerdo).

Comentario
La desnutricion tiene un impacto negativo sobre la evolucion cli-
nica, la tasa de complicaciones posoperatorias y la mortalidad
(127-132). Por lo tanto, los pacientes con riesgo nutricional gra-
ve (ver mas abajo) podrian beneficiarse de una terapia nutricional
antes de someterse a una cirugia mayor, incluso si la cirugia
tiene que retrasarse. Un grupo de trabajo de la ESPEN (2006)
ha definido el riesgo nutricional «grave» como la presencia de, al
menos, uno de los siguientes criterios:

— Pérdida de peso > 10-15 % en seis meses.

- IMC < 18,5 kg/m?.

— Albdmina sérica < 30 g/L (sin indicios de disfuncion hepa-

tica o renal).
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Recomendacion 25A

La NE es siempre preferible a la via parenteral, pero la combina-
cion de NE y NP debe considerarse cuando existe una indicacion
clara de soporte nutricional y la NE no puede cubrir > 60 % de
las necesidades energéticas.

Grado de recomendacidn A (consulte la guia de cirugia de la
ESPEN (114), consenso fuerte (100 % de acuerdo).

Recomendacion 25B

En los pacientes con Ell, la NP deberia utilizarse en el periopera-
torio, usualmente como complemento de la NE.

Grado de recomendacicn B, consenso fuerte (96 % de acuerdo).

Recomendacion 25GC

La NP se utilizara como tnica intervencion si la NE es imposible
(ausencia de acceso, vomitos o diarrea intensos) o esta contrain-
dicada (obstrucciones intestinales o ileo, shock grave, isquemia
intestinal).

Grado de recomendacicn A, consenso fuerte (96 % de acuerdo).

Comentario para A/B/C
Siempre se debe preferir la via enteral, excepto cuando se pre-
senten una 0 mas de las siguientes contraindicaciones:

— Obstrucciones intestinales o ileo.

— Shock grave.

— Isquemia intestinal.

— Fistula de alto débito.

- Hemorragia intestinal grave.

En esos casos, la NP puede ser necesaria durante un periodo
de dias o semanas, hasta que se recupere la funcion digestiva.
Para obtener mas detalles, consulte la Guia de la ESPEN sobre
nutricion clinica en cirugia (114).

Recomendacion 26A

Los pacientes quirtrgicos con EC deben recibir soporte nutri-
cional precoz ya que, independientemente de la via de adminis-
tracion, disminuye el riesgo de complicaciones posoperatorias.
Grado de recomendacicn B: consenso fuerte (100 % de acuerdo).

Comentario

En dos metaanalisis (una revision sistematica Cochrane) se han
demostrado las ventajas de la NE inicial en las 24 horas poste-
riores a la cirugia en comparacion con el inicio tardio (133,134).

Recomendacion 26B

En los pacientes con EC e insuficiencia intestinal prolongada
(como aquellos en los que la reseccion ha creado un intestino
corto), la NP es obligatoria y Salva vidas, al menos en las prime-
ras etapas de la insuficiencia intestinal.

Grado de recomendacion B (consulte la guia de cirugia de la
ESPEN), consenso fuerte (92 % de acuerdo).

Comentario para A/B

Aunque la NE ha demostrado ser la mas beneficiosa en casi to-
das las poblaciones de pacientes, es relativamente raro que sea
suficiente en los individuos con insuficiencia intestinal aguda o
fistulas enterocutaneas, debido a que la integridad del intestino
se halla comprometida. Por este motivo, la NP a menudo repre-
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senta la opcion principal, sola o en asociacion con la NE (NP
suplementaria) (73).

Recomendacion 27A

En la mayoria de los pacientes intervenidos por Ell, la ingesta normal
de alimentos o la NE pueden iniciarse poco despues de la cirugia.
Grado de recomendacion O (consulte la guia de cirugia de la
ESPEN), consenso fuerte (100 % de acuerdo).

Recomendacion 27B

Después de una proctocolectomia o una colectomia deben ad-
ministrase agua y electrolitos de manera precoz para asegurar la
estabilidad hemodinamica.

Grado de recomendacidn A (consulte la guia de cirugia de la
ESPEN), consenso fuerte (96 % de acuerdo).

Comentario para A/B

Como se indica en las guias quirtrgicas (114), el comienzo tem-
prano de la alimentacidn normal o la NE, incluidos los liquidos
claros, en el primer 0 segundo dia del posoperatorio no afecta
la cicatrizacion de las anastomosis en el colon o el recto y re-
duce significativamente la duracién de la estancia hospitalaria.
La importancia de este aspecto se ha resaltado en una revision
sistematica Cochrane (130). En los metaanalisis recientes (134-
136) se observaron beneficios significativos con respecto a la
recuperacion posoperatoria y la tasa de infeccion. La nutricion
posoperatoria inicial se asocia con reducciones significativas de
la tasa global de complicaciones, en comparacion con las po-
liticas tradicionales de alimentacion posoperatoria, y no afecta
negativamente a los resultados, incluida la mortalidad: la fre-
cuencia de la dehiscencia anastomotica, la reanudacion de la
funcion intestinal o la duracion de la estancia hospitalaria (136).

