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Resulta muy dificil hacer una semblan-
za acertada de nuestro maestro, amigo y
compafiero Jests Manuel Culebras Fer-
nandez, sin cometer algtn error por omi-
sion dada su intensa y rica vida profesional
y personal. Su estrecho vinculo con nuestra
revista Nutricion Hospitalaria, por haber
sido su fundador y director durante 35
anos, afaden un plus imprescindible de
agradecimiento y de cuidado en el relato.

El llustrisimo Prof. Dr. Jesus Manuel
Culebras Fernandez (Madrid 1946-2024)
estudio en el Instituto Britanico de Madrid.
Curso la carrera de Medicina en la Universidad de Madrid (1963-1969). Desde 1969 hasta 1974 hizo la resi-
dencia en Cirugia de Aparato Digestivo en la Fundacion Jiménez Diaz. Acabada la residencia se traslado a la
Universidad de Harvard, Hospital Peter Bent Brigham donde, junto al Prof. Francis D. Moore, ampli6 su formacion
dedicandose fundamentalmente a la nutricion artificial, al metabolismo quirtirgico y a la composicion corporal
(destacando el “indice de hidratacion”, descubierto por él durante esta estancia).

De regreso a Espafia ocup6 una Jefatura de la Seccion de Cirugia en el Hospital Universitario Ramon y Cajal
de Madrid (1976-1979) hasta trasladarse en 1979 al Hospital Princesa Sofia (actualmente Hospital Universitario
de Ledn) donde ejercié como Jefe de Servicio hasta su jubilacion en 2013.

En su discurso “Medio Siglo de Nutricion Artificial” pronunciado en calidad de Académico de Namero, el dia
2 de febrero de 2024, en la Solemne Sesion Inaugural del Curso Académico en la Real Academia de Medicina
y Cirugia de Valladolid, el Dr. Culebras relata como gesto la fundacion de la entonces denominada Sociedad
Espariola de Nutricion Parenteral y Enteral (hoy, Sociedad Espariola de Nutricion Clinica y Metabolismo, SENPE),
siendo registrada en el entonces Ministerio de Gobernacion el 3 de noviembre de 1977. Esta sociedad ha te-
nido durante sus mas de 40 afios de existencia una importante actividad cientifica, organizando hasta la fecha
38 congresos nacionales, asi como reuniones, grupos de trabajo y publicaciones, habiendo contribuido de una
forma clara al desarrollo del conocimiento en el campo de las ciencias de la nutricion y el metabolismo en dife-
rentes situaciones clinicas.

La revista Nutricion Hospitalaria fue una idea que se gestd durante la estancia estadounidense del Dr. Cule-
bras, ante la necesidad de compartir el conocimiento en torno a las nuevas técnicas de alimentacion artificial
y Su uso por los mas ilustrados cirujanos del momento. En 1979, se publicé el primer Boletin de la Sociedad
Espafiola de Nutricion Parenteral y Enteral y, en 1982 se sustituyo por la Revista de la Sociedad Espariola de
Nutricion Parenteral y Enteral para, finalmente, transformarlo (en 1985) en la revista Nutricion Hospitalaria. Con
su comprometida direccion, el Dr. Culebras consiguié adaptarla a los ritmos y exigencias marcados por la co-
munidad cientifica y las tendencias de los procesos editoriales, siendo incorporada paulatinamente a las bases

©Copyright 2024 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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de datos y repositorios mas importantes (Aidsline, Cancerlit, Chemical Abstracts, CINAHL, CUIDATGE, IBECS,
IBIDS, indice Médico Espaiol, ISI Web of Knowledge, Cochrane BVS, EMBASE (Excerpta Medica), ENFISPO, JCR
Science Edition, La Biblioteca Cochrane Plus, MEDES, MEDLINE (Index Medicus), SCOPUS, The Cochrane Library,
Toxline, Vence NUTRICION. El texto integro de Nutricion Hospitalaria se recoge en los repositorios de: Dialnet,
DOAJ, E-LIS, Latindex, SciELO, Redalyc y otros.

Hoy podemos decir con orgullo, gracias a su dedicacion, que Nutricion Hospitalaria es 6rgano oficial de la
Sociedad Espafiola de Nutricion Clinica y Metabolismo (SENPE), del Centro Internacional Virtual de Investigacion
en Nutricion (CIVIN), de la Federacion Latino Americana de Nutricion Enteral y Parenteral (FELANPE), de la Fe-
deracion Espafiola de Sociedades de Nutricion, Alimentacion y Dietética (FESNAD) y de la Sociedad Espafiola
de Nutricion (SEN). La revista fue premiada por la Real Academia Nacional de Medicina en 2001, La Fundacion
Espafiola para la Ciencia y Tecnologia (FECYT) otorgo a la revista Nutricidn Hospitalaria el certificado de Revista
Excelente en 2011,

Ademas de su gestion al frente de Nutricion Hospitalaria, Jests Culebras pertenecio al comité editorial de
multiples revistas cientificas: Nutrition, Journal of Parenteral and Enteral Nutrition, Clinical Nutrition, Cirugia
Espariola, SECLA-Endosurgery, Revista Espariola de Enfermedades de Aparato Digestivo, Nutricion y Obesidad,
Brazilian Journal of Clinical Nutrition, Revista Espafiola de Investigaciones Quirtrgicas y Journal of Clinical Nu-
trition and Dietetics.

Como docente el Prof. Culebras Fernandez impartio clases de doctorado en la Universidad de Leén y en la
Escuela de Enfermeria de la misma ciudad. Fue profesor honorario de la Universidad Auténoma de Madrid y de
la Universidad de Albacete, habiéndose acreditado como profesor titular de cirugia en 2010.

En investigacion, colabord con el Instituto de Biomedicina (IBIOMED) de la Universidad de Ledn, publicando
como autor o coautor varios libros y mas de 160 trabajos originales de investigacion en cirugia, nutricion artifi-
cial, metabolismo intermediario, hepatologia, composicidn corporal, infeccién quirtrgica, técnicas quirdrgicas y
bibliometria.

Durante su activa vida profesional participd en un importante nimero de eventos cientificos, cursos, congre-
so0s, reuniones cientificas, a lo largo de al menos 4 continentes (Europa, Asia, Africa y las 2 Américas). Siempre
consiguio que todo pareciese fécil, pero a su inteligencia y conocimientos también ayudaba un manejo excep-
cional de los idiomas inglés y ruso.

Organizo, siempre con éxito, diversos congresos en calidad de secretario (Sociedad Espafiola de Aparato Di-
gestivo, Ledn 1982) o de presidente: SENPE (Il Congreso en 1995 y XIX Congreso en 2003); Sociedad Espafiola
de Nutricion (SEN) en 2003; Congresos de la Sociedad Espafiola de Investigaciones Quirtrgicas (SEIQ) en 1996
y 2012, y el Congreso de la Sociedad Europea de Infeccion Quirtrgica (SIS-E) en 2011 en Leon.

Su naturaleza infatigable por aprender e investigar, en definitiva, por aumentar el conocimiento, le llevo, en el
trienio de 1989 a 1992, a liderar el Proyecto de Investigacion EUROPAN, financiado por la Comunidad Europea
(COMAC-BIO) con participacion de 42 grupos de investigacion internacionales. La UE publico el informe técnico
del proyecto EUROPAN en el libro editado por C. Baya, Biomedical and Health Research en 1994. En 1992 orga-
niz6 el Primer Encuentro Hispano Ruso de Nutricidn Artificial en Barcelona.

Entre sus distinciones figuran también las de haber sido Académico de Nimero de la Real Academia de Me-
dicina de Asturias y Leon desde 1993y, como ya hemos comentado anteriormente, Académico de Nimero de
la Real Academia de Medicina y Cirugia de Valladolid desde 2008.

Tampoco queremos olvidar que durante 10 afos fue presidente del Comité Etico de Investigaciones Clinicas
(CEIC) del Area de Ledn (2003-2013) y presidente de la Sociedad Europea de Infeccion Quirtrgica en 2012.

Finalmente, cabe hacer una mencién a dos de los mdiltiples premios y menciones que recibié en congresos
nacionales e internacionales. Por su importancia, y por el especial valor que él les daba, queremos destacar
el Premio Carolyn & Henry Cate de la Universidad de Harvard en 1976 y el Premio a la Trayectoria Cientifica
(SENPE, 2006).

A nadie de los que le conocimos de cerca se nos escapa el tiempo, la energia, la ilusion y el trabajo que Jesus
dedicé a potenciar la SENPE y, muy especialmente, Nutricion Hospitalaria. Por todo ello estaremos siempre
agradecidos a nuestro Presidente de Honor.

Para destacar su saber hacer en nuestra sociedad, adaptada a los tiempos recientes como Sociedad Espariola
de Nutricion Clinica y Metabolismo, aun manteniendo las mismas siglas SENPE, en 2010, en su honor, como
muestra de maximo reconocimiento se cre6 el premio “Leccion Jesus Culebras” —de cardcter anual—, que se
imparte durante la celebracion de los congresos de SENPE y se adjudica a los “notables” en los diferentes aspec-
tos de nutricion y metabolismo. Jesus se sentia recompensado con este reconocimiento y muy feliz al colaborar
cada afio en la eleccion del galardonado, asi como protagonizando la entrega del mismo.

[Nutr Hosp 2024;41(3):535-537]
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Esto es solo una pequefia muestra de su legado que se ha extendido internacionalmente y que estamos
seguros se mantendra vivo en SENPE y especialmente en FELANPE (Federacion Latinoamericana de Terapia
Nutricional, Nutricion Clinica y Metabolismo) donde es una persona querida y admirada, todo un referente en el
mundo de la Nutricién Clinica. La declaracion de Montevideo en 2006 fue uno de sus logros compartidos con la
Sociedad Latinoamericana de Nutricion (SLAN) y FELANPE.

Lo que a lo mejor muchos no saben es que Jesus era un enamorado de la literatura, especialmente de Miguel
de Cervantes, con especial vinculacion a su gran obra Don Quijote de la Mancha y como tal un sofiador, un
luchador, un innovador valiente que apostd siempre por la riqueza intelectual y emocional en la vida. Estamos
seguros que haria suyas las palabras de Don Quijote definiendo su destino en la vida: “Sofar el suefio imposible,
luchar contra el enemigo imposible, correr donde valientes no se atrevieron, alcanzar la estrella inalcanzable.
Ese es mi destino”.

Querido Jesus, GRACIAS por tu trabajo, entusiasmo, bonhomia, generosidad por compartir tus suefios y tu
tenacidad para construir un espacio de debate multidisciplinar de la Nutricion Clinica. Todos tenemos anécdotas
tuyas que recordar, momentos que nos contagian tus ganas de vivir y tus ilusiones personales y profesionales.
Tus acciones vinculadas a Nutricion Hospitalariay a SENPE quedaran en nuestra memoria colectiva, en todos y
cada uno de los miembros de la familia SENPE.

Jesus, descansa en paz con el convencimiento de haber realizado una labor excelente, original y meticulosa,
en la que pusiste la vida y nunca cejaste en tu buen hacer.

Conflicto de interés: los autores declaran no tener conflicto de intereses.

Inteligencia artificial: los autores declaran no haber usado inteligencia artificial (IA) ni ninguna herramienta que use IA para la redaccion del
articulo.
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'Catedratico Emérito de Medicina Intensiva. Universidad Autdnoma de Madirid. Académico de Honor de la Academia
Espariola de Nutricion y Dietética. Socio de Honor de la Sociedad Espariola de Nutricion Clinica y Metabolismo. Premio
SENPE “Leccion Jestis Culebras” 2016.

2Académico de Honor de la Academia Espafiola de Nutricion y Dietética. Socio de Honor de la Sociedad Espariola de
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Experiencia clinica en pacientes con fallo intestinal: estudio de cohorte en un hospital

de referencia
Clinical experience in patients with intestinal failure: a cohort study in a third referral hospital

Adriana Flores-Ldpez, Luis E. Gonzalez-Salazar, Ana L. Reyes-Ramirez, Aurora E. Serralde-ZUfiga

Servicio de Nutriologia Clinica. Instituto Nacional de Ciencias Médicas y Nutricién Salvador Zubiran. Ciudad de México, México

Resumen

Introduccion: el fallo intestinal (Fl) es un fallo organico clasificado en tres tipos (I-ll). Condiciona incapacidad para absorber los nutrimentos y
agua, por lo que se requiere nutricion parenteral (NP).

Obijetivo: evaluar las caracteristicas de pacientes hospitalizados con Fl 'y su asociacion con desenlaces clinicos y nutricionales.

Métodos: cohorte historica de adultos hospitalizados con Fl'y NP. Se registraron variables del proceso de atencion nutricia (tamizaje, antropomé-
tricas, bioquimicas, clinicas, nutricionales), mortalidad y estancia hospitalaria.

Resultados: se incluyeron 697 pacientes, de 56 (41-68) afos, 327 muijeres (46,8 %) e indice de masa corporal (IMC) 22,4 (18,3-25,9).
Diagndstico: 577 pacientes FI-I, 96 FI-Il y 24 FI-Ill. Las causas mas frecuentes fueron las neoplasias malignas en FI-1 (26,7 %) y FI-II
(21,9 %) y las complicaciones quirdrgicas en FI-IIl (37,5 %). La fisiopatologia méas comun en todos los tipos de Fl fueron desérdenes de
la motilidad (40,6 % en Fl-I, 43,8 % en Fl-Il y 33,8 % en FI-Ill), con elevado riesgo nutricio (92,4 %) y de realimentacion (65,6 % alto y
Palabras clave: muy alto). En el Fl agudo (FI-I), en comparacion con la prolongada (FI-II/FI-lll), se tiene un mayor IMC (p = 0,039) y grasa visceral (p =
0,041) y estan sobrehidratados (p = 0,014), pero cuentan con un menor angulo de fase (p = 0,004) y tienen porcentaje de adecuacion

Fallo intestinal. Soporte menor de lo que se prescribe en relacion a su gasto energético (p < 0,001).

nutricio. Nutricién

parenteral. Desnutricion. Conclusiones: durante el proceso de atencion nutricia existen diferencias entre los tipos de Fl, que son relevantes para optimizar su manejo
Hospitalizacion. multidisciplinario y evitar las complicaciones relacionadas.
Abstract

Introduction: intestinal failure (IF) is an organic failure classified into three types (I-lll); it conditions inability to absorb nutrients and water, so
parenteral nutrition (PN) is required.

Objective: to evaluate the characteristics of hospitalized patients with IF, and their association with clinical and nutritional outcomes.

Methods: historical cohort of hospitalized adults with IF and PN. Variables of the nutritional care process (screening, anthropometric, biochemical,
clinical, nutritional), mortality and hospital stay were recorded.

Results: six hundred and ninety-seven patients aged 56 (41-68) years, 327 women (46.8 %), with body mass index (BMI) 22.4 (18.3-25.9),

were included. Diagnosis: 577 patients with IF-1, 96 patients with IF-II, and 24 patients with IF-IIl. The most frequent causes were malignant

neoplasms, IF-1 (26.7 %) and surgical complications in IF-Il (21.9 %) and IF-1Il (37.5 %). The most common pathophysiology in all types of IF

was motility disorders (40.6 % in IF-I; 43.8 % in IF-II; 33.8 % in IF-Ill). The majority of patients had high nutritional risk (92.4 %) and refeeding

Keywords: syndrome (65.6 % high and very high). In acute IF (FI-l) compared to prolonged IF (If-lI/IF-1Il) there is a higher BMI (p = 0.039), visceral fat

) ) B (p=10.041) and over-hydration (p = 0.014), but they have a smaller phase angle (p = 0.004), with a lower adequacy percentage than what
L”Jszgaalg::t’r:fér’:‘“t”t"’”a' is prescribed in relation to their energy expenditure (p < 0.001).

nutrition. Malnutrition. Conclusions: during the nutritional care process there are differences between the types of IF, which are relevant to optimize their multidisciplinary
Hospitalization. management and avoid related complications.
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INTRODUCCION

El fallo intestinal (FI) se define como la pérdida de la funcion
para tener la absorcion adecuada de los nutrimentos, el agua y
los electrolitos. Requiere de la suplementacion intravenosa de
liquidos y/o nutricion parenteral (NP) para mantener la salud
y/0 el crecimiento. Desde el punto de vista funcional, el Fl se
clasifica en tres tipos segln la gravedad, la duracion de la afec-
cion y los trastornos metabdlicos presentes. El Fl tipo | (FI-I)
es autolimitado y de rapida resolucion, suele ocurrir después
de una cirugia o enfermedad critica y el tratamiento se enfoca
en recuperar la homeostasis, superar la fase aguda y resolver
el origen que la condiciond. El Fl tipo Il (FI-Il) es una condicion
aguda prolongada (semanas a meses), frecuente en pacientes
previamente sanos y asociado a complicaciones infecciosas y
metabolicas complejas que los mantiene inestables. El trata-
miento se centra en resolver la sepsis y corregir la disfuncion
organica y el Fl. El tipo Il (FI-lll) es cronico (meses 0 afios) y se
presenta en pacientes metabolicamente estables que pueden
estar en casa con NP. Ademas, se presenta posterior a la resec-
cion intestinal multiple o enfermedad sistémica o gastrointesti-
nal severa, y también, como resultado de enfermedad terminal
por cancer intraabdominal o pélvico. Cuando se asocia con en-
fermedad benigna es reversible y el 20-50 % de los pacientes
logra el retiro de la NP (1-3).

Esta condicion es un tipo raro de fallo organico y la inciden-
cia de cada uno de los tipos es dificil de cuantificar, ya que no
se tienen registros claros. En Europa, se estima una incidencia
anual de nueve y dos casos por millén de habitantes de FlI-Il y
de FI-lll, respectivamente (4), y fue incluido como enfermedad
rara (ORPHA:294422) (5). Existen guias internacionales para el
manejo del Fl para el paciente hospitalizado y ambulatorio (6,7).
La eficacia de la atencion nutricional ha sido ampliamente docu-
mentada e incluso recientemente considerada como un derecho
humano (8). En el ambito hospitalario, es importante tomar en
consideracion el proceso de atencion nutricia para el tamizaje,
la evaluacion, la intervencion y el monitoreo constante de los
pacientes (9).

El soporte nutricional debe estar acompafiado de la reposicion
hidroelectrolitica en funcion de las pérdidas que se producen
en problemas como diarrea, fistulas, fiebre. Se debe vigilar el
aporte de liquidos, glucosa y electrolitos, especialmente al ini-
cio de la NP, para evitar complicaciones como el sindrome de
realimentacion (3). Las guias internacionales recomiendan una
prescripcion individualizada y el uso de la calorimetria indirecta
o0 de ecuaciones de prediccion de gasto energético en reposo
(GER) para el calculo de requerimientos y del aporte nutrimental
que los cubra (10).

Por otro lado, el monitoreo de las medidas antropométricas y
bioquimicas es un indicador que determina la eficacia de la inter-
vencion nutricia. Ademas de las mediciones tradicionales como
el peso, el indice de masa corporal (IMC) o las circunferencias
corporales, la composicion corporal es estimada con la bioim-
pedancia eléctrica multifrecuencia, que tiene buena correlacion
con los estandares de referencia (11) e incluso algunos de sus
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parametros, como el angulo de fase (AF), han sido considerados
indicadores prondsticos (12). El objetivo del presente estudio fue
evaluar las caracteristicas de una cohorte de pacientes hospi-
talizados con Fl y su asociacion con los desenlaces clinicos de
mortalidad, estancia intrahospitalaria (EIH) e indicadores nutri-
cionales (riesgo nutricio, riesgo de realimentacion, composicion
corporal y gasto energético en reposo).

MATERIALES Y METODOS

Se realizd un estudio de cohorte histdrica en un hospital de
referencia de tercer nivel de enero de 2019 a junio de 2022. Se
incluyeron pacientes adultos de ambos sexos, hospitalizados con
diagnéstico de Fl y con soporte nutricio con NP. El estudio fue
aprobado por el comité institucional de ética e investigacion en
humanos (n.°1705). Se garantizo la confidencialidad y seguridad
de la informacion privada de los sujetos incluidos en el estudio
creando una base de datos electrénica protegida mediante la
codificacion de las variables.

La atencion nutricional estuvo a cargo de un equipo multi-
disciplinario de soporte nutricio y se registraron las variables
relacionadas: tamizaje nutricional y riesgo de realimentacion
y evaluacion nutricional (variables antropométricas, bioquimi-
cas, clinicas, requerimientos y prescripcion nutricional) (13). Se
obtuvieron del expediente electronico los datos clinicos para
establecer la fisiopatologia y causa del Fl, considerando los
diagndsticos médicos establecidos, asi como seguimiento, EIH
y mortalidad.

El tamizaje nutricional (NRS-2002, Nutritional Risk Screening
2002) se realiza en las primeras 24 horas de ingreso por per-
sonal capacitado para determinar la presencia de riesgo nutricio
(> 3 puntos) (14).

El riesgo de realimentacion se evalia al ingreso segun el al-
goritmo que considera la pérdida de peso involuntaria, el IMC,
la baja o nula ingesta energética, las concentraciones bajas de
electrolitos y el diagnostico (15).

En cuanto a las variables antropométricas, se registraron el
peso y la talla con una bascula y estadimetro digital y se calculd
el IMC (peso/talla®). Los datos de composicion corporal fueron
medidos con equipo de bioimpedancia eléctrica multifrecuencia
(InBody S10; InBody Co., Ltd., Seul, Corea). Se trata de un méto-
do no invasivo basado en el paso de corriente alterna a través del
cuerpo y sus interacciones con células y tejidos; produce lectu-
ras de resistencia y de reactancia, con las cuales se calculan va-
riables como el AF, la relacidn de agua extracelular (AEC) y agua
corporal total (ACT), asi como diversos valores de composicion
corporal Utiles en la practica clinica (16). Para esta medicion, el
paciente se mantiene en decubito, se le colocan electrodos en
ambas manos y pies y el equipo registra las mediciones comple-
tas en aproximadamente un minuto.

Con respecto a las variables bioquimicas, se registraron al
ingreso y a los 21 dias (en los pacientes que continuaban con
NP) los valores de las pruebas de funcion hepatica, quimica san-
guinea, proteina C reactiva (PCR) y electrolitos séricos. Dichos
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analisis de llevaron a cabo en el laboratorio central a través de
ensayos colorimétricos enzimaticos como glucosa hexoquinasa
para la medicion de glucosa, las pruebas de funcionamiento he-
patico con la técnica UVP5P y la PCR con inmunoturbidimetria.

El método de hexoquinasa usa suero de la muestra obteni-
da, la cual se desproteiniza con hidroxido de bario y sulfato de
zinc; la glucosa que contiene la muestra reacciona con ayuda
de la enzima hexoquinasa para formar glucosa-6-fosfato (G6F).
Posteriormente, la glucosa 6-fosfato deshidrogenasa acttia so-
bre la G6F en presencia de la nicotinamida adenina dinucledtido
fosfato (NADP+) para formar dihidronicotinamida adeninda dinu-
cledtido fosfato (NADPH) o NADH y 6-fosfogluconato. La cantidad
de NADPH o NADH se mide con una absorbancia de 340 nm,
siendo esta la cantidad proporcional de glucosa contenida en la
muestra (17).

La técnica UVP5P, también conocida como IFCC, actta cuan-
do, por ejemplo, la alaninotransferasa (ALT) cataliza la reac-
cion entre la L-alanina y el 2 oxoglutarato formando piruvato
y L-glutamato. El piruvato es, consecuentemente, reducido
por NADH por la lactato deshidrogenasa (LDH) para formar
L-lactato y NAD+; la proporcion oxidada de NADH es equiva-
lente a la actividad catalitica de ALT y se determina midiendo
la reduccion de la absorbancia (18). Por dltimo, el ensayo de
inmunoturbidimetria se basa en la aglutinacién de la PCR con
particulas de latex que se unen con anticuerpos monoclonales
anti-PCR y, como resultado, se forman agregados que se mi-
den por turbidimetria (19).

La calorimetria indirecta es un método no invasivo llevado a
cabo con el paciente en decubito. Se le coloca una mascarilla
que cubre la nariz y la boca, en reposo durante 30 minutos, para
estimar a través del intercambio respiratorio de oxigeno (0,) y
dioxido de carbono (CO,) los valores del GER y el cociente res-
piratorio (RQ = VCO,/V0,), a fin de establecer la proporcion de
sustratos oxidados (hidratos de carbono, proteina y lipidos) (20).
Se utilizé para ello el monitor metabélico Quark Ergo (Cosmed,
Rome, Italy).

A. Flores-Ldpez et al.

Para la prescripcion nutricional se obtuvieron los valores de la
indicacion de la NP (energia, macronutrimentos totales por kg de
peso actual y porcentaje de distribucion). Se consideraron el GER y
la energia prescrita y se calculd el porcentaje de adecuacion (21).

ANALISIS ESTADISTICO

Las variables cualitativas se presentan en frecuencias y por-
centajes y se analizd la distribucion de las variables cuantitativas
con la prueba de Kolmogorov-Smirnov. Los datos con distribucion
normal se presentan en media y desviacion estandar (DE) v, en
caso contrario, como mediana y rango intercuartil (RIC). Para la
comparacion de las variables cualitativas se utilizo la prueba de
Chi-cuadrado y para las cuantitativas con distribucion normal, la
prueba t de Student para muestras relacionadas, t de Student para
muestras independientes 0 Anova de una via, segun el caso. Para
las variables no paramétricas se emplearon las pruebas de Wilco-
xon, U de Mann-Whitney o Kruskal-Wallis, segun el caso. Se usd el
paquete estadistico SPSS version 22 para Windows (22).

RESULTADOS

Fueron elegibles 734 ingresos hospitalarios de pacientes que
recibieron soporte nutricio con NP. Se excluyeron 18 que no tu-
vieron diagnostico de Fl'y 19 por motivos de reingresos hospita-
larios. Finalmente, se incluyeron 697, la mediana de edad fue de
56 (41-68) arios y 327 fueron mujeres (46,8 %), con IMC de 22,4
(18,3-25,9). EI diagndstico fue: FI-I en 577 (82,8 %) pacientes,
Fl-llen 96 (13,8 %) y Fl-ll en 24 (3,4 %). Fallecieron 157 (22,5 %)
pacientes durante el internamiento, de 59 (45-69) afios vs. 55
(39-67) afos en los que sobrevivieron (p = 0,033). La figura 1
muestra la clasificacion de los pacientes de acuerdo a los diferen-
tes tipos de Fl, asi como la proporcion de pacientes que murieron
en cada grupo, sin diferencia significativa entre ellos (p = 0,283).

T

Figura 1.

Diagrama del estudio. Se muestra la
clasificacion de los pacientes hospita-
lizados incluidos en el estudio en los
diferentes tipos de fallo intestinal (Fl) y
la mortalidad en cada grupo (FI-I: fallo
intestinal tipo I; FI-II; fallo intestinal tipo
II; FI-1lI: fallo intestinal tipo Ill).
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Los pacientes al ingreso tuvieron elevado riesgo nutricio
(92,4 %) y de realimentacion (65,6 % alto y muy alto). La tabla |
muestra las caracteristicas de los pacientes al ingreso de acuer-
do con los diferentes tipos de FI; en ella se observan diferencias
significativas entre 10s grupos con respecto a la duracion de la
NP, la estancia hospitalaria y el IMC. Del total de pacientes, la
causa mas frecuente de FI fueron las neoplasias malignas, en
180 pacientes (25,1 %), y como mecanismo fisiopatoldgico, los
desordenes de la motilidad, en 289 pacientes (40,4 %). En la
figura 2 se muestran las diferencias en la causa o condicion que
origina el FI (p = 0,008) y la fisiopatologia (p < 0,001) asociada
entre los tipos de FI.

En la tabla Il se muestra la comparacion de las variables bio-
quimicas al ingreso y después de 21 dias con NP en aquellos
pacientes que continuaban alimentandose por esta via, inde-
pendientemente del tipo de FI. Se documentd que ALT, aspar-
tato aminotranferasa (AST), fosfatasa alcalina (FA), glucosa y
nitrégeno ureico (BUN) aumentaron, mientras que bilirrubinas,
creatinina y PCR disminuyeron en este periodo. En cuanto a los
resultados de composicion corporal la tabla Il y la figura 3 mues-
tran que el peso y la grasa visceral de los pacientes con FI-I son
significativamente menores que en aquellos que tuvieron mas

de 21 dias con NP (F-II/Ill); en contraste, aquellos con FI-I tienen
mayor retencion hidrica y menor AF.

Por Ultimo, aunque la energia prescrita por kg peso es similar
entre los grupos, cuando se compar6 con el GER estimado por
calorimetria indirecta para identificar el porcentaje de adecuacion,
es decir, si la prescripcion de energia en la NP correspondia con
lo que el paciente requeria seglin este método, se encontraron
datos interesantes. La tabla IV muestra las diferencias entre los
pacientes con FI-I vs. F-II/ll. En estos Ultimos, se prescribio mayor
aporte de energia y macronutrimentos; utilizan en mayor propor-
cion proteina para la produccion de energia, es decir, como sus-
trato oxidado. Asimismo, el porcentaje de adecuacion con relacion
a su GER, gramos totales y por kg de peso de cada uno de los
macronutrimentos, fue significativamente mayor también.

DISCUSION

La determinacion de la epidemiologia del Fl es compleja, ya
que esta relacionada con otras patologias y la resolucion puede
ser variable. La atencion y el seguimiento de estos pacientes
requieren la intervencion de diversos profesionales de la salud y

Tabla I. Caracteristicas al ingreso hospitalario de los pacientes con fallo intestinal

Fl-I FI-lI FI-ll
Variables cualitativas Frecuencia Frecuencia Frecuencia Valor p
(porcentaje) (porcentaje) (porcentaje)

Sexo

Muijer 271 (47,0 46 (47,9) 10 (41,7) 0.859

Hombre 306 (53,0) 50 (52,1 8,3 '
Riesgo nutricional

Sin riesgo 45 (7,8) 6 (6,3) 14,2 0.713

Con riesgo 532 (92,2) 90 (93,8) 23(95,8) '
Riesgo de sindrome de realimentacion

Sin riesgo 96 (16,6) 12 (12,5) 5(20,8)

Riesgo bajo 101 (17,5) 21219 5(20,8) 0.709

Riesgo alto 279 (48,4) 49 (51,0 12 (50,0 '

Riesgo muy alto 101 (17,9) 14 (14,6) 2(8,3)

Variables cuantitativas Mediana (RIC) Mediana (RIC) Mediana (RIC) Valor p
Edad (afios) 56 (42-68) 51 (35-67) + 18,2 50 (38-63) 0,092
Dias con NPT 8 (4-13) 33 (25-53) 31 (14-56) < 0,001
EIH (dias) 22 (14-40) 50 (36-81) 49 (20-65) < 0,001
Estatura (cm) 162 (154-170) 163 (157-170) 168 (161-171) 0,024
Peso (kg) 58,0 (47,2-70,0) 56,0 (45,0-67,8) 51,0 (42,0-74,8) 0,273
Peso ideal (kg) 60,4 (53,7-66,4) 60,0 (55,1-66,5) 63,4 (565,7-67,1) 0,327
IMC 22,6 (18,5-26,0) 21,2 (17,3-24,6) 19,6 (15,2-24,5) 0,017

Las variables cualitativas se analizaron con la prueba de Chi-cuadrado, mientras que las variables cuantitativas se analizaron con la prueba de Kruskal-Wallis. Fl: fallo

intestinal; RIC: rango intercuartil; IMC: indice de masa corporal; NPT: nutricion parenteral total; EIH: estancia intrahospitalaria.
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A

Causa del fallo intestinal

B Fisiopatologia del fallo intestinal

Figura 2.

Comparacion de la causa (A) y fisiopatologia (B) del fallo intestinal entre
los diferentes grupos de los pacientes del estudio. Se muestra la compa-

racion realizada con la prueba de Chi-cuadrado, que evidencid que existen
diferencias significativas (p = 0,002 y p < 0,001, respectivamente) (FI-I: fallo

intestinal tipo I; FI-II: fallo intestinal tipo II; FI-IlI: fallo intestinal tipo IlI).

A. Flores-Ldpez et al.

el soporte nutricio con NP es parte indispensable del tratamiento
(23). Se estima que aproximadamente el 2 % de los pacientes
en los hospitales recibe NPy alrededor del 60 % corresponde a
Fl aguda (24). Se ha buscado ampliar el conocimiento de esta
condicion y la colaboracion en estudios multicéntricos (25-28),
en especial, del FI-Ill por su rareza, de ahi nuestro interés en do-
cumentar la experiencia en su atencion, al colaborar en algunas
de estas iniciativas por pertenecer a una institucion de referencia
nacional de enfermedades relacionadas que la condicionan.

La distribucion de los tipos de FI encontrada en este estudio
estuvo acorde a lo reportado en la literatura con estudios multicén-
tricos como los mencionados y con otros reportes de experiencia
local (29), en los que la proporcion y mortalidad de los pacientes
con Fl-I fueron mayores que las de Fl-Il, mientras que la menor
correspondi¢ a los clasificados como FI-Ill, relacionada con la es-
tabilidad que tienen los pacientes por definicion y las patologias
que la originan. Sin embargo, fue menor a la mortalidad reportada
por Enriquez-Sanchez y cols., ya que en pacientes con Fl-I fue del
55,6 %; con Fl-Il, del 25,8 %; y con FI-lll, del 50 % (30).

Otro estudio realizado por Reitman Blaser y cols. report6 re-
sultados similares a los nuestros, con mortalidad alrededor del
20 % en pacientes con Fl aguda (24). Estas diferencias se pue-
den explicar por la experiencia clinica en el tratamiento del Fl, ya
que al ser una patologia que requiere un manejo multidiscipli-
nario, no siempre es factible que las instituciones cuenten con
los recursos humanos y materiales para su tratamiento. Por ello,
las estrategias para identificarlo estan justificadas, para generar
evidencia que contribuya a mejorar su atencion y gestion en las
instituciones de salud (3), que contribuya en la atencion oportuna
y adecuada, o bien la referencia a la institucion que corresponda.

Tabla ll. Comparacion de los parametros bioquimicos a la admisidén hospitalaria y a los
21 dias de estancia hospitalaria en los pacientes con fallo intestinal

Variables Ac.imisién I?ia 21 Valor p
Mediana (RIC) Mediana (RIC)

Bilirrubina total (mg/dl) 0,630 (0,450-1,20) 0,570 (0,370-1,41) 0,002
Bilirrubina directa (mg/dl) 0,230 (0,145-0,500) 0,180 (0,115-0,685) 0,038
Bilirrubina indirecta (mg/dl) 0,430 (0,300-0,715) 0,390 (0,205-0,620) 0,007
ALT (mg/dl) 19,1,0 (12,5-38,8) 36,6 (20,1-62,2) < 0,001
AST (mgy/dl) 25,2 (16,3-40,4) 33,0 (20,9-60,8) 0,015
Fosfatasa alcalina (mg/dl) 91,0 (68,0-184) 199 (142-339) < 0,001
Albtimina (g/dI) 2,35 (2,13-2,93) 2,61 (2,17-2,84) 0,816
Glucosa (mg/dl) 107 (90,5-128) 121 (102-142) 0,050
Nitrégeno ureico (mg/dl) 23,0(13,7-31,9) 24,6 (16,4-29,5) 0,027
Creatinina (mg/d) 0,790 (0,490-1,06) 0,540 (0,395-0,995) < 0,001
PCR (mg/dl) 9,35 (2,66-18,3) 6,00 (2,51-9,65) 0,051

Las variables se analizaron con la prueba de Wilcoxon. RIC: rango intercuartil; ALT: alanina aminotransferasa; AST: aspartato aminotransferasa; PCR: proteina C reactiva.
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Tabla Ill. Comparacion de la composicion corporal de los pacientes con fallo intestinal

Fl-ln =20 FI-1I/FI-1ll n = 25
Variables Media = DE Media = DE Valor p
Mediana (RIC) Mediana (RIC)
Peso (kg) 68,0 + 27,4 56,7 17,9 0,103
IMC 25,8 + 9,51 20,6 £7,19 0,039
Masa musculoesquelética (kg) 23,6 +7,79 22,7 £ 6,52 0,647
Masa grasa (%) 29,9+13,3 22,1 +129 0,054
Grasa visceral (cm?) 86,1 (53,6-167,4) 55,9 (36,6-113,5) 0,041

Las variables con distribucion normal se analizaron con una prueba t para muestras independientes mientras que las de distribucion no parameétricas se analizaron con
la prueba U de Mann-Whitney. DE: desviacion estandar; RIC: rango intercuartil; IMC: indice de masa corporal.

A ECW/TBW
B Angulo de fase
Figura 3.

Comparacion de la composicion corporal segmentada en pacientes con fallo
intestinal tipo | (FI-I) y tipo II-ll (FI-II/Il). A. Relacion entre agua corporal extra-
celular (AEC) y total (ACT). B. Angulo de fase total y por segmento corporal.
Las variables con distribucion normal se analizaron con la prueba t para
muestras independientes, mientras que las de distribucion no paramétrica se
analizaron con la prueba U de Mann-Whitney (FI-I: fallo intestinal tipo I; FI-II:
fallo intestinal tipo II; FI-IlI: fallo intestinal tipo Ill; BD: brazo derecho; Bl: brazo
izquierdo; TR: tronco; PD: pierna derecha; PI: pierna izquierda).

Encontramos diferencias en la EIH. En el caso del FI-l, en la
mayoria de los casos se autolimita, por 1o que el paciente puede
reiniciar alimentacion por via oral o enteral con duracion menor
de la NPy egreso mas temprano. Los pacientes con FI-Il tuvieron
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una mayor EIH y dias con NP, lo que puede deberse a que son
pacientes inestables con procesos infecciosos complejos como
sepsis abdominal, lo que alarga el proceso de recuperacion. Por
otro lado, los pacientes con FI-lll, a pesar de tratarse de una
condicion cronica, suelen ingresar por un periodo corto para
recibir tratamiento de alguna complicacion relacionada con la
administracion en casa de la NP (infecciones asociadas al caté-
ter, desequilibrio hidroelectrolitico, etc.) o de la enfermedad que
condiciond el FI (31).

Los desordenes en la motilidad (especificamente, diarrea o
pseudobstruccion cronica idiopdtica) corresponden a la fisiopa-
tologia mas comun en los tres tipos de Fl. Sin embargo, en 10s FI-|
y FI-Illa causa fue la malignidad activa, y en el FI-lll las complica-
ciones quirtrgicas correspondieron a las mas frecuentes, lo que
puede explicarse por recibir pacientes referidos de otros centros
hospitalarios del pais para su manejo. Aunque estos resultados
difieren de un estudio previo de nuestro grupo de investigacion
(32), esto se puede deber a que el tamafio de muestra fue menor,
en un periodo mas corto y con criterios diferentes de inclusion en
relacion al nimero de pacientes con respecto a los del presente
estudio. Reitman Blaser y cols. publicaron resultados similares
en pacientes con Fl aguda en los cuales la fisiopatologia mas
comun fueron los desordenes de la motilidad (24).