VI. RECOMENDACIONES DIETETICAS
DURANTE LA REMISION (Figs. 10y 11)

Recomendacion 28

Todos los pacientes con Ell en remision deben recibir el asesora-
miento de un dietista como parte del enfoque multidisciplinario,
con el fin de mejorar la terapia nutricional y evitar la desnutricion
y cualquier otro trastorno relacionado con la misma.

Grado de recomendacion PCP. consenso fuerte (100 % de acuer-
ao).

Comentario

Hay muy pocos datos originales a este respecto pero al menos
nueve articulos incluyen declaraciones que indican que es proba-
ble que el asesoramiento por parte de un dietista pueda ser Uil
para el control de la Ell en adultos y nifios; el fundamento de estos
datos es limitado. Es probable que las carencias nutricionales sean
mas evidentes en los pacientes con EC que afecte al intestino del-
gado que en aquellos otros con enfermedad coldnica aislada o CU,
pero estos Ultimos grupos también pueden verse afectados (103).
En muchos paises europeos se ha adoptado el cribado nutri-
cional como parte fundamental del manejo clinico de estos
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Remisi

— General

R28: Todos los pacientes con Ell en remision deben recibir el
asesoramiento de un dietista como parte del enfoque multidisciplinario
para mejorar la terapia nutricional y evitar la desnutricién, asi como
cualquier otro trastorno relacionado con la misma.

R29: No es necesario seguir una dieta especifica durante las fases de
remision de la Ell.

R35: En los pacientes con Ell en remision se debe seguir una dieta
estandar (o SNO), prestando atencidn al cribado nutricional y
recurriendo a un apoyo nutricional genérico cuando sea necesario.

R34B: En los pacientes con EC en quienes la desnutricién no ha podido
ser suficientemente corregida mediante asesoramiento dietético, se
puede recomendar el uso de SNO o NE.

R39: En todos los pacientes con Ell deberia fomentarse el ejercicio
aerobico (ejercicios de media o baja intensidad y de larga duracién). En
los pacientes con Ell y disminucién de la masa muscular y/o del
rendimiento muscular se debe recomendar una actividad fisica
adecuada.

R40: Se debe recomendar a los pacientes obesos con Ell que reduzcan
el peso solo en los periodos de remision estable y seguir entonces las
directrices actuales en materia de tratamiento de la obesidad.

!

No recomendado

R30: No se recomienda la suplementacidn con acidos grasos n-3 para el
mantenimiento de la remision en los pacientes con Ell.

R31: Como norma, no se deben recomendar dietas inespecificas con
elevado contenido en fibra para mantener la remision en la Ell.

R34A: Ni la NE ni la NP se recomiendan como terapia primaria para
mantener la remisién en la Ell.

Figura 10.

Pacientes con Ell en remision.

R32A: Se debe considerar la

terapia con probidticos para el
mantenimiento de la remision
enla CU. la EC.

— Probidticos — Micronutrientes

Probidticos

Micronutrientes

v v v v
duc? ¢EC? éSolo EC? Todas las formas
deEll

R32B: La terapia con
probidticos no debe usarse
para mantener la remisién en

¢Reservoritis? *l

R33A: Los pacientes colectomizados con reservorio

ileal y reservoritis (pouchitis) deben tratarse con una

mezcla de probidticos («VSL#3») si el tratamiento
previo con antibidticos ha fracasado.

v

R33B: La mezcla de probidticos «VSL#3» puede

usarse para la prevencion primaria y secundaria de la

reservoritis en los pacientes con CU que se han

sometido a colectomia y reservorio con anastomosis

reservorio-anal.

R36: En los pacientes con ECy
reseccion de mas de 20 cm del
ileon distal, con o sin
preservacion de la vélvula
ileocecal, debe procederse a la
reposicion de la vitamina B12.

con Ell, por ejemplo, los tratados con
sulfasalazina y metotrexato, deben
recibir un suplemento de vitamina
B9/4cido félico.

R38A: En las pacientes con Ell que

estén embarazadas deben controlarse

de forma regular el metabolismo del
hierro y los niveles de folato, y en
caso de deficiencias, proceder con la
reposicion de hierro y/o vitamina B9/
4cido félico.

R38B: Las pacientes con Ell que
proporcionen lactancia deberan
monitorizar su estatus nutricional y
recibir suplementos en caso de
deficiencias.

Figura 11.

Remision, probidticos y micronutrientes.
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R37: Algunos pacientes seleccionados
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pacientes, y también se recomienda que todos los pacientes
con Ell tengan acceso a un dietista con experiencia en este
campo.

Recomendacion 29

No es necesario sequir una dieta especifica durante las fases de
remision de la Ell.

Grado de recomendacicn 0, consenso fuerte (96 % de acuerdo).