En el caso de los pacientes con FI-lll, al tener un mayor tiempo
de afectacion y enfermedades que la condicionan mas comple-
jas de resolver, el impacto en el estado nutricional es mas grave,
con menor peso corporal e IMC que los otros tipos. Ademas, a
pesar de que la prescripcion de NP en casa cubra sus reque-
rimientos nutricionales, la presencia de estomas de alto gasto,
diarrea cronica o fistulas enterocutaneas contribuye a las pérdi-
das nutrimentales que condicionan un balance energético nega-
tivo a largo plazo, o bien, hacen que el apego a la prescripcion no
sea el Optimo por ser pacientes ambulatorios. Los pacientes con
FI-1'y FI-II, sin embargo, son pacientes con un diagnostico mas
reciente y previamente el tracto gastrointestinal era funcional,
por lo que la desnutricidn es aguda o0 menos grave.

De la misma forma, se mostro que el IMC fue diferente en-
tre aquellos pacientes que tenian FI-I, con porcentaje de masa
grasa y area de grasa visceral menores en los pacientes con
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Tabla IV. Comparacién de gasto energético y prescripcion nutricia

Fl-1 n =48 FI-1I/FI-1ll n = 23
Variable Media + DE Media + DE Valor de p
Mediana (RIC) Mediana (RIC)

Gasto energético en reposo

Calorias totales (kcal) 1.583 (1.463-1.705) 1.516 (1.311-1.623) 0,786

Por peso (kcal/kg) 29,4 +7,85 29,9 + 4,31 0,770
Cociente respiratorio (RQ) 0,840 (0,790-0,878) 0,810 (0,800-0,870) 0,991
Utilizacion de proteina (%) 13,9+5,35 17,4 7,31 0,028
Utilizacion de HC (%) 39,0 (22,1-52,2) 28,6 (21,5-51,0) 0,325
Utilizacion de lipidos (%) 491 +19,5 48,4 +21,8 0,895
Energia de NP

Calorias (kcal) 1.190 + 485 1.498 + 365 0,009

Adecuacion con GER (%) 70,2 (56,6-93,8) 105 (86,7-112) < 0,001

Por peso (kcal/kg) 19,8 (14,9-28,9) 29,3 (26,4-32,6) 0,001
Proteina

Gramos 60,8 22,9 73,7+19,7 0,024

Porcentaje 19,9 + 3,51 19,7 £ 2,05 0,103

Por peso (g/kg) 1,08 (0,809-1,42) 1,52 (1,37-1,63) 0,001
Hidratos de carbono

Gramos 150 (100-219) 225 (175-250) 0,002

Porcentaje 47,9 7,42 50,2 + 3,23 0,080

Por peso (g/kg) 3,06 +1,27 4,37 0,986 < 0,001
Lipidos

Gramos 30,0 (28,5-44,3) 47,0 (40,0-50,0) 0,010

Porcentaje 30,9 + 8,39 30,0 + 2,60 0,479

Por peso (g/kg) 0,624 (0,401-0,931) 0,916 (0,754-0,980) 0,004

Las variables con distribucion normal se analizaron con la prueba t para muestras independientes, mientras que las de distribucion no paramétrica se midieron con la
prueba U de Mann-Whitney. FI-1: fallo intestinal tipo I; FI-II: fallo intestinal tipo Il; FI-ll: fallo intestinal tipo ll; DE: desviacion estandar; RIC: rango intercuartil; HC: hidratos

de carbono; GER: gasto energético en reposo; NP: nutricion parenteral.

FI-IIi/INl, pero no asi en masa muscular, que es lo que usual-
mente se ve comprometido durante las estancias hospitalarias
mayores. Estos resultados son similares a lo encontrado por
Kopczynska y cols. (33). Interesantemente, el AF de los pacien-
tes con FI-I fue menor, con retencion hidrica, probablemente
en relacion a las patologias que llevaron a su hospitalizacion,
lo que puede relacionarse, segun algunos estudios, con sarco-
penia y desenlaces clinicos adversos, como el incremento en
la mortalidad (34-36).

En aquellos pacientes con calorimetria indirecta, el porcentaje
de adecuacion fue del 70 % en los pacientes con FI-I en com-
paracion con el Fl-Il/lll, donde fue del 105 %, probablemente
en relacion con el tiempo que requieren la NP y la estabilidad
metabdlica (37).

Se encontraron entre los valores basales y a los 21 dias cam-
bios significativos en algunas variables bioquimicas, como la
reduccion de la PCR, puede que por mejoria en este periodo
de las enfermedades de base y, por lo tanto, en la inflamacion.

Ademas del incremento en glucosa, BUN, AST, ALT y FA, siendo
las relacionadas con las pruebas de funcionamiento hepatico
las que han sido descritas por el ayuno (38), disbiosis, sobreali-
mentacion y uso a largo plazo de la NP, aunque aun no parecen
relevantes clinicamente al momento de la medicion, deben ser
monitoreadas periddicamente durante su uso para evitar otras
complicaciones relacionadas (39).

A pesar de las limitaciones del estudio por tratarse de una co-
horte historica y no contar en todos los pacientes con mediciones
de composicion corporal por bioimpedancia y calorimetria indi-
recta, ademas de llevarse a cabo durante la pandemia, cuando
atendimos pacientes con COVID-19, incluso algunos meses de
forma exclusiva, la informacion presentada puede ser Util para
conocer de esta condicion que afecta a muchos de los pacientes
que atendemos en la practica clinica, y por ser practicamente
nula la evidencia en nuestro pais.

La identificacion de la fisiopatologia y la causa, asi como el
adecuado tamizaje nutricional, ayudaran a elaborar el diagnosti-
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co y la intervencion nutricia correspondientes, el inicio del apoyo
nutricio con NPy el monitoreo adecuado, con evaluacion de la
eficacia y la seguridad para la actualizacion de las estrategias,
hasta cumplir con los objetivos de atencion médica y nutricional
planteados. De esta manera, el manejo del Fl podra contribuir a
los objetivos de reducir su severidad, proporcionar soporte hi-
droelectrolitico y nutricional adecuado, prevenir y tratar las com-
plicaciones de la enfermedad de base y mejorar la calidad de
vida de nuestros pacientes (4).

CONCLUSIONES

Los pacientes con Fl tienen riesgo nutricio y de sindrome de
realimentacion elevados. Las neoplasias malignas (FI-I/1l) y las
complicaciones quirtrgicas (FI-ll) fueron las causas mas frecuen-
tes de Fly la fisiopatologia en los desordenes de la motilidad. Los
pacientes con Fl-I son los atendidos con mayor frecuencia. Por
ser autolimitada, la desnutricion documentada es menos grave,
reciben NP por periodos mas breves, con porcentajes de ade-
cuacion menores y EIH mas corta, aunque con mayor mortalidad
en comparacion con los otros tipos de Fl. Su reconocimiento es
relevante para optimizar su manejo multidisciplinario y evitar las
complicaciones relacionadas.
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Abstract

Introduction: the stability of total parenteral nutrition admixtures for neonates (TPNAn) has been questioned in relation to the interaction between
calcium and fish oil emulsions.

Aim: the aim of this study was to check the stability (particle size < 1 um) of different individualized TPNAn prepared with fish-oil emulsion and
containing calcium at concentrations ranging from 10 to 20 mmol/L.

Methods: admixtures analyzed: twelve different formulations with SMOFlipid® 20 % (conserved for 24 h and for 96 h), three formulations with
Lipoplus® 20 % (conserved for 96 h) and three formulations with SMOFlipid® 20 % with Multi-12K,® Pediatric (conserved for 96 h). Two bags
were compounded for each formulation and conservation period. Measurements on each admixture bag: particle standardized diameter by laser
diffraction technique and pH by a calibrated pH-meter. Data analysis with mixed linear regression models.

Keywords:

w Results: maximum particle size was < 0.8 pm for all investigated admixtures. Lipid concentration of 5 g/L and sodium and potassium concen-
Neonatal parenteral tration of 100 mmol/L slightly increased the proportion of particles > 0.6 um. Ninety six hours storage also increased the percentage of particles
nutrition admixture. > 0.6 pm (+0.143 + 0.07; p = 0.038) but did not influence other parameters. No association with calcium composition was observed. Amino

Stabilty. Individualized acid content was inversely correlated with pH (-0.83: p < 0.0001).
neonatal parenteral

nutrition. Calcium. Fishoil.  Gonclusions: the studied individualized parenteral nutrition admixtures for newborns that contain fish il emulsions and meet cation requirements
Laser diffraction technique.  are stable for at least 96 hours.
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Resumen

Introduccion: existe controversia sobre la estabilidad de las mezclas de nutricion parenteral total para recién nacidos (TPNAn) con emulsiones
de omega-3 y alto contenido en calcio.

Obijetivo: estudiar la estabilidad (tamafio de particulas < 1 um) de diferentes TPNAn individualizadas preparados con una emulsion lipidica que
contiene omega-3 y concentraciones de calcio entre 10 y 20 mmol/L.

Métodos: se analizaron doce formulaciones diferentes con SMOFlipid® 20 % (conservadas durante 24 h'y por 96 h), tres formulaciones con
Lipoplus® 20 % (conservadas durante 96 h) y tres formulaciones con SMOFlipid® 20 % con Multi-12K,® Pediatric (conservadas durante 96 h).
Se prepararon dos bolsas por cada formulacion y periodo de conservacion. Se midieron el diametro de particula estandarizado mediante técnica
de difraccion laser y el pH con un pH-metro calibrado. Andlisis de datos con modelos de regresion lineal mixta.

Resultados: el tamafio maximo de particula fue < 0,8 um para todas las mezclas investigadas. La concentracion de lipidos de 5 g/L y la
concentracion de sodio y potasio de 100 mmol/L aumentaron ligeramente la proporcion de particulas > 0,6 um. EI almacenamiento de noventa
y seis horas también aumento el porcentaje de particulas > 0,6 um (+0,143 + 0,07; p = 0,038) pero no influyd en otros parametros. No se
observé asociacion con la concentracion de calcio. El contenido de aminoécidos se correlaciond inversamente con el pH (-0,83; p < 0,0001).

Conclusiones: las TPNAn individualizadas estudiadas con emulsiones de omega-3 que incluyen los requerimientos de cationes son estables

de difraccion laser. durante al menos 96 horas.

INTRODUCTION

METHOD

Total parenteral nutrition admixtures for neonates (TPNAn)
should be tailored and adapted to immaturity, body weight, age,
metabolic needs and co-existing diseases. The stability of these
admixtures is a critical issue due to the high nutritional require-
ments involved (1-3). One of the major stability criteria is the
particles size (4-6). It is recommended that admixtures should
include less than 0.05 % of droplets of fat larger than 5 pm
although a safer profile has set the criteria of instability (7) at
a maximum droplet size of 1 um (8,9). Since instability of lipid
emulsion is related to high concentration of cations (10), some
authors considered TPNAn unsuitable (11-13). Forchielli et al.
(8,9) described over the last decade that admixtures for neo-
nates are stable, except for those with fish oil emulsions and
exceeding 4.5 mmol/L, where they observed that 12 % of lipid
droplets exceeded 1 um and 2 % exceeded 5 um. The authors
concluded that the interaction between fish oil and calcium
strongly suggested an incontrovertible effect on droplet dimen-
sion, limiting their use with in order to prevent hepatic toxicity
(14). Notwithstanding, the stability of admixtures with fish oil has
been confirmed for admixtures with calcium concentration from
6.5 to 12.2 mmol/L in the pediatric age (13,15) and recently in
adults (6).

Our Hospital Pharmacy Department compounds every year
more than 2500 admixtures with fish oil emulsion and high con-
tent of calcium gluconate for a reference neonatal intensive care
unit having 42 beds (16). Based on a detailed scientific literature
review and on extensive clinical experience as well as practice
evaluation, we hypothesized that every individualized admixture
prepared with fish-oil emulsion and containing calcium at con-
centrations ranging from 10 to 20 mmol/L would reveal a distri-
bution of droplet size matching the recommended safety profile
for TPNAN.

The aim of this study was to check the stability (particles
size < 1 pm) of different individualized TPNAn prepared with
fish-oil emulsion and containing calcium at concentrations
ranging from 10 to 20 mmol/L.

The study material were samples of TPNAn prepared and
tested for different storage periods at Madrid University Hospi-
tal 12 Octubre, Spain. The study protocol was approved by the
reference Clinical Research Ethics Committee (CEIm 21/202).

ADMIXTURES

TPNAN were prepared in horizontal laminar flow hood following
the protocols for the preparation of parenteral nutrition of the
Hospital Pharmacy Department. Multi-layer ethylene-vinyl ace-
tate bags and photoprotection overbags from Bexen Medical®
were used. The sequence of compounding was as follows: amino
acids, calcium gluconate, glucose, lipids, vitamins, magnesium
sulfate, sodium and potassium salts, zinc, multi-trace element,
sodium glycerophosphate.

We tested three types of admixtures:

Twelve different TPNAn formulations with SMOFlipid® 20 %
(Fresenius, soybean-olive-fish oil LCT + MCT) and calcium con-
tent from 10 to 20 mmol/L (F1 to F12, Table I). These 12 admix-
tures vary in the amount of amino acids (Primene® 10 %, Baxter),
lipids (SMOFlipid 20 %® Fresenius), sodium, potassium, chloride,
phosphate and calcium gluconate. The same amount of dextrose,
trace elements (Peditrace® Fresenius-Kabi), vitamins (Soluvit® +
Vitalipid Infantil®, Fresenius-Kabi), zinc (Meinsol-oligozinc®, Fre-
senius-Kabi), magnesium (Sulfato de magnesio Altan® 150 mg/
mL, Altan) were added to every admixture.

Two different bags of these 12 admixtures were stored at 4 °C
for 24 h and two at 4 °C for 96 h. Two samples per bag were tested.

TPNAn F1, F7 and F11 with Lipoplus® 20 % (PN-L), (Braun, soy-
bean-fish oil LCT + MCT) instead of SMOFIipid® 20 % (F1-L, F7-L &
F11-1). Two samples per bag were tested after 96 h of conservation.

TPNAN F1, F7 and F11 with SMOF Lipid 20 % and Multi-12/
K,® Pediatric (Sandoz-Novartis) (F1-M, F7-M & F11-M), instead
of Soluvit® + Vitalipid Infantil®. Two samples per bag were tested
after 96 h of conservation.
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Table I. Composition of the TPNAN formulations under investigation (n = 18)
Formulations of total parenteral nutrition admixtures
Components per liter
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 F12
Amino acids (g) 5 10 15 20 25 30 35 35 30 20 15 30
Glucose (g) 100
Lipids (g) 5 10 15 20 25 30 30 35 30 20 10 20
Sodium (mmol) 20 20 20 20 20 20 20 20 30 30 100 20
Potassium (mmol) 20 20 20 20 20 20 20 20 20 30 100 20
Chloride (mmol) 20 20 20 20 20 20 20 20 20 30 140 20
Calcium (mmol) 10 10 10 10 10 15 15 15 10 15 20 20
Phosphate (mmol) 8 8 8 8 10 10 10 10 15 15 15 15
Magnesium (mmol) 25
Peditrace® (mL) 10
Soluvit® (mL) 15
Vitalipid® (mL) 40

Formulations F1 to F12 (n = 12); and additionally, F1, F7 and F11 were also tested with Lipoplus® 20 % (n = 3) in substitution of SMOF Lipid® 20 % (F1-L, F7-L and
F11-L), and with SMOF Lipid® 20 % + Multi-12/K,® Pediatric (F1-M, F7-M and F11-M) 15 mL/L (n = 3) in substitution of Soluvit® + Vitalipid®.

All bags were checked for color changes, creaming, coales-
cence or cracking. The samples were obtained directly from bags
to sterile syringes after agitationat room temperature, and imme-
diately checked for pH and particle size.

LIPID PARTICLE SIZE

Particle standardized diameter was measured by a laser dif-
fraction technique (Mastersizer 3000® Malvern Panalytical, ISO
13320 certified) in the IESMAT laboratory (www.iesmat.com) with
a range of optimal measurement from 0.01 to 100 pm. The tech-
nique included dispersion in distilled water with homogenization
at 2200 rpm (Hydro EV®, Malvern Panalytical). We analyzed the
sample volume required to obtain a laser overshadow between
6 % and 8 %. A refractive index of 1.529 and absorption of 0.01
were applied, following recommendation by 1S013320 for very
small particles (17).

pH MEASUREMENT

The pH of every admixture bag was measured with a calibrat-
ed pH meter (pH-Meter BASIC 20®, Crison, Barcelona, Spain)
equipped with a glass electrode (5011T; Crisol, Barcelona,
Spain). The sensitivity value of this technique is 0.01.
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DATA ANALYSIS

The particles size distribution was described with the following out-
come parameters: 10" percentile (D10), median (D50), 90" percentile
(D90), proportion of particle size > 0.6 ym and maximum size. Data
were analyzed with mixed linear regression models where each bag
was considered as a class to take into account the non-independence
of the samples measurements from the same bag. Models includ-
ed storage time and admixture components as covariates. The data
analysis for this paper was generated using SAS/STAT 14.2 software,
Version 9.4 of the SAS System by SAS Institute Inc., Cary, NC, USA.

RESULTS

PARTICLE SIZE DATA

We performed 108 measurements on 54 bags. None of the in-
vestigated bags showed color alteration, creaming or coalescence
with phase separation. The values obtained in each formulation at 24
and 96 h of conservation are presented in figure 1 and table Il. Max-
imum particle size was < 0.8 um for all investigated admixtures. The
largest particle size detected in any of the mixtures was 0.767 pum
(F1 at 24 hand F1, F2 and F11 at 96 h with SMOF®; F1 and F11 at
96 h with Lipoplus®) (Fig. 1). The percentage of particles > 0.6 pm
only exceeded 0.5 % in the mixtures with 5 g/L of lipids (F1).
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Figure 1.

Particles size of all investigated admixtures ((A) maximum size detected; average of (©) D10, (®) D50 and (©) D90. A. Admixtures stored for 24 h; B. Admixtures
stored for 96 h. Standard deviations have a magnitude of 10-* pm and are not represented.

Table Il. Laser diffraction analysis for each formulation conserved at 4 °C for 24 and 96 hours

Formulation Mean (um) D50 (um) D10 (um) D90 (um) Maximum (um)
Stored at 4 °C for 24 hours
F1 0.3385 0.3345 0.2 0.51275 0.767
F2 0.3745 0.3705 0.25975 0.50525 0.594
F3 0.377 0.376 0.271 0.50425 0.675
F4 0.3815 0.38125 0.28125 0.50125 0.675
F5 0.3835 0.3825 0.28425 0.49975 0.675
F6 0.3855 0.38425 0.288 0.4975 0.675
F7 0.385 0.38675 0.28975 0.50075 0.675
F8 0.389 0.3895 0.291 0.50575 0.675
F9 0.3885 0.38975 0.29175 0.5045 0.675
F10 0.3845 0.38525 0.28375 0.50725 0.675
F11 0.3845 0.37025 0.25625 0.5105 0.675
F12 0.3855 0.3855 0.2845 0.506 0.675
Stored at 4 °C for 96 hours
F1 0.3355 0.33625 0.2 0.529 0.767
F2 0.3715 0.3655 0.25025 0.50875 0.767
F3 0.376 0.37575 0.269 0.5055 0.675
F4 0.38 0.38 0.27875 0.504 0.675
F5 0.3825 0.38325 0.2655 0.4985 0.675
F6 0.382 0.38 0.27825 0.50225 0.675
(Continues on next page)
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Table Il (cont.). Laser diffraction analysis for each formulation conserved at 4 °C for 24 and

96 hours
Formulation Mean (um) D50 (um) D10 (um) D90 (um) Maximum (um)
Stored at 4 °C for 96 hours
F7 0.3895 0.38675 0.28825 0.504 0.675
F8 0.3875 0.38925 0.2895 0.5075 0.675
F9 0.3875 0.3875 0.273 0.5115 0.675
F10 0.3815 0.3805 0.273 0.5115 0.594
F11 0.3815 0.3635 0.243 0.5165 0.767
F12 0.381 0.38175 0.2765 0.51 0.594
F1-L 0.3255 0.3045 0.1675 0.515 0.767
F7-L 0.2845 0.2715 0.1555 0.436 0.523
F11-L 0.3005 0.282 0.155 0.475 0.767
F1-M 0.3835 0.3785 0.2765 0.5005 0.634
F7-M 0.3895 0.3845 0.29 0.497 0.634
F11-M 0.388 0.3845 0.291 0.493 0.594

Particle size was determined by laser diffraction and expressed as mean values from a duplicate analysis.

EFFECT OF STORAGE TIME ON PARTICLE
SIZE

Storage for 96 h increased the percentage of particles > 0.6 um
(+0.143 + 0.07; p = 0.038), but did not impact other parame-
ters (Fig. 2).

Figura 2.

Proportion (percentage) of particles > 0.6 pm by admixture type and storage
time (hatched bars: 24 h; solid bars: 96 h).

EFFECT OF COMPONENTS ON PARTICLE SIZE

The effect of different components from admixture bags on
particle size are reported in table lll. Low lipid concentration

[Nutr Hosp 2024;41(3):547-553]

(5 g/L vs. > 1) significantly increased the proportion of particles
> 0.6 pm and D90, although D50 and D10 decreased. No as-
sociation with calcium composition was observed. Sodium and
potassium concentrations of 100 mmol/L slightly increased the
proportion of particles > 0.6 um, and D50 and slightly decreased
D10 (Table Ill).

pH DATA

Mean pH of the investigated admixtures at 24 h and at 96 h was
5.90 + 0.23 and 5.92 + 0.25 respectively (p = 0.6). Extreme
pH values were recorded in F1 (6.54) and F 12 (5.62) after 96 h
of conservation. The pH was inversely correlated with the amino
acid content (-0.83; p < 0.0001).

DISCUSSION

We provided strong evidence that calcium concentrations
from 10 to 20 mmol/L and individual monovalent cations
up to 10 mmol/L are compatible with individualized admix-
tures for neonates containing emulsions with fish oil and
that these TPNAN remain stable up to 96 h after preparation.
Previous studies demonstrate stability of other components
of TPNAn (8,18).

The investigated admixtures were designed to meet the re-
quirements of newborns including preterm infants. No relation
was found between particle size and calcium content between
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Table lll. Effect of components on particle size distribution (D10, D50, D90 and percentage

of particles > 0.6 pm)

Components Particle size Coefficient* Standard error* P
D10 - 0.006 0.006 0.33
Calcium, D50 -0.0016 0.004 0.71
10 mmol/L vs > 1 D90 +0.0014 0.003 06
% > 0.6 pm +0.017 0.042 0.7
D10 - 0.064 0.009 < 0.0001
Lipids, D50 -0.033 0.006 <0.0001
Sg/Llvsz1 D90 +0.012 0.0004 0.0013
% > 0.6 ym +0.909 0.064 < 0.0001
D10 -0.037 0.009 < 0.0001
Na and K. D50 -0.0196 0.0006 0.002
10 mmol/L vs <3 D90 +0.0026 0.0039 0.5
% > 0.6 ym +0.17 0.06 0.009
*Mixed lineal regression analysis.
10 and 20 mmol/L. Size distribution consistency between dif- REFERENCES

ferent admixtures also supports the stability of our formulations.
Only admixtures with a minimum amount of lipids (5 g/L) or max-
imum cations content (calcium 20 mmol/L, sodium 10 mmol/L
and potassium 10 mmol/L) showed wide particle size distribution
with a small but significant proportion of particles > 0.6 pm, but
also with maximum size < 0.8 pm.

The three additional formulations investigated had a stan-
dard composition for the first day of life, complete parenteral
nutrition and admixtures with high cations content. No signif-
icant differences were observed between SMOFlipid® 20 %
and Lipoplus® 20 % formulations at 96 h of storage. The
substitution of vitamins source from separate water-soluble
and fat-soluble to complete vitamins mixture did not modify
particle size.

The differences in pH were inversely related to the concentra-
tion of amino acids. The storage time had a limited influence and
the glucose content was not analyzed because all the mixtures
were dosed with the same amount.

These results support the safe use of fish oil emulsions with
concentrations of cations that meet the usual requirements of
newborns, including premature infants, as described also in the
admixtures for children and adults (6,13,15).

Although the number of samples is limited, it represents the
spectrum of common formulations for newborns, specifically in
terms of lipids and cation content.

In conclusion, the studied individualized parenteral nutri-
tion admixtures for newborns that contain emulsions with
fish oil and meet cation requirements are stable for at least
96 hours.
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Resumen

Introduccion: la malnutricion por exceso es un grave problema de salud publica que afecta actualmente en Chile al 53 % de los nifios, nifas
y adolescentes. La identificacion precoz de los factores asociados es clave en la prevencion y necesaria para guiar las intervenciones desde
etapas tempranas de la vida.

Objetivo: identificar factores asociados al desarrollo de malnutricion por exceso en nifios y nifias de tres afios bajo control en centros de salud
familiar Ancora.

Métodos: se realizé un estudio de caso y control en tres centros de salud familiar Ancora ubicados en las comunas de La Pintana y Puente Alto,
que incluyd a 133 nifios y nifias, y sus madres. Se analizaron factores dependientes del nifio o nifia y de la madre y se determind su importancia
en el desarrollo de malnutricion por exceso.

Resultados: la regresion logistica mostré como factor de riesgo el tabaquismo materno durante el embarazo (OR = 4,065, IC 95 %: 1,119-
14,770, p=0,033) y como factores protectores, el peso de nacimiento < 4,000 g (OR = 0,112, IC 95 %: 0,026-0,483, p = 0,003) y la ganancia
de peso durante el primer afio de vida < 6,4 kg en mujeres y < 6,9 kg en hombres (OR = 0,060, IC 95 %: 0,017-0,210, p = 0,000).

Conclusiones: el factor de riesgo mas importante fue el tabaquismo materno y los factores protectores, el peso de nacimiento y la ganancia
de peso en el primer afio. Programas de salud y politicas publicas deberian centrarse en factores modificables como el tabaquismo durante el
embarazo y la ganancia de peso adecuada en el primer afo de vida.

Abstract

Introduction: malnutrition due to excess is a serious public health problem currently affecting 53 % of children and adolescents in Chile. The
early identification of associated factors is key in prevention and necessary to guide interventions from early stages of life.

Objective: to identify factors associated with the development of malnutrition due to excess in three-year-old children under control at Ancora
Family Health.

Methods: a case-control study was carried out in three Ancora Family Health Centers located in the communes of La Pintana and Puente Alto; it
included 133 children and their mothers. Factors dependent on the child and the mother were analyzed and their importance in the development
of malnutrition due to excess was determined.

Results: logistic regression showed maternal smoking during pregnancy as a risk factor (OR = 4.065, 95 % Cl: 1.119-14.770, p = 0.033)
and as protective factors birth weight < 4,000 g (OR = 0.112, 95 % Cl: 0.026-0.483, p = 0.003) and weight gain during the first year of
life < 6.4 kg in women and < 6.9 kg in men (OR = 0.060, 95 % Cl: 0.017-0.210, p = 0.000).

Conclusions: the most important risk factor was maternal smoking and the protective factors were birth weight and weight gain in the first
year. Health programs and public policies should focus on modifiable factors such as smoking during pregnancy and adequate weight gain in
the first year of life.
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INTRODUCCION

La malnutricion por exceso (ME) es un grave problema de sa-
lud publica. En el afio 2020, segun la Organizacion Mundial de
la Salud (OMS), aproximadamente 39 millones de nifios menores
de cinco afos y 150 millones de nifios y adolescentes de cinco
a 19 afios presentan ME (1). En Chile, segun datos del Ministerio
de Salud (MINSAL) de 2020, afecta al 35,1 % de los menores de
seis afios y al 53 % de los nifios, nifias y adolescentes, segun el
ultimo mapa nutricional de la Junta Nacional de Auxilio Escolar y
Becas (JUNAEB) de 2022 (2).

Disminuir la prevalencia de ME en menores de seis afios es
un importante desafio y forma parte de la estrategia nacional
de salud para el cumplimiento de los objetivos estratégicos de
la década 2021-2030 (3), todo ello, considerando que la ME
en la infancia y la adolescencia esta asociada a consecuencias
adversas en etapas posteriores de la vida (1).

En los Ultimos afios, ha sido de gran interés identificar factores
que pudiesen influir en la salud a largo plazo. Esto deriva del
estudio de Barker y cols. (4), que describen que la diabetes, la
hipertension y las enfermedades cardiovasculares se originarian
en etapas tempranas de la vida. Es por esto que la vida fetal y
la primera infancia son periodos particularmente sensibles para
predecir la obesidad (4). En esta tarea, los profesionales de Aten-
cion Primaria estan en una situacion privilegiada, ya que mantie-
nen contacto permanente con los nifios y sus familias y podrian
identificar riesgos y promover estilos de vida saludables a nivel
individual, familiar y comunitario.

La literatura describe diversos factores determinantes de ME en
la infancia. Entre los mas estudiados destacan: el exceso de peso
materno previo al embarazo, la exposicion prenatal al tabaco (5), el
excesivo aumento de peso gestacional materno (6), el bajo y alto
peso de nacimiento (PN) (7) y el acelerado aumento de peso en los
primeros meses (8) 0 afios de vida (9), la introduccion de alimentos
solidos antes de los cuatro meses de vida (10), la alimentacion con
formulas lacteas (11), dormir menos de 10,5 horas diarias y la
actividad fisica diaria inferior a 30 minutos (12).

De la misma manera, la mayor duracion de la lactancia ma-
terna (LM) se ha descrito como un factor protector, asociado a
un menor riesgo de obesidad infantil (13). Sin embargo, existe
controversia en este punto (14).

Finalmente, se sabe que la prevencion de la obesidad es méas
efectiva que el tratamiento y que comprender los origenes tem-
pranos de los factores de riesgo asociados a ella podria ser una
oportunidad de intervencion precoz (15). Por esto se plantea el
presente estudio, cuyo objetivo es identificar factores asociados
al desarrollo de malnutricion por exceso en nifios y nifias de tres
anos bajo control, en centros de salud familiar Ancora UC.

MATERIALES Y METODO

Se realizd un estudio analitico observacional de casos y con-
troles. La muestra estuvo compuesta por 133 nifios y sus ma-
dres. Los criterios de inclusion fueron nifios nacidos de término
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(edad gestacional entre 38 y 42 semanas) y que la diada (ma-
dre-nifio) hubiese sido controlada en los centros de salud familiar
de la Red Ancora UC de las comunas de Puente Alto y La Pintana
de Santiago, pertenecientes al area del Servicio de Salud Metro-
politano Sur Oriente (SSMSO). Se excluyeron diadas que tenian
fichas electronicas con informacion incompleta, nifios y nifias
con alguna patologia crénica con obesidad secundaria (sindrome
de Down y/o sindrome de Prader-Willi, hipotiroidismo u otras), ni-
flos con corticoterapia prolongada, nacidos de pretérmino (edad
gestacional < 37 semanas) y partos gemelares.

Se definid como caso a los nifios y nifias de tres afios con diag-
nostico nutricional de sobrepeso con indicador peso/talla (P/T) en-
tre +1 DSy +2 DSy obesidad con P/T > +2 DS. Se definidé como
control a los nifios y nifias de tres afios con diagnostico nutricional
normal con P/T entre -1y +1 DS (16). Los controles fueron homo-
geéneos en nivel socioecondmico y zona de residencia.

Para construir los grupos de casos y controles, se utilizd el
diagnastico nutricional evaluado en el control sano realizado a los
tres afios (36 meses), dando un margen de edad de los 30 a los
40 meses. Este control es realizado por profesionales de la salud
que utilizan procedimientos estandarizados e instrumentos que se
calibran periodicamente, lo que reduce la probabilidad de sesgo.

La informacién necesaria se recogio de protocolos de atencion
del registro clinico electronico OMI ap Stacks®. La extraccion de
la informacion fue realizada por la Unidad de Gestion de la Infor-
macion (UGI) de la Red de CESFAM Ancora UC.

DEFI~NICI(')N DE VARIABLES DE LOS NINOS
Y NINAS

Las variables del nifio y nifia fueron: peso y longitud de na-
cimiento, duracion de LM y ganancia de peso a los 12 meses.

El PN se consideré normal si era < 4.000 g y elevado si
>4.000 g. La longitud de nacimiento se definié normal si > 50 cm
y baja si < 50 cm.

Para la variable duracion de LM, se considero la alimentacion
durante los primeros cuatro meses, utilizando la condicién de
lactancia de los protocolos de supervision de salud de los 0, 1,
2y 4 meses. Si en todos los registros la condicion de lactancia
fue lactancia materna exclusiva (LME), se definié como LM sufi-
ciente. Por el contrario, si los registros indicaban cualquier otra
condicion de lactancia, se considerd LM insuficiente.

Para definir la variable ganancia de peso a los 12 meses se con-
siderd como excesiva si esta era > 6,4 kg en mujeres y > 6,9 kg
en hombres. Este punto de corte se estimé calculando la diferencia
entre el peso del limite inferior de +1 DS para los 0y 12 meses,
segun los patrones de referencia OMS para ambas edades.

DEFINICION DE VARIABLES DE LA MADRE

Las variables de la madre fueron: edad al momento del parto,
escolaridad, paridad, peso y estado nutricional pregestacional, ga-
nancia de peso gestacional y tabaquismo durante el embarazo.
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El peso y el estado nutricional previos al embarazo se deter-
minaron segun los registros del primer control prenatal. Para
evaluar la ganancia de peso gestacional se utilizaron los crite-
rios y las recomendaciones del Instituto de Medicina de Estados
Unidos (17).

Para la variable escolaridad materna, se utilizaron las catego-
rias del registro clinico electronico: educacion preescolar, basica,
media, técnica y superior.

El tabaquismo materno se obtuvo del protocolo de ingreso pre-
natal. Esto basado en el estudio de Adams y cols. (18) que des-
cribio que fumar en la visita prenatal predice significativamente
la ME en nifos de tres afnos.

ANALISIS ESTADISTICO

Para el andlisis descriptivo de las variables numéricas se utili-
zaron media y desviacion estandar. Para las categoricas se em-
plearon frecuencia absoluta y relativa.

Las variables independientes se dicotomizaron para realizar
las estimaciones de riesgo. Gomo medida de riesgo se estimaron

C. Santibafiez Carcamo y R. Silva Gomez

odds ratio (OR) e intervalos de confianza (IC 95 %). Se considerd
un nivel de significancia del 5 % (p < 0,05).

Se realizo una regresion logistica que incluy6 las variables que
resultaron ser estadisticamente significativas en la regresion li-
neal simple y, ademas, tabaquismo materno e incremento de
peso materno durante el embarazo. Los andlisis se realizaron
con el software Stata.

ASPECTOS ETICOS

La realizacion del estudio fue aprobada por el Comité de Etica
del Centro de Investigacion Médica (CIM) de la Escuela de Me-
dicina de la Pontificia Universidad Catdlica de Chile y el Comité
Etico Cientifico del SSMSO.

RESULTADOS

La muestra estuvo compuesta por 133 nifios y nifas, y sus
madres. Cuarenta nifios y nifias fueron casos y 93 fueron contro-
les, con una proporcion 1:2,3. Los principales datos descriptivos
se muestran en la tabla I.

Tabla I. Descripcidén de la muestra

Variable Total Casos Controles Valor p
n =133 n =40 n =93 (p > 0,05)

Género

Femenino 70 (52,6) 20 (50,0) 50 (53,8) 0.556

Masculino 63 (47,4) 20 (50,0) 43 (46,2) '
Peso de nacimiento (g) 3.533+479,3 3.755 = 4777 3.438 + 480,1
Talla de nacimiento (cm) 50,7 +2,0 51,1 +21 50,5 +2,0
Ganancia peso 12 meses (g) 6.264,4 +1.161,4 6.939+1.178 5.974 +1.153
Duracién lactancia materna

Suficiente 75 (56,4) 16 (40,0) 59 (63,4)

Insuficiente 58 (43,6) 24 (60,0) 34 (36,6)
Edad materna (afios) 27,8 +58 27,7+58 27,8+59 0,825
Escolaridad materna

Suficiente 113 (85,0) 30 (75,0 83 (89,2)

Insuficiente 20 (15,0 10 (25,0) 10(10,8)
Paridad

Primigesta 44 (33,1) 15(37,5) 29 (31,2) 0377

Multipara 89 (66,9) 25 (62,5) 64 (68,8) '
Peso pregestacional (kg) 67,7+12,2 70+125 66,7 = 12,1
Estado nutricional inicio embarazo

Bajo peso 8(6,0) 1(2,5) 7(7,5)

Normal 56 (42,1) 15 (37,5) 41 (44,1)

Sobrepeso 42 (31,6) 11 (27,5) 31(33,3)

Obesidad 27 (20,3) 13(32,5) 14 (15,1)

(Continua en pdgina siguiente)
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Variable Total Casos Controles Valor p
n =133 n =40 n =93 (p > 0,05)
Tabaquismo durante embarazo
Fumadora 30 (22,6) 11 (27,5) 19 (20,4)
No fumadora 103 (77,4) 29 (72,5) 74 (79,6)
Ganancia peso embarazo (kg) 12,1 £153 128+54 11,850

Resultados expresados promedio + DS yn (%).

Las variables que mostraron diferencias estadisticamente sig-
nificativas en el analisis univariado fueron: PN excesivo, ganancia
excesiva de peso a los 12 meses, lactancia materna insuficien-
te y escolaridad materna insuficiente. El andlisis univariado se
muestra en la tabla II.

Posteriormente, en el andlisis multivariable se incluyeron
las variables que resultaron ser significativas en univariable v,
ademas, longitud de nacimiento y tabaquismo materno por ser
variables de interés. Los resultados del analisis multivariable se
muestran en la tabla lll.

En el andlisis multivariable, el tabaquismo materno resultd ser
factor de riesgo (FR) de ME. EI PN normal (< 4.000 g) y la ga-

nancia normal de peso durante el primer afio de vida mostraron
ser factores protectores.