Comentario

En general, no es necesario seguir una dieta especifica durante
las fases de remision. Ninguna de las dietas alternativas o die-
tas semiexclusivas parece eficaz para obtener la remision. Sin
embargo, a menudo se observan intolerancias alimentarias in-
dividuales en los pacientes con Ell y es habitual que haya mala
tolerancia a la lactosa y los productos lacteos, las especias, las
hierbas, los fritos, los alimentos flatulentos y los ricos en fibra
(137-140).

Los pacientes con EC se inclinan habitualmente por una dieta baja
en fibra y vegetales que a menudo es hipocalérica y se asocia
a multiples deficiencias de micronutrientes (41). La intolerancia
adquirida a la lactosa es especialmente frecuente en los pacien-
tes con EC proximal y justificard una dieta con restriccion de
lactosa. Las dietas de exclusion especificas son consideradas
de utilidad por los propios pacientes aunque, realmente, si se
pretende mejorar sus resultados, deben indicarse de un modo
personalizado para evitar la aparicion de intolerancias alimen-
tarias a titulo individual. Esta estrategia es dificil de generalizar
y realmente no hay ensayos recientes acerca del potencial be-
neficio de las dietas de exclusion. Se dispone de pocos datos
procedentes de ensayos controlados que avalen la eliminacion
de la lactosa, los productos lacteos en general, las especias, las
hierbas, los alimentos fritos y los alimentos que aumentan la pro-
duccion de gas o que son ricos en fibra, y solo se aconseja su
restriccion cuando se toleren mal, siendo Utiles en este contexto
para mantener la remision sintomatica (141). Otros estudios de
calidad razonable también han incluido manipulaciones dieté-
ticas. Estos estudios, junto con el uso de suplementos nutricio-
nales, se tratan en apartados posteriores. El uso de un régimen
de NE exclusiva es claramente una forma extrema de exclusion
dietética.

Se cree que la NE interviene en la prevencion de las recaidas en
los nifios con EC inactiva (78,91,142,143) y este efecto también
se ha observado en un estudio japonés realizado en pacientes
adultos con EC (144-146). Esaki y cols. (147) realizaron un en-
sayo en 145 pacientes con EC (en su mayoria con remision in-
ducida con NP total) y consideraron que el empleo de la nutricion
elemental/polimérica de mantenimiento disminuia el riesgo de
recurrencia si la afectacion se producia en el intestino delgado,
en comparacion con los efectos sobre el intestino grueso. Sin
embargo, la presente investigacion sistematica indica que, en
general, el uso de la NE elemental es ineficaz para mantener
la remision en la EC, declarando que esta practica no puede
recomendarse. El grupo de expertos considera que se trata de
una conclusion controvertida, especialmente teniendo en cuenta
una evaluacion Cochrane anterior que consideraba que la NE
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prolongada podia ayudar a mantener la remision y reducir el uso
de corticosteroides en la EC (87,147). Por tanto, no se hace nin-
guna recomendacion.

Recomendacion 30

No se recomienda la suplementacion con dcidos grasos n-3 para
el mantenimiento de la remision en los pacientes con Ell.

Grado de recomendacidn B, consenso fuerte (100 % de acuer-
ao).

Comentario

En las revisiones sistematicas se ha llegado a la conclusion de
que complementar la dieta con 4cidos grasos n-3 es ineficaz
para el mantenimiento de la remision en los pacientes con CU
(148,149). Por lo tanto, no se recomienda. Los datos anteriores
se obtuvieron a partir de adultos. Parece razonable extrapolar
las conclusiones a la practica pediatrica. En la Ultima revision
Cochrane (150) se ha concluido que los &cidos grasos n-3 pro-
bablemente no sean efectivos para el mantenimiento de la remi-
sion en la EC.

Recomendacion 31

Como norma, no se deben recomendar dietas inespecificas con
elevado contenido en fibra para mantener la remision en la Ell.
Grado de recomendacicn 0, consenso fuerte (96 % de acuerdo).

Comentario

Gran parte de la literatura reciente analiza los efectos de agentes
especificos, como los prebidticos, que no se analizan aqui, pero
se presupone que muchas formas de fibra tendran un efecto
notable sobre la microbiota intestinal y, en consecuencia, po-
siblemente sobre el mantenimiento de la remision en la Ell. En
general, se acepta que la fibra vegetal no es aconsejable en los
pacientes con estenosis intestinal (PCP), pero cada vez se pu-
blican mas datos que indican que las fibras prebitticas pueden
ser Utiles para el mantenimiento de la remision en algunos pa-
cientes con CU. En varios pequefios estudios controlados se ha
observado un beneficio claro de la adicion de fibra a la dieta
de los pacientes con CU (151-153). Dado que los efectos para
mantener la remision fueron similares para la cebada germinada,
la cascara de ispagula y las semillas de Plantago ovata, puede
ser razonable concluir que se trata de un efecto genérico del
aumento de la fibra vegetal.