DISCUSION

El principal resultado de este estudio apoya una fuerte asocia-
cion del tabaquismo materno durante el embarazo y la ME, indi-
cando un riesgo cuatro veces mayor para hijos e hijas de madres
fumadoras. En esta linea, una revision sistematica de Oken y cols.
(19) concluyd que hijos de madres que fumaron durante el emba-
razo tienen mayor riesgo de presentar ME desde la infancia y has-

Tabla Il. Factores de riesgo asociados a ME segun analisis univariado

Casos Controles
Variables n=40 n=93 OR IC 95 % p
n (%) n (%)
Peso de nacimiento excesivo 10 (25) 8 (8,6) 3,54 1,28-9,81 0,011*
Longitud baja de nacimiento 7(18) 28 (30) 0,49 0,19-1,25 0,130
Ganancia excesiva de peso a los 12 meses 23 (58) 18 (19) 5,64 2,51-12,68 0,000*
Lactancia materna insuficiente 24 (60) 34 (37) 2,60 1,21-5,57 0,012¢
Multiparidad 25 (63) 64 (69) 0,76 0,35-1,64 0,478
Escolaridad materna insuficiente 10 (25) 10(11) 2,77 1,05-7,31 0,035*
Tabaquismo materno 11 (28) 19 (20) 1,48 0,63-3,48 0,371
Malnutricion por déficit previo al embarazo 1(6) 7(15) 0,39 0,04-3,44 0,383
Malnutricion por exceso previo al embarazo 24 (62) 45 (52) 1,46 0,67-3,15 0,337
ME: malnutricion por exceso. *Diferencia estadisticamente significativa © < 0,05).
Tabla lll. Factores asociados a ME segun analisis multivariable
Variables OR IC 95 % p
Tabaquismo materno® 4,065 1,119-14,770 0,033
Peso de nacimiento (< 4.000 g)* 0,112 0,026-0,483 0,003
e e

ME: malnutricidn por exceso. *Variables ajustadas por duracion de la lactancia materna, escolaridad materna e incremento de peso materno durante el embarazo
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ta la adultez, mostrando que esta relacion era independiente de
factores como el PNy del incremento de peso posterior. Otra re-
vision mas reciente confirma este hallazgo (20). Estos resultados
podrian explicarse por el efecto de la nicotina, que se transporta
a través de la placenta y actuaria en el cerebro del feto durante
el desarrollo, desregulando el centro de control del apetito, lo que
afecta a la saciedad (21).

La prevalencia de consumo de tabaco en este estudio fue del
22,5 %. El consumo de tabaco durante el embarazo es perjudicial
y los efectos en el feto pueden extenderse a lo largo de la infancia
y la adolescencia (22). A pesar de ello, la prevalencia mundial de
tabaquismo durante el embarazo alcanza el 1,7 % y en la Region
de las Américas, el 1,2 % (23). En Chile, segun la Ultima Encues-
ta Nacional de Salud, las mujeres fumadoras alcanzan el 28,5 %.
(24). En embarazadas, Mallol y cols. (25) estimaron una prevalen-
cia de consumo de tabaco del 28 %. Asi también, Pérez-Franco y
cols. (26) la estimaron en un 36,4 %. Por consiguiente, 10s hijos de
estas mujeres estarfan en un mayor riesgo de ME y de desarrollar,
posteriormente, enfermedades cronicas asociadas.

Por otra parte, el PN normal (< 4.000 g) se asocia con un
menor riesgo de ME. Esta relacion fue anteriormente confirmada
por Dubois y cols. (27), que demostraron que nifios y nifias con
PN > 4.000 g tenian 2,3 veces mas riesgo de presentar ME a los
cuatro afnos, comparados con nifios y nifias con PN entre 3.000
y 4.000 g. Considerando que el PN es un factor dificilmente
modificable, se deben desarrollar estrategias de identificacion
y seguimiento a estos nifos e implementar estrategias promo-
cionales como favorecer la LME y evitar la introduccion precoz
de alimentos con alta densidad caldrica, entre otras, que eviten
el desarrollo de ME. De la misma manera, la ganancia normal
de peso a los 12 meses se asocia a menor riesgo de ME. Baird
y cols. (28) describieron que el aumento acelerado de peso du-
rante los primeros meses de vida es considerado FR de ME. Este
hallazgo hace relevante mantener una constante monitorizacion
de esta variable en las supervisiones de salud, para pesquisar y
desarrollar intervenciones precoces.

En el andlisis univariado, la lactancia materna insuficiente
(< 4 meses) y la escolaridad materna insuficiente (escolaridad
basica completa) muestran ser FR de desarrollo de ME, sin em-
bargo, en el andlisis multivariable resultan no ser significativas, lo
que podria explicarse por el bajo tamafo muestral.

En este estudio, el 60 % de los casos y el 37 % de los con-
troles (p = 0,012) recibieron lactancia materna menor a cuatro
meses, es decir, fueron alimentados con formulas acteas. Este
tipo de alimentacion ha sido reconocida como FR de ME en la
infancia (29). Asimismo, la escolaridad materna insuficiente (es-
colaridad basica completa) muestra una asociacion significativa
con la ME. Este resultado es coherente con un estudio realizado
en Chile en el afio 2021, donde se encontré que el nivel educa-
tivo basico de los padres se asocia con ME de sus hijos (30). En
esta linea, también se ha descrito una asociacion entre la baja
escolaridad materna y un aumento en la utilizacion de féormulas
lacteas, lo que favoreceria el desarrollo de ME (31).

La principal limitacion es que solo se pudo obtener la condi-
cion de lactancia, y no el consumo de otros tipos de alimentos.

C. Santibafiez Carcamo y R. Silva Gomez

Esta informacion parece ser relevante, porque los nifios y ninas
alimentados con férmulas y que introducen alimentos solidos
antes de los cuatro meses presentan 6,3 veces mas riesgo de
presentar obesidad a los tres afios (32).

CONCLUSION

Los resultados muestran que el factor de riesgo mas impor-
tante para el desarrollo de ME a los tres afios es el tabaquismo
materno durante el embarazo, lo que se expresa en un riesgo
cuatro veces mayor para los hijos e hijas de madres fumadoras.
Este hallazgo se suma a la carga de salud asociada al consu-
mo de tabaco. Considerando que el embarazo es un periodo de
preparacion y abandono del tabaco para la mujer, 1a pareja y las
personas que comparten el hogar, las campanas de salud publi-
ca deberian hacer hincapié en esta asociacion.
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Abstract

Introduction: childhood obesity is a worldwide chief health problem. Along with body mass index, body fat percentile values can also be used
to predict future cardiovascular and metabolic health risks.

Objective: the study’s aim is to define the percentile values and curves about the fat tissue percentage through which the childhood and ado-
lescent overweight/obesity in the Republic of North Macedonia will be diagnosed.

Methods: the research was conducted on a sample of 15,075 children and adolescents aged six to 14 years (7,627 boys and 7,448 girls). Body
fat percentage was established by bioelectrical impedance. The LMS method was used in percentile values and curves’ construction.

Results: the boys’ 50" percentile curve shows that the body fat percentage average value has a slight growth from seven to ten years of age, but
after their 10" it begins to drop continuously until the age of 14 years. At the same time, the girls’ body fat percentage average value increases
continuously from six to 14 years of age.

Conclusion: since body mass index cannot always establish body fat content, the direct assessment of body fat by bioelectrical impedance would
be of great advantage for pediatric and clinical decisions. Therefore, the study provides referent percentile norms for the body fat percentage
of healthy Macedonian children and adolescents. For this purpose, a practical and clinically applicable method was used. The obtained referent
percentile norms can be useful in assessing overweight and obesity in Macedonian children and adolescents.

Resumen

Introduccion: la obesidad infantil es un problema importante de salud principal a nivel mundial. Conjuntamente con el indice de masa corporal,
los valores percentiles de grasa corporal también se pueden utilizar para predecir futuros riesgos para la salud cardiovascular y metabdlica.

Objetivo: el objetivo del estudio es definir los valores percentiles y las curvas sobre el porcentaje de tejido graso, a través de los cuales se
diagnosticara sobrepeso u obesidad infantil y adolescente en la Republica de Macedonia del Norte.

Métodos: el estudio se realizé sobre una muestra de 15.075 nifios y adolescentes de seis a 14 afios (7.627 nifios y 7.448 nifias). El porcen-
taje de grasa corporal se establecio mediante impedancia bioeléctrica. La construccion de los valores percentiles y las curvas se llevd a cabo
mediante el método LMS.

Resultados: la curva del percentil 50 de los nifios indica que el valor promedio del porcentaje de grasa corporal tiene un leve crecimiento desde
los siete hasta los diez afios de edad, pero a partir de los diez comienza a descender continuamente hasta los 14 afios. Mientras tanto, el valor
promedio del porcentaje de grasa corporal de las nifias aumenta continuamente entre los seis y los 14 afios de edad.

Conclusion: teniendo en cuenta que el indice de masa corporal no siempre puede determinar el contenido de grasa corporal, la evaluacion
directa de la grasa corporal mediante impedancia bioeléctrica podria ser una gran ventaja para las practicas clinicas y pediatricas. Por lo tanto,
este estudio propone normas de referencia para los valores percentiles de porcentaje de grasa corporal de nifios y adolescentes macedonios
sanos. En este sentido, se utilizé un método practico y clinicamente aplicable. Finalmente, las normas de referencia obtenidas pueden ser Utiles
para evaluar el sobrepeso y la obesidad en nifios y adolescentes macedonios.
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INTRODUCTION

Obesity is a metabolic disorder that can be established on
grounds of the increased body fat percentage and is considered
to be an important risk factor for several diseases (1). The global
rates increasing of overweight/obesity has tripled within the last
three decades, and this growth is observed in all ages, genders,
racial and ethnical groups (2). The prevalence of children and ad-
olescent overweight and obesity in the Republic of North Mace-
donia varies about 35 % and is somewhat higher in boys than in
girls (3-7), and Macedonian children are among the fattest in Eu-
rope according to Ortega et al. (8). The lifestyle and social status
are among the most significant factors that contribute to obesity.
Physical activity and diet habits are the most important lifestyle
factors that regulate body energy consumption in preventing and
treating obesity (9-11). Body mass index is widely implemented
as an indicator in assessing body fat in most research studies
where excessive weight gain and obesity are investigated (12).

Since the fat/fat-free ratio varies in people, the relation between
height and weight expressed as body mass index is not a suitable
indicator of the amount of adipose tissue (13). Along with that, body
mass index makes no difference between the excess of fat in rela-
tion to the fat-free component (14). Thus, the body fat percentage
in obese children cannot be established through body mass index
screening only (14). Therefore, it is necessary to have a more accurate
assessment of the childhood and adolescent overweight and obesity
prevalence and take appropriate measures to reduce it, since it can
cause health problems, such as cardiovascular diseases, hyperten-
sion, diabetes and asthma, as well as some mental disorders (15).

The percentile normative values and curves creation about the
body fat percentage is a highly important approach in monitoring
growth, assessing physical health and body fat in children, without
leaving out the effect of the diet as well as cultural and social fac-
tors. Bioelectrical impedance analysis (BIA) may be a suitable tool
for measuring the fat component because it is relatively inexpensive
and simple to use. Percentages of body mass that are higher than
85™ and 95" are respectively considered as overweight and obesity
(16). Despite the importance of adipose tissue regulation for physical
well-being in children and adolescents, limited percentile normative
values and curves for adipose tissue percentage are available (17),
and, to our knowledge, there is quite a small number of research
studies in the countries of the Western Balkans and the Republic of
North Macedonia in which the adipose tissue percentile values and
curves are defined. Therefore, the present study followed the goal to
define the acceptable percentile curves for the body fat percentage,
through which overweight/obesity will be diagnosed in children and
adolescents in the Republic of North Macedonia.

METHODS

SUBJECTS

Officially, the Republic of North Macedonia is divided into eight
planning regions (Fig. 1), which serve statistical, economic and
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administrative purposes. For research purposes, a stratified quota
sample was designed from all eight planning regions. For that, of-
ficial data on students’ assessments were used, which were pub-
lished on the website of the State Statistics Office of the Republic
of North Macedonia. Then, respondents in each segment/stratum
were calculated and selected on grounds of the specific ratio of
quotas according to: gender, ethnicity and place of residence (ur-
ban/rural). The research was conducted on a sample of 15,075
respondents, which represent about 9 % of the total population of
students from elementary schools in the Republic of North Mace-
donia. The sample was divided into two subsamples according to
the gender, namely 7,627 male and 7,448 female respondents.
The total number of children and adolescents was divided into nine
groups, according to chronological age (Six years, seven years,
eight years, nine years, ten years, eleven years, 12 years, 13 years,
and 14 years of age). The average age of the respondents of both
genders was 9.8 = 2.4 years.

The study included all students whose parents agreed to par-
ticipate in the project, who were psychophysically healthy and
who regularly attended physical and health education classes.
The respondents were treated in accordance with the Declara-
tion of Helsinki (Edinburgh 2013 revision). The protocols were
approved by the Ethics Commission at the St. Cyril and Metho-
dius University in Skopje. The research was an integral part of
the project “System for continuous and systematic monitoring of
physical fitness among students at the national level under the
name MAKFIT". The measurements were carried out during the
period 2018-2022, in standard school conditions of the regular
classes of Physical and Health Education (Fig. 1).

Figure 1.
Map of the statistical and planning regions of the Republic of North Macedonia.

MEASUREMENTS

In order to achieve the objectives of the research, the fol-
lowing anthropometric parameters were measured: height,
weight and body fat (fat tissue) percentage. Weight was
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measured under standard conditions using a digital scale
model BF-511 with a measurement accuracy of 0.1 kg. The
measurement was conducted during the morning hours be-
fore breakfast, and the respondents were dressed in light
clothes. The students’ height was measured in a standing
position without shoes, using a stadiometer with a precision
of 0.1 cm.

The measurement of the percentage of body fat was carried
out by the BIA method, which is a safe, simple, fast and rel-
atively inexpensive method for measuring body composition,
especially in epidemiological studies (18-20). Percentage body
fat was measured by whole-body BIA to the nearest 0.1 % us-
ing a digital scale/body composition monitor (Omron BF 511,
50 kHz, 500 pA, Kyoto, Japan), which includes an eight-sensor
technology using both hands and feet. The participants stood
with bare feet on electrodes on the scale with their knees and
back straight while grasping a handle that also includes elec-
trodes with both their hands horizontally raised, elbows ex-
tended straight, and maintaining a 90°-angle to the body. A
previous study that compared body composition estimates us-
ing BIA devices with dual-energy X-ray absorptiometry (DEXA)
and whole body magnetic resonance imaging indicated that the
use of devices with additional hand electrodes provides a more
accurate prediction of body composition and are suitable for
public use (21). In order to determine percentage body fat, the
device uses electrical impedance, along with the participant’s
height, weight, age, and gender to generate results. The read-
ings were obtained in duplicates and the average was record-
ed. According to the manufacturer’s instructions, percentage
body fat was measured two hours or more after breakfast (22).
The measurement was conducted by experts in the field of ki-
nesiology and medicine, who were previously trained to mea-
sure a certain anthropometric measure.
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STATISTICAL ANALYSIS

The variables’ normal distribution was determined by the Kolm-
ogorov-Smirnov test. Basic descriptive statistical parameters
(arithmetic mean and standard deviation) were calculated for all
variables. Gender differences were determined using Student’s
t-test for independent samples. One factor analysis of variance
and Tukey post hoc tests were used to establish the differences
between the arithmetic means of adjacent age groups. A p value of
< 0.05 was considered as statistically significant. A construction of
the percentile curves is done using the LMS method. The method
is based on the assumption that the data have a normal distribution
at each level of covariability, where the percentiles for each age
category are summed up based on the specificities of age, and
previously, by the help of the Box-Cox transformation, the data was
normalized (correction of symmetry) if necessary. Percentile nor-
mative standards and curves were generated using the LMSChart
Maker Pro version 2.3 software package (The Institute of Child
Health, London). The following percentiles normative standards
were calculated: P3", P5™, P10™, P25%, P50™M, P75M, P90, P95™
and P98™. All comparisons were performed using SPSS 26.0 for
Windows (IBM Corporation, New York, NY, United States).

RESULTS

The research was conducted on a sample of 15,075 children and
adolescents (7,627 [50.6 %] boys and 7,448 [49.4 %)] girls) aged six
to 14, from eight regions of the Republic of North Macedonia. Boys
had a statistically significantly higher body fat percentage between
ages six and eight, while girls had a statistically significantly high-
er body fat percentage between the ages of 12 and 14. Statistically
significant differences in the fat tissue percentage between boys and
girls were not determined at nine, ten and eleven years of age (Table |).

Table I. Mean (SD) percentage of body fat for Macedonian children and adolescents aged
6-14 years and comparisons of the means

Boys Girls
Age t-value p-value
n Mean SD n Mean SD
6 years 614 23.73 7.05 725 21.03 7.85 6.62 < 0.001
7 years 805 22.96 7.46 808 21.96 7.91 2.61 0.009
8 years 1085 23.05 8.03 1072 22.06 8.38 2.80 0.005
9 years 1050 23.94 7.92 1011 23.39 8.68 1.50 0.134
10 years 1026 24.22 8.17 934 23.52 8.56 1.84 0.065
11 years 889 23.28 8.49 821 23.26 8.25 0.05 0.962
12 years 756 21.79 8.47 738 2418 7.91 -5.64 < 0.001
13 years 753 19.97 8.46 725 25.87 7.45 -14.24 < 0.001
14 years 649 18.44 777 614 27.26 6.71 -21.60 < 0.001
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From the analysis of table I, it can be seen that the adipose
tissue percentage shows oscillatory changes with the age in-
creasing in both sexes. With the boys, body fat marks the highest
percentage of increase between the 8™ and 9™ year; on aver-
age scale it is 0.88 %. With the girls, the greatest percentage
increase in body fat is shown between the 12" and 13" year,
which is by 1.69 % on average. With the boys from the 10™ to the
14™ year, there is a trend of decreasing the body fat percentage
from year to year. With the girls between the ages of ten and
eleven, the fat tissue percentage reduction occurs by 0.26 % on
average, and after that it comes to a continuous increase of the
body fat percentage until the age of 14. The fat tissue percentage
shows the greatest variability for boys in their 13 year, while for
girls it occurs in the 8™ year. The lowest variability adipose tissue
percentage with the boys is marked in the 6™ year, while in girls
in the 14" year.

From the values of the Tukey post hoc test, which was applied
to establish the differences between the adjacent-age groups’

arithmetic means, it can be stated that significant statistical
differences have been established with the girls: between
eight- and nine-year-old adjacent-age groups, when there
is an increase in the fat tissue percentage by about 1.33 %
on average; between the 12- and 13-year-old adjacent-age
groups, when there is an increase in the body fat percentage
by approximately 1.69 %; and in the 13-and 14-year-old adja-
cent-age groups, in which there is an increase in the fat tissue
percentage by about 1.38 % on average. With the boys, signif-
icant statistical differences are determined: between the elev-
en- and 12-year-old adjacent-age groups, when a decrease in
the body fat percentage occurs by 1.49 %; between 12- and
13-year-old adjacent age groups, when there is a decrease in
the body fat percentage by 1.82 %; and between the 13- and
14-year adjacent-age groups, when the fat tissue percentage
decreases by 1.53 %. No significant statistical differences were
determined between the other adjacent-age groups and be-
tween the two genders (Table II).

Table Il. Percentage body fat in percentiles according to age and sex in the boys and girls

in this study
Age Body fat percentage (%)
(vears) | M s 3p | 5p | 10p | 25p | 50p | 75p | 85p | 90p | 95p | 97p
Boys
6 0.7 23.2 0.3 10.8 12.2 14.5 18.5 23.2 28.2 30.9 32.9 35.8 37.7
7 0.7 229 0.3 10.2 1.7 13.9 18.0 22.9 28.0 30.9 32.9 359 38.0
8 0.7 23.0 0.3 9.9 1.4 13.7 17.9 23.0 28.4 314 33.5 36.7 38.9
9 0.7 23.3 0.4 9.8 1.2 13.7 18.0 23.3 29.0 32.3 34.5 37.9 40.2
10 0.6 23.3 0.4 9.4 10.9 13.4 17.8 23.3 29.3 32.7 351 38.7 41.2
1 0.6 22.5 0.4 8.8 10.3 12.6 17.0 22.5 28.6 321 34.6 38.4 41.0
12 0.5 211 0.4 8.0 9.3 1.5 15.7 2141 271 30.7 33.2 371 39.7
13 0.5 19.3 0.4 71 8.3 10.3 14.2 19.3 25.2 28.7 31.2 35.1 37.8
14 0.4 17.4 0.4 6.2 7.3 9.1 12.7 17.4 23.1 26.6 29.1 33.0 35.7
Girls
6 0.5 20.2 0.4 8.2 9.4 1.4 15.3 20.2 259 29.3 317 35.5 38.1
7 0.5 21.0 0.4 8.3 9.6 11.8 15.8 21.0 26.8 30.3 32.7 36.5 39.0
8 0.6 21.7 0.4 8.4 9.8 121 16.4 21.7 21.7 31.1 33.6 37.3 39.8
9 0.7 22.5 0.4 8.6 101 12.5 17.0 22.5 28.5 32.0 34.4 38.1 40.5
10 0.7 22.9 0.4 8.9 10.4 12.9 17.5 22.9 28.9 32.2 34.5 38.1 40.4
11 0.7 23.3 0.4 9.5 11.0 135 18.0 23.3 28.9 321 34.3 3r.7 39.9
12 0.7 241 0.3 10.7 12.2 14.6 19.0 241 29.5 32.5 34.6 37.8 39.9
13 0.8 25.4 0.3 12.4 13.9 16.3 20.5 25.4 30.6 33.5 35.5 38.4 40.4
14 0.8 26.9 0.3 146 | 160 | 183 | 223 | 269 | 31.7 | 344 | 363 | 39.1 | 409
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With the boys, the 50™ percentile curve shows that the aver-
age value of the body fat percentage increases slightly from the
age of 7-10 years, and after the 10™ year it starts to decrease
continuously until the 14" year, whereas the girls’ average value
of the body fat percentage continuously increases from the 6" to
the 14" year. The boys’ 5" percentile curve shows a continuous
decrease from six to 14 years of age, which is especially pro-
nounced after the 10" year. On the contrary, the girls’ 5™ percentile
curve shows a continuous increase from the 6™ to the 14" year,
which is especially pronounced after the 11" year. The 95" per-
centile curve for boys shows an increase from six to ten years,
then a decrease from eleven to 14 years. The 95" percentile
curve for girls shows a slight increase from six to ten years, then
a decrease at eleven years, and a slight increase again from 12
to 14 years (Fig. 2).

A. Boys

B. Girls

Figure 2.
Percentile curves for percentage body fat of boys (A) and girls (B).

The 50" percentile curves for the adipose tissue percentage in
our study were compared to percentile curves from studies con-
ducted in Thailand, Portugal, Turkish, Germany, United Kingdom,
United States and the North of Iran. The percentile curves’ com-
parison of the body fat percentage obtained in different studies
that have been conducted in various countries should be consid-
ered with a great precaution, since the majority of these studies
(except for the one performed in the North of Iran) have used
different models of BIA, which is very probable to have impacted

D. Bojanic et al.

the results. With the boys, the 50" percentile body fat percentage
curve was significantly higher at the ages of six to 13 in com-
parison with studies conducted in other countries. With the girls,
the adipose tissue curve at the 50" percentile was similar to the
curves of children and adolescents from Turkey and the United
Kingdom, lower than children and adolescents from Portugal,
and higher than children and adolescents from the United States,
Thailand and Germany. In addition, the patterns of all percentile
curves of the fat tissue percentage in the girls from Macedonia
were similar to the curves of girls from other countries (Fig. 3).

A. Boys

B. Girls

Figure 3.

Comparison of the 50™ percentile curves. MKD: North Macedonia; TH: Thai-
land; UK: United Kingdom; P: Portugal; D: Germany; TR: Turkey; USA: United
States; IR: North of Iran.

DISCUSSION

Certain anthropometric measures (such as upper arm circum-
ference, waist circumference and neck circumference) can be
used to assess the distribution of body fat in the central and
peripheral body parts (7,23-25). DEXA is the most valid method
for assessing body fat content and distribution, but it is an expen-
sive and uneconomical method for both epidemiological studies
and clinical practice (26). The other two commonly used methods
for determining the body fat content and distribution are skinfold
thickness and BIA (27,28).
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This is the first study in which the normative percentile values
and a curve for the body fat percentage have been constructed
and measured with BIA for a large sample of Macedonian chil-
dren and adolescents aged six to 14. The results of the research
showed that the average values of the fat tissue percentage are
not similar between the boys and girls from Macedonia. In boys,
the 50" percentile curve shows that the average value of the
adipose tissue percentage increases slightly between the ages
of seven and ten, so that after the age of ten it starts to decrease
continuously until the age of 14, whereas the average value of
the fat tissue percentage in girls increases continuously from the
6" to the 14" year.

Williams et al. provide a cut-off for total percentage of body
fat as 30 % for females and 25 % for males as these cut-offs
have been significantly associated with cardiovascular risk fac-
tors in children and adolescents (29). McCarthy recommends
that a body fat percentage between the 85" and 95" percentile
is considered to have an excess body fat percentage and above
the 95" percentile the respondent is considered to be obese
(30). The value obtained from the BIA above the 85™ percentile
can be considered to mark that the respondent has an excessive
body fat percentage (31). In a study published by McCarthy et
al., the 85" and 95™ body fat percentile values were defined as
the cut-off values of excess fat and obesity (30). Their expla-
nation was based on the similarity of percentile curves of body
fat percentage (85™ and 95") to percentile curves of body mass
index, which are defined by the International Obesity Task Force
(30). No consensus has been reached on the diagnosis of obe-
sity based on body fat percentage values (27,28,32). A certain
number of studies, which define obesity using BIA, consider that
by determining the body fat percentage they would provide ad-
ditional and useful information for the assessment of obesity in
children and adolescents.

In those cases, where body mass index values are within nor-
mal values but the body fat content measured by the BIA method
shows higher or normal values, the BIA would provide signifi-
cantly important additional information. On the contrary, a high
body mass index does not indicate a high body fat percentage
or a disorder of body fat distribution (33). In both cases, the BIA
method can be a reliable alternative method that would be used
in routine clinical practice (32).

For American girls, the curve for body fat percentage increases
continuously with age, while for boys, the body fat percentage
increases from age five to eleven, and after age eleven it begins
to decrease continuously until the age of 14 (17). In German chil-
dren aged 3-18, similar to our study, the curve of the fat tissue
percentage in girls increases continuously with age, whereas in
boys it increases from five to eleven years and then gradually
decreases (21). In addition, a study of Turkish children showed
that the curve for the body fat percentage in boys increased from
seven to ten years of age and then decreased from the age of ten
until age 14, while the curve for girls shows continuous increas-
es at a constant rate until the age of 14 (34). In Thai boys, the
curve for the body fat percent at the 50" and lower percentiles
increases slowly until the age of 12, then decreases slightly until
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age 15, and then increases again until age 18. In girls, percen-
tile curves for body fat percentage increase steadily from six to
18 years (35). In Portuguese children and adolescents, the body
fat percentage increases with age (7-17 years) only in girls
(4 %); in boys there is a slight decrease of 3 %. Girls show higher
median body fat percentage values than boys at all ages and per-
centiles, with the exception of the 97" percentile, where eight- to
12-year-old boys have about 0.6-3 % higher body fat percentage
than girls at same age (36).

In Chinese children aged 6-18 years, the body fat percentage
curve is constant in boys in all age groups, while it shows an
increasing trend in girls (37). Kim et al. found in their research
that the developmental changes in the curve of the fat tissue
percentage differed between Korean boys and girls, with the per-
centage of the fat component showing a trend of decrease in
boys and a gradual increase with age in girls (38). The results of
our study showed that the average body fat percentage in boys
was statistically significantly higher at ages six to eight, while
girls had a statistically significantly higher body fat percentage at
the ages 12 to 14 years.

Borrud et al. found that the pattern of body fat distribution dif-
fered between American boys and girls, with a higher percentage
of body fat in girls than in boys in most age groups, increasing
steadily with age in girls (39). The research results in Babol, north
of Iran, showed that the body fat average values differ between
boys and girls. The 50" percentile curve was slightly higher in
boys aged 7-11, and having the highest fat percentage of 22.5 %
at the age of eleven years; whereas the fat average percentage
in girls aged 7-9 increases with age (16.8-22.05 %), having a
slight decrease at the age of nine years, and then reaching the
peak of 25.5 % at the age of eleven years (40).

The present study provides first percentile reference values
and curves that can be used for the clinical assessment of obe-
sity in Macedonian children and adolescents and provides data
for comparison to other countries. The differences in the shape of
the percentile curves for the adipose tissue percentage between
different countries are due to genetic factors, lifestyle habits,
ethnicity, different sampling methods and the BIA model used,
among other unknown factors (37).

CONCLUSION

Based on the obtained results, it can be concluded that in
this research the first reference percentile curves for the body
fat percentage about Macedonian children and adolescents
were defined, where in boys they were significantly higher in
comparison with those of children and adolescents from oth-
er countries. The obtained results for the percentile reference
values and curves can help medical and other health advisors
to identify and prevent pediatric obesity and reduce the risk of
health problems later in life. However, more clinical correlation
studies are needed before reliable advice can be offered con-
cerning the percentage of body fat that is meaningful in relation
to cardiovascular disease.
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Resumen

Introduccion: la prevalencia de sobrepeso y obesidad en la poblacion infantil es un problema de salud publica global y es necesario adoptar
medidas como el fomento de la actividad fisica. Uno de los factores reconocidos para ello es el desarrollo de la competencia motriz, debido a su
interaccion dinamica con la actividad fisica, por lo que es necesario entender su relacion con el estado nutricional.

Objetivo: este estudio tiene como objetivos determinar si existen diferencias en los niveles de competencia motriz de escolares de la Patagonia
chilena seguin su estado nutricional, asi como determinar la asociacion entre el indice de masa corporal (IMC) y los niveles de competencia
motriz en estos escolares.

Material y métodos: se evaluaron 295 nifios y nifias de entre diez y 13 afios de Coyhaique y Punta Arenas. Para determinar el estado nutricional
se utilizé el IMC. Para evaluar la competencia motriz se utilizo el test MOBAK 5-6.

Resultados: los escolares con un estado nutricional normal presentaron mayores valores de competencia motriz en control del cuerpo (M =
3,1; DE = 1,84) en comparacion con escolares con sobrepeso (M = 2,7; DE = 1,68) y obesidad (M = 1,7; DE = 1,57), presentandose diferen-

Palabras clave: cias significativas entre todos los grupos (p < 0,001). En control de objetos no se encontraros diferencias entre los grupos. Se establecio una
N ‘ asociacion inversa del control de objetos con el sexo (3: 1,49; p < 0,001) y con el IMC (B: -0,05; p = 0,026). En control del cuerpo se presentd

Habilidades motrices. una asociacion inversa con el IMC (8: -0,11; p < 0,001).
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de peso. Actividad fisica. Conclusidn: existe una asociacion inversa entre el estado nutricional y la competencia motriz. Los escolares con mayores valores de IMC tienden

Alfabetizacion motriz. a tener un desempefio mas bajo en control del cuerpo. Estos resultados subrayan la importancia de abordar la competencia motriz como parte

Estudiantes. de los esfuerzos para combatir el sobrepeso y la obesidad en los nifios.
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Abstract

Background: the prevalence of overweight and obesity in the child population is a global public health problem, with measures such as the
promotion of physical activity being necessary. One of the recognized factors for this is the development of motor competence, due to its dynamic
interaction with physical activity, so it is necessary to understand its relationship with weight status.

Objective: the aims of this study are to determine whether there are differences in the levels of motor competence of schoolchildren in Chilean
Patagonia according to their nutritional status, as well as to determine the association between body mass index (BMI) and the levels of motor
competence in these schoolchildren.

Material and methods: we evaluated 295 boys and girls in 5" and 6" grade of primary school, from educational centres in Coyhaique and
Punta Arenas. We used the MOBAK 5-6 test to assess their motor competence.

Results: schoolchildren with normal weight status presented higher values of motor competence in self-movement (M = 3.1; SD = 1.84)
compared to overweight (M = 2.7; SD = 1.68) and obese schoolchildren (M = 1.7; SD = 1.57), presenting significant differences between all
groups (p < 0.001). In object control, no differences were found between the groups. In addition, there was an inverse association of object
control with gender (: 1.49; p < 0.001) and BMI (B: -0.05; p = 0.026), while self-movement had an inverse association with BMI (3: -0.11;
95 % CI: -0.15-0.07; p < 0.001).

Conclusion: weight status and motor competence are associated. Schoolchildren with higher BMI values tend to perform lower in self-movement.

Physical literacy. Students.

INTRODUCCION

La prevalencia de sobrepeso y obesidad en la poblacion infantil
es uno de los problemas de salud publica mas preocupantes que
la sociedad actual debe enfrentar y se considera una epidemia
de caracter mundial (1). Chile es uno de los paises del Organiza-
cion para la Cooperacion y el Desarrollo Econémicos (OCDE) con
las tasas mas altas de sobrepeso y obesidad infantil (2), situacion
que se agudiza en la zona de la Patagonia chilena, compuesta
por las regiones de Aysén y Magallanes, en donde la proporcion
de escolares de 5.° afio de Primaria que sufre malnutricion por
exceso llega a 58,1 % y 57,8 %, respectivamente (3).

Dentro de las consecuencias de la obesidad infantil se en-
cuentra el riesgo de desarrollar diversas afecciones cronicas,
como diabetes de tipo 2, hipertension, niveles elevados de co-
lesterol y apnea del suefio (4,5). Ademas, la obesidad infantil
puede provocar problemas psicosociales y reducir la calidad de
vida de los nifios y nifias, ya que puede afectar a su autoestima y
a su bienestar mental general (6). Por esta razdn, es crucial dar
prioridad al desarrollo de medidas de prevencion e intervencion
que permitan controlar esta problematica, y el fomento de la ac-
tividad fisica es un pilar fundamental en este sentido (7).

Una estrategia eficaz para promover la actividad fisica en
la poblacion escolar es centrarse en mejorar su competencia
motriz (8). La competencia motriz se refiere a la capacidad de
desarrollar y demostrar con éxito diversas habilidades motrices
fundamentales (9). Al mejorar estas habilidades motrices funda-
mentales, 10s nifos y nifias tienen mas probabilidades de parti-
cipar en juegos y deportes de manera fisicamente activa (10).

Se ha evidenciado que el fomento de la competencia motriz
no solo aumenta el nivel de actividad fisica de la poblacion infan-
to-juvenil, sino que también repercute positivamente en su salud
y bienestar general (11). Los nifios, nifias y adolescentes que son
competentes motrizmente tienen mas confianza para participar en
diferentes tipos de actividades fisicas, lo que conduce a una me-
jora de los niveles de aptitud fisica (12,13). Al desarrollar dptimos
niveles de competencia motriz y actividad fisica, se puede gene-
rar una espiral positiva para mantener un peso saludable (12,14).

These results underline the importance of addressing motor competence in efforts to combat overweight and obesity in children.

El' modelo conceptual de Stodden y cols. (14) propuso que las
trayectorias de sobrepeso y obesidad pueden desencadenarse
por los efectos acumulativos de una baja competencia motriz,
baja capacidad fisica relacionada con la salud y bajos niveles de
competencia motriz percibida durante la infancia (14). De esta
forma, una baja competencia motriz puede dar lugar a una baja
participacion en actividades Iidicas de movimiento y/o depor-
tes organizados durante la infancia, lo que conduce a un espiral
negativo de alejamiento de un estilo de vida activo (14). Nume-
rosos estudios han demostrado sistematicamente la existencia
de un vinculo directo entre la competencia motriz y el indice de
masa corporal (IMC) de nifios y nifias (13,15). Estos hallazgos
sugieren una relacion negativa entre competencia motriz y esta-
tus de peso, donde escolares que poseen niveles mas bajos de
competencia motriz tienden a tener una mayor probabilidad de
presentar sobrepeso u obesidad (16).

Considerando que en Chile existe escasa evidencia acerca
de esta problematica, y que se presenta una alta prevalencia
tanto de obesidad (17) como de inactividad fisica en la pobla-
cion escolar (18), se hace necesario realizar investigaciones
que permitan comprender con mayor profundidad la relacion
entre la competencia motriz y el estado de peso de los escola-
res chilenos. Por esta razon, este estudio tiene como objetivos
determinar si existen diferencias en los niveles de competencia
motriz de escolares de la Patagonia chilena segun su estado
nutricional, asi como determinar la asociacion entre el IMC y
los niveles de competencia motriz de escolares de la Patagonia
chilena.

MATERIAL Y METODOS

PARTICIPANTES

Para este estudio analitico transversal no experimental se
utilizd un muestreo no probabilistico por conveniencia, en don-
de participaron 295 escolares (46 % nifas; edad M = 11,2;
DE = 0,94) de siete centros educacionales de las ciudades
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de Coyhaique (Region de Aysén) y Punta Arenas (Region de
Magallanes), en la Patagonia chilena (sur de Chile). El criterio
de inclusion fue estar cursando 5.° y 6.° afio basico (por ejem-
plo, 10-12 afios de edad). Los criterios de exclusion fueron no
participar regularmente de las clases de Educacion Fisica y
haber recibido algtn diagnostico que no le permita la practica
de actividad fisica. El protocolo del estudio conté con la apro-
bacién del Comité Etico Cientifico Universidad de La Frontera
segun acta n.° 088_21. Los padres 0 apoderados firmaron un
consentimiento y los escolares dieron su asentimiento escrito
para participar voluntariamente del estudio.

INSTRUMENTOS
Competencia motriz

Se utilizo el test MOBAK 5-6 (19) en su version validada al
espariol (20,21), disefiado para evaluar la competencia motriz de
escolares de 5.°y 6.° afio de Primaria (10-12 afios). El test consta
de ocho tareas motrices organizadas en dos dimensiones: control
de objetos (lanzar, atrapar, conducir con la mano y conducir con el
pie) y control del cuerpo (equilibrarse, rodar, saltar y correr). Cada
tarea se puntta de cero a dos puntos dependiendo de la cantidad
de aciertos (cero aciertos = cero puntos; un acierto = un punto;
dos aciertos = dos puntos), los cuales, al sumarlos todos, entre-
gan la puntuacion de cada dimension. De esta forma, el rango del
puntaje de cada dimension va de un minimo de cero puntos a un
maximo de ocho puntos. Valores bajo los tres puntos indican una
necesidad de reforzamiento motriz (22).

Estado nutricional

Para evaluar el peso se utilizd una balanza de la marca Seca®,
modelo 803, con una precision de 0,1 kg y una capacidad maxima
de 150 kg. La estatura se evaluo utilizando un estadiometro Seca®,
modelo 217, con una precision de 1 mm. La medicion se realizo
con los pies descalzos y con la menor cantidad de ropa posible.
El IMC se calculd con la formula kg/m?. Para determinar el estado
nutricional se utilizo la clasificacion de la Organizacion Mundial de
la Salud (OMS) (23), considerando los parametros especificos para
cada edad y sexo. Estas clasificaciones corresponden a desnutri-
cion (-2 DE), normal (entre -2 DE y +1 DE), sobrepeso (entre +1
DEy +2 DE) y obesidad (sobre +2 DE) (OMS, 2013).

Procedimientos

El test MOBAK 5-6 fue aplicado en los horarios correspondien-
tes a las clases de Educacion Fisica del estudiantado, las cuales
en su mayoria eran realizadas en las mafianas. Previo al comien-
Z0 de la clase, el equipo evaluador preparaba las estaciones y
las marcaba. Un grupo de ocho evaluadores capacitados en la
Bateria MOBAK aplico el test. Cada curso a evaluar se dividia en
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ocho grupos, que variaban en tamario de tres a cinco estudian-
tes segun la cantidad en la clase. Cada grupo era dirigido por
uno de los evaluadores, quien los acompafiaba a cada estacion
y explicaba la tarea motriz que debian realizar, demostrandola
previamente. Ademas de las estaciones de las tareas motrices
del test MOBAK, también se habilitd una estacion donde los eva-
luadores median el peso y la talla. La aplicacion total del test
tomaba aproximadamente 60 minutos.

ANALISIS ESTADISTICO

Se calcularon estadisticos descriptivos (medidas de tendencia
central y frecuencias absolutas y relativas). Se empled el test
de Kolmogorov-Smirnov para determinar si las variables siguie-
ron la distribucion normal. Los resultados indicaron que no se
cumplié el supuesto de normalidad, por lo que se decidio uti-
lizar pruebas estadisticas no paramétricas. Para comparar las
variables antropométricas y de competencia motriz seguin sexo y
estado nutricional se utilizaron las pruebas U de Mann-Whitney
y Kruskal-Wallis, respectivamente. Para determinar la asociacion
de sexo, edad e IMC con las dimensiones de la competencia
motriz se utilizd un modelo de regresion lineal mdltiple ajustando
las variables por region, establecimiento educacional y curso. Se
considerd como nivel de significancia p < 0,05. El andlisis esta-
distico se realizo con el software IBM SPSS 25.

RESULTADOS

En la tabla | se presentan las estadisticas descriptivas se-
gun el sexo de los escolares. Solo en los resultados corres-
pondientes a la competencia motriz de control de objetos se
encontraron diferencias significativas (o < 0,001), en donde los
nifios (M = 3,7; DE = 2,08) presentan valores mas altos que
las nifias (M = 2,3; DE = 1,72). En las otras variables no se
encontraron diferencias estadisticamente significativas.

En la tabla Il se presentan las estadisticas descriptivas segun
la region de los escolares. Se encontraron diferencias significati-
vas en las variables de edad, peso y talla, en donde los escolares
de Magallanes presentan mayores valores. Sin embargo, en las
variables principales del estudio, es decir, IMC y competencia
motriz (control de objetos y control del cuerpo), no se encontra-
ron diferencias estadisticamente significativas.

En la tabla Il se presentan las estadisticas descriptivas segun
el estado nutricional de los escolares. No se encontraron casos
dentro de la categoria de desnutricion. En las variables corres-
pondientes a la competencia motriz se hallaron diferencias sig-
nificativas solo en el desempefio de control del cuerpo, en donde
los escolares con estado nutricional normal (M = 3,1; DE = 1,84)
presentan mayores valores que los escolares con sobrepeso
(M =2,7; DE = 1,68) y obesidad (M = 1,7; DE = 1,57), con
diferencias significativas entre todos los grupos (p < 0,001). En
la competencia motriz correspondiente al control de objetos no
se encontraros diferencias entre ninguno de los grupos.



570

Tabla I. Estadistica descriptiva segun sexo

P. Cumilef-Bustamante et al.

Ninas Ninos

M DE M DE valerp
Edad (afios) 11,3 1,05 11,2 0,84 0,870
Peso (kg) 49,7 13,74 49,5 13,19 0,991
Talla (cm) 1,50 0,08 1,50 0,09 0,304
IMC (kg/m?) 22,0 5,29 22,4 4,72 0,542
Control de objetos* 2,3 1,72 3,7 2,08 p < 0,001t
Control del cuerpo* 2,5 1,78 2,3 1,82 0,287

IMC: indice de masa corporal. Resultados expresados como media aritmeética (M) y desviacion estandar (DE) y porcentajes. Prueba U de Mann-Whitney. *Rango de 0 a
8 puntos. Diferencias significativas al nivel dep < 0,05.

Tabla Il. Estadistica descriptiva segun regiéon

Magallanes Aysén
M DE M DE valorp
Edad (afios) 11,67 0,73 10,93 0,96 p < 0,001t
Peso (kg) 51,95 14,52 47,97 12,40 0,0201
Talla (cm) 1,50 0,08 1,47 0,08 0,023f
IMC (kg/m?) 22,78 5,76 21,78 4,35 0,120
Control de objetos* 3,25 2,13 2,91 1,97 0,194
Control del cuerpo* 2,49 1,74 2,31 1,84 0,370

IMC: indice de masa corporal. Resultados expresados como media aritmeética (M) y desviacion estandar (DE) y porcentajes. Prueba U de Mann-Whitney. *Rango de 0 a
8 puntos. Diferencias significativas al nivel dep < 0,05.

Tabla lll. Estadistica descriptiva segun estado nutricional

Normal Sobrepeso Obesidad

M DE M DE M DE valorp
Edad (afios) 11,3 0,78 11,2 0,76 11,2 0,77 0,902
Peso (kg) 38,8 6,21 47,2 6,38 62,3 11,78 0,0007
Talla (cm) 1,5 0,08 1,5 0,08 1,5 0,07 0,003f
IMC (kg/m?) 17,9 1,56 21,5 1,89 27,3 3,77 p < 0,001t
Control de objetos* 3,2 2,00 3,0 1,88 3,0 2,14 0,667
Control del cuerpo* 3,1 1,84 2,7 1,68 1,7 1,57 p < 0,001t

IMC: indice de masa corporal. Resultados expresados como media aritmética (M) y desviacion estandar (DE) y porcentajes. Prueba de Kruskal-Wallis. *Rango de 0 a 8
puntos. 'Diferencias significativas al nivel dep < 0,05.

En la tabla IV se presenta el analisis de correlacion entre la
competencia motriz y el IMC. Se encontrd una relacion significa-
tiva negativa entre el IMC y el control del cuerpo (rho = -0,320;
p < 0,001), mientras que entre IMC y control de objetos no se
encontraron relaciones significativas.

La tabla V representa la asociacion entre las variables del
estudio, en donde la competencia motriz de control de objetos
presento una asociacion inversa con el sexo (: 1,49; 1C 95 %:
1,04-1,94; p < 0,001) y el IMC (B: -0,05; IC 95 %: -0,10 a
-0,01; p=10,026). Por su parte, la competencia motriz de control
del cuerpo también presentd una asociacion inversa con el IMC
(B:-0,11;1C 95 %: -0,15a -0,07; p < 0,001).

Tabla IV. Coeficientes de correlacion de
Spearman entre IMC, control de objetos

y control del cuerpo

1 3
1. Control de objetos -
2. Control del cuerpo 0,310* -
3.IMC -0,063 -0,320* -

IMC: indice de masa corporal. *La correlacion es significativas al nivel de

p < 0,001.
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Tabla V. Asociacion entre las dimensiones de competencia motriz de control de objetos
y de control del cuerpo con la edad, el sexo y el IMC

B IC 95 % Beta ET Valor p
Control de objetos
Edad (afios) -0,05 (-0,36; 0,26) -0,02 0,16 0,734
Sexo (ref. nifas) 1,49 (1,04; 1,94) 0,37 0,23 p<0,001*
IMC (kg/m?) -0,05 (-0,10;-0,01) -0,13 0,02 0,026*
Control del cuerpo
Edad (afios) 0,08 (-0,21;0,37) 0,04 0,15 0,587
Sexo (ref. nifias) -0,20 (-0,62; 0,22) -0,06 0,21 0,356
IMC (kg/m?) -0,11 (-0,15;-0,07) -0,30 0,02 p<0,001*

ET: error tipico; IMC: indice de masa corporal. Valores representan 8 (IC 95 %). Valores ajustados por establecimientos educacional, region y curso. *Diferencias

significativas al nivel dep < 0,06.

DISCUSION

El presente estudio ha tenido como objetivos determinar si
existen diferencias en los niveles de competencia motriz de
escolares de la Patagonia chilena segin su estado nutricional,
asi como determinar la asociacion entre el estado nutricional y
los niveles de competencia motriz de escolares de la Patagonia
chilena. Los andlisis para determinar si existen diferencias en
los niveles de competencia motriz de escolares de la Patago-
nia chilena segun su estado nutricional arrojaron que solo en el
control del cuerpo existen diferencias significativas, en donde los
estudiantes con un estado nutricional normal presentan mejores
rendimientos, seguidos de los estudiantes con sobrepeso, mien-
tras que los estudiantes con obesidad obtienen los resultados
mas bajos. En consecuencia, el andlisis de correlacion confirmo
esta relacion negativa significativa entre IMC y control del cuer-
po, lo que coincide con lo reportado en una revision sistematica
por Barnett y cols. (12), en donde la mayoria de los estudios
presentaron una asociacion en favor de los escolares que pre-
sentan IMC bajos. Esta prevalencia de bajo desempefio motriz
en las pruebas de control del cuerpo por parte de escolares con
alto IMC se puede deber a la complejidad de mover una masa
mayor, lo que implica una mayor dificultad para controlar el cuer-
po (34,35). Los valores de CM en la dimension de control de
objetos de los escolares que presentan un estado nutricional de
sobrepeso y de obesidad se encuentran bajo el umbral tedrico
de tres puntos, lo que indica que necesitan reforzamiento motriz
para el desarrollo de las habilidades motrices de locomocion y
estabilidad. El reforzamiento motriz en escolares con esta condi-
cion puede favorecer la practica de la actividad fisica, ya que no
solo mejora el desempefio motriz, sino que también fomenta la
percepcion de competencia, la motivacion y el disfrute hacia la
actividad fisica (36).

Al comparar los resultados de competencia motriz segun el
sexo es posible determinar que solo en la dimension control de
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objetos existen diferencias significativas, siendo los nifios quie-
nes demuestran un desempefio mas alto que las nifias. Esto
coincide con los diversos estudios que han abordado esta va-
riable, confirmando esta tendencia a favor de los nifios tanto a
nivel internacional (24,25) como nacional (26-28). En cuanto al
control del cuerpo, los resultados no demuestran diferencias en-
tre sexo, lo que concuerda con otros estudios que han abordado
esta tematica (13). Algunos estudios indican que estas diferen-
cias se asocian a los estereotipos que nifos y nifias enfrentan al
momento de participar en actividades fisicas, en donde los nifos
son mas activos y participan de juegos que incluyen balén o de-
portes de equipo (27), mientras que las nifias tendrian menos
ofertas y participan menos de este tipo de actividades (29,30).

Con respecto a los niveles de competencia motriz segun la
region de proveniencia de los participantes, no se encontraron
diferencias significativas al comparar los escolares de Aysén y
Magallanes, siguiendo la tendencia de bajo desempefio motriz
encontrada en otras regiones de Chile (31-33). Considerando los
valores referenciales planteados por Herrmann y cols. (22), los
escolares de la Patagonia chilena participantes en este estudio
presentan valores por debajo de los tres puntos, lo que indicaria
una necesidad de reforzamiento motriz. Esta tendencia se repite
en estudiantes chilenos de edades similares pertenecientes a
la Regidn de La Araucania (31-33), quienes también presentan
resultados que no sobrepasan 10s tres puntos, por lo que es ne-
cesario adoptar medidas para mejorar esta situacion.

Es importante mencionar que este estudio presenta algunas li-
mitaciones, como el tamario de la muestra, que no permite hacer
una inferencia a toda la poblacion escolar chilena. Asimismo, si
bien el IMC es un indice muy utilizado para determinar el estado
nutricional, no es una de las mediciones mas precisas para la
determinacion del estatus de peso. Para futuros estudios, se re-
comienda registrar los niveles de actividad fisica, ya que pueden
permitir entender de mejor manera como la competencia motriz
se relaciona con el estado nutricional.
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Los resultados del estudio evidencian la necesidad de generar
programas que puedan fomentar el desarrollo de la competencia
motriz, especialmente en los estudiantes con sobrepeso y obesi-
dad, ya que son quienes se encuentran en el rango de necesidad
de reforzamiento motriz (22). Tal y como lo plantea Stodden y
cols. (14), bajos niveles de competencia motriz provocaran una
espiral negativa en donde interactuaran bajos niveles de activi-
dad fisica, bajos niveles de condicion fisica y bajos niveles de
percepcion de competencia. Es importante continuar esta linea
de investigacion y profundizar en esta tematica, determinando
causalidades en esta relacion IMC-competencia motriz, princi-
palmente a través de estudios longitudinales (12).

CONCLUSION

En conclusion, existid una asociacion inversa entre el estado
nutricional y la competencia motriz. Los escolares con mayores
valores de IMC tienden a tener un desempefio mas bajo en la
dimension de control del cuerpo. Estos resultados subrayan la
importancia de abordar la competencia motriz como parte de los
esfuerzos para combatir el sobrepeso y la obesidad en 10s nifios.
El fomentar la competencia motriz puede tener un impacto po-
sitivo en la participacion en actividades fisicas, lo que, a su vez,
podria contribuir a la mejora de la salud y el bienestar general de
los escolares. Al profundizar el estudio de esta temética se podra
dar comprension a la dinamica de esta problematica, lo que per-
mitira generar ideas y plantear estrategias para el desarrollo de
la competencia motriz y fomentar la practica regular de actividad
fisica. La aplicacion de medidas en esta direccidn sera un aporte
muy importante para ayudar a combatir la alta prevalencia de
sobrepeso y obesidad que predomina en la Patagonia chilena.
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Abstract

Introduction: changes in cognitive performance and memory of older adults (OA) can interfere in their reporting their diet.

Objective: to evaluate the impact of memory bias in dietary estimation between OA and their primary caregivers (PC) through the food frequency
questionnaire (FFQ) for Mexican OA and weighed food records (WFR).

Methods: the present analysis uses the estimated dietary information based on the response provided by 51 older adults (OA) and their primary
caregivers (PC) from the validation study of the FFQ for Mexicans OA was conducted during lockdowns for COVID-19. The personnel who applied
FFQ and WFR were trained with standardized instruments and procedures. The Wilcoxon test was used to compare the intake per day of the
foods and food groups, the Spearman correlation coefficient was used to evaluate the grams of intake per day of the food groups, and kappa
coefficient was used to compare the level of food items and food groups between OA and PC.

Results: in 11 of 14 food groups, no significant differences were observed between the amounts of intake reported by OA and PC. In the groups
Keywords: of dairy products, fruits, vegetables, and legumes, moderate agreement was observed (k = 0.63 to 0.79), and in the rest of the groups was
Memory. Food frequency strong to perfect (k > 0.80). Correlation of the amount of intake between OA and PC was high in all food groups (r > 0.87).

questionnaire. Diet records. ~ Gonclusion: the high correlation and high agreement between the amounts and frequencies of the food groups consumed as reported by the
Caregivers. Older adults. older adults and primary caregivers indicate that the information from both respondents is reliable.
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Resumen

Introduccion: los cambios cognitivos y la memoria que presentan los adultos mayores (AM) pueden interferir al momento de reportar los
alimentos de su dieta.

Obijetivo: evaluar el impacto del sesgo de memoria en la estimacion de la dieta entre AM y sus cuidadores principales (CP) a través del cues-
tionario de frecuencia de alimentos (CFA) para AM mexicanos y el registro de peso de alimentos (RPA).

Métodos: el presente analisis utiliza la informacion dietética estimada con base en la respuesta proporcionada por 51 adultos mayores (AM) y
sus cuidadores principales (CP) del estudio de validacion del CFA para AM mexicanos que se realizd durante el confinamiento por COVID-19. El
personal que aplicd CFA y RPA fue capacitado con instrumentos y procedimientos estandarizados. Se utilizd prueba de Wilcoxon para comparar
la ingesta por dia de los alimentos y grupos de alimentos, el coeficiente de correlacion de Spearman para evaluar los gramos de ingesta por dia
de los grupos de alimentos y el coeficiente kappa para comparar el nivel de alimentos y grupos de alimentos entre AM y CP.

Resultados: en 11 de 14 grupos de alimentos no se observaron diferencias significativas entre las cantidades de ingesta reportadas por AM
y CP. En los grupos de lacteos, frutas, verduras y legumbres se observé concordancia moderada (x = 0,63 a 0,79), y en el resto de los grupos
fue de fuerte a perfecta (i > 0,80). La correlacion de la cantidad de ingesta entre AM'y CP fue alta en todos los grupos de alimentos (r > 0,87).

Conclusion: La alta correlacion y la alta concordancia entre las cantidades y frecuencias de los grupos de alimentos consumidos segun lo

mayores. informado por los adultos mayores y los cuidadores principales indican que la informacion de ambos encuestados es confiable.

INTRODUCTION

METHODS

The correct measurement of dietary intake in older adults (OA)
is important to evaluate and identify unhealthy or risky eating
patterns, monitor compliance with dietary recommendations, and
promote health (1). In Mexico, all people older than 60 years are
considered OA; this stage of life is characterized by changes in
cognitive performance and long-term memory (2,3). Therefore,
when evaluating diet in this age group, measures should be tak-
en to reduce measurement errors. Accuracy in the evaluation of
diet can be hampered by sociodemographic factors such as age,
sex, culture, education, income, family environment, and deterio-
ration in cognitive function and memory. The latter can affect the
awareness of consumption and interfere with the understanding
of the breakdown of ingredients, describing and reporting meals,
recalling portion sizes, and knowledge of the foods and bever-
ages consumed (4-6). There is limited research on the impact
of cognitive function on the integrity of dietary data reported by
0A (7).

One kind of instrument that has been most used to evaluate diet
in different populations is FFQ. Lately, short-term questionnaires
have begun to be used more, which are designed to evaluate the
usual diet by asking about the frequency with which certain foods
are consumed during a reference period (8). Compared to other
methods of dietary evaluation, they are easy to administer, have
a relatively low cost, can establish an association between diet
and disease, and can be used to identify eating patterns related
to inadequate consumption of specific nutrients (9-11). However,
the lack of response can affect certain foods differently. For ex-
ample, foods can be omitted because they were not consumed
or because of difficulty remembering the frequency or amount
consumed (12). Thus, the accuracy of the information collected
can be substantially lowered.

The above problem has been little investigated in the of OA
population of Mexico and Latin America (8,13,14). Therefore, the
objective of the present study was to evaluated the impact of
memory bias in dietary estimation between OA and their primary
caregivers (PC) through the food frequency questionnaire (FFQ)
for Mexican OA and weighed food records (WFRs).

[Nutr Hosp 2024;41(3):574-584]

STUDY DESIGN

The information on the diet of older adults derived from the
validation study of the Food Frequency Questionnaire for Mex-
ican Older Adults was analyzed. The present analysis uses the
estimated dietary information based on the response provided by
the older adults (OA) and the primary caregivers (PC).

PARTICIPANTS

The original study on the validation of FFQ for Mexican OA
was conducted during lockdowns for COVID-19, for which the
OA who lived in the same house with students of university Nu-
trition programs were invited to participate through a video in
the states of Hidalgo, Chiapas, and Tlaxcala, Mexico. To be eli-
gible for the study, the OA had to be 60 years or older, have an
oral diet, have no diagnosis of dementia, and have independent
ambulation, and the PC had to be of legal age, live in the same
house as the OA, and be responsible for feeding the OA. The
sample size needed to detect a correlation equal to r = 0.46 of
the total energy consumption between the OA and PC, with an
alpha level of 0.05 and power of 0.90, was 50 participants. No
restriction on the sexes was set.

PROCEDURE AND MEASURES

Food frequency questionnaire (FFQ) for
Mexican older adults

FFQ is a semiquantitative questionnaire that consists of 194
food and beverage items to assess the current diet of OA. It was
designed to resemble the FFQ developed for Mexico’s Nation-
al Health and Nutrition Surveys 2012 and 2016 (15,16). FFQ
consists of 14 food groups: dairy products, fruits, vegetables,
fast food, meats, sausages and eggs, fish, legumes, cereals and
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tubers, corn products, beverages, snacks, sweets and desserts,
and soups, creams and pastes, miscellaneous, and tortillas. It
evaluates the number of times the respondent has consumed
each food category in the last 7 days, which ranges from never to
six times a day. The portion sizes of the foods come in predefined
categories. The list of foods included in the questionnaire and
the sizes of the standard portions were estimated from analyses
performed on the foods most consumed in older adults from 24-
hour recall national surveys conducted in 2012 and 2016.

The personnel who applied FFQ were trained virtually for
40 hours in theoretical-practical workshops, with standardized
instruments and procedures. Two FFQ were delivered on paper to
perform the recording, as well as a digital version with macros in
Microsoft Excel, identical to the printed version of FFQ, to record
the data. It was applied during the period from November 2020
to July 2021 in the homes of the OA and PC. The evaluators
asked the study subjects to remember all the foods and their por-
tion sizes consumed in the 7 days before the interview. Subjects
who reported not having consumed the standard serving size
were asked to select an alternative serving size, ranging from
“very small” to “extra-large”. They were then asked to specify
the number of days and the number of times per day that they
consumed the food during the 7 days before the interview.

Weighed food records (WFR)

The weight or volume of food and beverages ingested over
7 continuous days of the week was recorded directly. To do
this, it was necessary to weigh and measure all the foods that the
older adult was served, and then the leftovers were weighed
to obtain the total grams of the food consumed by difference.
The personnel were trained to collect the information in a for-
mat designed for this study to make sure they used the scale
correctly to weigh the foods and beverages.

Sociodemographic characteristics

The sociodemographic characteristics (age, sex, marital sta-
tus, level of schooling, health perception, number of diseases,
and number of medications taken) were gathered through an
online electronic questionnaire, which was administered by the
staff before applying FFQ.

STUDY VARIABLES
Food consumption

A result of no food consumption was recorded when the re-
spondent chose the frequency category called “Never (code 01)
for the different items.” The corresponding result was recorded if
food consumption was reported in the frequency category from
1 time (code 02) to > 6 times per day (code 09).

M. Galvan et al.

Amount of food consumed

From the FFQ responses, the amount of each food and drink
consumed was calculated by multiplying the number of days, the
number of times per day, the serving size in grams (g) or milliliters
(ml), and the number of servings consumed in each meal. The total
grams and milliliters were divided by 7 days to obtain the daily
intake, and these totals were added to the appropriate food groups.

For the questionnaire on weights and measures, the amount of
food consumed per day was estimated, yielding the total amount
served minus the amount leftover, giving the total amount of food
or drink consumed. The grams consumed per day were added
and divided by 7 to obtain the average daily intake. As for FFQ,
these data were summed for each corresponding food group.

Percentage contribution of each food group

The percentages represented by the 14 food groups were cat-
egorized and calculated according to FFQ answered by the OA
and PC. First the percentage contributions, including that of the
beverage group, were calculated, and then the beverage group
was discarded to compare the distribution of the food groups.

STATISTICAL ANALYSIS

Measures of central tendency and dispersion were estimated
for continuous variables, as were frequencies and percentages
for categorical variables, to describe the sociodemographic and
health characteristics of all participants. To compare the dietary
intake of each food and of the main food groups of FFQ between
that reported by the OA and that reported by the PC, the medians
and interquartile ranges (25th to 75th percentile) were estimat-
ed. The Wilcoxon test of paired samples was used to compare
the intake per day of the foods and food groups reported by the
OA and PC. To analyze the differences between consumers and
non-consumers of each food group and the differences between
sociodemographic groups, the chi-square test was applied.

To evaluate the grams of intake per day of the food groups
between that reported by the OA and PC, Spearman correlation
coefficients were calculated. Concordance tests were performed
between the report on the consumption or not of the food given
by the OA and PC, using the kappa coefficient at the level of food
items and food groups. To evaluate the agreement on dietary
intake in grams at the food item level and by food group, the
subjects were classified into tertiles of consumption per day. The
degree of agreement with respect to dietary intake was calcu-
lated by examining the proportion of subjects who fell into the
same tertile or an adjacent tertile as that defined by the reference
method (weights and measures) when they were classified by the
OA or PC. The FFQ consumption estimated by the OA was com-
pared with the consumption reported in weights and measures
by the OA using the kappa coefficient. All statistical analyses
were performed with the statistical software STATA version 14.0.
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RESEARCH ETHICS AND PATIENT CONSENT

The original validation study of FFQ for Mexican OA was con-
ducted according to the guidelines of the Declaration of Helsinki,
and written informed consent was obtained from the participants.
The project was approved by the Ethics Committee of the Auton-
omous University of the State of Hidalgo of the Institute of Health
Sciences, which reviewed and approved the informed consent
forms and the study protocol with number 2020-17.

RESULTS

The validation study was conducted in 51 older adults; 57 %
were women, and 43 % were men. The average age of the OA
was 70.4 = 10.2 years; the average age of the PC was 29.8 +
10.2. Fifty-five percent of the OA reported being married, 39.2 %
reported having a primary education level, and the rest reported
a higher level. Fifty-one percent perceived their state of health
as normal, 54.9 % reported taking at least one medication, and
45.1 % had more than three diseases diagnosed by a doctor
(Table I).

CONCORDANCE OF FOOD CONSUMPTION
BETWEEN THE OA AND PC BY FFQ

The concordance value of the consumption of food groups re-
ported by the OA and PC was almost perfect or strong (> 0.90) in
fast food, meats, sausages and eggs, fish, corn products, bever-
ages, snacks, sweets and desserts, soups, creams, pastas, and
miscellaneous. Moderate agreement (0.64 to 0.79) was found for
dairy products, fruits, vegetables, legumes, cereals and tubers, and
fortillas. In all food groups, the percentage of agreement ranged
from 92 % to 100 % (Table Il). The previous concordances were
corroborated with the analysis performed by item of each food
(n=178), 90 % of which presented an almost perfect or strong
agreement; 7.3 % (n= 13 foods) showed a moderate agreement of
0.60-0.79 (items such as pastry, amaranth, rice, natural fruit water
without sugar, fresh chilies, green tomato and tomato, strawberries
with sugar or bananas with cream, baked toast without anything,
sweets without sugar or light, cajeta, walnuts or almonds, and pop-
corn); 0.6 % (n = 1 food, animal butter) had a weak agreement
of 0.40-0.59; and 1.7 % (n = 3 foods) no agreement of 0-0.20
(paste, empanada, or sweet vol-au-vent; vegetable juice; and fried
foods) (Supplementary material: https://www.nutricionhospitalaria.
org/anexos/04858-01.pdf).

CONCORDANCE OF FOOD CONSUMPTION
BETWEEN OA AND PC BY FFQ AND WFR

The level of agreement of the consumption of food groups

reported by the OA in FFQ compared to what they reported in
the WFR was almost perfect or strong (> 0.94) for meats, sau-

[Nutr Hosp 2024;41(3):574-584]

Table I. Sociodemographic
characteristics of the study population

Variable Value

Sex of older adult (OA), n (%)

Male 22 (43.0)

Female 29 (57.0)
Sex of primary caregiver (PC), n (%)

Male 9(18.0)

Female 42 (82.0)
Age

PC (x = DE) 29.8 +10.2

OA (x+ DE) 70.4+£10.2
Marital status of OA, n (%)

Single 5(9.8)

Married 28 (54.9)

Widowed 10 (19.6)

Divorced 8 (15.7)
Level of schooling of OA, n (%)

None 8 (15.7)

Primary 20 (39.2)

Secondary 8 (15.7)

Baccalaureate 3(5.9

Bachelor 12 (23.5)
Health perception of OA, n (%)

Good 23 (45.1)

Bad 239

Normal 26 (51.0)
Frequency of OA diseases, n (%)

1-2 16 (31.4)

>3 23 (45.1)

No 12 (23.5)
Frequency of use of OA medications, n (%)

1-2 16 (31.4)

>3 12 (23.5)

No 23 (45.1)

sages and eggs, cereals and tuber vegetables, beverages, and
tortillas. A moderate agreement (0.63 to 0.67) was observed
for dairy and fish. Weak agreement (0.40 to 0.46) was found for
fruits, vegetables, fast food, corn products, beverages, snacks,
sweets and desserts, soups, creams, and pastas; and there
was a minimum level of agreement (22 to 26) for maize and
legume products. The level of agreement between what the PC
reported on FFQ and on the WFR was almost perfect or strong
(> 0.94) for dairy products, meats, sausages and eggs, cereals
and tubers, beverages, and fortillas; it was moderate (0.63 to
0.67) for vegetables and fish; it was weak (0.40 to 0.46) for
fast food, snacks, sweets and desserts, soups, creams, and
pastas; and there was minimum agreement (22 to 26) for fruits,
corn products, and legumes (Table ll).
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Table Il. Concordance of the consumption of food groups reported by older adults (OA) and
primary caregivers (PC) with food frequency questionnaire (FFQ) for Mexican older adults

Older adult Primary caregiver
Food groups n =51 n =51 % agreement K a;::r!n:Lt
If consumed (%) If consumed (%)

Dairy 88.2 941 941 0.638 Moderate
Fruits 941 96.1 98.0 0.790 Moderate
Vegetables 94.1 96.1 98.0 0.790 Moderate
Fast food 45.0 45.0 96.1 0.920 Almost perfect
Meats, sausages and eggs 100.0 100.0 100.0 1.000 Almost perfect
Fish 32.3 37.2 98.0 0.957 Almost perfect
Legumes 82.3 84.3 94.1 0.788 Moderate
Cereals and tubers 98.0 100.0 98.0 0.790 Moderate
Corn products 82.3 84.3 98.0 0.929 Almost perfect
Beverages 98.0 98.0 100.0 1.000 Almost perfect
Snacks, sweets and desserts 66.7 70.6 96.0 0.909 Strong
Soups, creams and pastas 66.7 66.7 100.0 1.000 Almost perfect
Miscellaneous 431 50.9 92.2 0.843 Strong
Tortillas 100.0 98.0 98.0 0.790 Moderate

% agreement: number of participants who give the same response to FFQ-OA and FFQ-PC / total number of participants. k. kappa coefficient.

CORRELATION OF THE AMOUNT OF FOOD
INTAKE BETWEEN THE OA AND PC IN FFQ

Table IV shows the median and interquartile range of the intake in
grams per day of food groups by the OA and PC in FFQ. The OA re-
ported higher dairy intake (229.6 g) than the PC (142.2 g) (n < 0.003),
as well as in the group of snacks, sweets, and desserts, with 53.8
g reported by OA compared to 50.6 g reported by PC (p < 0.04).
The correlation coefficients of consumption in grams by food group
between the OA and PC ranged from 0.87 for meats, sausages, and
eggs to 0.98 for fruits, snacks, sweets and desserts, soups, creams,
and pastas. In general, the correlations for all food groups were con-
sidered high (Table IV). In the vegetable group, the OA reported a
lower consumption (119.5 g) than the PC (124.6 g) (0 < 0.13). For
the other 11 groups, no significant differences were observed be-
tween the consumption reported by the OA and PC. Only in 1.1 %
(n=2foods) of the 178 foods was there a significant difference in the
median consumption reported by the OA compared to the PC, which
were the items added onion and fresh cheese (Supplementary materi-
al: https:/Awww.nutricionhospitalaria.org/anexos/04858-01.pdf).

CONCORDANCE OF FOOD INTAKE BETWEEN
THE OA AND PC IN FFQ

To evaluate the concordance of food intake between the
OA and PC with FFQ, a cross-classification analysis was per-
formed. We defined that a subject was correctly classified if
their intake per day was in the same tertile or in an adjacent
tertile. The concordance of consumption between what was
reported by the OA and PC, estimated at the level of food
groups in tertile 1, varied from 78.9 % (soups, creams, and
pastas) to 100 % (fast food, meats, sausages and eggs, fish,
and miscellaneous), with a discrepancy of less than 18 %. In
tertile 2, the agreement ranged from 75 % (fish) to 100 %
(fast food, corn products, miscellaneous, and tortillas), and
the disagreement was less than 25 %. In tertile 3, the agree-
ment between the subjects was the best classified, ranging
from 97.9 % (vegetables) to 100 % (dairy, fruits, fast food,
meats, sausages and eggs, fish, legumes, snacks, sweets,
desserts, miscellaneous, and tortillas), with a discrepancy of
less than 7 % (Table V).
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Table IV. Correlation of the amount of food group intake per day as reported by the older
adult and the primary caregiver on FFQ

Older adult Primary caregiver
Food groups n =51 n =51 p-value Correlation?

M (p25, p75) M (p25, p75)
Dairy 229.6 (35.3, 584.6) 142.2 (38.9, 333.9) 0.003* 0.94
Fruits 217.9 (62.9, 401.5) 211.5 (63.6, 390.4) 0.090 0.98
Vegetables 119.5 (54.3, 266.2) 124.6 (73.6,243.1) 0.013* 0.91
Fast food 27.4 (14.1,39.4) 31.4 (14.1,39.4) 0.317 0.94
Meats, sausages and eggs 171.3(96.4, 254.7) 196.7 (106.6, 264.9) 0.062 0.87
Fish 16.4 (10.0, 38.6) 12.8 (10, 38.6) 0.317 0.97
Legumes 67.0(30.7,154. 3) 57.8(15.1,147.3) 0.317 0.91
Cereals and tubers 129.3(82.1,182.4) 114.4 (83.8,181.2) 0.312 0.90
Corn products 121.5(48.3,217.9) 128.6 (48. 3, 224.1) 0.114 0.96
Beverages 1005.3 (672.2, 2047.1) 1148.2 (758.6, 2061.1) 0.147 0.94
Snacks, sweets and desserts 53.8 (19.7,87.5) 50.6 (17.8,78.8) 0.041* 0.98
Soups, creams and pastas 131.1 (68.9,235.2) 128.9 (68.9,211.9) 0.340 0.98
Miscellaneous 9.5(3.9,14.3) 8.2(2.8,14.3) 0.083 0.89
Tortillas 170.0 (75.0, 267.1) 170.0 (75.0, 252.8) 0.754 0.88

FFQ: consumption frequency questionnaire for Mexican older adults; p25: 25" percentile; p75: 75" percentile; *p < 0.001, p < 0.01, or p < 0.05, Wilcoxon test;

aSpearman correlation.

Table V. Agreement by tertile of consumption of food groups per day between older
adults (OA) and primary caregivers (PC) on FFQ

Tertile 1 Tertile 2 Tertile 3
Food %
groups Concordant | Discordant | Concordant | Discordant | Concordant | Discordant | agreement i
n (%) n (%) n (%) n (%) n (%) n (%)
Dairy 39 (84.8) 7(15.2) 34 (87.2) 5(12.8) 42 (100.0) 0 90.5 0.858
Fruits 68 (97.1) 229 47 (92.2) 4(7.9) 60 (100.0) 0 96.7 0.949
Vegetables 89 (91.7) 8(8.3) 86 (93.5) 6(6.5) 93 (97.9) 2(21) 94.4 0915
Fast food 12(100.0) 0 10 (100.0) 0 11 (100.0) 0 100.0 1.000
gﬂn%afé ;:“s'ages 82 (100.0) 0 89 (97.8) 2(2.2) 66 (100.0) 0 98.3 0.974
Fish 10 (100.0) 0 3(75.0) 1(25.0) 6 (100.0) 0 95.0 0918
Legumes 18 (81.8) 4(182) 17 (89.5) 2 (10.5) 19 (100.0) 0 90.0 0.850
&%rsfs's and 60 (95.2) 3(4.8) 57 (98.3) 10.7) 59 (96.7) 2(3.3) 96.7 0.950
Corn products 28 (96.6) 1(3.4) 28 (100.0) 0 28 (96.5) 1(3.5) 97.7 0.965
Beverages 68 (98.6) 1(1.4) 61(91.0) 6(9.0 66 (95.7) 3(4.3) 94.7 0919
(Continues on next page)
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Table V (cont.). Agreement by tertile of consumption of food groups per day between older
adults (OA) and primary caregivers (PC) on FFQ

Tertile 1 Tertile 2 Tertile 3
Food %
groups Concordant | Discordant | Concordant | Discordant | Concordant | Discordant | agreement I
n (%) n (%) n (%) n (%) n (%) n (%)

Snacks, sweets

and desserts 25(89.3) 3(10.7) 25(86.2) 4(13.8) 26 (100.0) 0 91.6 0.873
Soups, creams

and pastas 15 (78.9) 4(21.1) 11 (84.6) 2 (15.4) 14 (93.3) 1(6.7) 85.1 0.777
Miscellaneous 15 (100.0) 0 18 (100.0) 0 12 (100.0) 0 100.0 1.000
Tortillas 21(91.3) 2(8.7) 24 (100.0) 0 21(100.0) 0 971 0.955

FFQ: consumption frequency questionnaire for Mexican older adults; % agreement: number of participants who give the same response to FFQ-0A and FFQ-PC / total

number of participants. k: kappa coefficient.

CONTRIBUTION OF FOOD GROUPS TO THE
OA DIET

To evaluate the percentage contribution to the diet made
by the different food groups according to what the OA or PC
reported, two analyses were performed. In Analysis A, the bev-
erage group was included. The highest percentage contribu-
tion was made by beverages (OA: 41 %, PC: 45 %), followed
by fruits (OA: 9 %, PC: 8 %), dairy (OA: 9 %, PC: 5.6 %), and

meats, sausages, and eggs (0A: 6 %, PC: 8 %). In analysis
B, which excluded beverages, the greatest contribution was
made by fruits (OA: 15 %, PC: 15 %), followed by dairy prod-
ucts (OA: 16 %, PC: 10 %), meats, sausages, and eggs (OA:
12 %, PC: 14 %), tortillas (OA: 12 %, PC: 12 %), and soups,
creams and pastas (0A: 9 %, PC: 9 %). There were significant
differences between OA and PC in the reported median con-
sumption of dairy products (0.003), vegetables (0.013), and
snacks (0.041) (Table VI).

Tabla VI. Percentage of contribution to the diet by food groups reported by older adults
and primary caregivers with FFQ

[Nutr Hosp 2024;41(3):574-584]

A. With beverages A. No beverages

e TS Older adult Primary caregiver Older adult Primary caregiver e
Dairy 229.6 9.3 142.2 5.6 229.6 | 156 142.2 10.3 0.003*
Fruits 2179 8.8 2115 8.4 2179 | 148 2115 15.4 0.090
Vegetables 119.5 48 124.6 49 119.5 8.2 124.6 9.0 0.013*
Fast food 27.4 1.1 31.4 1.2 27.4 1.9 314 2.3 0.317
Meats, sausages and eggs 171.3 6.9 196.7 7.8 171.3 1.7 196.7 14.3 0.062
Fish 16.4 0.7 12.8 0.5 16.4 1.1 12.8 09 0.317
Legumes 67.0 2.7 57.8 2.3 67.0 4.6 57.8 42 0.317
Cereals and tubers 129.3 5.2 1144 45 129.3 8.8 114.4 8.3 0.312
Corn products 121.5 49 128.6 5.1 121.5 8.3 128.6 9.3 0.114
Beverages 1005.3 | 40.7 | 1148.2 455 0.147
Snacks, sweets and desserts 53.8 2.3 50.6 2.0 53.8 3.7 50.6 3.7 0.041*
Soups, creams and pastas 131.1 53 128.9 5.1 131.1 9.0 128.9 9.4 0.340

(Continues on next page)
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Tabla VI (cont.). Percentage of contribution to the diet by food groups reported by older

adults and primary caregivers with FFQ

A. With beverages A. No beverages
B e Older adult Primary caregiver Older adult Primary caregiver e
g/day o g/day o g/day o g/day o
M | AR T R %
Miscellaneous 9.5 0.4 8.2 0.3 9.5 0.7 8.2 0.6 0.083
Tortillas 170.0 6.9 170.0 6.8 170.0 11.6 170.0 12.3 0.754
Total 2538.5 | 100.0 | 2558.7 100.0 1445.7 | 100.0 1451.2 100.0

FFQ: consumption frequency questionnaire for Mexican older adults; M: median, g/day: grams per day; *p < 0.001, p < 0.01, or p < 0.05, Wilcoxon test.