A menudo, la fibra esta relativamente contraindicada en la
EC debido a la presencia de estenosis y, segun parece, la fi-
bra en forma de prebidtico fructooligosacérido es ineficaz en la
EC (48). Sin embargo, en un estudio pobremente controlado que
evaluo los efectos de la suplementacion con fibra de trigo, los
pacientes que recibieron los suplementos mostraron una me-
jor calidad de vida y no presentaron efectos adversos evidentes
(154). Hay otro estudio reciente sobre la suplementacion con
fibra en el que también se han comunicado beneficios. Se es-
tudio el uso no controlado de una dieta ovovegetariana con mas
de 30 g de fibra por cada 2000 kcal. EI mantenimiento de la
remision a un afo fue notable (92 %) (155). Véase también la
recomendacion 8.
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Recomendacion 32A

Se debe considerar la terapia con probidticos para el manteni-
miento de la remisidn en la CU.

Grado de recomendacion B, consenso fuerte (96 % de acuerdo).

Recomendacion 32B

La terapia con probidticos no debe usarse para mantener la re-
mision en la EC.

Grado de recomendacion 0, consenso fuerte (100 % de acuer-
ao).

Comentario para A/B

La cepa de E. coli Nissle 1917 y la formulacion multiespecie
«V/SL#3» tienen beneficios, avalados por un metaanalisis (156),
sobre el mantenimiento de la remision en los pacientes, incluidos
los nifios, con CU de leve a moderada, en comparacion con los
compuestos de 5-aminosalicilato (75,157,158). Se han estudia-
do otros preparados probidticos que, por regla general, se han
tolerado bien y con tendencia a mostrar beneficios, pero no se ha
observado una eficacia significativa (159,160). Existe una nota
de advertencia con respecto a Lactobacillus rhamnosus GG; asi,
en casos aislados de nifios y adultos se han descrito bacterie-
mias tras la administracion de este probidtico a pacientes con CU
aguda grave (161,162).

Es probable que los probidticos no sean efectivos para prevenir
la recurrencia de la enfermedad en los pacientes con EC (158).
Aunque se hacen algunas afirmaciones positivas, no se puede
concluir ningun beneficio inequivoco (163-168). Actualmente no
se recomiendan los probidticos.

El término “VSL # 3” se refiere solo al producto probidtico utili-
zado en la literatura citada y a productos equivalentes indepen-
dientes del etiquetado actual del producto.

Recomendacion 33A

Los pacientes colectomizados con reservorio ileal y reservori-
tis (pouchitis) deben tratarse con una mezcla de probidticos
(<VSL#3») si el tratamiento previo con antibioticos fracasa.
Grado de recomendacion B, consenso fuerte (96 % de acuerdo).

Recomendacion 33B

La mezcla de probidticos «V/SL#3» puede usarse para la preven-
cion primaria y secundaria de la reservoritis en los pacientes con
CU que se han sometido a colectomia y tienen un reservorio con
anastomosis reservorio-anal.

Grado de recomendacidn B, consenso fuerte (100 % de acuer-
do).

Comentario para A/B

Los antibidticos (ciprofloxacino, metronidazol) son el tratamiento
de referencia de la reservoritis aguda (169). Dos ensayos doble
ciego controlados con placebo y realizados en adultos mostra-
ron la efectividad de una mezcla probiotica particular («VSL#3»
que contiene 450 mil millones de unidades formadoras de co-
lonias de ocho bacterias del &cido lactico: B. breve, B. longum,
B. infantis, L. acidophilus, L. casei, L. delbrueckii, L. plantarum y
Streptococcus salivarius subespecie thermophilus) para mante-
ner la remision en pacientes con reservoritis cronica (170,171).

S. C. Bischoff et al.

Un andlisis agrupado de estos dos estudios (76 participantes)
sugiere que esta bacterioterapia puede ser mas eficaz que el
placebo para el mantenimiento de la remision. El 85 % (34/40)
de los pacientes tratados con el principio activo mantuvieron la
remision de nueve a doce meses, en comparacion con el 3 %
(1/36) de los pacientes tratados con placebo (RR: 20,24). Un
andlisis GRADE indicé que la calidad de los datos que avalan
este resultado es baja debido a la escasez de datos (35 aconte-
cimientos) (172). En otro estudio (169) se evaluaron los efectos
de esta bacterioterapia como complemento de un tratamiento de
referencia. La disminucion de las puntuaciones obtenidas en el
indice de actividad de la enfermedad en el caso de la CU (IACU)
(=50 %) fue mayor en el grupo tratado con el principio activo que
en el grupo tratado con un placebo (63,1 frente a 40,8, segun el
protocolo; p = 0,010). La remision fue mayor en el grupo tratado
con el principio activo que en el grupo tratado con el placebo
(47,7 % frente a 32,4 %; p = 0,069).