As additional data, the consumption of individual beverages was
analyzed, which showed that the most consumed beverage was
plain water (OA: 27.7 %; PC: 32.3 %), followed by natural fruit wa-
ter without sugar (OA: 24.9 %; PC: 8.7 %), and coffee (OA: 8.5 %;
PC: 10.3 %). There were no significant differences between the
consumption reported by the OA and PC (Supplementary material;
https://www.nutricionhospitalaria.org/anexos/04858-01.pdf).

DISCUSSION

A relevant correlation was seen between the intake reported
by the OA and the PC in FFQ, with an almost perfect or a high
concordance for most food groups. Were no significant differ-
ences in the amounts reported in grams or milliliters. However,
based on the estimated agreement between the consumption of
foods obtained from FFQ and that reported on the weights and
measures questionnaire, foods from the dairy group, vegetables,
and beverages were better captured when the questionnaire was
answered by the PC. These results indicate that the repeatability
in general and therefore the reliability of FFQ is good. Accord-
ing to what was reported by the OA and PC in terms of weights
and measures, the findings coincide with other studies, in which
approximately 80 % of the items were significantly correlated
between two administrations of the questionnaire, using weighed
food records as a reference method 17. In this study, 85 % of
the participants were classified as concordant in the intake, with
the highest observed agreement of 100 % for the intake of dairy
products; meats, sausages, and eggs; cereals and tubers; bev-
erages; and fortillas. Therefore, only 15 % of the participants
were misclassified, with the lowest value being 3 % for miscella-
neous. The results of agreement in this study are comparable to
those reported in a validation study that applied a printed FFQ to
62 women aged 31-60, approximately 70 % of whom reported
intakes in the same quintile or in an adjacent quintile (18). On the
other hand, in a study with 115 men and 115 women in Brazil
aged 20-50, comparing a FFQ and a 24-hour recall question-
naire, a percentage of agreement was found that varied from
45.1 % for energy to 26.2 % for unsaturated fats. Therefore, it

can be said that the agreements are higher when weights and
measures are used as the reference method.

Regarding the amount of intake of food groups reported by OA
and PC, significant differences were only found in three of the
14 food groups, which could be because OA tend to overestimate
their real intake when asked to remember the frequency of many
foods consumed. This has been observed, for example, by Liu et
al. and Dehghan et al. (11,20), who found that FFQ overestimate
energy and nutrient values. Another study has reported that the
estimated intake of energy and nutrients derived from an FFQ
was higher than the estimates derived from the 24-hour ques-
tionnaires (21). Bijani et al, in their study of OA, reported that the
medians in the FFQ were significantly higher for whole grains,
dairy products, vegetables, fruits, sugar, eggs, tea, and coffee
(p < 0.05), and the consumption of sandwiches and desserts
was significantly different among women (22). A study in Mexico
with subjects between 18 and 71 years of age reported that a
habitual intake of food and nutrient groups through FFQ tended
to be higher than those reported through a logbook (23).

In the total grams of intake reported for food groups, a rel-
atively high proportion of subjects were classified correctly (in
the same tertile), and few were classified erroneously (less than
7 %). In a study in Brazil, with people older than 20 years filling
out a FFQ in duplicate, concordances of 0.36 to 0.65 were found,
which were lower than those in our study (24). Thompson et al, in
a study of adults between 25 and 70 years old filling out a FFQ,
found a percentage of agreement of 84.5 %, a value lower than
that found in our study (25). Kowalkowska et al., in their study of
subjects between 15 and 65 years old filling out a self-adminis-
tered FFQ compared to one administered by an evaluator, found
a concordance of 70.3 % to 99.4 %, values lower than those
reported in the present study (26). Thus, in our study, a greater
agreement was obtained for FFQ when applied to the OA and PC,
which gives validity to the diet data from both respondents.

We also found a high correlation of consumption between
the 14 food groups reported by the OA and the PC (r = 0.87
r = 0.98). Several studies in adults and OA have found low to
moderate correlations, ranging from 0.50 for fish and cereals,
0.40-0.50 for fruits, 0.30-0.45 for vegetables, and 0.18 for
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white/red meats (12,27-30). Selem et al reported a cor-
relation between the application of two FFQ of 0.36 to 0.69,
which was lower than that in the present study (24). The in-
formation obtained from the OA and PC in this study is reli-
able for evaluating dietary habits and can be used to support
the design of interventions in nutrition at the individual and
collective levels. Even so, we must remember that the cor-
relations vary not only by food group but also according to the
nutrient, so in a second phase of analysis, it would be con-
venient to evaluate these (10,31-33). The high correlations
found in our study indicate that a rigorous process of training
of the evaluators was followed, since high correlations are
associated with a better result when FFQ are administered by
a professional than when self-administered (34).

In the evaluation of the percentage contributions of the food
groups to the diet of the OA, this research showed that more
than 50 % of the diet was obtained from fruits, dairy prod-
ucts, meats, sausages, eggs, tortillas, and cereals and tubers.
Rodriguez et al reported that fortillas and bread were the two
main sources of energy for OA (21). The contribution of fortillas
to total energy consumption was estimated at 42 % by 24-
hour dietary recall and 37.6 % by an FFQ, which indicated
a more varied diet that had more fruits and vegetables when
reported using the FFQ than when using the 24-hour recall,
similar to what we found. Geri et al reported different dietary
patterns among OA in Argentina (35). One was the tradition-
al varied diet, which was characterized by consuming similar
proportions of milk, cheese, egg, beef, vegetables, fresh fruits,
bread, oil, free sugars, and sausages. Anderson et al, in partic-
ipants between 70 and 79 years old from the USA, evaluated
the group of healthy foods, characterized by a relatively higher
intake of low-fat dairy products, fruits, whole grains, poultry,
fish, and vegetables and a lower consumption of meat, fried
foods, sweets, beverages with high energy content, and added
fats (36). Their findings differed from what was reported in this
study, where the diet of OA was characterized by foods typical
of a traditional diet; however, we did find a low proportion of
vegetable consumption.

Our study has several limitations that should be considered.
First, the sample was small (51 OA), which made it hard to an-
alyze the data of men and women separately. Not all the results
could be compared with similar studies since little evidence
was found in the literature. Its main strength lies in the fact
that this is the first study in Mexican OA that compares the diet
reported by the OA and the PC. It shows that in healthy OA, it is
possible to apply FFQ, since their memory is still accurate. FFQ
designed specifically for Mexican OA are effective at obtaining
dietary information, as demonstrated by Patterson et al., keep-
ing in mind the need to modify FFQ for populations with unique
dietary patterns (37). It should be noted that the present study
was conducted in OA with good cognitive functioning, and it
is possible that our conclusions are not applicable to OA with
cognitive impairment related to age or disease.

This study found no evidence that there is an impact of
memory bias in the dietary estimation of Mexican OA, as no

[Nutr Hosp 2024;41(3):574-584]

significant differences were found in the consumption of different
food groups estimated by OA and PC. There was a high correlation
and agreement between the amount and frequency consumed of
the food groups reported by the OA and PC. In this study, the char-
acterization of the OA diet was similar to that reported by the OA
and PC. Therefore, the information from both informants is reliable
enough to support the design of food interventions at the individual
level and in groups of OA. Additionally, the design of a FFQ specifi-
cally for the elderly population can substantially improve the ability
to capture their dietary patterns as completely as possible.
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Resumen

Introduccion: las guias de préctica clinica recomiendan considerar el tratamiento farmacolégico de la obesidad tinicamente como complemento
de la modificacion del estilo de vida.

Objetivo: analizar los cambios sobre el peso, el indice de masa corporal y la composicion corporal mediante bioimpedancia eléctrica tras un
tratamiento de 32 semanas con liraglutida en pacientes con obesidad, asociado 0 no a un programa de educacion alimentaria.

Materiales y métodos: en el estudio participaron 68 pacientes que fueron divididos aleatoriamente en 2 grupos. Un grupo recibit tratamiento
con liraglutida 3,0 mg/dia junto con educacion alimentaria individual y el otro grupo fue tratado con liraglutida 3,0 mg/dia y seguimiento médico
estandar durante 32 semanas. Los datos que se recogieron fueron el peso (kg), la talla (m) (marca Seca®), el indice de masa corporal (kg/m?) y la
composicion corporal mediante bioimpedancia multifrecuencia (marca SECA 112%). Se analizaron las variables al inicio y al final del tratamiento.

Resultados: tras 32 semanas de tratamiento, los dos grupos de estudio redujeron el peso de manera significativa. El grupo tratado con liraglutida
y educacion alimentaria individual tuvo una reduccion de 8,77 kg (9,08 %) (p < 0,001) y el grupo tratado con liraglutida sin educacion tuvo una
reduccion de 3,55 kg (3,45 %) (p < 0,001). EI IMC de los participantes tratados con liraglutida y educacion disminuy6 en -4,04 kg/m? (10,35 %)
(p<0,001)y en el grupo sin educacion se redujo en -3,22 kg/m? (8,30 %) (p = 0,003). En el grupo con educacion disminuy6 la masa grasa en
-7,65kg (15,89 %) (p < 0,001), aunque también la masa muscular esquelética en -1,62 kg (6,8 %) (p < 0,001). En los tratados con liraglutida sin
educacion también se observd una reduccion de la masa grasa y masa muscular esquelética: la masa grasa en -4,72 kg (9,43 %) (p < 0,001) y
la masa muscular esquelética en -0,17 kg (0,70 %) (p < 0,001). También se observaron diferencias entre grupos, observandose mayor reduccion

Palabras clave: del peso, del IMC, de lamasa grasa y de la masa muscular esquelética en el grupo con liraglutida y educacion con respecto al grupo sin educacion,

) o aunque estas diferencias no llegaron a ser estadisticamente significativas.
Obesidad. Composicion

corporal. Pérdida de peso.  Conclusiones: la educacion alimentaria asociada al tratamiento con liraglutida puede contribuir a incrementar la perdida de peso y de la masa
Educacién alimentaria. grasa. Sin embargo, llevd también asociada una pérdida no deseada de masa muscular esquelética, probablemente relacionada con la mayor
Liraglutida. intensidad de pérdida de peso, que habra que revertir en futuras aproximaciones terapéuticas.
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Abstract

Introduction: clinical practice guidelines recommend considering pharmacological treatment of obesity only as a complement to lifestyle
modification. Drugs alone are usually ineffective in the long term after discontinuation, so pharmacological weight loss strategies should always
be accompanied by lifestyle modifications.

Objective: to analyze the changes in weight, body mass index and body composition by means of electrical bioimpedance after a 32-week
treatment with liraglutide in patients with obesity, associated or not with a food education program.

Materials and methods: the study involved 68 patients who were randomly divided into 2 groups. One group received treatment with liraglutide
3.0 mg/day along with individual dietary education, and the other group was treated with liraglutide 3.0 mg/day and standard medical follow-up
for 32 weeks. The data collected were weight (kg), height (m) (Seca® brand), body mass index (kg/m? and body composition using multifrequency
bioimpedance (SECA 112 brand). The variables were analyzed at the beginning and at the end of the treatment.

Results: after 32 weeks of treatment, both study groups lost weight significantly. The group treated with liraglutide and individual dietary education
had a reduction of 8.77 kg (9.08 %) (p < 0.001) and the group treated with liraglutide without education had a reduction of 3.55 kg (3.45 %)
(p < 0.001). The BMI of the participants treated with liraglutide and education decreased by -4,04 kg/m2 (10.35 %) (p < 0.001) and in the
group without education it decreased by -3.22 kg/m? (8.30 %) (p = 0.003). In the educated group, fat mass decreased by -7.65 kg (15.89 %)
(p < 0.001), although skeletal muscle mass also decreased by -1.62 kg (6.8 %) (p < 0.001). In those treated with liraglutide without education,
a reduction in fat mass and skeletal muscle mass was also observed — fat mass by -4.72 kg (9.43 %) (p < 0.001) and skeletal muscle mass
by -0.17 kg (0.70 %) (p < 0.001). Differences were also observed between groups, observing a greater reduction in weight, BMI, fat mass and
skeletal muscle mass in the group with liraglutide and education compared to the group without education, although these differences were not
statistically significant.

Conclusions: dietary education associated with liraglutide treatment may contribute to increasing weight and fat mass losses. However, it was
also associated with an unwanted loss of skeletal muscle mass, probably related to the greater intensity of weight loss, which will have to be
reversed in future therapeutic approaches. Habit modification through multidisciplinary treatment, including nutritional education, combined
strength and resistance exercise, and cognitive-behavioral therapy, could be an effective way to treat obesity and maintain weight, body com-

education. Liraglutide. position, and adherence to a lifestyle.

INTRODUCCION

La obesidad se define como una acumulaciéon anormal o
excesiva de grasa que puede perjudicar la salud (1). Es una
enfermedad multifactorial que ocasiona una alteracion meta-
bélica cronica. Se consideran exceso de grasa corporal las ci-
fras superiores al 12-20 % de la masa corporal en los hombres
y al 20-30 % en las mujeres (2). Se caracteriza por presentar
una mayor proporcion de infiltracion de grasa intermuscular e
intramuscular (3), ademds de por afectar negativamente a la
funcion muscular (4).

La coexistencia de exceso de adiposidad y baja masa y/o
funcion muscular se conoce como obesidad sarcopénica y es
una afeccion cada vez mas reconocida. La Sociedad Europea
de Nutricion Clinica y Metabolismo (ESPEN) y la Asociacion
Europea para el Estudio de la Obesidad (EASQ) lanzaron una
iniciativa para llegar a un consenso sobre la definicion y los
criterios diagndsticos de la obesidad sarcopénica (5). Por ello,
hay que recurrir a métodos que cuantifiquen el contenido de
masa grasa y masa muscular. Los instrumentos de conduc-
cién eléctrica miden las propiedades eléctricas del tejido cor-
poral analizado y estiman los parametros de la composicion
corporal (6).

El indice de masa corporal (IMC), de acuerdo con la Organiza-
cion Mundial de la Salud (OMS), define el sobrepeso y clasifica
los diferentes grados de obesidad. Aunque no tiene en cuenta la
composicion corporal, ya que no diferencia la masa magra de la
masa grasa ni los depositos de adiposidad, debido a su repro-
ductibilidad y facil utilizacién sigue siendo un parametro usado
en los estudios y recomendado para uso clinico (1).

La prevalencia de la obesidad se ha incrementado de forma
significativa en las Ultimas décadas, convirtiéndose en un im-
portante problema de salud publica (1). Ademas, es un factor de
riesgo para el desarrollo de la enfermedad cardiovascular y se
asocia con la presencia de otras comorbilidades, entre las que se
incluyen la diabetes mellitus de tipo 2, la hipertension, la dislipe-
mia, algunos tipos de cancer y la osteoartritis (7,8). Por ello, dada
su elevada prevalencia, la creciente incidencia y la importante
morbimortalidad asociada, optimizar el tratamiento de estos pa-
cientes es una prioridad. Las pérdidas de peso modestas, del 5 al
< 10 %, se han asociado a mejoras significativas de los factores
de riesgo de la enfermedad cardiovascular (9,10).

Las guias de practica clinica del “National Institute for Health
and Care Excellence” (NICE), la “Endocrine Society” y las Ultimas
directrices europeas para el tratamiento de la obesidad reco-
miendan considerar el tratamiento farmacologico Unicamente
como complemento de la modificacion del estilo de vida. Estos
tratamientos estan recomendados para los pacientes con obesi-
dad (IMC > 30 kg/m? o con IMC entre 27 y 29,9 kg/m? con una
complicacion relacionada con el peso, como las alteraciones de
la glucemia, la hipertension, la dislipemia o la apnea obstructiva
del suefio (11-14). Los farmacos por si solos suelen ser inefica-
ces a largo plazo tras su interrupcion, por lo que las estrategias
farmacoldgicas de pérdida de peso deben acompanarse siempre
de modificaciones del estilo de vida (15), aunque esto no siem-
pre ocurre actualmente en la practica clinica real.

Nuestro objetivo en este estudio fue analizar los cambios ob-
tenidos en el peso y la composicidn corporal tras 32 semanas
de tratamiento con liraglutida, asociado 0 no a un programa de
educacion alimentaria, en pacientes con obesidad.
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ALIMENTARIA ASOCIADA AL TRATAMIENTO CON LIRAGLUTIDA PARA EL ABORDAJE DE LA OBESIDAD

MATERIALES Y METODOS

DISENO Y PARTICIPANTES

La poblacion estudiada proviene de pacientes remitidos al
Servicio de Endocrinologia y Nutricion del Hospital General Uni-
versitario de Valencia (Espana) por obesidad entre los meses de
mayo de 2018y abril de 2020.

Los participantes incluidos en el estudio eran adultos de 18
a 75 afos de edad con un IMC de 30 kg/m? o superior. Los
criterios de exclusion fueron: pacientes con diabetes mellitus de
tipo 1 0 2 tratados con insulina, antecedentes de cirugia para la
obesidad, uso de farmacos aprobados para el tratamiento de la
obesidad en los 3 meses anteriores, antecedentes de enferme-
dad cardiovascular en los 6 meses previos, hipotiroidismo con
TSH fuera del rango normal, e imposibilidad para realizar el se-
guimiento médico y dietético correspondiente.

Se trata de un estudio clinico prospectivo en el que, ademas
de una recomendacion alimentaria con un déficit de 500 kcal/
dia con respecto a la dieta habitual y de la recomendacion de
gjercicio fisico (150 minutos/semana), el grupo de intervencion
recibio tratamiento con liraglutida en dosis de 3,0 mg/dia y edu-
cacion alimentaria individual, mientras que el otro grupo se tratd
con liraglutida en dosis de 3,0 mg/dia y seguimiento médico es-
tandar. En ambos grupos se retird el tratamiento con liraglutida
alas 32 semanas.

Este proyecto fue aprobado por el Comité de Etica e Investi-
gacion del Hospital General Universitario de Valencia y se realiz
de acuerdo con la Declaracion de Helsinki (1964, revisada en
2001). Todos los pacientes incluidos fueron informados previa-
mente de las caracteristicas del estudio y firmaron el consenti-
miento informado.

PROCEDIMIENTOS

El estudio constd de una visita de criba (semana -1) y a la
semana se inicio el tratamiento con liraglutida, incrementandose
la dosis durante un periodo de 6 semanas a razén de 0,6 mg/
semana, seguido posteriormente de un periodo a dosis fijas de
3,0 mg/dia hasta la semana 32.

El grupo con educacion alimentaria realizd 13 sesiones indi-
viduales de aproximadamente 30 minutos de duracion, dirigidas
por un dietista-nutricionista. En cada sesion se trabajaron temas
en relacion con los grupos de alimentos, el plato saludable de
Harvard, la frecuencia de consumo de cada grupo alimentario,
la calidad de los alimentos, el etiquetado, la compra saludable
y la cantidad de azdcar existente en los alimentos procesados.

A todos los participantes del estudio se les recogieron los da-
tos de sexo, edad y los siguientes parametros antropométricos:
peso (kg), talla (m) e indice de masa corporal (kg/m?). Las he-
rramientas utilizadas fueron un tallimetro de la marca Seca®. El
sistema utilizado para la medicion de la composicidn corporal
fue la bioimpedancia multifrecuencia, utilizando un equipo SECA
112®. Los datos recogidos de las mediciones fueron: kg de masa
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grasa, kg de masa magra, kg de masa muscular esquelética,
agua corporal total y agua extracelular. Los datos relacionados
con las variables estudiadas se recogieron en la semana -1, an-
tes de la intervencion y en la semana 32 de tratamiento con
liraglutida, tanto en el grupo que realizaba el tratamiento mas la
intervencion de educacion alimentaria como en el grupo donde
solo hubo tratamiento farmacoldgico.

ANALISIS ESTADISTICO

Para el andlisis estadistico se utiliz el programa SPSS Statis-
tics, version 21. En primer lugar se realizd una estadistica des-
criptiva para el conjunto de la muestra y ambos grupos; para
las variables cualitativas se indicaron la frecuencia absoluta y
el porcentaje, mientras que para las variables cuantitativas se
indicaron la mediana y el rango intercuartilico (Rl). La compa-
racion de medianas entre el grupo experimental y el grupo de
control se realizd mediante el test no paramétrico para muestras
independientes de la U de Mann-Whitney. Se consideraron esta-
disticamente significativos los valores de p < 0,05.

Con el objetivo de ofrecer los resultados mas reales de la efec-
tividad de la intervencion, se utilizo el procedimiento de analisis
por intencion de tratar, donde los datos de todos los sujetos se
incluyen en los analisis finales independientemente de que ha-
yan finalizado o no la intervencion. En el caso de los pacientes
que abandonaron el proyecto, se consideraron los mismos valo-
res en las medidas pre y posintervencion.

RESULTADOS

Se aleatorizaron en total 68 pacientes para recibir tratamiento
con liraglutida y educacion alimentaria (n= 34; 27 [79,4 %] mu-
jeres) o solo liraglutida (7 = 34; 28 [82 %] mujeres). El 79,4 %
del grupo con educacion y el 55,9 % del grupo sin educacion
completaron el estudio de 32 semanas. Los pacientes al inicio
tenian una edad mediana (RI) de 47,5 (+ 18,5) afios; un IMC
(Rl) de 38,75 (= 11,56) kg/m?; un peso corporal (Rl) de 101,27
(+ 37,76) kg; una masa grasa (Rl) de 49,14 (+ 16,84) kg y una
masa muscular esquelética (Rl) de 23,71 (= 6,85) kg (Tabla ). El
nimero de sesiones de educacion alimentaria hasta la semana
32 fue de 13. El tiempo promedio con liraglutida fue de 6,3 me-
ses con una DE = 3,0. El minimo fue de 0,2 meses y el maximo
de 9,5 meses.

En primer lugar se analizaron las variables de interés al inicio y al
final del tratamiento en la muestra total. Se observé una reduccion
significativa del peso corporal con respecto al valor inicial, que fue
de 101,27 (= 37,76) a 91,45 kg (+ 29,94), alcanzandose una pér-
dida del 9,69 % (9,82 kg) del peso a las 32 semanas. El IMC pasd
de 38,75 kg/m? (= 11,56) a 34,99 kg/m? (+ 10,51). El porcen-
taje de pérdida de masa grasa y masa muscular esquelética fue
del 15,95 % (7,84 kg) y del 1,90 % (0,47 kg), respectivamente.
Todos los parametros analizados resultaron ser estadisticamente
significativos (p < 0,001) (Tabla Il).
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Tabla I. Caracteristicas de los participantes y composicién corporal al inicio

Caracteristicas de la muestra Educacioén (n = 34) Sin educacion (n = 34) Total (n = 68)
Sexo femenino 27 (79,4) 28 (82) 55 (80)
Edad, afios 53 (+ 16) 46 (+ 27) 47,50 (+ 18,5)
Peso corporal, kg 96,52 (= 29,53) 102,70 (+ 40,18) 101,27 (+ 37,76)
IMC, kg/m? 39,01 (= 9,57) 38,75 (+ 13,69) 38,75 (= 11,56)
MG, kg 48,13 (+ 13,1) 50,05 (+ 26,88) 49,14 (+ 16,84)
MM, kg 50,53 (= 11,81) 51,34 (+ 16,06) 50,53 (= 12,79)
MME, kg 23,55 (= 5,21) 24,06 (= 8,3) 23,71 (= 6,85)
ACT, L 37,80 (= 8,02) 37,90 (= 12,15) 37,90 (= 9,7)
AEC, L 17,65 (+ 3,45) 18,10 (x 6,4) 17,70 (£ 5,4)

Las variables cualitativas (sexo) se describen con la frecuencia absoluta (%) y las variables cuantitativas (edad, peso corporal, IMC, masa grasa, masa magra, masa
muscular esquelética, agua corporal total y agua extracelular) con la mediana (R). IMC: indice de masa corporal; MG: masa grasa; MM: masa magra; MME: masa
muscular esquelética; ACT: agua corporal total; AEC: agua extracelular, No se observaron diferencias estadisticamente significativas en ninguna de las variables

estudiadas entre los grupos.

Tabla Il. Analisis al inicio y al final del tratamiento de la muestra total

Muestra total
Variables Semana Mediana (RI) A (%) p
-1 101,27 (+ 37,76)
Peso, kg -9,82 (-9,69 %) < 0,001
32 91,45 (+ 29,94)
-1 38,75 (= 11,56)
IMC, kg/m? -3,76 (-9,70 %) < 0,001
32 34,99 (= 10,51)
-1 49,14 (= 16,84)
MG, kg -7,84 (-15,95 %) < 0,001
32 41,30 (= 16,66)
-1 50,53 (= 12,79)
MM, kg +0,34 (+0,64 %) < 0,001
32 50,87 (+ 13,70)
-1 23,71 (= 6,85)
MME, kg -0,47 (-1,90 %) < 0,001
32 23,24 (+ 6,78)
-1 37,90 (+ 9,70)
ACT, L +0,25 (+0,65 %) < 0,001
32 38,15 (= 10,02)
-1 17,70 (+ 5,40)
AEC, L -0,15 (-0,84 %) < 0,001
32 17,55 (+ 4,25)

Los resultados se expresan con la mediana y Rl. IMC: indice de masa corporal; MG: masa grasa; MM: masa muscular; MME: masa muscular esquelética; ACT: agua
corporal total; AEC: agua extracelular; A (%): diferencia de medianas y porcentaje de cambio respecto al valor inicial; p: nivel de significacion.

Posteriormente se llevd a cabo el andlisis de las variables al ini-
cioy final del estudio en ambos grupos (Tablas lll'y IV). En la figura
1 se muestran los porcentajes de diferencia entre las variables
estudiadas en la semana -1y en la semana 32 en ambos grupos.

Se observd una pérdida de peso del 9,08 % (8,77 kg) en el gru-
po con educacion, en comparacion con el 3,45 % (3,55 kg) de
pérdida en el grupo sin educacion, siendo ambos resultados es-
tadisticamente significativos (p < 0,001). Sin embargo, no hubo
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diferencias significativas entre 10s grupos, como se muestra en la
tabla V (p = 0,200). En el grupo con educacion, el IMC se redujo
también de manera significativa en un 10,35 %, siendo el IMC
inicial de 39,01 kg/m? y el final de 34,97 kg/m? (p < 0,001).
En el grupo sin educacion, el IMC inicial fue de 38,75 kg/m? y
el final fue de 35,53 kg/m?, por lo que se redujo en un 8,30 %
(p = 0,003). En el grupo con educacion también hubo una pér-
dida de masa grasa, del 15,89 % (7,65 kg) con respecto al valor
inicial, en comparacion con el 9,43 % (4,72 kg) del grupo sin
educacion, siendo ambos resultados estadisticamente significa-
tivos (p < 0,001), aunque no hubo diferencias entre los grupos
(p = 0,378). Respecto a la masa muscular esquelética, también
hubo pérdidas en ambos grupos. En el grupo con educacion hubo
una mayor pérdida, que supuso un 6,8 % (1,62 kg) de pérdida
con respecto al valor inicial (p < 0,001), comparado con el grupo
sin educacion con un 0,70 % (0,17 kg) de pérdida (p < 0,001).
No obstante, no se encontraron diferencias estadisticamente sig-
nificativas entre los grupos (p = 0,343). Con respecto al agua
corporal total, en el grupo con educacion hubo una reduccion del
2,38 % (p < 0,001), asi como también una disminucion del agua
extracelular en un 2,54 % (p = 0,007). Sin embargo, el grupo
sin educacion tuvo un incremento de ambos valores del 5,80 %
(p=10,001)ydel 7,10 % (p = 0,011), respectivamente.

Figura 1.
Porcentaje de diferencia entre la semana -1y la semana 32 en ambos grupos.

DISCUSION

Los resultados de nuestro estudio mostraron que el grupo
que recibié educacion alimentaria individual tuvo una marcada
pérdida de peso, llegando a alcanzar el 9,08 % (8,77 kg) en

Tabla lll. Andlisis al inicio y al final del tratamiento en el grupo con educaciéon

Educacion
Variable Semana Mediana (RI) A (%) P

-1 96,52 (29,53)

Peso, kg -8,77 (-9,08) < 0,001
32 87,75 (26,45)
-1 39,01 (9,59)

IMC, kg/m? -4,04 (-10,35) < 0,001
32 34,97 (10,57)
-1 48,13 (13,10)

MG, kg -7,65 (-15,89) < 0,001
32 40,48 (15,84)
-1 50,51 (11,81)

MM, kg -1,43 (-2,83) 0,003
32 49,08 (9,30)
-1 23,55 (5,21)

MME, kg -1,62 (-6,8) < 0,001
32 21,93 (5,44)
-1 37,80 (8,02)

ACT, L -0,90 (-2,38) < 0,001
32 36,90 (6,50)
-1 17,65 (3,45)

AEC, L -0,45 (-2,54) 0,007
32 17,20 (2,10)

Los resultados se expresan con la mediana y Rl. IMC: indice de masa corporal; MG: masa grasa; MM: masa muscular; MME: masa muscular esquelética; ACT: agua

corporal total; AEC: agua extracelular; A (%): diferencia de medianas y porcentaje de cambio respecto al valor inicial; p: nivel de significacion.
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Tabla IV. Andlisis al inicio y al final del tratamiento en el grupo sin educaciéon
Sin educacion
Variable Semana Mediana (RI) A (%) p

-1 102,70(40,18)

Peso, kg -3,55 (-3,45) < 0,001
32 99,15 (39,85)
-1 38,75 (13,70)

IMC, kg/m? -3,22 (-8,30) 0,003
32 35,53 (11,48)
-1 50,05 (26,88)

MG, kg -4.72 (-9,43) < 0,001
32 45,33 (19,60)
-1 51,34 (16,06)

MM, kg +2,48 (+4,83) 0,004
32 53,82 (17,40)
-1 24,06 (8,30)

MME, kg -0,17 (-0,70) < 0,001
32 23,89 (8,72)
-1 37,90 (12,15)

ACT, L +2,20 (+5,80) 0,001
32 40,10 (12,50)
-1 18,10 (6,40)

AEC, L +1,13 (+7,10) 0,011
32 19,40 (5,90)

Los resultados se expresan con la mediana y Rl. IMC: indice de masa corporal; MG: masa grasa; MM: masa muscular; MME: masa muscular esquelética; ACT: agua
corporal total; AEC: agua extracelular; A (%): diferencia de medianas y porcentaje de cambio respecto al valor inicial; p: nivel de significacion.

Tabla V. Comparacion de la composicion corporal entre grupos a la semana 32

Variables semana 32 Educacion Sin educacién Diferencia de medianas / A p

Peso, kg 87,75 (26,45) 99,15 (39,85) 11,40 0,200
IMC, kg/m? 34,97 (10,58) 35,53 (11,48) 0,56 0,832
MG, kg 40,48 (15,84) 45,33 (19,60) 4,85 0,378
MM, kg 49,08 (9,30) 53,85 (17,40) 4,77 0,251
MME, kg 21,93 (5,44) 23,89 (8,72) 1,96 0,343
ACT, L 36,90 (6,50) 40,10 (12,50) 3,20 0,246
AEC, L 17,20 (2,10) 19,40 (5,90) 2,20 0,237

Los resultados se expresan con la mediana y RI. IMC: indice de masa corporal;, MG: masa grasa;, MM: masa muscular; MME: masa muscular esquelética; ACT: agua

corporal total; AEC: agua extracelular; p: nivel de significacion.

comparacion con el grupo que recibid solo tratamiento con
liraglutida, que tuvo una pérdida del 3,45 % (3,55 kg), tras
32 semanas de intervencion, aunque las diferencias entre
grupos no fueron significativas. EI IMC inicial del grupo con
educacion fue de 39,01 kg/m? y se redujo a 34,97 kg/m?, y
en el grupo sin educacion, el IMC inicial fue de 38,75 kg/m?
y pasd a ser de 35,53 kg/m?. Por tanto, la educacion alimenta-
ria parece tener un impacto positivo en cuanto a que favorece

la pérdida de peso. Comparando los resultados con los de otros
estudios realizados con liraglutida, el ensayo “SCALE Obesity
and Prediabetes”, donde se evalu6 la eficacia y la seguridad
de la misma junto con cambios del estilo de vida en pacientes
con sobrepeso U obesidad sin diabetes de tipo 2, los resultados
mostraron que, tras 56 semanas de tratamiento, hubo una pér-
dida de peso del 8,0 % frente al 2,8 % obtenido con un placebo
(16). En otro ensayo clinico en el que proporcionaron liraglutida
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a dosis de 1,8 mg y 3,0 mg a pacientes con sobrepeso u obe-
sidad y diabetes de tipo 2, junto con una dieta hipocaldrica y un
aumento de la actividad fisica, se observd una pérdida del 4,7 %
y del 6,0 % del peso, respectivamente, en comparacion con un
2 % en el grupo con placebo (17).

Sin embargo, centrarse simplemente en la reduccion del peso
corporal puede ser insuficiente. Nuestros resultados muestran
que el grupo que recibio liraglutida sin educacion redujo en un
9,43 % (4,72 kg) la masa grasa y en un 0,70 % (0,17 kg) la
masa muscular esquelética; y que el grupo tratado con liragluti-
day educacion tuvo pérdidas de masa grasa y de masa muscular
esquelética de hasta un 15,89 % (7,65 kg) y un 6,8 % (1,62
kg), respectivamente. La pérdida de masa muscular podria estar
asociada a una pérdida de peso mas rapida, es decir, no a la
magnitud de la pérdida de peso sino a la rapidez con que esta
se ha producido al asociar los 2 tratamientos. Seria interesante
estudiar este factor “tiempo” 0 “intensidad” en nuevos estudios,
asi como la ingesta de macronutrientes de los participantes.
Ademas, el ejercicio fisico realizado también es clave a la hora
de valorar este parametro. A los participantes de nuestro estu-
dio se les recomendd un incremento de la actividad fisica diaria
pero no se les prescribié ningun tipo de ejercicio concreto. Segun
nuestros hallazgos, la recomendacion de aumentar la actividad
fisica diaria, como andar, subir escaleras o reducir el sedenta-
rismo, parece insuficiente para estimular la masa muscular. La
actividad fisica intensa y/o basada en ejercicios de fuerza ayuda
a obtener una reduccion de la masa grasay a preservar la masa
muscular, ademas de mejorar la fuerza muscular (18,19). Ade-
mas, hay evidencia de que los programas de ejercicios basados
en la fuerza son efectivos y deben considerarse como parte de
todo programa de terapia multidisciplinar junto con la restriccion
caldrica para las personas con obesidad (20) y obesidad sar-
copénica (21). De este modo, cualquier programa prometedor
para este fin deberia combinarse con ejercicios de fuerza. La
Asociacion Europea para el Estudio de la Obesidad recomendd
que el tratamiento de la obesidad debe centrarse en mejorar 0
mantener la masa muscular y disminuir la masa grasa, ademas
de en controlar las comorbilidades y mejorar la calidad de vida
y el bienestar, en lugar de centrarse solo en la pérdida de peso
corporal (22).

Por otra parte, la adherencia al tratamiento es otro punto clave
para el éxito en el manejo de la obesidad. En nuestro estudio, el
79,4 % de los pacientes del grupo que recibio las sesiones de
educacion alimentaria individual finalizaron las 32 semanas de
tratamiento. En cambio, solo un 55,9 % del grupo sin educacion
o finalizd. Se realizaron 13 sesiones de 30 minutos de educacion
alimentaria durante las 32 semanas de tratamiento. Es impor-
tante establecer un nimero minimo de sesiones para mante-
ner la adherencia al tratamiento y que este sea efectivo para la
modificacion de habitos. Se ha visto que 21 sesiones breves de
terapia conductual intensiva produjeron una pérdida de peso cli-
nicamente significativa al afio, que se acentud con la adicion de
liraglutida (23). En otro programa de terapia intensiva que incluy6
recomendaciones dietéticas, de actividad fisica y conductuales,
donde los pacientes recibieron a lo largo de 56 semanas 23 se-
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siones de 15 minutos de asesoramiento, se observd una pérdida
de peso del 4,0 % que mejord con la adicion de 3,0 mg de
liraglutida hasta llegar a un 7,5 % (24). El estudio “Look AHEAD”
se disefio para evaluar los efectos de una intervencion intensiva
sobre el estilo de vida en personas con sobrepeso u obesidad y
diabetes de tipo 2. Los participantes lograron su maxima pér-
dida de peso, del 8,5 %, en el primer afo, cuando recibieron
la intervencion mas intensiva; y perdieron un 4,7 % del peso
corporal inicial a los 8 afios, en comparacion con el 2,1 % entre
los asignados a la atencion médica habitual (25). El tratamiento
con dosis moderadas también demuestra que puede producir
reducciones clinicamente significativas a los dos afios (26). Se
ha visto que 28 sesiones de educacion alimentaria junto con
sesiones semanales de ejercicio consiguieron una mejora de la
composicion corporal y una reduccion del riesgo de enfermedad
cardiometabdlica que se mantuvo durante 12 meses (27). Este
tipo de intervenciones que utilizan un enfoque menos restrictivo,
junto con una intervencion intensiva y de educacion alimentaria,
pueden ser una estrategia efectiva para el éxito individual en la
pérdida de peso.

El documento de posicionamiento de la Sociedad Espafiola de
Endocrinologia y Nutricion (SEEN) establece que un programa de
intervencion dietético presencial de alta intensidad en el contex-
to de una intervencion integral sobre el estilo de vida es la es-
trategia mas efectiva, obteniendo pérdidas de peso del 5-10 %
(28). Las Guias americanas del 2013 AHA/ACC/TOS para el
tratamiento del sobrepeso y de la obesidad recomiendan que,
para la pérdida de peso, esta indicado participar en un progra-
ma integral de modificacion del estilo de vida con intervenciones
de > 14 sesiones en 6 meses (29). La ultima guia de practica
clinica canadiense, publicada en el 2020, cambia el enfoque del
abordaje de la obesidad hacia la mejora de los resultados de
salud centrados en la persona, en lugar de atender solamente a
la pérdida de peso, asi como restaurar el bienestar y mejorar la
imagen corporal y la autoestima (13).