Prevencion de la reservoritis: 10s resultados de un pequefio es-
tudio (40 participantes) indican que la bacterioterapia puede ser
mas eficaz que el placebo en la prevencion de la reservoritis
(173). EI 90 % (18/20) de los pacientes tratados con principio
activo no presentaron ningun episodio de reservoritis aguda du-
rante el estudio de doce meses, en comparacion con el 60 %
(12/20) de los pacientes tratados con placebo (RR: 1,50). Un
andlisis GRADE indicé que la calidad de los datos que avalan
este resultado fue baja debido a la escasez de datos (30 acon-
tecimientos). Por el contrario, la cepa GG de Lactobacillus rham-
nosus no fue eficaz para prevenir las recaidas (174). Las pautas
de la ECCO proponen el uso de «VSL#3» tanto para el man-
tenimiento de la remision inducida por antibiéticos como para
la prevencion de la reservoritis en los adultos (175) y en la CU
pedidtrica (176).

El término “VSL # 3” se refiere solo al producto probidtico utili-
zado en la literatura citada. A partir de enero de 2016, esta for-
mulacion dejo de estar disponible con la misma marca VSL # 3.

Recomendacion 34A

Ni la NE ni la NP se recomiendan como terapia primaria para
mantener la remision en la Ell.

Grado de recomendacion PCP. consenso fuerte (100 % de acuer-
ao).

Recomendacion 34B

En los pacientes con EC en que la desnutricion no ha podido
corregirse suficientemente mediante el asesoramiento dietético,
se puede recomendar el uso de SNO o NE.

Grado de recomendacion de PCP, consenso fuerte (100 % de
acuerdo).

GComentario para A/B

El soporte nutricional no se ha evaluado como terapia de mante-
nimiento en la CU, ni en la NP, ni en la EC. Una revision sistemati-
ca reciente de doce ECA y estudios de cohortes no aleatorizados
(177) (1169 pacientes, incluidos 95 nifios), la mayoria de buena
calidad, mostro que la NE de mantenimiento habia sido igual
0 mas eficaz que el comparador (dieta estandar, 5-AAS o aza-
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tioprina) para prevenir las recaidas de la EC durante periodos
de seis meses a cuatro afos. El estudio con el menor riesgo de
sesgo compard la NE suplementaria (50 %) con una dieta regular
en 51 pacientes adultos con EC (178). Los pacientes de cada
grupo del estudio estaban tomando medicamentos similares (5-
AAS o azatioprina). En el estudio se observd que, en el grupo
de la NE, nueve de 26 pacientes (34 %) tuvieron una recaida
durante un seguimiento medio de 11,9 meses, en comparacion
con 16 de 25 pacientes (64 %) en el grupo sin NE (HR = 0,40; IC
del 95 %: 0,16-0,98; p < 0,01). El estudio de laNE de manteni-
miento como adyuvante de la terapia con infliximab ha arrojado
resultados contradictorios, con un estudio negativo (145) y dos
estudios positivos (179,180) entre los publicados hasta la fecha.
Las formulas elementales han sido las mas estudiadas. En una
revision sistematica no se pudo observar ninguna diferencia sig-
nificativa entre las tasas de remision obtenidas, comparando las
formulas elementales con las poliméricas (181). Sin embargo,
se observo una tasa de adherencia al tratamiento mas baja para
la NE elemental, comparada con una dieta sin restricciones. Las
organizaciones europeas de Ell y de gastroenterologia y nutricion
pediatrica, ECCO y ESPGHAN, sugieren un posible papel para la NE
parcial como terapia de mantenimiento en los pacientes con enfer-
medad muy leve o riesgo bajo de recaida, en cuyo caso se prefiere
la alimentacion polimérica, reservando la alimentacion elemental
para los casos de alergia a las proteinas de la leche de vaca (182).

Recomendacion 35

En los pacientes con Ell en remision se debe seguir una dieta
estdndar (o SON), prestando atencion al cribado nutricional y re-
curriendo al apoyo nutricional genérico cuando sea necesario.
Grado de recomendacion PCP, consenso fuerte (95 % de acuer-
ao).

Comentario

Se han probado pocos suplementos dietéticos para el manteni-
miento de la remisién en los pacientes con Ell utilizando criterios
de valoracion clinicos. Un ensayo clinico aleatorizado, multicén-
trico, de grupos paralelos y abierto demostré en 105 pacientes
con CU en remision que las semillas de Plantago ovata (10 g dos
veces al dia) eran tan eficaces como la mesalamina (500 mg
tres veces al dia) para mantener la remision hasta un afio (152).
Una revision sistematica Cochrane ha analizado seis estudios
(1039 pacientes) de suplementacion con &cidos grasos n-3
(150): hubo un beneficio marginal significativo para la terapia
con n-3 en el mantenimiento de la remision.

Recomendacion 36

En los pacientes con EC y reseccion de mas de 20 cm del ileon
distal, con o sin preservacion de la la valvula ileocecal, debe pro-
cederse a la reposicion de vitamina B,

Grado de recomendacion A, consenso fuerte (100 % de acuer-
ao).