Los resultados de este estudio plantean preguntas sobre la
medida en que el asesoramiento individual de moderada o alta
intensidad podria ser mas efectivo en la modificacion de habitos
y en la mejora de la composicion corporal, asi como en la adhe-
rencia a largo plazo. Cabria destacar que nuestro estudio tiene
varias limitaciones. La primera de ellas es el nimero reducido
del tamafio muestral, que podria justificar no haber alcanzado
la significacion estadistica a pesar de si detectarse diferencias
entre ambos grupos. Todos los sujetos fueron incluidos en los
analisis finales independientemente de que hubieran finalizado o
no la intervencion, siguiendo el analisis por intencion de tratar. El
20,6 % del grupo con educacion y el 44,1 % del grupo sin edu-
cacion no completaron el estudio, lo cual puede diluir el efecto
de aplicar una educacion alimentaria individual mostrando una
eficacia que difiere de la real. Cabe destacar que el analisis por
bioimpedancia eléctrica también presenta sus limitaciones. Se
necesita una interpretacion cuidadosa de los resultados ya que
la pérdida rapida de peso afecta a la precision de la misma para
detectar cambios en la composicion corporal. Por otra parte, la
falta de un equipo multidisciplinar que proporcione un plan de
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entrenamiento y de terapia psicoldgica como base principal en
la modificacion de habitos, ademas de la educacion alimentaria,
s una aproximacion que deberia abordarse en futuros estudios
en esta tematica. Finalmente, las diferentes intervenciones edu-
cativas de los estudios publicados dificultan la comparacion de
los resultados.

Esta discusion pone en relieve el potencial clinico de una in-
tervencion multidisciplinar basada en la educacion nutricional, el
gjercicio de fuerza y el de alta intensidad combinado con ejer-
cicio de fuerza, y la terapia cognitivo-conductual, por si sola o
acompariada de un tratamiento farmacoldgico para la pérdida de
peso, ya que de ese modo se favoreceria la adherencia al estilo
de vida saludable, evitando volver a ganar peso a largo plazo, y
se reduciria la pérdida de masa muscular.

CONCLUSION

En resumen, destacamos el interés que tiene asociar una in-
tervencion basada en la educacion nutricional al tratamiento con
liraglutida para la mejora de la pérdida de peso. Sin embargo,
hay que optimizar la estrategia para proteger la pérdida de masa
muscular. Se requieren mas estudios para estudiar los efectos
a medio y largo plazo de las distintas tipologias de interven-
cion. Las intervenciones multidisciplinares educativas, basadas
en la nutricion, el ejercicio combinado de fuerza y resistencia,
y la terapia cognitivo-conductual tienen un potencial clave en
los tratamientos de control del peso, sobre todo pensando en el
mantenimiento de este y de una buena composicion corporal a
medio y largo plazo, y en los beneficios para la salud mas alla
de estos parametros. Ademas, es necesaria mas investigacion
para evaluar estrategias mas alla de los primeros 6 meses, en-
focadas a perpetuar el cambio de habitos y el mantenimiento
del peso, asi como también la mejora de la masa muscular y de
la calidad de vida de la persona. Destacamos la importancia de
los tratamientos individualizados multidisciplinares que apoyan el
cambio de habitos y en los que intervienen planes de nutricion,
de entrenamiento fisico y la terapia cognitivo-conductual como
base del tratamiento de la obesidad.
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Resumen

Introduccion: la prevalencia de la osteoporosis entre los candidatos a trasplante pulmonar es alta y su fisiopatologia, multifactorial.

Objetivos: evaluar las diferencias en densidad mineral 6sea, riesgo de fracturas y marcadores de remodelado 6seo en pacientes con enfermedad
pulmonar terminal, en el momento de ser evaluados para trasplante pulmonar, comparando dos tipos de patologias.

Material y métodos: se han incluido 59 sujetos subsidiarios de trasplante pulmonar por enfermedad pulmonar avanzada. Los pacientes fueron
clasificados en dos grupos, segun su patologia respiratoria: enfermedad pulmonar obstructiva cronica (EPOC) o enfermedad pulmonar intersticial
difusa (EPID). Se recogieron sus datos demograficos y se realizd densitometria dsea, analitica de sangre con marcadores de remodelado 6seo,
espirometria, test de la marcha de seis minutos, ecocardiografia y cateterismo cardiaco.

Resultados: no se encontraron diferencias entre los grupos respecto a su edad, sexo, indice de masa corporal (IMC) ni exposicion al tabaco.
Se observé una mayor prevalencia de osteoporosis y un mayor riesgo de fracturas por fragilidad 6sea a diez afios (FRAX) en el grupo con EPOC.
En cuanto a los marcadores de remodelado 6seo, se encontrd mayor concentracion de hormona paratiroidea (PTH) y osteocalcina en el grupo
EPQC. La concentracion de vitamina D fue menor en los pacientes EPOC.

Conclusiones: dos de cada tres de los pacientes valorados para trasplante pulmonar tenian osteopenia u osteoporosis. La prevalencia de
osteoporosis y el FRAX son mayores en los pacientes con EPOC. Se debe valorar la suplementacion con vitamina D en determinados pacientes.
Las diferencias en los marcadores de remodelado 0seo presentan utilidad ante la sospecha de osteoporosis, asi como para su manejo terapéutico.

Abstract

Introduction: the prevalence of osteoporosis among candidates for lung transplantation is high and its pathophysiology is multifactorial.

Objectives: to evaluate differences in bone mineral density, risk of fractures and bone remodeling markers in patients with terminal lung disease,
at the time they are evaluated for lung transplantation, comparing two types of pathologies.

Material and methods: fifty-nine subjects, proposed to receive a lung transplant due to advanced lung disease, were included in this study.
They were divided into two groups according to their respiratory pathology: chronic obstructive pulmonary disease (COPD) and diffuse interstitial
pulmonary disease (ILD). Demographic data were collected and bone densitometry, blood analysis with markers of bone remodeling, spirometry,
six-minute walk test (6MWT), echocardiography and cardiac catheterization were performed

Results: no differences were found between the groups, regarding their age, sex, BMI or exposure to tobacco. A higher prevalence of osteoporosis
and a higher FRAX were observed in the group with COPD. Regarding bone remodeling markers, higher parathyroid hormone (PTH) and higher
osteocalcin were found in the COPD group. Vitamin D was lower in COPD patients.

Conclusions: two out of three of the patients evaluated for lung transplantation had osteopenia or osteoporosis. The prevalence of osteoporosis
and FRAX is higher in COPD patients. Vitamin D supplementation should be considered in certain patients. Differences in bone remodeling markers
may be useful for suspected osteoporosis and therapeutic management.
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INTRODUCCION

En las dos Ultimas décadas ha aumentado mucho tanto el
numero de 6rganos trasplantados con éxito como la supervi-
vencia de los receptores del trasplante, lo cual ha dado lugar
a un aumento de las complicaciones del mismo, entre las que
destacan, por su elevada frecuencia, la osteoporosis (OP) y las
fracturas por fragilidad.

La OP es el trastorno mas comun del metabolismo 6seo y
aproximadamente la mitad de las mujeres y uno de cada cinco
hombres es probable que experimenten una fractura osteopord-
tica a lo largo de su vida.

La patogenia de la OP surge de un desequilibrio entre la capaci-
dad de los osteoclastos para la resorcion de hueso y la capacidad
de los osteoblastos para su formacion. Existen mltiples factores
clinicos que favorecen dicho desequilibrio y que constituyen fac-
tores de riesgo de OP. Algunos ejemplos son los cambios hormo-
nales después de la menopausia, la edad avanzada, el tratamiento
con glucocorticoides u otras endocrinopatias como hipertiroidismo,
hiperparatiroidismo o enfermedades causantes de inflamacion sis-
témica cronica (1,2).

Los marcadores de remodelado 6seo son un reflejo de estos
procesos de formacion y resorcion dsea y en nuestro estudio
hemos determinado algunos de los mas utilizados.

La principal consecuencia de la OP son las fracturas dseas,
las cuales se asocian con un aumento de las tasas de morbilidad
y mortalidad. Las fracturas vertebrales son el tipo mas comun
de fractura osteopordtica y tienen consecuencias importantes,
como son un mayor riesgo de fracturas posteriores y una reduc-
cion en la calidad de vida (3).

La prevalencia de la OP entre los candidatos a trasplante pul-
monar (TP) es alta, su patogenia es multifactorial y esta favo-
recida por la alteracion del metabolismo 6seo previa al TP, la
utilizacion de terapias inmunosupresoras como corticosteroides
y la deficiencia de vitamina D (4-6). También son factores de
riesgo establecidos el sexo, la edad, el tabaco, el consumo de
alcohol y el indice de masa corporal (IMC) (7).

El vinculo entre los esteroides sistémicos y la OP esta bien
establecido. Los glucocorticoides afectan al hueso mediante va-
rios mecanismos: reducen la vida til de los osteoblastos y los
osteoclastos, inducen la apoptosis y reducen el reclutamiento
de estas células por parte de las células progenitoras. También
disminuyen la absorcion de calcio y modifican su excrecion, por
efectos directos sobre el rifion (8).

La OP es una enfermedad caracterizada por un descenso en
la densidad mineral 6sea (DMO), lo cual origina una mayor debi-
lidad de los huesos y altera su microarquitectura, incrementando
en consecuencia el riesgo de fractura.

La National Osteoporosis Foundation (NOF) recomienda la
absorciometria de rayos X de energia dual (DXA) para la de-
teccion precoz y el tratamiento de la OP, particularmente la
DXA de la columna vertebral y la cadera, porque estas son las
localizaciones de fractura mas frecuentes (9). Los dispositivos
para calcular la DMO suelen integrar informacion que permite
comparar el resultado de la DMO de un paciente con los datos
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de la DMO de la poblacion joven normal (T-score) y estas com-
paraciones se expresan como unidades de desviacion estandar
(DE) de la media.

El T-score se calcula con la diferencia entre la DMO medida
de un paciente y la DMO media de la poblacion normal joven,
emparejadas por género y etnia, y luego dividiendo la diferen-
cia entre la DE de la DMO de la poblacion normal joven. Es de-
cir, T-score = (DMO del paciente - DMO media de la poblacion
joven normal) / (DE de la DMO de la poblacion joven normal).

En 1994, la Organizacion Mundial de la Salud (OMS) definio
la masa Osea baja y la OP de la siguiente manera: en caso de
que el T-score esté en el rango de 0 a -1 DE, el sujeto tiene una
masa Osea normal; en caso de que el T-score esté en el rango
de -1 a-2,5 DE, el sujeto es osteopénico (masa 6sea baja); si el
T-score es inferior a -2,5 DE, el sujeto es osteopordtico; y si la
puntuacion T es inferior a -2,5 DE y hay antecedente de fractura
por fragilidad, el sujeto se diagnostica de OP grave.

Sin embargo, posteriormente se observo que, en contraste
con la definicion de la OMS, se producian fracturas relaciona-
das con la OP, incluso cuando el T-score era mayor que -2,5
(por ejemplo, el T-score es -2,0) y estas observaciones clinicas
llevaron a la OMS y a la NOF a adoptar el riesgo de fracturas
por fragilidad 6sea a diez afios (FRAX), que estima la proba-
bilidad de riesgo de fractura de los pacientes incorporando la
DMO del cuello femoral y nueve factores clinicos de riesgo de
fractura: edad, sexo, fractura por fragilidad previa después de
los 50 afios, antecedentes de uso de corticosteroides (5 mg
0 mas durante tres meses 0 mas), antecedentes parentales
de fractura de cadera, artritis reumatoide, OP secundaria (por
ejemplo, diabetes tipo 1, osteogénesis imperfecta en adultos,
hipertiroidismo de larga duracion, hipogonadismo, menopausia
prematura, malabsorcion cronica, enfermedad hepatica croni-
ca 0 hiperparatiroidismo), fumador actual 0 consumo excesivo
de alcohol e IMC (10,11).

MATERIAL Y METODOS

Se trata de un estudio observacional y retrospectivo, realizado
en colaboracion entre el Servicio de Neumologia y el Servicio
de Bioquimica Clinica del Hospital Universitario Miguel Servet de
Zaragoza.

Los participantes fueron reclutados consecutivamente entre
los pacientes que cumplian los criterios de inclusion para TPy
que acudieron derivados a la consulta de Neumologia para va-
loracion entre el 1 de enero de 2010y el 31 de marzo de 2021.
Se clasificaron en dos categorias de acuerdo con su enferme-
dad pulmonar diagnosticada: enfermedad pulmonar obstructiva
cronica (EPOC) y enfermedad pulmonar intersticial difusa (EPID).

El protocolo de estudio se ajusto a los principios de la Decla-
racion de Helsinki y fue aprobado por el Comité Etico de Investi-
gacion Clinica de Aragon (CEICA).

Se incluyeron, finalmente, 59 pacientes seleccionados con en-
fermedad pulmonar terminal: 21 diagnosticados de EPOC y 38
diagnosticados de EPID.
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CRITERIOS DE INCLUSION

Se debe considerar el TP en adultos con enfermedad pulmo-
nar cronica en fase terminal que cumplan con todos los criterios
generales siguientes:

1. Alto riesgo (> 50 %) de muerte por enfermedad pulmonar

en dos afios, si no se realiza TP.

2. Alta probabilidad (> 80 %) de sobrevivir al menos 90 dias

después del TP.

3. Alta probabilidad (> 80 %) de sobrevivir cinco afos des-

pués del TP, desde una perspectiva médica general, si exis-
te una funcion adecuada del injerto.

CRITERIOS DE EXCLUSION

Los pacientes en los que esta contraindicado el TP (Anexo 1),
ademas de los pacientes con patologias que pudieran alterar el
metabolismo 6seo: hiperparatiroidismo primario, mieloma mul-
tiple, tirotoxicosis o terapia con hormona tiroidea, insuficiencia
hepética o insuficiencia renal (creatinina sérica > 2,5 mg/dl).

DISENO DEL ESTUDIO

Se recogid informacion clinica de todos los pacientes, la cual
incluia datos demograficos en el momento de la valoracion, asi
como exposicion actual y pasada a glucocorticoides, consumo
de tabaco, régimen farmacoldgico y factores de riesgo, general-
mente aceptados para la OP. Estos datos fueron confirmados por
la revision de su historial médico.

Ademas, en el momento de la valoracion para TP, se les realizd
espirometria, test de la marcha de seis minutos, ecocardiografia,
cateterismo cardiaco, densitometria 6sea y analitica de sangre
que incluia vitamina D y marcadores de remodelado 6seo.

Las muestras de sangre se extrajeron a primera hora de la
mafana tras ayuno nocturno, en tubos con gel separador, y se
determinaron en suero los siguientes parametros: el calcio y el
fésforo se determinaron en un autoanalizador AU 5800 (Beck-
mann Coulter Miami, FL, Estados Unidos); la fosfatasa alcalina
Osea (BAP) y el propéptido carboxi-terminal del procolageno tipo
| (PICP) se determinaron mediante enzimoinmunoensayo manual
con posterior lectura espectrofotométrica (kit Microvue BAP EIA
y kit Microvue PICP EIA, Quidel Corporation, San Diego, CA, Es-
tados Unidos, respectivamente); la osteocalcina se determind
también mediante enzimoinmunoanalisis manual (N-MID Osteo-
calcina, USA Immunodiagnostic Systems Inc., Estados Unidos); y
la vitamina D se determind en el analizador Architect i1000 SR
(Abbott Diagnostics, Estados Unidos).

ANALISIS ESTADISTICO

Para el andlisis estadistico se utilizo el programa IBM SPSS
Statistics version 26.0.

P. Calmarza et al.

En primer lugar, se empled el test de Kolmogorov-Smirnov (K-
S) para estudiar la distribucion de las variables cuantitativas. En
el caso de que siguieran una distribucion normal (K-S, p> 0,05),
se emplearon para su descripcion la media y la desviacion estan-
dar, y en el caso de que las variables cuantitativas no siguieran
una distribucion normal (K-S, p < 0,05), se emplearon para su
descripcion la mediana y el rango intercuartilico.

Para la comparacion entre los dos grupos de los distintos pa-
rametros estudiados se utiliz la prueba t de Student o el test de
Welch cuando se trataba de una distribucién normal, dependien-
do respectivamente de si las varianzas en ambos grupos eran
homogéneas o no. El test U-Mann Whitney se empled cuando
alguno de los dos grupos presentaba una distribucion no normal.

Para la descripcion de las variables cualitativas dicotomicas
se emplearon las frecuencias por grupo y para la comparacion
de dichas variables entre los dos grupos se empleo el test de la
Chi-cuadrado.

RESULTADOS

En el estudio se incluyeron 59 pacientes, de los cuales 21
formaban parte del grupo diagnosticado de EPOC y 38, del gru-
po de EPID. No se encontraron diferencias entre 10s grupos en
cuanto a edad ni sexo. En cuanto a los factores de riesgo cardio-
vascular y su repercusion, solo se aprecié mayor prevalencia de
dislipemia (DLP) en el grupo de pacientes con EPOC (p < 0,05).

Tampoco se encontraron diferencias entre ambos grupos en el
consumo de tabaco ni en su IMC, antecedentes de hipertension
arterial (HTA), diabetes mellitus (DM), ni infarto agudo de miocar-
dio (IAM), seglin se muestra en la tabla .

En el grupo de pacientes con EPOC, solo cuatro de ellos no
habian recibido tratamiento con corticoides inhalados. De los res-
tantes, 14 habian recibido dosis intermedias, dos pacientes habian
recibido dosis altas y uno de ellos, dosis bajas. Respecto a los pa-
cientes EPID, 19 pacientes (50 %) habian recibido tratamiento con
dosis de corticoides orales, con probable repercusion 6sea (12).

Con respecto a la funcion pulmonar de nuestros pacientes, se
observo un menor volumen espiratorio forzado el primer segundo
(FEV1) en pacientes con EPOC que en el grupo con EPID, tanto
al valorarla en litros como en porcentaje, respecto a la pobla-
cion de referencia (p < 0,01). No se encontraron diferencias en
cuanto a la capacidad vital forzada (FVC), pero el grupo de EPOC
presentaba menor cociente FEV1/FVC (p < 0,01). En el test de la
marcha se observé en el grupo EPID una mayor distancia recorri-
da (p < 0,01). Estos resultados aparecen reflejados en la tabla Il.

Analizando los resultados de la DMO en el grupo que tenia EPOC,
se obtuvieron resultados normales para T-score en tres pacien-
tes, siete de ellos tenian T-score concordante con OP y once pa-
cientes, concordante con osteopenia. En el grupo con EPID hubo
17 pacientes con T-score normal, tres pacientes con OP y 18 pa-
cientes con osteopenia. También se pudo comprobar que en €l
grupo EPOC existia mayor prevalencia de OP (p < 0,05), asi como
mayor prevalencia de T-score disminuido (pacientes con osteopenia
mas pacientes con OP [p < 0,05], segiin se muestra en la figura 1.
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Tabla I. Datos descriptivos de variables sociodemograficas y datos clinicos en el grupo
con EPOC y en el grupo de pacientes con EPID. Analisis entre los grupos

: EPOC EPID p
EPOC EPID
Edad (afios) 0,133 (0,200) 0,129 (0,200) 61,9 + 5,28 60,3 + 5,84 0,405
Sexo (varén/mujer) 173749 268129 0,370
IMC (kg/m?) 0,270 (0,037) 0,078 (0,200) 27,53 (86,10) 26,16 (4,34) 0,512
Tabaco (si/no) 20/1 29/9 0,080
HTA (si/no) 7114 9/29 0,425
DM (si/no) 6/15 7131 0,368
DLP (si/no) 912 6/32 0,022
IAM (si/no) 3/18 3/35 0,405

EPOC: enfermedad pulmonar obstructiva cronica, EPID: enfermedad pulmonar intersticial difusa; K-S: Kolmogorov-Smirnov; IMC: indice de masa corporal;, HTA:
hipertension arterial; DM: diabetes mellitus, DLP: dislipemia; IAM: infarto agudo de miocardio. p: nivel de significacion estadistica en comparacion entre los dos grupos.
Los datos descriptivos son media + desviacion estandar y mediana (rango intercuartilico). El texto en negrita indica resultados estadisticamente significativos (p < 0,05).

*Valor estadisticamente significativo; deberd utilizar un test no parameétrico para su andlisis (U de Mann-Whitney).

Tabla ll. Datos descriptivos de los principales parametros espirométricos y distancia
caminada en el BMWT en el grupo EPOC y en el grupo EPID. Analisis entre los grupos

K-S
EPOC EPID p
EPOC EPID
FEVA () 0,269 (0,039)* 0,089 (0,200) 0,80 (0,69) 1,81(0,85) <0,001
FEV1 (%) 0,239 (0,110) 0,147 (0,152) 34,8+223 66,1+ 16,3 <0,001
FVC () 0,243 (0,097) 0,145 (0,167) 2,65 = 0,893 2,26+ 0,79 0,202
FVC (%) 0,274 (0,032)* 0,153 (0,121) 71,50 (28) 65,00 (16) 0,084
FEV1/FVC 0,330 (0,003)* 0,109 (0,200) 34,00 (18) 84 (10) <0,001
BMWT (m) 0,185 (0,200) 0,144 (0,175) 295 + 98,2 403 + 114 0,001

K-S: Kolmogorov-Smirnov; FEV1: volumen espiratorio forzado el primer segundo; FVC: capacidad vital forzada; 6MWT: test de la marcha de seis minutos. p: nivel de
significacion estadistica en comparacion entre los dos grupos. Los datos descriptivos son media + desviacion estandar y mediana (rango intercuartilico). El texto en negrita
indica resultados estadisticamente significativos (p < 0,05). *Valor estadisticamente significativo; deberd utilizar un test no parametrico para su andlisis (U de Mann-Whitney).
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Figura 1.

Frecuencia de pacientes con osteoporosis y osteopenia en el grupo con
EPOC y en el grupo con EPID.
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El T-score fue menor en el grupo EPOC, comparado con el
grupo EPID, tanto en el T-score de cadera (p < 0,01), como en el
T-score total de fémur (p < 0,01) y el T-score vertebral L1-L4 (p
< 0,01). Estos resultados quedan recogidos en la tabla lll.

En cuanto al FRAX, se observd un mayor riesgo de fractura
mayor osteoporética en diez afios (p < 0,05) y de fractura de
cadera en diez afios (p < 0,01) en el grupo de pacientes con
EPOC (Fig. 2).

Respecto a los marcadores de remodelado 6seo, se encontrd
mayor concentracion de hormona paratiroidea (PTH) (p < 0,05)
y mayor concentracion de osteocalcina (p < 0,01) en el grupo

P. Calmarza et al.

de pacientes con EPOC. También se encontro en este grupo una
menor concentracion de vitamina D (p < 0,05). No se aprecia-
ron diferencias estadisticamente significativas en cuanto a BAP,
concentracion de calcio, de fosforo ni de PICP, seglin se muestra
en la tabla IV.

DISCUSION

La OP y las fracturas por fragilidad se encuentran entre las
complicaciones mas frecuentes en los pacientes candidatos a TP.

Tabla lll. Datos descriptivos (media y desviacion estandar, mediana y rango intercuartilico
y frecuencias) de los principales parametros de la densitometria ésea (T-score), del
FRAX y de osteopenia, osteoporosis y T-score disminuido en el grupo EPOC y en el

grupo EPID. Andlisis entre los grupos

K-S
EPOC EPID P
EPOC EPID
T-score cadera 0,136 (0,200) 0,145 (0,167) -115+1,1 -0,163 1,13 0,002
T-score total fémur 0,151 (0,200) 0,191 (0,015)* -1,75(2,5) -0,00 (1,0) 0,001
T-score vert. L1-L4 0,211 (0,200) 0,181 (0,029)* -1,95 (1,1) -1,10(1,4) 0,002
FRAX FMO (%) 0,178 (0,200) 0,162 (0.076) 4,76 + 2,42 34+184 0,019
FRAX cadera (%) 0,247 (0,085) 0,253 (< 0,001) 1,30 (3,2) 0,40 (0,5) 0,002
Osteopenia (si/no) 11/10 18/20 0,712
Osteoporosis (si/no) 714 3/35 0,026
T-score disminuido 18/21 2117 0,018

K-S: Kolmogorov-Smirnov; vert.. vertebral; FRAX: riesgo de fractura en diez afios;, FMO: fractura mayor osteopordtica. Los datos descriptivos son media + desviacion
estandar y mediana (rango intercuartilico). El texto en negrita indica resultados estadisticamente significativos (p < 0,05). *Valor estadisticamente significativo; debera

utilizar un test no parametrico para su andlisis (U de Mann-Whitney).

Figura 2.

A. Riesgo de fractura en diez afos (FRAX) para fractura mayor osteopordtica (F.M.0.) en pacientes con EPOC y con EPID. B. FRAX para fractura de cadera en diez

afos en pacientes con EPOC y pacientes con EPID.
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Tabla IV. Datos descriptivos (media y desviacion estandar, mediana y rango intercuartilico)
de los parametros de remodelado 6seo en el grupo EPOC y en el grupo EPID. Andlisis
entre los grupos (t de Student y U de Mann-Whitney)

K-S
EPOC EPID p
EPOC EPID
PTH (pg/mi) 0,351 (0,001)* 0,151 (0,130) 5,60 (14,9) 45,95 (26,3) 0,038
Calcio (mg/d) 0,204 (0,200) 0,162 (0,076) 9,47 +0,377 9,3 +0,387 0,106
Fosforo (mg/d) 0,124 (0,200) 0,160 (0,084) 3,37 = 0,485 3,54 + 0,68 0,270
FAOE (U/) 0,257 (0,060) 0,226 (0,001)* 23,35 (11,3) 17,70 (10,6) 0,242
Osteocalcina (ng/mi) 0,158 (0,200) 0,085 (0,200) 181 =124 10,9 = 5,96 0,019
PICP (ng/mi) 0,210 (0,200) 0,137 (0,200) 82,7+ 436 65,4 + 39,8 0,097
Vitamina D (nmol/) 0,114 (0,200) 0,151 (0,134) 37,9+187 55,1+ 36,8 0,030

K-S: Kolmogorov-Smirnov; PTH: hormona paratiroidea; FAOE: fosfatasa alcalina dsea especifica; PICP: propéptido C-terminal del protocoldgeno tipo I. Los datos
descriptivos son media + desviacion estandar y mediana (rango intercuartilico). El texto en negrita indica resultados estadisticamente significativos (p < 0,05). *Valor
estadisticamente significativo; deberd utilizar un test no paramétrico para su andlisis (U de Mann-Whitney).

La prevalencia de la OP entre los candidatos en espera de TP
se ha estimado previamente entre el 35 % y el 61 % (13,14).
Entre nuestros pacientes, un 66 % padecia OP u osteopenia.
Hay que destacar también que un 85,7 % de los pacientes con
EPOC presentaban disminucion del T-score.

En nuestro estudio, el T-score fue menor en el grupo de pa-
cientes con EPQC, al compararlo con el grupo con EPID, tanto
para el T-score de cadera como para el T-score total de fémur y
para el T-score vertebral L1-L4.

En otros estudios también se ha apreciado que el grupo de
pacientes con EPOC presentaba menor DMO, menor concentra-
cion de vitamina D y mayor riesgo de fracturas que la poblacion
sana (15,16).

También se han comparado los pacientes con EPID sin trata-
miento previo con corticoides con la poblacion sana, observando
que los primeros tenian menor DMO (17). Asimismo, Amany vy
cols. (18) hallaron disminucion de la DMO tanto en los pacientes
EPOC como EPID, la cual se incrementaba si habian recibido
tratamiento con corticoides.

A pesar de que se ha insistido mucho en la importancia de la
realizacion de DXA en los pacientes con enfermedad pulmonar
terminal, existe un porcentaje muy reducido de los mismos a los
que se les realiza esta exploracion complementaria (19) y la bi-
bliografia aportada con respecto a la comparacion entre la DMO
de los pacientes con EPOC y EPID es bastante escasa.

En nuestro estudio también se observo en el grupo EPOC
mayor riesgo de fractura mayor osteopordtica y de fractura de
cadera en diez afios (p < 0,01). En este sentido, en algunos
estudios se ha sefialado la relevancia del FRAX en pacientes con
EPOC, asi como su posible importancia para valorar suplementa-
cion con vitamina D en algunos pacientes (20,21). Sin embargo,
Ogura-Tomomatsu y cols. (22) no encontraron asociacion entre
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los valores de la DMO, el FRAX y las fracturas vertebrales en
pacientes con EPOC.

Ademas, aunque las fracturas 6seas se asocian con un aumento
en las tasas de morbilidad y mortalidad (3), no se ha encontrado
bibliografia referente al FRAX en pacientes con EPID.

La afectacion 0sea que padecen los pacientes del grupo EPOC
parece tener poca relacion con el tratamiento con corticoterapia
inhalada, ya que solo dos pacientes recibian dosis elevadas, que
son las unicas con efectos potenciales sistémicos, segun la bi-
bliografia actual (23). Sin embargo, en los pacientes con EPID,
un 50 % de los mismos recibian corticoterapia oral a dosis que
podrian influir en la DMO y en el FRAX (24).

Ademas, existe bibliografia en la que se ha asociado la con-
centracion de PTH con la severidad de los pacientes afectos de
EPOC (25). En nuestro estudio, el grupo de pacientes con EPOC
tuvo mayor concentracion de PTH, posiblemente asociado a las
concentraciones mas bajas de vitamina D observadas.

En este sentido, varios estudios han demostrado que las per-
sonas con enfermedad pulmonar tienen deficiencia de vitamina
D (26,27-29), la cual provoca disminucion del calcio en sangre
e hiperparatiroidismo secundario, que puede inducir OP, y que
su adecuada suplementacion reduce el riesgo de fracturas os-
teopordticas (30).

El déficit de vitamina D observado esta influido por multiples
factores, como la alteracion de la sintesis cutanea de vitamina D
por la edad y los efectos toxicos del tabaco, la escasa exposicion
alaluz solar debido a la movilidad restringida, el aumento del ca-
tabolismo de la vitamina D por los glucocorticoides, su secuestro
en los adipocitos, la absorcion intestinal reducida y la activacion
hepatica y renal deficiente de los precursores de la vitamina D
(31,32), ademas de un aumento en su catabolismo, relacionado
con la inflamacion (27).
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El hecho de que el déficit de vitamina D sea mas acusado
en los pacientes con EPOC hace que se recomiende un segui-
miento atento de la concentracion de vitamina D en estos pa-
cientes. Actualmente, se recomienda que todos los pacientes
hospitalizados debido a exacerbaciones sean evaluados para
detectar una deficiencia de vitamina D, que habra de seguirse
de suplementacion, si fuera necesario, ya que dicha suplemen-
tacion ha demostrado disminuir los episodios de exacerbacion
y, por tanto, de hospitalizacion (33). Nuestros resultados apo-
yan mas si cabe esta recomendacion. Un 33 % de los pacien-
tes EPOC incluidos recibian suplementacion en el momento de
la valoracion para TP.

Hasta ahora se ha estudiado poco sobre el papel que des-
empena la osteocalcina en la enfermedad pulmonar, pero existe
alguin estudio en el que se ha encontrado disminuida en los pa-
cientes con EPOC respecto a los pacientes sanos (34). En nues-
tro estudio, los niveles de osteocalcina en EPID eran inferiores a
los que presentaban los pacientes con EPOC, por lo que parece
l6gico el planteamiento de estudios relacionados con la concen-
tracion de osteocalcina en pacientes con EPID.

Los marcadores hioquimicos del remodelado dseo han con-
tribuido a un mejor conocimiento de la fisiologia 6sea y la pato-
genia de las enfermedades metabdlicas 6seas y pueden aportar
informacion adicional y complementaria a la suministrada por la
DMO en el estudio de estos pacientes, siendo tiles para valorar
las posibilidades terapéuticas y controlar su eficacia.

P. Calmarza et al.

Sin embargo, nuestro estudio presenta algunas limitaciones,
ya que se trata de un estudio retrospectivo con un nimero limi-
tado de pacientes. Ademas, en relacion a los resultados referidos
a la comparacion entre pacientes con EPOC y pacientes con EPID
en cuanto a DMO, FRAX y vitamina D y respecto a los marcado-
res de remodelado dseo, no existe mucha bibliografia para su
comparacion. Por ello, resulta necesario llevar a cabo un estudio
longitudinal con mayor nimero de pacientes para mejorar y am-
pliar conocimientos en nuestra propia linea de trabajo.

CONCLUSION

Dos terceras partes de los pacientes con enfermedad pulmo-
nar terminal presentaron osteopenia u OP. Se debe incidir en la
importancia del estudio dseo en los pacientes pretrasplante pul-
monar para optimizar tanto el diagnéstico como la intervencion
terapéutica.

Los pacientes con EPOC presentaron mayor prevalencia de OP
y un mayor FRAX que el grupo con EPID.

Los marcadores bioquimicos del remodelado dseo pueden
aportar informacién complementaria a la suministrada por la
DMO y pueden ser Utiles para valorar las posibilidades terapéuti-
cas y controlar su eficacia.

La suplementacion con vitamina D puede estar indicada en
pacientes EPOC, especialmente en aquellos con FRAX elevado.

Un solo criterio de los siguientes contraindica de forma absoluta el TP:

érganos.

. Diatesis hemorragica incorregible.

. Evidencia de infeccion activa por Mycobacterium tuberculosis.

o N O O B~ W

9. Obesidad de clase Il o lll (indice de masa corporal [IMC] > 35,0 kg/m?).
10. Ausencia de un sistema de apoyo social adecuado o confiable.
11. Estado funcional muy limitado con escaso potencial de rehabilitacion.

Anexo l. Criterios de exclusién de trasplante pulmonar (TP) (contraindicaciones absolutas)

1. Antecedente reciente de malignidad. Un intervalo libre de enfermedad de dos afios combinado con un bajo riesgo previsto de recurrencia después del TP puede
ser razonable en algunos casos. Sin embargo, un intervalo libre de enfermedad de cinco afios es lo més prudente en la mayoria de los casos.

2. Disfuncion significativa intratable de otro 6rgano principal (como corazdn, higado, rifién o cerebro), a menos que se pueda realizar un trasplante combinado de

. Enfermedad aterosclerotica no corregida con isquemia o disfuncion del 6rgano terminal o enfermedad de las arterias coronarias no susceptible de revascularizacion.
. Inestabilidad aguda, incluidos sepsis, infarto de miocardio o insuficiencia hepatica.

. Infeccion crénica con microbios altamente virulentos y/o resistentes que estan mal controlados antes del TP.

. Deformidad significativa de la pared tor4cica o de la columna que previsiblemente cause una restriccion severa después del TP.

12. Abuso o dependencia de sustancias (como alcohol, tabaco, marihuana u otras sustancias ilicitas).
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A nomogram combining prognostic nutritional index and platelet lymphocyte ratio
predicts postoperative pulmonary infection following D2 radical gastrectomy for gastric

cancer

Un nomograma que combina el indice nutricional pronostico y el cociente plaquetario linfocitario
predice la infeccion pulmonar postoperatoria tras la gastrectomia radical D2 por cancer gastrico
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Abstract

Introduction: the prognostic nutritional index (PNI) and platelet-lymphocyte ratio (PLR) have been found to correlate with outcomes following
radical gastrectomy for gastric cancer (GC).

Objectives: to construct a nomogram combining PNI and PLR for individually forecasting the risk of postoperative pulmonary infection (POl)
following D2 radical gastrectomy for GC.

Methods: retrospectively, clinical data was gathered from 404 patients treated with D2 radical gastrectomy for GC. The study used multivariate
logistic regression analysis to screen independent risk factors for POl after surgery. Subsequently, a nomogram was developed based on the
above factors to forecast the POI probability accurately.

Results: the multivariate logistic regression analysis identified age, PNI, PLR, CA199 level, ASA score, and ICU treatment as independent risk
variables for POl following D2 radical gastrectomy (p < 0.001 or 0.05). The nomogram's area under the receiver operating characteristic curve
(AUC) for predicting the risk of POl was 0.736 (95 % confidence interval (Cl) = 0.678-0.794). The nomogram was internally validated using the
bootstrap approach, involving repeated sampling 1000 times. The result yielded a concordance index (c-index) of 0.707 (95 % Cl = 0.705-0.709).
The calibration curves demonstrated an excellent concordance between the predicted values of the nomogram and the observed values. The
nomogram's clinical value was shown to be high using decision analysis curves.

Conclusions: a nomogram combining PNI and PLR is a dependable tool for forecasting the probability of POI following D2 radical gastrectomy
for GC.
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Resumen

Introduccion: se ha observado que el indice nutricional prondstico (INP) y el cociente plaquetas/linfocitos (PLR) se correlacionan con los resultados
tras la gastrectomia radical por cancer gastrico (CG).

Objetivos: disefiar un nomograma que combine el INP y la RPL para predecir individualmente el riesgo de infeccion pulmonar postoperatoria
(POI) tras una gastrectomia radical D2 por CG.

Métodos: de forma retrospectiva, se recopilaron datos clinicos de 404 pacientes tratados con gastrectomia radical D2 por CG. El estudio utilizo
un andlisis de regresion logistica multivariante para detectar factores de riesgo independientes de IOP tras la cirugia. Posteriormente, se desarrollo
un nomograma basado en los factores mencionados para pronosticar con precision la probabilidad de POI.

Resultados: el andlisis de regresion logistica multivariante identificd la edad, el INP, el PLR, el nivel de CA199, la puntuacion ASA y el
tratamiento en la UCI como variables de riesgo independientes para el POl tras la gastrectomia radical D2 (p < 0,001 0 0,05). El drea bajo la
curva ROC (caracteristica operativa del receptor) AUC del nomograma para predecir el riesgo de POI fue de 0,736 (intervalo de confianza [IC]
del 95 % = 0,678-0,794). El nomograma se validé internamente mediante el método bootstrap, que consiste en repetir el muestreo 1000
veces. El resultado fue un indice de concordancia (indice c) de 0,707 (IC del 95 % = 0,705-0,709). Las curvas de calibracion demostraron
una excelente concordancia entre los valores predichos del nomograma y los valores observados. El valor clinico del nomograma se demostrd
elevado mediante curvas de andlisis de decision.

Conclusiones: un nomograma que combina INP y PLR es una herramienta fiable para predecir la probabilidad de POI tras gastrectomia radical

pulmonar. Nomograma. D2 por CG.

INTRODUCTION

In 2020, gastric cancer (GC) had more than one million new
cases and caused around 769,000 deaths worldwide. It ranked
fifth in regards to new cases and fourth in regards to causing
mortality among all types of cancer (1). In China, GC is the third
leading cause of cancer-related deaths (2). The definitive and
possibly curative treatment for GC without distant metastases is
radical stomach resection combined with regional lymphadenec-
tomy. In eastern Asia, the D2 radical gastrectomy is the estab-
lished method for treating curable GC (3). Although the prognosis
of patients after radical gastrectomy has improved considerably
with advances in operative technology and perioperative care,
postoperative complications, including postoperative pulmonary
infections (POIs), continue to be clinically significant events, par-
ticularly within aged patients or those with poorer immune status
(4,5). The postoperative complications have been illustrated to
be linked to elevated medical expenses, prolonged stays in hos-
pitals, and raised mortality during the perioperative period (6,7).
Furthermore, there is an increasing amount of data indicating
that postoperative infectious complications, such as POI, impact
the overall survival of GC patients (8-11). Hence, it is crucial to
elucidate the risk factors linked to the development of POI to
identify high-risk patients and provide early, specific medicinal
interventions to decrease the occurrence of POl and improve
postoperative clinical results.

Previous studies have examined the predictive significance
of various nutritional and inflammation-related indicators de-
rived from blood tests, involving the controlling nutritional
status (CONUT) score (12), prognostic nutritional index (PNI)
(13), platelet-to-lymphocyte ratio (PLR) (14), neutrophil-to-lym-
phocyte ratio (NLR), and others (15,16), for postoperative com-
plications and long-term survival in GC. However, the existing
preoperative predictive investigations have mainly concentrated
on individual nutritional or inflammatory indicators, with a lim-
ited number of researches exploring the combined predictive
value of both nutritional and inflammatory markers concern-
ing postoperative complications for GC patients. Furthermore,
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as far as we know, no study currently focuses on creating a
nomogram that combines nutritional and inflammation-related
markers to accurately forecast the individual risk of POI after
radical gastrectomy for GC.

This study examines the relationship between preoperative nu-
trition, inflammation-related biomarkers, and postoperative POI
in individuals who undergo D2 radical gastrectomy for GC. Fur-
ther, we developed a nomogram that combines the PNI and PLR
as an intuitive and easy-to-use tool for clinicians to accurately
assess the likelihood of POI after D2 radical gastrectomy. This
nomogram may assist clinicians in tailoring treatment approach-
es to enhance patient outcomes.

METHODS

PATIENTS

This study comprised 404 patients with GC who had D2 rad-
ical gastrectomy at the Department of Gastrointestinal Surgery,
Lu’an Hospital, Anhui Medical University, between January 2019
and December 2021. Each of the individuals matched the essen-
tial inclusion standards: 1) Patients who were diagnosed with GC
through a biopsy before surgery and deemed appropriate for D2
radical resection based on a thorough preoperative assessment;
2) Patients who underwent D2 radical resection; 3) Patients with
complete medical and pathological information; 4) Patients who
received no neoadjuvant therapy; 5) Patients with tumours other
than GC were excluded from this study. Each patient had a whole
or partial gastrectomy, accompanied by D2 lymph node dissec-
tions, according to the tumour’s position and size. The surgical
management of GC was performed following the Japanese rec-
ommendations for treating this condition.

The study was authorised by the Lu’an Hospital Ethics
Committee of Anhui Medical University, complying with the
principles of the Declaration of Helsinki. Simultaneously, be-
fore conducting the study, each patient provided fully informed
written permission.
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DATA COLLECTION

This study examined clinicopathological variables like baseline
demographics, preoperative lab tests, intra-operative factors, and
pathological tumour characteristics (according to the American
Joint Committee on Cancer TNM staging system 8" edition). The
serum albumin (ALB) level, total cholesterol, and blood cell counts,
namely neutrophils, platelets, and lymphocytes, were obtained from
the medical records before therapy. This study analysed preopera-
tive indicators of nutrition and inflammation, including the prognosis
nutritional index (PNI), controlling nutritional status (CONUT) score,
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte
ratio (PLR). The NLR and PLR were determined by dividing the
number of neutrophils and platelets by the number of lymphocytes
(17). The PNI was derived using the formula: (10 x albumin level
[g/dL]) + (0.005 x lymphocyte count [number/mm?)) (18). The CO-
NUT score was estimated following the approach described in table |
(19). The primary measure evaluated was the occurrence of post-
operative pulmonary infection (POI) during 30 days after the surgical
procedure. The diagnosis of POl was established based on the crite-
ria put forward by the United States Centres for Disease Control and
Prevention (20). The researchers in this study meticulously reviewed
each patient’s medical records to validate the POI diagnosis.

STATISTICAL ANALYSIS

Statistical analyses were conducted using SPSS version 26.0
and R version 4.3.0. The appropriate cutoff values for PNI, CONUT
score, PLR, and NLR were identified using the receiver operating
characteristic (ROC) curve. The categorical data are represented
as the number of instances (%) and analysed using either the
Chi-square or Fisher's exact test. Quantitative variables were
measured as the median with the interquartile range and were
compared using either the student’s t-test or the Mann-Whitney
U-test. The binary logistic regression model included Variables
with a significance level of p < 0.05 obtained from univariate
analysis. A nomogram was created to estimate the probability

X. Ma et al.

of occurrence of a specific result. The nomogram’s predictive
capability was evaluated by computing the concordance index
(C-index) and the area under the receiver operating characteristic
curve (AUC). A calibration chart was created to conduct concor-
dance testing, comparing expected and actual values. Finally,
decision curve analysis (DCA) was used to evaluate the practical
value of the nomogram in a clinical setting. A p-value less than
0.05 indicates a statistically significant difference.

RESULTS

PATIENT CHARACTERISTICS

Table | displays the clinical and pathological features of the
404 patients. Of the total, 294 individuals (72.8 %) were male,
while 110 individuals (27.2 %) were female. The median age
of the individuals was 68.0 years, with a range of 39.0 to 88.0
years. Among the 404 instances, hypertension was present
in 129 patients (31.9 %), chronic obstructive pulmonary dis-
ease (COPD) in 19 patients (4.7 %), and diabetes mellitus in
40 patients (9.9 %). Two hundred twenty-two patients, 55.0 %
of the sample, had laparoscopically assisted gastrectomy. One
hundred four people, accounting for 25.7 % of the 404 partic-
ipants, were diagnosed with pulmonary infection based on the
diagnostic criteria.

THE CORRELATION OF PNI AND PLR WITH
CLINICOPATHOLOGIC VARIABLES

The optimal cutoff values for the PNl and PLR in predicting POl were
determined to be 48.55 and 142.89, respectively, by the maximum
Youden index (Fig. 1A-B). The CONUT score had a cutoff value 2.50,
while the NLR had a cutoff value of 2.515, as seen in figure 1C-D.
Among the 404 patients, 172 (42.6 %) patients had a PNI < 48.55,
while 198 (49.0 %) patients had a PLR < 142.89. On the other hand,
232 patients (57.4 %) had a PNI > 48.55, and 206 patients (51.0 %)

Table I. Computing of CONUT score

Levels of malnutrition
Variables
Normal Mild Moderate Severe
Albumin, g/dL >35 3.0<ALB< 3.5 25<ALB<3.0 <25
Score 0 2 4 6
Total lymphocyte count, mg/mL > 1600 1200 < TLC < 1600 800 <ALB < 1200 < 800
Score 0 1 2 3
Total cholesterol, mg/dL >180 140 <TC < 180 100 <TC < 140 <100
Score 0 1 2 3
Total score 0-1 2-4 5-8 9-12
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had a PLR > 142.89. The PNI < 48.55 group and the PNI > 48.55
group exhibited significant differences in age, BMI, COPD, haemoglo-
bin, albumin, CA199, maximal tumour diameter, pT stage, p N stage,
0 TNM stage, vascular infiltration, neural infiltration, and postopera-
tive pulmonary infection, as indicated in table Il. The PLR < 142.89
group and the PLR > 142.89 group showed significant differences in
BMI, diabetes, haemoglobin, albumin, maximal tumour diameter, p T
stage, p TNM stage, and postoperative pulmonary infection.

Figure 1.

ROC curve analysis of PNI, PLR, CONUT score and NLR for predicting POI
(A. PNI; B. PLR; C. CONUT score; D. NLR).

UNIVARIATE AND MULTIVARIATE LOGISTIC
REGRESSION ANALYSIS

The univariate logistic analysis demonstrated substantial cor-
relations between many covariates and the incidence of POI fol-
lowing D2 radical gastrectomy for GC. These variables include
age, hypertension, diabetes, haemoglobin levels, albumin levels,
PNI, PLR, CA199 levels, American Society of Anesthesiologists
(ASA) score, operation time, and postoperative intensive care
unit (ICU) treatment (p < 0.001 or 0.05). Additional multivariate
logistic regression analyses revealed that age, PNI, PLR, CA199
levels, ASA score, and postoperative ICU treatment were deter-
mined to be independent risk variables for POl after D2 radical
gastrectomy for GC (p < 0.001 or 0.05) (Table Il).

CONSTRUCTING VALIDATING THE
NOMOGRAM

We used the outcomes of logistic regression analysis to develop
an intuitive and effective nomogram for evaluating the probability
of POl after D2 radical gastrectomy for GC (Fig. 2). The area un-
der the curve (AUC), sensitivity, and specificity of the nomogram
were 0.736 (95 % Cl = 0.678-0.794), 61.7 %, and 76.2 %, re-
spectively (Fig. 3A). The internal validation was conducted using
the Bootstrap approach, which included doing self-help repeated
sampling 1000 times. The c-index was determined to be 0.707
(95 % Cl = 0.705-0.709). The calibration curve demonstrated
a strong agreement between the nomogram’s estimation of the
risk of POl following D2 radical gastrectomy for GC and the actual
observed risk (Fig. 3B).

Table Il. Correlation of patient characteristics with PNI and PLR
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PNI PLR
e TG (n.r:tfc;q <4855 | 24855 <1428 | >142.89
(n=172) | (=232 |PVale | (,_498) | (n=206 | P-Value
Age, years® (63%%%;)4.0) (661)1—95.0) (60.%7—?2.0) <0.001 (62.%%?3.0) (64.%??5.0) 0.334
Male sex 294(728) | 124(721) | 170733 | 0792 | 150(75.8 | 144(69.9) | 0.186
Smoking 68(16.8) | 34(19.8) 34 (14.7) 0.174 37 (18.7) 31(150 | 0.329
Drinking 64(158) | 28(16.3) 36 (15.5) 0.836 38 (19.2) 26(126) | 0.071
B ( 9.251-534.1) (19%33.7) (19%)2-'224.2) 0.003 (20%2-224.2) ( 9?21-;3.8) 0.018
Hypertension 129319 | 55@320) 74 (31.9) 0.986 72 (36.4) 57(277) | 0.061
COPD 19 (4.7) 13(7.6) 6(2.6) 0.020 7(3.5) 125.8) 0.277
Diabetes 4099 16(0.3) 24 (10.3) 0.729 29 (14.6) 116.3) 0.002
Prior abdominal surgery 61 (15.1) 30 (17.4) 31 (13.4) 0.257 28 (14.1) 33 (16.0) 0.598
(Continues on next page)
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Table Il (cont.). Correlation of patient characteristics with PNI and PLR
PNI PLR
. L. Total
R (n=404) | <4855 >48.55 value | <1428 | 214289 |
n=172) | (n=232) |P (n=198) | (n=206) | P
o 122.0 102.0 132.0 129.0 1125
Hemoglobin, g/L 07.3-135.8) | (83.0-120.0) | (118.0-141.0) | <%997 | (11301383 | 6.8-133.0) | <O
o 418 37.4 44.9 423 414
Albumin, g/l (380-453) | (34.8-40.0) | (42.3467) | <0007 | (390457 | @7.2449 | 0070
CEA, ng/mL
<5 307 (76.6) | 129(75.9) | 178 (77.1) 155(78.7) | 152745 | 0304
>5 94 (23.4) 41 (24.1) 53 (22.9) 0.784 42213 52 (25.5)
CA125, U/mL
<35 302 (97.8) | 164(965 | 228(98.7) 195(99.0) | 197(96.6) | 0102
> 35 922 6(3.5) 3(13) 0.136 2(1.0) 7(3.4)
CA199, U/mL
<37 346 (86.3) | 140(82.4) | 206 (89.2) 173(87.8) | 173(84.8) | 0.381
>37 55 (13.7) 30 (17.6) 25 (10.8) 0.050 24 (12.2) 31 (15.2)
Tumor location
Upper 183(45.3) | 7443.0) 109 (47.0) 97 (49.0) 86 (41.7) 0320
Middle 89(22.0) | 36(20.9 53 (22.8) 0.461 42 (21.2) 47 (22.8) :
Lower 132(327) | 62(36.0) 70 (30.2) 59 (29.8) 73 (35.4)
Maximum tumour diameter, cm
<4 204 (505) | 71(41.3) 133 (57.3) 119 (60.1) 85413 | <0001
>4 200 (495 | 101(587) | 9942.7) 0.001 79399 | 121(88.7)
p T stage
T +T2 127314 | 37215 90 (38.8) 76 (38.4) 51 (24.9) 0.003
T3+ T4 077(686) | 1350785 | 1420612 | <00 | 120616 | 1550752
p N stage
NO 168 (416) | 60 (34.9) 108 (46.6) 88 (44.4) 80 (38.9) 0.253
NT + N2 + N3 236 (58.4) | 112(65.1) | 124 (53.4) 0019 | 110556 | 126(61.2)
o TNM stage
| 108(26.7) | 29(16.9) 79 (34.1) 65 (32.8) 43 (20.9) 0024
I 103 (255) | 49 (285) 54 (23.3) 0.001 45 (22.7) 58 (28.2) '
1 193(47.8) | 94(547) 99 (42.7) 88 (44.4) 105 (51.0)
Tumor differentiation
Well 42 (10.4) 12(7.0) 30 (12.9) 23 (11.6) 1902 0750
Moderate 69(17.1) | 26(15.1) 43 (18.5) 0.073 33 (16.7) 36 (17.5) :
Poor 203 (72.5) | 134(77.9) | 159 (68.5) 142(717) | 151 (73.3)
Vascular infiltration 184 (455) | 93 (54.1) 91 (39.2) 0.003 81 (40.9) 103(50.0) | 0.067
Neural infiltration 190 47.0) | 91(52.9) 99 (42.7) 0.042 85 (42.9) 1056100 | 0105
PuImonary infection 104 (257) | 59(34.3) 45 (19.4) 0.001 60 (30.3) 44.(1.4) 0.040

*Values are median (interquartile range). ASA: American society of anesthesiology; BMI: body mass index; CA199: carbohydrate antigen 199; CA125: carbohydrate
antigen 125; CEA: carcinoembryonic antigen; COPD: chronic obstructive pulmonary disease, PLR: platelet-to-lymphocyte ratio; PNI: prognostic nutritional index.
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Table lll. Univariate and multivariate logistic regression analysis of POI risk factors
Characteristics UV OR (95 % CI) p-;‘;ue MV OR (95 % CI) p-x;l/le*

Age, > 71.5 years 2.766 (1.749-4.374) < 0.001 1.796 (1.067-3.024) 0.028
Gender, male vs female 1.249 (0.746-2.091) 0.397
Smoking 0.954 (0.523-1.740) 0.878
Drinking 1.052 (0.574-1.928) 0.870
Hypertension 2.074 (1.306-3.292) 0.002 NS 0.744
COPD 1.352 (0.500-3.653) 0.552
Diabetes 2.353 (1.202-4.606) 0.012 NS 0.606
Prior abdominal surgery 1.504 (0.835-2.709) 0174
BMI, < 18.5 kg/m? 1.347 (0.724-2.507) 0.347
Hemoglobin, < 110/120 g/L 1.655 (1.055-2.595) 0.028 NS 0.624
Albumin, < 35 g/L 2.206 (1.154-4.217) 0.017 NS 0.933
PNI, > 48.55 0.461 (0.293-0.725) 0.001 0.529 (0.313-0.893) 0.017
CONUT score, > 2.5 1.596 (0.978-2.603) 0.061
PLR, > 142.89 0.625 (0.398-0.980) 0.041 0.489 (0.290-0.822) 0.007
NLR, > 2.515 0.737 (0.459-1.184) 0.207
CEA, > 5 ng/mL 1.456 (0.873-2.428) 0.150
CA125, > 35 U/mL 0.365 (0.045-2.955) 0.345
CA199, > 37 U/mL 1.869 (1.023-3.417) 0.042 2.005 (1.025-3.924) 0.042
Tumor location

Middle vs upper 0.845 (0.469-1.521) 0.574

Lower vs upper 0.949 (0.570-1.579) 0.840
ASA score

2vs1 4.714 (2.635-8.436) < 0.001 3.391 (1.789-6.426) < 0.001

3vs1 14.371 (2.918-70.779) 0.001 6.949 (1.284-37.615) 0.024
Surgical approach, open vs laparoscopy 1.178 (0.754-1.843) 0.472
Type of resection, total vs subtotal 1.002 (0.627-1.602) 0.992
Multi-visceral resection 0.792 (0.389-1.610) 0.519
Operation time, > 261 min 1.731 (1.105-2.713) 0.017 NS 0.062
Intraoperative blood loss, > 325 ml 1.637 (0.880-3.047) 0.120
Perioperative blood transfusion 1.394 (0.855-2.273) 0.182
Postoperative ICU treatment 12.417 (2.592-59.472) 0.002 6.588 (1.199-36.198) 0.030
Maximum tumor diameter, > 4 cm 1.082 (0.692-1.690) 0.730
pTstage, T3+ T4vsT1 + T2 1.043 (0.644-1.689) 0.865
p N stage, N1 + N2 + N3 vsNO 1.484 (0.933-2.360) 0.095

(Continues on next page)

[Nutr Hosp 2024;41(3):602-611]



608

X. Ma et al.

Table Il (cont.). Univariate and multivariate logistic regression analysis of POI risk factors

Characteristics UV OR (95 % CI) uv MV OR (95 % CI) mMv
p-value p-value*

p TNM stage

lvsl 1.120 (0.601-2.088) 0.720

lhvsl 1.133(0.657-1.953) 0.654
Tumor differentiation

Moderate vs well 2.118 (0.765-5.859) 0.148

Poor vs well 2.254 (0.915-5.552) 0.077
Vascular infiltration 0.883 (0.564-1.385) 0.589
Neural infiltration 0.734 (0.467-1.152) 0.179

*Variables found to be significant at p < 0.05 in the univariate analysis were entered into the multivariate logistic regression analysis. ASA: American society of
anesthesiology; BMI: body mass index;, CA199: carbohydrate antigen 199; CA125: carbohydrate antigen 125; CEA: carcinoembryonic antigen; CONUT: controlling
nutritional status; COPD: chronic obstructive pulmonary disease; MV: multivariable; NLR: neutrophil-to-lymphocyte ratio; NS: not significant; PLR: platelet-to-lymphocyte
ratio; PNI: prognostic nutritional index; UV: univariate, OR: odds ratio; Cl: confidence interval.

Figure 2.

The nomogram for predicting POI (ASA: American Society of Anesthesiology;
CA199: carbohydrate antigen 199; PLR: platelet-to-lymphocyte ratio; PNI:

prognostic nutritional index).

DECISION CURVE ANALYSIS

The nomogram’s clinical value was evaluated using a decision
curve (Fig. 4). The DCA indicated that the nomogram has a sig-
nificant positive net effect and is clinically valuable for accurately
predicting the occurrence of POI following D2 radical gastrecto-
my for GC.

DISCUSSION

Gastrectomy is the primary and most effective therapy for
curing GC. Nevertheless, radical resection for GC is intricate
and time-consuming, posing a significant risk of infection after
surgery. The incidence of POl after radical gastrectomy exhibits
significant variation across different nations and regions. This
retrospective study analyzed 404 GC patients who had D2

Figure 3.

The ROC curve and the calibration
curve of the nomogram (A. The ROC
curve; B. The calibration curve).
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Figure 4.
The DCA curve of the nomogram.

radical gastrectomy. The study found that the incidence of POI
was 25.7 %, which was significantly higher compared to the
rates of 12.8 % (9) and 14.7 % (21) reported in earlier studies.
Possible explanations for this divergence might be attributed to
variations in the diagnostic criteria for POI, heterogeneity in the
features of the research cohorts, and disparities in surgical pro-
cedures. Postoperative infection carries a substantial economic
cost for patients and hampers their recovery. Hence, it is crucial
to determine the risk factors and promptly adopt measures to
minimise the likelihood of such infections (7,22). Several recent
studies have shown a strong correlation between the patient’s
nutritional state and levels of inflammation with the occurrence
of postoperative infection in various illnesses. The need to eval-
uate nutrition and inflammation in cancer patients is widely ac-
knowledged (22-24). Recently, several studies have examined
the risk variables associated with POl after radical gastrectomy
(25,26). However, these studies have not sufficiently included
all relevant risk factor variables, and few studies considered
preoperative nutritional and inflammation-related variables in
patients. Consequently, these studies provide restricted guid-
ance for clinical practice.

In this work, we create a nomogram that combines the PNI
and PLR to accurately predict the probability of POI after D2
radical gastrectomy for GC. This work represents the first en-
deavour to integrate patients’ nutritional and inflammatory-re-
lated indicators to individually predict the likelihood of POI
after D2 radical gastrectomy for GC. The findings of our study
suggest that Age, PNI, PLR, CA199 level, ASA score, and ICU
treatment were identified as separate risk factors for POI. In
addition, we developed a nomogram incorporating indepen-
dent risk variables obtained from multivariate analysis, which
effectively predicts the probability of POI. The nomogram mod-
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el exhibited a significant level of discrimination, as shown by
its C-index of 0.707. The calibration curves for predicting the
probability of POl demonstrated a strong agreement between
the anticipated values from the nomogram and the observed
values. Hence, our nomogram may serve as an intuitive tool for
determining the probability of POl after D2 radical gastrectomy
for GC and for implementing preventive medical measures to
mitigate the occurrence of POl and improve patients’ clinical
outcomes.

Arising percentage of clinicians are beginning to recognise the
significance of nutrition for patients diagnosed with GC. Hence,
it is crucial to assess the nutritional condition of individuals di-
agnosed with GC precisely. Among various clinical factors, the
patient’s nutritional status stands out as a modifiable factor, un-
like age, tumor status, and comorbidities, which are essentially
unchangeable. Hence, to enhance a patient’s postoperative out-
come, it is crucial to focus on modifiable risk factors that may
be partly or completely changed. Timely recognition and inter-
vention for patients who suffer from malnutrition or are at high
nutritional risk is essential for the efficient treatment of tumor
patients during the perioperative period. Several nutritional risk
screening/assessment methods are accessible, such as the Nu-
tritional Risk Screen 2002, the Malnutrition Universal Screening
Tool, the Subjective Global Assessment, and the Patient-gener-
ated Subjective Global Assessment. Nevertheless, such methods
often need to be more convenient and susceptible to subjective
influences, resulting in less precise outcomes (27). The PNl is a
quantitative nutritional assessment tool that may be readily de-
termined by measuring the serum ALB level and the peripheral
blood lymphocyte count. Serum ALB, a hepatically synthesised
protein, is crucial in transporting substances and regulating
plasma osmolality. Additionally, Serum ALB concentration serves
as an indicator of the body’s nutritional status (28). Peripheral
blood lymphocytes play a crucial role in the elimination and pro-
grammed cell death of tumour cells, thereby serving as a critical
component of the body’s immunological defence against cancer.
A reduced lymphocyte count indicates a decline in the body’s
immunological activity against tumours (29). Xi et al. (22) demon-
strated using PNI in predicting postoperative infection following
radical surgery for GC. Their study revealed that a PNI value
below 45 was a significant risk variable for infection following
radical surgery for GC. Xiao et al. (30) found that infection is an
essential complication after gastrectomy, and a PNI value of less
than 43.9 is an independent risk factor for infection after stage
II/Il radical gastric resection. This study determined that a PNI
value of 48.55 is the optimal cutoff value for predicting the oc-
currence of POI following D2 radical gastrectomy. Furthermore, a
multivariate analysis demonstrated that a PNI value below 48.55
is an independent risk factor for POI.

Neutrophils, lymphocytes, and platelets are easily accessible
via standard blood count tests and have essential functions in
reducing inflammation, responding to infections, and maintain-
ing proper blood coagulation (31). The PLR, derived from the
combined platelet and lymphocyte counts, is a reliable indica-
tor of systemic inflammation and immunological function (32).
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Consequently, a lower PLR score indicates the presence of both
systemic inflammation and weakened immune response. Mount-
ing data suggests that a widespread inflammatory response may
have a significant impact on the initiation and advancement of
cancer. While several studies have established PLR as a prog-
nostic indicator for various solid tumours (16,33), acute ischemic
stroke, and acute renal damage (34,35), there is less data about
its possible correlation with POI after radical gastrectomy for
GC. This study found a strong correlation between preoperative
PLR and POI. Multivariate analysis showed that the preoperative
PLR < 142.89 is an independent risk factor for POI. The specific
mechanism by which preoperative PLR affects POl in individuals
with GC is likely intricate yet not fully understood. A diminished
PLR indicates a reduction in the total lymphocyte count and an
elevation in platelet count. A reduced total lymphocyte count in-
dicates compromised cell-mediated immunity and malnutrition
in the body. In contrast, an elevated platelet count indicates
inflammation and a predisposition to blood clotting (36). A di-
minished lymphocyte-mediated antibacterial immune response
may reduce the lymphocyte-mediated antibacterial cellular im-
munological response, hence facilitating bacterial invasion and
proliferation (14,37). The platelet count is acknowledged as an
indicator of a widespread inflammatory reaction and the possi-
bility of tiny blood vessel clotting. The prevalence of inflammatory
cytokine cascades, such as those associated with tumour necro-
sis factor-a and interleukin (IL)-1, IL-6, and IL-8, is enhanced by
systemic inflammatory responses, including a low PLR. These
immune modulators can potentially influence the activity and
regulation of natural killer cells, cytotoxic T lymphocytes, and
antigen-presenting cells (38-40). Eventually, the interaction be-
tween these intricate elements raises infectious complications
following surgery.

An advantage of our research is that the nomograms were
constructed using PNI and PLR indicates derived from standard
laboratory tests of plasma albumin, platelet, and lymphocyte
counts. These procedures are often used in clinical practice.
Nevertheless, there are some limitations to this research. Initially,
as this is a single-centre retrospective study, it was impossible
to exclude some potential biases completely. Furthermore, this
study did not collect data to analyse the nutritional supplements
provided to patients after their surgery. The outcomes of this re-
search need to offer more proof regarding the effect of postoper-
ative nutritional supplementation and oral diet on POI. Ultimately,
this research did not have external validation, and it is necessary
to confirm the predictive effectiveness of this nomogram model
in other populations. Therefore, we will conduct multicenter re-
search, including a broader population, to further validate our
findings.

CONCLUSION

In conclusion, our research concluded that age, PNI, PLR,
CA199, ASA score, and postoperative ICU treatment were iden-
tified as independent risk factors for POI following radical gas-

X. Ma et al.

trectomy for GC. Furthermore, the nomogram combining PNI and
PLR may aid in precisely predicting the probability of POI follow-
ing radical gastrectomy for GC, assisting clinicians in developing
individualised treatment plans.
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Resumen

Introduccion: el método de Goldberg y Black se utiliza para estimar la infradeclaracion dietética en los estudios epidemiolégicos de consumo
de alimentos. Este método se basa en la comparacion de la ingesta de energia autodeclarada por los sujetos con la estimacion de su gasto
energético total.

Obijetivo: evaluar la infradeclaracion y sobredeclaracion a nivel individual y grupal en estudiantes de Ciencias de la salud.

Material y métodos: el estudio fue transversal y prospectivo; los participantes registraron el consumo de alimentos por medio de dos regis-
tros dietéticos, uno de fin de semana y otro de entre semana. Previamente se les solicité la firma de una carta de consentimiento informado y
después se les aplico el cuestionario de actividad fisica (IPAQ). También se les peso y midid, luego se estimo la tasa metabdlica basal (BMR),
posteriormente se calculd la relacion de la ingesta declarada (El)/BMR y, por Ultimo, se eligieron los puntos de corte para determinar quiénes
eran infradeclaradores, sobredeclaradores y declaradores plausibles.

Palabras clave: Resultados: se encontro un 14,81 % de infradeclaracion a nivel individual y un 44,44 % a nivel grupal. Los sujetos con mayor IMC y los que
realizaban actividad fisica intensa son los que mayor infradeclaracion reportan y, a nivel grupal, los sujetos que realizan actividad fisica moderada

Registro dietético. g intensa también fueron infradeclaradores.

Infradeclaracion. Tasa
metabélica basal. Actividad ~ Conclusiones: es crucial llevar a cabo esta metodologia para verificar los resultados de la evaluacion dietética ya que la infradeclaracion

fisica. afecta a la estimacion de la ingesta de nutrientes y puede alterar las asociaciones entre dieta y enfermedades en los estudios epidemiologicos.

Abstract

Introduction: the Goldberg and Black method estimates dietary underreporting in epidemiological food consumption studies. This method
compares the self-reported energy intake of the subjects with the estimate of their total energy expenditure.

Objective: to evaluate underreporting and overreporting at individual and group levels in Health Sciences students.

Material and methods: the study was cross-sectional and prospective; the participants recorded their food consumption through two dietary
records, one on the weekend and the other on the weekdays. They previously answered to sign an informed consent letter, after which the phy-
sical activity questionnaire (IPAQ) they were also weighed and measured, and then the basal metabolic rate (BMR) was estimated, It calculated
later the declared intake (El)/BMR ratio, and finally, the cut-off points to determine under-declarers, over declarators and plausible declarators.
Keywords: Results: we found 14.81 % underreporting at the individual level and 44.44 % at the group level. The subjects with a higher BMI and those who
) performed strenuous physical activity were the ones who underreported the most. The subjects underreported performed moderate and severe
Dietary records. physical activity at the group level.
Underreporting. Basal

metabolic rate. Physical Conclusions: it is crucial to carry out this methodology to verify the results of dietary evaluation since underreporting affects the estimation of
activity. nutrient intake and can alter the associations between diet and diseases in epidemiological studies.
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EN LA COHORTE FACSA. ESTUDIO PILOTO

INTRODUCCION

La evaluacion de la ingesta alimentaria no es facil debido a
que no existe un método ideal y los distintos métodos de eva-
luacion pueden conducir a obtener resultados diferentes en los
sujetos (1). Dicha estimacion de la ingesta de nutrientes vy ali-
mentos se puede realizar mediante diferentes tipos de cuestio-
narios. A nivel familiar se utilizan las encuestas familiares y a
nivel individual registros dietéticos, cuestionarios de frecuencia
de consumo de alimentos (CFCA) y recordatorios de 24 horas.
La seleccion del método adecuado debe tener en cuenta el nivel
de la evaluacion en funcién de la poblacion a estudiar, ya sean
individuos o grupos (2).

Uno de los métodos que aportan validez y precision es el re-
gistro o diario dietético siguiendo procedimientos adecuados y
considerando un numero suficiente de dias. Es una evaluacion
abierta en la que el sujeto registra los alimentos y bebidas que
consume durante todo el dia y puede ser de dos hasta siete dias
de la semana; cuando es de dos dias, uno es de fin semana
y otro entre semana; segun sea el objetivo del estudio, se le
pide al sujeto que registre detalladamente la informacion sobre
como se preparan los alimentos, cuales son los ingredientes de
los ments combinados y también las marcas comerciales de los
productos (3).

Una de las ventajas del registro dietético es su precision, ya
que la informacion que recopila es cuantitativa sobre los alimen-
tos consumidos durante la etapa de registro. Debido a la calidad
de los datos dietéticos, se considera el estandar de oro de los
métodos de registro dietético y frecuentemente se utiliza como
referencia en 1os estudios de validacion que utilizan otros méto-
dos menos complicados y costosos como el CFCA (4). El método
elegido también puede influir en el comportamiento alimentario
de los encuestados, simplificando el registro de la ingesta de
alimentos, ya que algunos de ellos pueden tener problemas para
registrar las cantidades consumidas y los alimentos (5). Otra
ventaja de este método de recogida alimentaria es que se evita
el problema de omisién de alimentos por falta de memoria, ya
que cada alimento o bebida se registra al momento de su con-
sumo (6).

Cabe recalcar que cuando se evalla la exposicion, la cual es
importante en la evaluacion del riesgo, en lo que se refiere a
la ingesta dietética se necesitan datos confiables y precisos de
los alimentos (7). Por esto es necesaria la identificacion de los
informes erroneos de alimentos incluidos de 10s sujetos que de-
claran menos y los sujetos que declaran de mas. Con respecto
a lo anterior, uno de los trascendentales origenes del error en la
estimacion de la dieta es la informacion incorrecta, que incluye
tanto la infradeclaracion como la sobredeclaracion de la ingesta
de los alimentos (8).

La infradeclaracion puede deberse a que los sujetos no co-
men (consumen menos mientras registran los alimentos) o a
que no registran todo lo que consumen; algunos estudios han
revelado que las mujeres y los sujetos de la tercera edad son
mas proclives a declarar una ingesta energética insuficiente (9).
Sin embargo, estas relaciones son inconsistentes y es necesaria
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una mayor investigacion en muestras especificas de la poblacion
que hayan identificado infradeclaraciones en todos los niveles de
necesidades energéticas. Otra caracteristica identificada es el
peso; los informes de baja ingesta de energia se han asociado a
un indice de masa corporal (IMC) alto. El estatus socioeconomi-
oy la educacion son caracteristicas menos predecibles en los
declarantes de baja ingesta energética; sin embargo, en otros
estudios, la infradeclaracion se relaciona con el bajo nivel de
alfabetizacion (10).

El sesgo de informar la ingesta de energia (El) en relacion con
el gasto de energia es un problema bien conocido de las en-
cuestas dietéticas (11,12). El gasto de energia esta determinado
principalmente por la tasa metabdlica basal (BMR) y el nivel de
actividad fisica, y puede medirse con buena precision mediante
el método del agua doblemente marcada (DLW); pero este pro-
cedimiento es costoso y los métodos de encuesta dietética exis-
tentes adecuados para su uso en muestras grandes no miden la
El con precision (12).

Por otro lado, se puede usar una comparacion de la El infor-
mada con BMR estimado (El: BMR) para calcular el grado de
infradeclaracion o sobredeclaracion de la El. Tales comparacio-
nes han demostrado que la mayoria de las encuestas dietéticas
subestiman la El habitual; sin embargo, se dispone de poca in-
formacion sobre la sobreestimacion de la El (13).

El método de corte de Goldberg informa la ingesta como re-
lacion de la tasa metabdlica basal (BMR) y utilizando este indice
(EI:BMR) en comparacion con el gasto energético esperado como
comprobacion de validez de un sesgo negativo en la ingesta
energética. La ecuacion de Goldberg supone los intervalos de
confianza (puntos de corte) que valoran si la ingesta alimenticia
media notificada es plausible como medida valida de la ingesta
alimentaria, incluso si el azar ha producido un conjunto de datos
con proporcion de ingesta baja o alta; esta ecuacion se basa en
que, si el peso corporal es constante, el gasto energético debe
ser proporcional a la ingesta de energia (El) (9). La sensibilidad
de los puntos de corte de Goldberg mejoré cuando los sujetos se
clasificaron por niveles de actividad fisica bajos, medios y altos,
y se aplicaron diferentes niveles de actividad fisica y puntos de
corte a cada nivel (10). La tasa metabdlica basal o0 BMR para el
calculo del punto de corte de Goldberg puede estimarse a partir
de ecuaciones predictivas determinadas para el sexo y la edad,
como las ecuaciones de Schofield (14).

En resumen, el método toma en cuenta los errores asociados
al numero de sujetos que se estan estudiando y la longitud de
la evaluacion dietética, es decir, el nimero de evaluaciones que
hagamos —2, 3, 4, etc.— alo largo de un mismo estudio. Tiene
también en cuenta las variaciones de la ingesta de alimentos
y, por lo que se refiere al gasto energético, se toma en cuenta
el gasto metabdlico basal estimado a través de las ecuaciones
de la Organizacion Mundial de la Salud de Schofield o de Hen-
ry; también se evallia la actividad fisica, que es parte del gasto
energeético. La ingesta de energia reportada, se expresa como
un mdltiplo de la media de la tasa metabolica basal estimada,
denominada BMR, con ecuaciones y se compara con la media
asumida del gasto energético de la poblacion estudiada.
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Por todo lo anterior, el objetivo de este estudio fue evaluar la
infradeclaracion y la sobredeclaracion de la ingesta de energia a
nivel individual y grupal, y su relacion con factores como el sexo,
la edad, el indice de masa corporal (IMC) y el nivel de actividad
fisica en alumnos de la cohorte FACSA.

MATERIAL Y METODOS

En el estudio, que fue de tipo transversal, prospectivo y piloto,
participaron 54 sujetos de ambos sexos que pertenecen a las
licenciaturas de Medicina y Nutricion de la Facultad de Ciencias
de la Salud (FACSA) de la Universidad Judrez del Estado de Du-
rango. Todos los alumnos firmaron previamente la carta de con-
sentimiento informado. El estudio fue aprobado por el comité de
ética de la Facultad de Medicina y Nutricion FAMEN con ndimero
de registro CEI-FAMEN-17.

Los criterios de inclusién fueron entre 18 y 29 afios, y estar
matriculado en el cuarto semestre de 2023A. Se excluyo a las
embarazadas. Los criterios de eliminacion fueron los cuestiona-
rios y registros dietéticos incompletos.

ELABORACION DE REGISTROS DIETETICOS

Se llevaron a cabo registros dietéticos autoadministrados
por parte de los participantes. Estos miden la ingesta actual
del participante por medio de la anotacion de las bebidas y
alimentos que ingieren a lo largo de un periodo de tiempo
determinado. Se recabd el registré un dia de fin semana y
un dia de entre semana. Se realizo un registro alimenta-
rio por estimacion de peso; en este, la persona encuestada
anota en el formulario cada uno de las bebidas y alimentos
ingeridos durante todo el dia y la hora en que se consu-
mieron. En esta ocasion, las cantidades se estimaron por
apreciacion mediante el empleo de medidas caseras (vasos,
cucharas, platos, etc.). Posteriormente, esta informacion se
registrd en el software Evalfinut 2.0, que realiza el célculo
dietético de los gramos de alimentos consumidos en térmi-
nos de ingesta caldrica, macronutrientes y micronutrientes
declarados; cabe recalcar que el participante realizd una
descripcion detallada de la ingesta dietética. Esta investi-
gacion hizo posible la correcta asignacion y codificacion del
peso de los alimentos. La informacion que se obtuvo se es-
tructuré en horarios de comidas, lo que ayudé a calcular la
distribucion de la energia y los nutrientes en los diferentes
momentos del dia. También se aplic6 mediante el editor de
textos en linea “Google forms” el cuestionario de actividad
fisica IPAQ validado y, previamente, un nutriélogo pesé a
los participantes por medio de una balanza marca OMRON
HBF-514C. Ademas, obtuvo la talla por medio de un estadi-
metro marca SECA, para estos dos parametros introducirlos
al software Evalfinut 2.0 que se menciond anteriormente
con el objetivo de evaluar los patrones dietéticos de la co-
horte FACSA.