Comentario

Una revision sistematica reciente ha evaluado la literatura en
busca de la prevalencia, los factores de riesgo, la evaluacion y
el manejo de la deficiencia de vitamina B, en la Ell (183). La CU
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no resecada no predispone a niveles bajos de B,, o deficiencia
de B,,. La prevalencia de la deficiencia de B,, en la EC varia
del 5,6 % al 38 %. La reseccion de mas de 30 cm del ileon
distal, con independencia de que se haya resecado 0 no la val-
vula ileocecal, pondra al paciente en riesgo de deficiencia de
B,,. La reseccion de menos de 20 cm normalmente no causa
deficiencia (184). La EC ileal no se asocia inevitablemente con
la deficiencia de vitamina B,, (185,186), pero es dificil descartar
su responsabilidad cuando se trata de mas de 30-60 cm (183).
Los pacientes con EC y afectacion ileal y/o reseccion y/o caracte-
risticas clinicas que sugieran una deficiencia deberan evaluarse
anualmente para detectar cualquier posible deficiencia de coba-
lamina (183).

Los pacientes con deficiencia clinica deben recibir 1000 pg de
vitamina B, , por inyeccion intramuscular en dias alternos durante
una semana, y luego cada mes de por vida (187). Los pacientes
con reseccion de mas de 20 ¢cm de ileon deben recibir 1000 ug
de vitamina B,, de forma profilactica también cada mes y de
forma indefinida (187). La terapia oral puede ser igual de efi-
caz, pero esta poco explorada en la EC. Un estudio retrospectivo,
abierto y no aleatorizado de 36 pacientes con EC ha demostrado
que la via oral (1200 pg al dia durante en 33 pacientes, 2400 ug
al dia en tres pacientes) es eficaz en el tratamiento de la defi-
ciencia de vitamina B, (188). Por ahora, la suplementacion pa-
renteral sigue siendo la referencia, pero la reposicion oral puede
convertirse en referencia en los proximos afos.

Recomendacion 37

Algunos pacientes seleccionados con Ell —por ejemplo, los tra-
tados con sulfasalazina y metotrexato— deben recibir un suple-
mento de vitamina B9/acido fdlico.

Grado de recomendacidn B, consenso fuerte (100 % de acuer-
ao).

Comentario

La deficiencia de folato en la Ell puede tener varias causas: inges-
ta escasa, malabsorcion y exceso de utilizacion del folato debido
a la inflamacion de las mucosas y al efecto de los medicamentos.
Una combinacion de estos factores podria ser responsable de la
deficiencia de esta vitamina. Los farmacos son los principales
responsables de la deficiencia de folato por inhibicion de la di-
hidrofolato-reductasa, una enzima que cataliza la reduccion del
acido dihidrofélico en écido tetrahidrofélico (metotrexato) (189),
0 por inducir la malabsorcion de folato (sulfasalazina) (190). La
azatioprina y la 6-mercaptopurina también inducen macrocitosis,
pero a través de una actividad mielosupresora.

Una revision sistematica y un metaanalisis de 10 estudios reali-
zados en 4517 pacientes encontraron un efecto protector gene-
ral de la suplementacion de &cido folico sobre el desarrollo del
cancer colorrectal (HR combinado = 0,58; IC del 95 %: 0,37 a
0,80) (191). Un estudio italiano compard un mes de suplemen-
tacion con 15 mg de acido folico o folinico en 30 pacientes con
Ell tratados con sulfasalazina (192). Ambos pudieron restaurar
las reservas corporales de folato pero el &cido folinico fue mas
eficiente. Las directrices ECCO-ESPGHAN sobre el tratamiento
médico de la EC pediatrica recomiendan la administracion oral
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de &cido folico a los pacientes tratados con metotrexato, 5 mg
una vez a la semana, 24-72 horas después del metotrexato, o
1 mg al dia durante cinco dias a la semana (182). Este grupo de
expertos recomienda la misma practica en los adultos.

Recomendacion 38A

En las pacientes con Ell que estdn embarazadas deben contro-
larse de forma regular el metabolismo del hierro y los niveles de
folato y, en caso de deficiencias, proceder con la reposicion de
hierro y/o vitamina B9/4cido folico.

Grado de recomendacion de PCP consenso fuerte (95 % de
acuerdo).

Recomendacion 38B

En las pacientes con Ell en periodo de lactancia, el estado nutri-
cional debe controlarse reqularmente y, en caso de deficiencias,
proceder a la terapia de reposicion correspondiente.

Grado de recomendacidn PCF, consenso fuerte (100 % de acuer-
ao).

Comentario para A/B

Las consecuencias de la anemia y aquellas derivadas de los
defectos del tubo neural (193), junto con las frecuentes defi-
ciencias observadas en los pacientes con Ell, justifican la de-
teccion periodica de las posibles deficiencias de hierro y folato,
respectivamente, durante el embarazo, junto con un seguimiento
nutricional.

Hay poca informacion disponible que sea especifica con respecto
a la situacion de la mujer con Ell que esta considerando ama-
mantar. Sin embargo, no hay datos que indiquen la aparicion
de dafio alguno por el uso de cualquier intervencion nutricional
que se considere apropiada como parte del tratamiento para la
madre.

Recomendacion 39

En todos los pacientes con Ell deberia fomentarse el ejercicio
aerdbico (ejercicios de media o baja intensidad y de larga dura-
cion). En los pacientes con Ell y disminucion de la masa muscular
y/0 del rendimiento muscular Se debe recomendar una actividad
fisica adecuada.

Grado de recomendacion PCP, consenso fuerte (95 % de acuer-
ao).

Comentario

Una revision sistematica de 19 estudios sobre la composicion
corporal realizados en 926 pacientes con Ell reveld poca masa
magra en el 28 % de los pacientes con EC y en el 13 % de los
pacientes con CU (194). Se ha notificado la presencia de masa
muscular, fuerza de prension y rendimiento escasos en cohortes
de adultos con Ell (195,196), y también se han observado ha-
llazgos similares en nifios (197). Se comunico la existencia de
sarcopenia en el 12 % de los pacientes con Ell, con una edad
media de 31 afos, asociada a osteopenia (195).

En un estudio aleman, 30 pacientes de 41 + 14 afios con Ell
de leve a moderada se aleatorizaron para realizar una carrera
supervisada de intensidad moderada tres veces por semana du-
rante diez semanas frente a un grupo de control sin ejercicio.

S. C. Bischoff et al.

La calidad de vida relacionada con la salud, notificada como pun-
tuacion total del cuestionario para la enfermedad inflamatoria
intestinal (IBDQ, por sus siglas en inglés) mejord un 19 % en
el grupo de intervencidn y un 8 % en el grupo de control, con
diferencias significativas con respecto a la subescala social del
IBDQ, que mejord significativamente en el grupo de intervencion
en comparacion con los controles (p = 0,023) (198).

El tratamiento de referencia para la sarcopenia, junto con el man-
tenimiento de una ingesta proteica adecuada, es el entrenamiento
de resistencia. Se recomienda en la sarcopenia relacionada con la
edad (199). Sin embargo, no se ha evaluado en pacientes con Ell.
Aun asi, el grupo de expertos recomienda prescribir el entrena-
miento de resistencia (gjercicios con pesas) en 10s pacientes con
Ell que tengan sarcopenia o caracteristicas de sarcopenia (masa
muscular, fuerza y/o rendimiento reducidos).

Recomendacion 40

Se debe recomendar a los pacientes obesos con Ell que reduz-
can el peso solo en los periodos de remision estable y sequir
entonces las directrices actuales en materia de tratamiento de
la obesidad.

Grado de recomendacidn PCF, consenso fuerte (100 % de acuer-
ao).

Comentario

Hoy en dia, el sobrepeso y la obesidad son el trastorno nutricional
mas frecuente en los pacientes con Ell. Su prevalencia varia entre
paises, afectando al 32,7 % de 581 pacientes adultos con Ell en
EE. UU. (30,3 % de los pacientes con EC y 35,2 % de los pacien-
tes con CU) (200) y al 17 % de 100 pacientes irlandeses con EC
(201). En un estudio estadounidense de 1494 pacientes con Ell
(31,5 % de obesos) se observd una asociacion entre la obesidad
y sus comorbilidades habituales, la mala calidad de vida y los
niveles elevados de proteina C-reactiva (202). Sin embargo, la
obesidad no se asocié con una mayor utilizacion de la atencion
médica o0 un mayor nimero de cirugias relacionadas con la Ell.
Ningun estudio intervencionista ha abordado el tratamiento de
la obesidad en pacientes con Ell. Sin embargo, la elevada pre-
valencia tanto de las deficiencias de micronutrientes como de la
sarcopenia (nombrada en este caso como obesidad sarcopénica)
indica que el paciente con una dieta restrictiva tiene riesgo de
sufrir mas deficiencias y pérdida de masa muscular, especial-
mente en los estados catabdlicos como los que ocurren durante
los brotes de Ell. Por lo tanto, el grupo de expertos se declara en
contra de las dietas bajas en calorias para los pacientes con en-
fermedad activa y antes recomienda el ejercicio aerdbico como
primer paso para obtener una pérdida peso.

Autores de la version en castellano: Rosa Burgos (Unidad de
Soporte Nutricional. Vall d'Hebron Barcelona Hospital Campus.
Profesor Universitat Autdnoma de Barcelona -UAB-) y Miguel
Montoro (Unidad de Gastroenterologia, Hepatologia y Nutricion.
Hospital Universitario San Jorge. Huesca. Instituto Aragonés de
Ciencias de la Salud. Tutor Practicum del Grado de Nutricion Hu-
mana y Dietética. Facultad de Ciencias de la Salud y del Deporte.
Universidad de Zaragoza).
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Carta al Director

ESTADO NUTRICIONAL Y NIVELES DE
ANSIEDAD DURANTE LA PANDEMIA
DE COVID-19

Sr. Editor:

Recientemente leimos el articulo titulado “Conducta alimen-
taria y su relacion con el estrés, la ansiedad, la depresion y el
insomnio en estudiantes universitarios” (1), donde los autores,
luego de estudiar a 1055 estudiantes universitarios, nos aler-
tan sobre la elevada incidencia de patrones alimentarios no sa-
ludables y su relacion con la presencia de ansiedad, estrés y
depresion. Sin embargo, con el objetivo de complementar esta
informacion, nos gustarfa exponer algunos comentarios referen-
tes al comportamiento de los estados nutricionales y niveles de
ansiedad en contextos de la pandemia de COVID-19.

La evidencia muestra que, en tiempos de pandemia, el
peso corporal se ha relacionado con mayores probabilidades
de ansiedad por consumo de bebidas azucaradas (x* = 25,5;
p = 0,013), comida répida (x® = 63,4; p < 0,001) y bolleria
(x? = 37,7, p < 0,001) (2), mientras que algunos trabajos logran
vincular parcialmente la carga de salud mental producida por
la preocupacion por la pandemia con el estrés postraumatico
(19,9 %), ademas de la depresion, la somatizacion y la ansiedad
(3,4). En este sentido, la ansiedad generada por la COVID-19
se ha definido como los sintomas fisioldgicos generados por los
pensamientos y la informacion relacionada con la COVID-19,
cuyo impacto se ve modificado con la divulgacion de la infor-
macion asociada a las nuevas variantes del SARS-CoV-2, como
la Omicron (5,6). En cuanto a los estados nutricionales de los
estudiantes universitarios, se han reportado aumentos sobre
el tiempo de sedestacion semanal en los confinamientos (DM:
-106,76; 1C 95 %: -71,85, -141,67); por tanto, el mantener ac-
tividades rutinarias como estudiar, trabajar o practicar actividad
fisica en forma regular parecen ser eslabones clave para obtener
cierto grado de control sobre el balance energético y la incerti-
dumbre (7). En base a estos hallazgos consideramos necesario
generar una concientizacion sobre la practica de habitos saluda-
bles, puesto que son pilares fundamentales para el combate de
la ansiedad, el sobrepeso y la obesidad en tiempos de pandemia.
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VITAMINA D, CALCIO Y ESCLEROSIS
MULTIPLE

Sr. Editor:

Leimos la revision sistematizada realiza por Rodenas y co-
laboradores (1), donde se sefala que el déficit de vitamina D
favorece el desarrollo de la esclerosis multiple, siendo por tanto
recomendable su consumo via suplementacion. En el caso de las
mujeres, su combinacion con calcio, en especial en la etapa pre-
via a la menopausia, seria fundamental para mejorar su calidad
de vida ya que la vitamina D favorece su fijacion en los huesos.

En este aspecto creemos importante complementar esta infor-
macion sefialando que las altas dosis de vitamina D pueden tener
consecuencias negativas en la salud, como, por ejemplo, la gene-
racion de una sensacion de fatiga, debilidad muscular y disfuncion
renal,entre otros efectos que puedenenmascarar el cursonatural de
la esclerosis mdltiple progresiva; es decir, una hipervitaminosis
de vitamina D puede confundirse con un avance acelerado de
la enfermedad (2-4). Otro efecto del alto consumo de vitamina
D es la hipercalcemia, que puede provocar una activacion de las
células T, lo cual ayudaria a perpetuar la enfermedad. Si bien no
se han encontrado casos de este tipo en pacientes con esclerosis
multiple, es una posibilidad ante un consumo no controlado (4,5).

Dado que a nivel mundial es cada vez es mas frecuente en-
contrar personas con bajos niveles de vitamina D (6,7), lo cual es
probable que se haya agravado por la pandemia iniciada en el afo
2019, se ha promovido la produccion de alimentos enriquecidos en
vitamina D'y calcio (8), lo cual implica que los pacientes con escle-
rosis multiple, que ya estan en un tratamiento de suplementacion
de vitamina D y calcio, si no estan bajo una supervision adecuada
por parte de un profesional nutricionista, puedan llegar a una hi-
pervitaminosis y desarrollar los efectos negativos ya mencionados.

Actualmente, las recomendaciones de dosis diarias van desde
las 700 Ul hasta valores por sobre las 4000 Ul (2-5,7), por lo
que los controles clinicos periodicos en relacion con los niveles
de vitamina D disponibles en sangre son importantes en los pa-
cientes con esclerosis multiple, ya que esta puede no solo variar
en relacion con la suplementacion recibida sino también con el
consumo 0 no de alimentos enriquecidos y la exposicion al sol.
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Lo importante es mantener niveles constantes y estar atento a
los cambios en la sintomatologia de los pacientes, de manera de
poder diferenciar entre el curso natural de la esclerosis multiple y
una dosificacion inadecuada de la vitamina D y el calcio.
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