C. Mufioz-Yafez et al.

EVALUACION DE LAS DECLARACIONES
ERRONEAS

Para identificar la informacion errénea tanto intencional como
no intencional, que comprende la notificacion insuficiente y ex-
cesiva, problemas bien conocidos de la evaluacion de la dieta, se
utilizo el protocolo de informacion erronea de la EFSA (15), que
se basa en el método de Goldberg y Black, los cuales estable-
cieron puntos de corte para categorizar los registros dietéticos
o recordatorios de 24 horas en informes de energia plausibles,
insuficientes o0 excesivos (16).

Este método se basa en que, si el peso corporal es estable,
entonces el gasto energético es igual a la ingesta de energia.
Para este método se deben tener en cuenta: el sexo, la edad,
el peso, la altura, la ingesta de energia reportada, el nivel de
actividad fisica y la tasa metabdlica basal.

ESTIMACION DE LA TASA METABOLICA
BASAL (BMR)

Existen ecuaciones de Schofield para estudiar el gasto energeéti-
co de un sujeto basandose Unicamente en el peso, en funcion del
sexo Y la edad, pero no las realizamos en este estudio. Coexisten
gcuaciones mas precisas en las que se puede estimar la ingesta
energética basal no solo utilizando el peso sino el peso y la es-
tatura en cm de los individuos de los mismos grupos sefialados,
divididos por sexo. Por lo tanto, para obtener la tasa metabdlica
basal se tomaron el peso y la talla previamente medidos de los
participantes para, posteriormente, realizar ecuaciones de Scho-
field para hombres y mujeres de entre 18 y 29 afios (Tabla ).

Tabla I. Ecuacion de Schofield de
acuerdo con el sexo y la edad para
obtener la BMR (kcal/dia)

Se(); %gg)ad Tasa metabdlica basal
Hombres

18-29 15,0 x peso en kg - 10 x estatura en m + 706
Mujeres

18-29 13,6 x peso en kg + 283 x estatura en m + 98

kg: kilogramos; m: metros; BMR: tasa metabdlica basal.

A§IGNACION DEL NIVEL DE ACTIVIDAD
FISICA

La actividad fisica se determind por medio de la version corta
del cuestionario internacional de actividad fisica IPAQ (17) ya que
no fue posible tomar datos de actividad fisica por métodos mas
objetivos, como pueden ser los medidores de frecuencia cardia-
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ca o los contadores de pasos 0 acelerémetros, aunque es prefe-
rible utilizar estos ultimos por su mayor objetividad comparados
con el cuestionario IPAQ (Tabla Il). Sin embargo, esta asignacion
de niveles de actividad fisica mejora la sensibilidad del método
de puntos de corte de Goldberg segun Black y cols. (15).

Tabla I. Categorias de nivel de actividad
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fisica
Niveles asignados de PAL
Ligera Moderada Severa
1,4 1,6 1,8

PAL: nivel de actividad fisica.

ESTIMACION DE LOS PUNTOS DE CORTE

La metodologia para estimar los limites de la infradeclara-
cién y la sobredeclaracion se basa en las siguientes ecuacio-
nes, en donde la fraccion de energia de la ingesta energética
reportada en relacion con el gasto energético basal es supe-
rior a lo que se denomina "nivel de actividad fisica", multipli-
cado por un exponencial del nimero e, en el que aparecen los
valores de desviacion tipica para la poblacion estudiada. En
cuanto a la ingesta energética, por el nimero de participantes
contenidos en cada grupo definido, se utilizan las desviacio-
nes estandar con un valor de menos 2 para la desviacion es-
tandar minima, que corresponderia al 95 % del limite inferior
de confianza de la distribucion de la ingesta energética de
la poblacién, y la desviacién tipica maxima, mas 2 desvia-
ciones estandar, para el limite superior de confianza de la
ingesta energética. Todo valor situado entre menos 2 y mas 2
desviaciones estandar se considera un valor fiable, mientras
que los valores por debajo de menos 2 desviaciones estandar
0 superiores a 2 desviaciones estandar se consideran valo-
res de infra o de sobredeclaracion, respectivamente (Fig. 1).

Figura 1.

Relacion entre el nivel de actividad de fisica y los infradeclaradores, plausi-
bles y sobre declaradores a nivel individual. %? y prueba exacta de Fisher. Los
sujetos activos tienden a ser infradeclaradores a nivel individual, sin embargo,
la diferencia no es significativa.

Las siguientes ecuaciones son las que se utilizaron para obtener
los puntos de corte para la valoracion de las ingestas erroneas
a nivel individual:

/100
Punto de corte bajo = Elrep: BMRest > PAL x exp [SDMin x 5 7 ]

s/100
Punto de corte alto = Elrep: BMRest > PAL x exp [SDMax x: 7 ]

Siendo S = coeficiente de variacion (se utilizo el valor de la
constante 23,7) y PAL = nivel de actividad fisica (se utilizaron los
valores de 1,4, 1,6 y 1,8). Los resultados obtenidos se manifies-
tan en la tabla Il

Los participantes por debajo del punto de corte inferior son los
considerados infradeclaradores, quienes estan dentro de los inter-
valos de confianza son los declaradores plausibles y quienes sobre-
pasan los intervalos de confianza se consideran sobredeclaradores.

ANALISIS ESTADISTICO

Se estimd la distribucion paramétrica o no paramétrica de las
variables cuantitativas utilizando la prueba de Shapiro-Wilk v,

Tabla lll. Puntos de corte determinados para cada categoria de actividad fisica a nivel
individual y grupal

PAL Pun_to dt? corte Punto de.corte
inferior superior
Ligera 1,4 0,870 2,240
Individual Moderada 1,6 0,995 2,569
Severa 18 1,119 2,890
Ligera 1,4 1,24 1,56
Grupal Moderada 1,6 1,43 1,77
Severa 18 1,60 2,01

PAL: nivel de actividad fisica.

[Nutr Hosp 2024;41(3):612-618]
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segun el comportamiento de las variables, se realizé el andlisis
de discrepancia de grupos por medio de la prueba de la t de
Student, la U de Mann-Whitney, el ANOVA o la prueba de Krus-
kall Wallis, segun la distribucion de las variables; las variables
nominales o categoricas se analizaron por medio de frecuencias
y porcentajes; se utilizaron los programas estadisticos STATA
version 16.0 y Graph Prism 9.5.1.

RESULTADOS

C. Mufioz-Yafez et al.

vel individual, en el nivel de actividad fisica, los sujetos con ac-
tividad moderada fueron los que mas infradeclaron (p = 0,40).
En cuanto a la infradeclaracion a nivel grupal, los sujetos con
actividad fisica moderada son los que mas infradeclararon y
los plausibles y sobredeclararodes representan al grupo que
realiza una actividad fisica ligera, pero las diferencias no son
significativas (p = 0,108).

DISCUSION

En este estudio se encontré un 14,81 % (8) de infradeclara-
cion a nivel individual. Los sujetos que tienden a infladeclarar
son los que tienen mayor indice de masa corporal (IMC) (Tabla
IV). En cuanto al sexo, no se encontro diferencia en la infrade-
claracién, aunque las mujeres fueron las que mas infradecla-
raron: 6 (18,18 %) frente a 2 (9,52 %) (Tabla V). Se observo
una mayor frecuencia de infradeclaracion a nivel grupal —24
(44,44 %)— y menos declaradores plausibles: 14 (25,93 %).
Sin embargo, igual que a nivel individual, los infradeclaradores
tenian un mayor indice de masa corporal (IMC) (Tabla VI). A ni-

La informacion del consumo de alimentos se ve afectada por
la caracteristicas personales de los participantes, el indice de
masa corporal, el sexo, el nivel educativo, la conciencia de salud,
la dieta y el grado de obesidad (18); los sujetos obesos son mas
propensos a subnotificar que los pacientes con Normopeso y So-
brepeso; un estudio reciente realizado en Inglaterra a oficiales de
policia encontrd que el predictor mas fuerte del subregistro de
la El fue el indice de masa corporal (IMC); cuando se comparé a
los participantes con IMC < 25 kg/m? con los que tenian un IMC
> 30 kg/m?, estos tenian mayores probabilidades de ser cla-

Tabla IV. Relacién entre infradeclaracion, plausibilidad y sobredeclaracion a nivel individual

en cuanto a ingesta de energia, IMC, peso, talla y edad

Frecuencia Infradeclaradores Plausibles Sobredeclaradores
8 (14,81 %) 44 (81,48 %) 2 (3,70 %)
Elrep (kcal) 1447 + 452 kcal 2490 + 594 kcal 3745 + 313 keal*
IMC (kg/m?) 27,3 (22-32,5) 22,75 (21-26,45) 17,15 (15,61-18,7)*
Peso (kg) 73,3 (57,75-87,8) 66,3 (55,45-75,95) 47,45 (42-52,9)*
Talla (m) 1,64 (1,61-1,68) 1,63 (1,60-1,75) 1,66 (1,65-1,68)
Edad (afios) 20 (19,5-20,5) 20 (19-20,5) 20 (20-20)

Eirep: ingesta de energia reportada, kcal: kilocalorias; +: desviacion estandar; IMC: indice de masa corporal; kg/m?. kilogramos sobre metros cuadrados; kg: kilogramos;
m: metros; (-): rango intercuartilico. ANOVA, Kruskall-Wallis. *p < 0,09.

Tabla V. Relacion de la infradeclaracion, la plausibilidad y la sobredeclaracion a nivel

individual en cuanto a estado nutricio, género y PAL

Infradeclaradores Plausibles Sobredeclaradores
Normal 3 (10,34 %) 25 (86,21 %) 1 (3,45 %)
Estado nutricio
Malnutricion 5 (20,00 %) 19 (76,00 %) 1 (4,00 %)
Hombre 29,52 %) 18 (85,71 %) 14,76 %)
Sexo
Mujer 6 (18,18 %) 26 (78,79 %) 1 (3,03 %)
Ligera 2 (11,76 %) 14 (82,35 %) 15,88 %)
Actividad fisica 0 0
1 0,
(PAL) Moderada 5 (25,00 %) 14 (70 %) (5,00 %)
Severa 15,88 %) 16 (94,12 %) 0 (0,00 %)

IMC: indice de masa corporal. IMC normal, 18 a 24.99 kg/n¥’, IMC de malnutricion, < 17y > 25 kg/m?; PAL: nivel de actividad fisica, (%): porcentaje de frecuencia.
Malnutricion: sujetos ya sea con bajo peso o con sobrepeso u obesidad. X°: prueba exacta de Fisher. p < 0,05.
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Tabla VI. Relacion de la infradeclaracion y la plausibilidad a nivel grupal con la ingesta de
energia, IMC, peso, talla y edad

Frecuencia Infradeclaradores Plausibles Sobredeclaradores
24 (44,44 %) 14 (25,93 %) 16 (29,63 %)
Eirep (kcal) 1949 + 543 kcal 2487 + 757 keal 2940 = 520 kecal*
IMC (kg/m?) 25,5 (23,4-29,9) 24,5 (21-27,9) 20,8 (18,45-22)*
Peso (kg) 74,7 63,4-87,4) 64,4 (59,1-75,3) 55,4 (48,0-57,5)*
Talla (m) 1,65 (1,61-1,74) 1,64 (1,57 -1,80) 1,67 (1,61-1,67)
Edad (afios) 20 (19-20) 20 (19-20) 20 (19,5-20)

Eirep: ingesta de energia reportada, kcal: kilocalorias; +: desviacion estandar; IMC: indice de masa corporal; kg/m?. kilogramos sobre metros cuadrados; kg: kilogramos;

m: metros; (-): rango intercuartilico. ANOVA, Kruskall-Wallis. *p < 0,05.

sificados como infradeclaradores (19). En nuestro estudio tam-
bién se encontraron diferencias en cuanto a la plausibilidad del
reporte de la ingesta dietética y el IMC (Tabla IV). También el
subregistro varia entre la categoria de alimentos a subestimar
como alimentos con alto contenido de grasa y azucar. La so-
brenotificacion por otro lado es mas comdn en los grupos de
edad mas jovenes que en los de mayor edad (20). Lo anterior en
nuestro estudio también se observa, aunque fueron nada mas
dos personas las que sobredeclararon (Tabla V). La informacion
erronea sobre la ingesta de energia de los adultos es un feno-
meno bien documentado. De los mas jovenes se sabe relativa-
mente poco sobre la naturaleza y el alcance de la informacion
erronea. Es probable que los patrones de informes de los mas
jovenes sean distintos debido a su desarrollo cognitivo y social
en curso; las asociaciones entre numerosas caracteristicas y la
informacion errénea se exploran en la literatura y los hallazgos
mas consistentes son la edad y la adiposidad (21). Los facto-
res determinantes de la informacion errénea mediante el uso
de diferentes métodos dietéticos fueron analizados por varias
publicaciones y revelan limitaciones especificas. Un estudio de
47 estudios estimd que no hay diferencias entre la validez de los
métodos dietéticos que se utilizan, que pueden ser registros por
estimacion o por peso, recordatorios de 24 horas tnicos o multi-
ples, e historial dietético (22). En otro estudio en 2004, Poslusna
y cols, analizardn el grado de informacion errénea por parte de
los adultos; en alrededor del 30 %, cabe recalcar que, a pesar de
la presuncion de que la magnitud de la informacion errénea es
mas baja en los estudios que utilizan registros de alimentos por
peso, los andlisis de los datos disponibles no apoyan esto (23).
Otro hallazgo importante de los resultados obtenidos en el es-
tudio es que los sujetos que realizan actividad fisica moderada en
sus declaraciones de ingesta de energia El son los que mas infra-
declaran; después, los sujetos que realizan actividad fisica severa
y, por Ultimo, los que son sedentarios a nivel grupal (Fig. 2). Cabe
recalcar que los valores de PAL adecuados para los grupos de
edad estudiados, asignados a tres niveles de actividad, mejoran
la sensibilidad del método del punto de corte de Goldberg y dan
lugar a una evaluacion mas adecuada de la informacion errénea
en comparacion con el enfoque de utilizar un tnico PAL. La eva-
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luacion de la declaracion errénea de la ingesta de energia a nivel
grupal puede utilizarse para determinar los errores de la ingesta
de energia declarada, para proporcionar informacion sobre si el
grupo estudiado definido presenta una ingesta dietética plausible
0 inadecuada. Sin embargo, no se pueden identificar los niveles
de infradeclaracion (24).

Figura 2.

Relacion entre la actividad fisica, los infradeclarados, plausible y sobre
declaradores a nivel grupal. La infradeclaracion es mayor en el grupo de
los sujetos que realizan actividad fisica moderada, en el grupo de los que
hacen actividad fisica ligera estan los mas plausibles, pero también los mas
sobredeclaradores (p = 0,108).

En cuanto a la declaracion erronea de la ingesta dietética a nivel
individual, de los 54 sujetos estudiados, 8 son infradeclaradores
(14,81 %), lo cual concuerda con lo reportado en estudios previos
ya antiguos, donde los rangos de la prevalencia de la subdeclara-
cion oscilan de un 18 a un 54 % y pueden llegar hasta un 70 %
(24). Cabe recalcar que la subdeclaracion en este grupo de estu-
dio fue realmente baja. Ademas, la evaluacion de la informacion
erronea a nivel individual ofrece la posibilidad de determinar la
tasa de infradeclaraciones y sobredeclaraciones: en este grupo
fue de 2 (3,70 %) y la de plausibles de 44 (81,48 %), lo que per-
mite investigar las caracteristicas especificas de la infradeclara-
cion y sobredeclaracion, y los factores de riesgo relacionados
con las declaraciones erréneas. Sin embargo, la capacidad del
método de Goldberg para identificar informacion no valida a nivel
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individual es relativamente limitada. La limitacion de la técnica
de puntos de corte de Goldberg, cuando se aplica el PAL simple,
se reduce notablemente cuando se estudia la actividad fisica de
los individuos y se clasifican en el nivel de actividad correspon-
diente. Este enfoque ofrece la posibilidad de identificar mas in-
fradeclaraciones y sobredeclaraciones.

Tooze y cols. realizaron un estudio para determinar los factores
psicoldgicos y conductuales asociados con el subregistro de la
IE en los cuestionarios de frecuencia de alimentos (CFC) y recor-
datorios de 24 horas. Los participantes fueron 223 hombres de
entre 40 y 69 afios. Se midid el gasto energético con el método
del agua doblemente marcada (DLW), se les midieron la altura
y el peso, y se calculd el BMR. Los sujetos respondieron a pre-
guntas sobre tabaquismo, habitos alimenticios y frecuencia de
comer fuera 0 en casa; también contestaron el cuestionario de
actividad fisica, asi como un cuestionario de salud. El 76 % de
los hombres tenian sobrepeso y obesidad. El IMC, la frecuencia
de alimentacion y la comparacion del nivel de actividad y la edad
fueron los mejores predictores del subregistro en el CFC; en el
recordatorio de 24 horas, el deseo social, la restriccion dietética,
el IMC, la frecuencia de comidas y los registros dietéticos fueron
los mejores predictores del subregistro (18), lo cual reafirma el
uso de esta herramienta para evaluar los patrones dietéticos en
nuestra poblacion. Sin embargo, aln existen lagunas de conoci-
miento y para futuras investigaciones se pueden utilizar estudios
longitudinales en lugar de transversales.

CONCLUSION

Se realizd la metodologia para calcular los reportes erroneos
de declaracion dietética en un grupo de alumnos universitarios,
encontrandose una baja infradeclaracion a nivel individual pero
no grupal. Los sujetos con mayor IMC y los que tiene un nivel
alto de actividad fisica son los que presentan mas infradecla-
racion y, a nivel grupal, los sujetos que realizan actividad fisica
moderada o intensa también tienden a infradeclarar. Ahora, el
siguiente paso es comprobar las ingestas usuales individuales de
nutrientes y aminorar la variabilidad intraindividual que se genera
por el tipo de encuesta utilizado, como el registro dietético, para
posteriormente comparar las ingestas de nutrientes declaradas
con las ingestas recomendadas de nutrientes de acuerdo con
la USDA.

BIBLIOGRAFIA

1. Asbeck I, Mast M, Bierwag A, Westenhdfer J, Acheson K, Mller M. Severe
underreporting of energy intake in normal weight subjects: use of an
appropriate standard and relation to restrained eating. Public Health Nutr
2002;5(5):683-90. DOI: 10.1079/PHN2002337

2. Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser
ML, et al. Addressing current criticism regarding the value of self-report
dietary data. Journal of Nutrition 2015;145(12):2639-45. DOI: 10.3945/
in.115.219634

3. Ortega RM, Pérez-Rodrigo C, Lopez-Sobaler A. Dietary assessment meth-
ods: dietary records. Nutr Hosp 2015;38-45. DOI: 10.3305/nh.2015.31.
sup3.8749

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

C. Mufioz-Yafez et al.

. Eisinger-Watzl M, StraBburg A, Ramiinke J, Krems C, Heuer T, Hoffmann .

Comparison of two dietary assessment methods by food consumption: results
of the German National Nutrition Survey II. Eur J Nutr 2015;54(3):343-54.
DOI: 10.1007/s00394-014-0714-z

. Ho DKN, Tseng SH, Wu MC, Shih CK, Atika AP, Chen YC, et al. Validity

of image-based dietary assessment methods: A systematic review and
meta-analysis. Clinical Nutrition 2020;39(10):2945-59. DOI: 10.1016/j.
¢lnu.2020.08.002

. Teixeira V, Voci SM, Mendes-Netto RS, da Silva DG. The relative validity of

a food record using the smartphone application MyFitnessPal. Nutrition and
Dietetics 2018;75(2):219-25. DOI: 10.1111/1747-0080.12401

. Joint FAO/WHO Codex Alimentarius Commission. Food Import and Export

Inspection and Certification Systems. 5th ed. World Health Organization;
2012. 25-48 p.

. Ferrari P, Slimani N, Ciampi A, Trichopoulou A, Naska A, Lauria C, et al. Evalu-

ation of under- and overreporting of energy intake in the 24-hour diet recalls
in the European Prospective Investigation into Cancer and Nutrition (EPIC).
Public Health Nutr 2002;5(6b):1329-45. DOI: 10.1079/PHN2002409

. Rasmussen LB, Matthiessen J, Biltoft-Jensen A, Tetens I. Characteristics

of misreporters of dietary intake and physical activity. Public Health Nutr
2007;10(3):230-7. DOI: 10.1017/5136898000724666X

Castro-Quezada |, Ruano-Rodriguez C, Ribas-Barba L, Serra-Majem L.
Misreporting in nutritional surveys: methodological implications. Nutr Hosp
2015;31:119-27. DOI: 10.3305/nh.2015.31.5up3.8760

Ngo J, Engelen A, Molag M, Roesle J, Garcia-Segovia P, Serra-Majem L. A
review of the use of information and communication technologies for dietary
assessment. British Journal of Nutrition 2009;101(Suppl 2). DOI: 10.1017/
S0007114509990638

Azizi F, Mirmiran P. Correlates of under-and over-reporting of energy intake
in Tehranians: body mass index and lifestyle-related factors. Asia Pac J Clin
Nutr 2005;14(1):54-9.

Johansson L, Solvoll K, Bjorneboe GEA, Drevon CA. Under- and overreporting
of energy intake related to weight status and lifestyle in a nationwide sample.
Am J Clin Nutr 1998;68(2):266-74. DOI: 10.1093/ajcn/68.2.266

Black AE, Goldberg GR, Jebb SA, Livingstone MB, Cole TJ, Prentice AM.
Critical evaluation of energy intake data using fundamental principles of
energy physiology: 2. Evaluating the results of published surveys. Eur J Clin
Nutr [Internet] 1991;45(12):583-99. Available from: http://europepme.org/
abstract/MED/1810720

Black AE. Critical evaluation of energy intake using the Goldberg cut-off
for energy intake:basal metabolic rate. A practical guide to its calcula-
tion, use and limitations. Int J Obes 2000;24(9):1119-30. DOI: 10.1038/
5).ij0.0801376

de Souza DR, Anjos LA, Wahrlich V, de Vasconcellos MTL. Subestimativa da
ingestao energética em amostra probabilistica de adultos: O impacto do uso
de equacdes especificas para taxa metabdlica basal. Cad Saude Publica
2015;31(4):777-86. DOI: 10.1590/0102-31X00052214

Carrera Y. Cuestionario Internacional de actividad Fisica (IPAQ). Revista Enfer-
merfa del Trabajo 2017;7(11):1-49.

Tooze JA, Subar AF, Thompson FE, Troiano R, Schatzkin A, Kipnis V. Psycho-
social predictors of energy underreporting in a large doubly labeled water
study. Am J Clin Nutr 2004;79(5):795-804. DOI: 10.1093/ajcn/79.5.795
Gibson R, Eriksen R, Lamb K, McMeel Y, Vergnaud AC, Spear J, et al. Dietary
assessment of British police force employees: a description of diet record cod-
ing procedures and cross-sectional evaluation of dietary energy intake report-
ing (The Airwave Health Monitoring Study). BMJ Open 2017;7(4):e012927.
DOI: 10.1136/bmjopen-2016-012927

Conway JM, Ingwersen LA, Vinyard BT, Moshfegh AJ. Effectiveness of the
US Department of Agriculture 5-step multiple-pass method in assessing food
intake in obese and nonobese women. Am J Clin Nutr 2003;77(5):1171-8.
DOI: 10.1093/ajen/77.5.1171

Forrestal SG. Energy intake misreporting among children and adolescents: A
literature review. Matern Child Nutr 2011;7(2):112-27.D0I: 10.1111/.1740-
8709.2010.00270.x

Livingstone MB, Black AE. Markers of the validity of reported energy intake. J
Nutr 2003;133(Suppl 3):895S-920S. DOI: 10.1093/jn/133.3.895S
Poslusna K, Ruprich J, de Vries JHM, Jakubikova M, Van'T Veer P. Misre-
porting of energy and micronutrient intake estimated by food records and
24hour recalls, control and adjustment methods in practice. British Journal of
Nutrition 2009;101(Suppl. 2):S73-85. DOI: 10.1017/S0007114509990602
Macdiarmid J, Blundell J. Assessing dietary intake: Who, what and why
of under-reporting. Nutr Res Rev 1998;11(2):231-53. DOI: 10.1079/
NRR19980017

[Nutr Hosp 2024;41(3):612-618]



ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

Trabajo Original Epidemiologia y dietética

Online pilot intervention to improve nutritional and lifestyle in Spanish breastfeeding
women

Intervencion piloto "online" para mejorar el patron nutricional y el estilo de vida de las mujeres
espariolas durante la lactancia

Ariadna Witte Castro', Carlos Zozaya?, Santiago Ruvira®4, Silvia M. Arribas®*®°, Maria R. Lopez-Giménez'*%, David Ramiro-Cortijo®*®

"Department of Preventive Medicine, Public Health and Microbiology. Facultad de Me-dicina. Universidad Auténoma de Madrid. Madrid, Spain. ?Department of Neonatology.
Hospital Universitario La Paz. Madrid, Spain. *Department of Physiology. Facultad de Medicina. Universidad Auténoma de Madrid. Madrid, Spain. “Food, Oxidative Stress
and Cardiovascular Health (FOSCH) Multidisciplinary Research Team. Universidad Autdnoma de Madrid, Ciudad Universitaria de Cantoblanco. Madrid, Spain. °Instituto
Universitario de Estudios de la Mujer (IUEM). Universidad Autdnoma de Madrid. Madrid, Spain

Abstract

Introduction: breastfeeding women often cannot adequately follow dietary and healthy habits recommendations. In addition, after delivery, their
care is usually focused on the newborn and the mother’s health may be neglected. The Mediterranean Diet is the standard of healthy eating, with
the Healthy Food Pyramid (HFP) being its graphic representation.

Objective: the aim of this study was to determine whether a nutritional and lifestyle online intervention may improve HFP adherence in breas-
tfeeding women.

Methods: a total of 181 breastfeeding women in the first sixth months postpartum were enrolled in a non-randomized interventional pilot study.
These women answered three questionnaires: sociodemographic and for adherence to Healthy Food Pyramid (APQ), before and after an online
intervention for 13 weeks, providing information about nutrition and healthy habits. The APQ ranges from 0 to 10, with higher scores corresponding
to greater adherence to HFP. The intervention consisted of lifestyle and nutritional information, which was provided through e-mail.

Results: a low adherence to HFP was found, which was improved after 13 weeks of intervention. The online intervention significantly increased

Keywords: the scores for physical activity, grain, seeds and legumes consumption, olive oil use, dairy products, and ani-mal proteins, as well as the HFP

Breasticeding. Onl adherence global score. The adjusted models showed that the online intervention was associated with adherence to the HFP and physical activity.
reastfeeding. Online

intervention.?_ifestyle. Conclusion: we conclude that an online intervention for breastfeeding women had an impact on their lifestyle, improving nutritional and healthy

Healthy food pyramid. habits, and can be a useful tool to monitor their health status. Given the importance of this stage for women and their newborns, this is an aspect

Nutritional pattern. postnatal healthcare professionals should consider.
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Palabras clave:

Lactancia materna.
Intervencion en linea.
Estilo de vida. Piramide
alimentaria saludable.

A. Witte Castro et al.

Resumen

Introduccion: a menudo, las mujeres durante la lactancia no pueden seguir unas recomendaciones dietéticas y de habitos saludables adecua-
das. Tras el parto, la atencion médica suele centrarse en el recién nacido y la salud de la mujer puede descuidarse. La dieta mediterranea es el
estandar de alimentacion saludable, siendo la pirdmide de la alimentacion saludable (PAS) su representacion grafica.

Objetivo: el objetivo de este estudio fue determinar si una intervencion ‘online’ nutricional y de estilo de vida mejora la adherencia a la PAS en
mujeres durante la lactancia.

Métodos: se reclutaron 181 mujeres durante los primeros seis meses posparto de forma no aleatorizada. Las mujeres respondieron a tres
cuestionarios: sociodemografico y de adherencia a la piramide de la alimentacion saludable (IGAPAS), antes y después de una intervencion en
linea durante 13 semanas, que proporcionaba informacion sobre nutricion y habitos saludables. EI IGAPAS oscila entre 0y 10: a mayor puntua-
cion, mayor adherencia a la PAS. La intervencion consistio en informacion nutricional y de estilos de vida proporcionados por correo electronico.

Resultados: se encontrd una baja adherencia a la PAS que mejord tras 13 semanas de intervencién. Demostramos que esta intervencion
aumento significativamente las puntuaciones de actividad fisica, consumo de cereales, semillas y legumbres, uso de aceite de oliva, productos
lacteos y proteinas animales, asi como la puntuacion global del IGAPAS. Los modelos ajustados mostraron que la intervencion estaba asociada
con la adherencia a la PAS y con la actividad fisica.

Conclusion: concluimos que las intervenciones online pueden mejorar los habitos nutricionales y saludables de las mujeres en periodo de
lactancia y pueden ser una herramienta Util para monitorizar su estado de salud. Dada la importancia de esta etapa para la mujer y el recién

Patrén nutricional.

INTRODUCTION

Several studies have observed that the adherence of breast-
feeding women to healthy habits decreases after delivery (1).
Furthermore, it has been reported that breastfeeding women
do not follow optimally the available recommendations on diet
and lifestyle, especially compared to pregnant and not-preg-
nant/non-lactating women (2). Additionally, after delivery, the
health system usually focuses on children and tends to neglect
the health and lifestyle of their mothers, including their mental
health. It has been observed that women’s optimism decreases
during the breastfeeding period, and that this is related to lower
adherence to healthy habits (3). Therefore, nutritional and lifestyle
recommendations during the breastfeeding period are needed to
improve women’s health. At present, in Spain, there are no spe-
cific guidelines for the breastfeeding period, since the present
recommendations focus on the pregnancy period and newborn
health (4). It could be necessary to ensure that breastfeeding
women receive proper nutritional and lifestyle advice, since it af-
fects not only their health status but also the composition of milk
(5), which is the gold-standard nourishment of the child (6). For
these reasons, we hypothesize that a nutritional intervention and
follow-up can improve the health status of women.

The Mediterranean diet (MD) has been proven a healthiest di-
etary pattern, being strongly associated with a lower incidence of
chronic diseases (7). The Healthy Food Pyramid (HFP) is a sim-
plified representation of MD developed by the Spanish Society
of Community Nutrition (8), and is used as a reference in many
Mediterranean regions and cultures. MD is characterized not only
by its use of healthy foods ensuring diversity of nutrients but also
by the use of ecological and preferably local products (9), as
well as adequate hydration, physical activity, and social aspects
related to the culture of eating with family and friends (10,11).
Based on the above-mentioned characteristics, MD conforms an
adequate nutritional pattern for breastfeeding women in order to
improve their health status.

In nutritional epidemiology, dietary patterns and lifestyle must
be evaluated. Therefore, some instruments have been developed

nacido, se trata de un aspecto a afrontar y manejar por los profesionales sanitarios del puerperio.

for this purpose and some questionnaires have been used to as-
sess adherence to MD (12,13), such as the Trichopoulou ques-
tionnaire (14), although it has arbitrary cut-offs (15). Another tool
would be the KIDMED questionnaire (16). However, this instru-
ment is principally validated in children and young populations,
and does not measure individual dietary patterns.

We have previously developed a questionnaire to assess the
degree of adherence to the Healthy Food Pyramid (AP-Q). This in-
strument evaluates not only the dietary pattern but also physical
activity, lifestyle, and healthy habits, and is validated for breast-
feeding women (17). Using this tool, the present study aims to
assess the capacity of 13 weeks of a nutritional and lifestyle
online intervention to improve in breastfeeding women their de-
gree of adherence to HFP, which is the gold-standard healthy
dietary and lifestyle pattern in our region. We also analyzed the
impact of socioeconomic factors on lifestyle and diet. Consider-
ing the importance of women’s health during breastfeeding for
the mother-newborn dyads, and the research gap in the promo-
tion of women’s nutrition, we intend to perform an online health
education intervention, determining its effectiveness in an online
intervention for women during the breastfeeding period.

MATERIALS AND METHODS

STUDY DESIGN

The HFP adherence was measured with a self-reported
questionnaire AP-Q pre-intervention and 13 weeks afterwards
(post-intervention). In this non-randomized interventional pilot
study the recruitment was carried out by the Service of Neo-
natology of Hospital Universitario La Paz (HULP, Madrid, Spain)
between October and December 2021. The recruitment involved
women whose newborns had routine medical check-ups in this
service.

Women were invited to participate if they had internet access,
they were Spanish-speaking or had a good understanding of the
Spanish language, were > 18 years, were not under diet control

[Nutr Hosp 2024;41(3):619-627]
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by a health specialist, and were in the first six months of breast-
feeding. We chose this lapse time since it is the exclusive breast-
feeding period recommended by the World Health Organization
(18), and we have previously demonstrated that during this lapse
time women worsen their healthy habits (2). The 236 women
who achieved inclusion criteria were voluntary introduced into
the study protocol. From those, we excluded from the statistical
analysis the women who did not respond to four or more items
in the AP-Q, the final number being 181 breastfeeding women.

The women provided their email address to receive nutri-
tional information for 13 weeks (1 document/week; see below).
A randomized code, derived from their four last digits in the
national identification number, was assigned to each woman
for follow-up between the two time responses. No IP addresses
were recorded.

The questionnaire was administered in Spanish using the on-
line tool SurveyMonkey (https://es.surveymonkey.com/, Decem-
ber 2021 to February 2022). The women could finish the survey
or end their participation in the intervention at any time of the
study. From the initial cohort, a total of 31 women completed the
questionnaire at both time points (tracking rate = 17.1 %; Fig. 1).

This study was conducted in accordance with the principles
of the Declaration of Helsinki, with the approval of the Ethical
Committee of La Paz University Hospital (Ref. PI-5149, approved
date on 10 February 2022). This design adheres to EQUATOR
guidelines, following the checklist for online survey studies
CHERRIES (19). The questionnaire was accompanied by the fol-
lowing information: age (years), type of breastfeeding (exclusive/
mixed), comorbidities (obesity, hypertension, diabetes mellitus,
cancer, mood disorders, and inflammation-related diseases), and
sociodemographic characteristics: origin (Spanish/non-Spanish),
educational level (middle school or lower, high school, univer-
sity degree or post-graduate studies), monthly income (catego-
rized as no income; < € 1000; € 1000-2500, € 2500-4000,
> € 4000), and current employment status (studying, working,
unemployed or on maternity leave). At post-intervention time, the
type of breastfeeding was implemented with a “breastfeeding
cessation” option.

ADHERENCE TO THE HEALTHY FOOD
PYRAMID QUESTIONNAIRE (AP-Q)

The AP-Q is composed of 27 multiple-choice items and was
previously validated in an adult population (20), and in pregnant
and breastfeeding women (2). The answers to each item evaluate
ten categories, including 1) physical activity, 2) healthy habits and
culinary techniques, 3) hydration, 4) grains, seed, and legumes,
5) fruits, 6) vegetables, 7) oil type, 8) dairy products, 9) animal
proteins, and 10) snacks. The category of healthy habits includes
four dimensions: lifestyle, emotional balance, sleep hygiene,
and culinary technique. Additionally, the hydration category also
includes the dimensions for water intake, alcoholic beverages,
wine & beer intakes, and distilled beverages.

Each category and dimension were scored on a scale from 0
to 1. The dimensions of soft drinks, wines & beers, and alcohol-
ic beverages were recorded on a scale of 0 and 1. In the HFP,
the food categories at the bottom of the pyramid have positive
scores and represent daily practice, including physical activity,
healthy culinary techniques, adequate hydration, consuming
whole grains, seed and legumes, fruit, and vegetables; while
the categories in the upper part (foods not included in the HFP)
provide negative points. In addition to individual categories, the
AP-Q overall score provides information about the global HFP
adherence. The overall AP-Q score ranges from 0 to 10 and the
higher the score, the greater the adherence to the HFP.

NUTRITIONAL AND LIFESTYLE ONLINE
INTERVENTION

After the women answered the pre-intervention question-
naires, they were analyzed, and the weakness of the different
categories were detected based on the AP-Q scores segmented
by quartiles, as we previously described (17). Thereafter, the on-
line intervention was performed, developing specific documents
and infographics with nutritional and lifestyle recommendations
based on the HFP and the Mediterranean diet pattern. These

e |nternet access
e Spanish understanding
e No under diet control

—>| n=236

e < 6™ month postpartum

—>| e Unanswered > 4 items of AP-Q (n = 55) |

v

Pre-intervention time
(n=181)

EE—

e Follow-up loss (7= 148)
e Abandoned protocol intervention (n = 2)

4

Post-intervention time
(n=31)

Figure 1.

Flow chart of study recruitment and
loss to follow-up during the interven-
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documents were weekly sent to the women by e-mail, and during
the week, they could ask questions or doubts related to the in-
formation given. They received information related to the follow-
ing categories 1% week: “grains, seeds and legumes”; 2" week:
“physical activity”; 3 week: “dairy products”; 4" week: “sleep
hygiene”; 5-6" weeks: “types of oil and its use”; 7-8" weeks:
“vegetables”; 9-10™ weeks: “fruits”; 11-12" weeks: “animal pro-
teins”, and 13" week: “cooking techniques” and overall health
recommendation (Fig. 2; 13 consecutive weeks).

STATISTICAL ANALYSIS

The Shapiro-Wild test was used to determine the distribution
of variables. Quantitative variables were expressed as mean and
standard error (SE), and qualitative variables were expressed as
relative frequency (%) and sample size (n). Student’s t-test for
paired data was used to analyze the differences between groups
in quantitative variables, and qualitative variables were analyzed
using Fisher’s exact test. Correlation was tested by Pearson’s
coefficient (r).

To test the association between the AP-Q scores and the effect
of the nutritional intervention, multivariate linear regression mod-
els were performed considering the pre-intervention time as the
reference group. All models were adjusted by maternal age (con-
tinuous), income (categorical), education (categorical), employ-
ment status (categorical), and origin (categorical). Significance
levels were set at p < 0.05. Missing data were approached by
simple imputation (21).

Data were entered in STATA BE (version 17.0; StataCorp
LLC, College Station, TX, USA) for analysis. Plots were generat-
ed using the R software (version 4.1.3) within RStudio (version
4.2.1; RStudio, Inc., Vienna; Austria) using the rio, compare-
Groups, ggpubr, and ggplot packages.

RESULTS

STUDY POPULATION CHARACTERISTICS

The questionnaire had a response rate of 76.4 % (181/237)
with a tracking rate of 17.1 % (31/181) at post-intervention time.

A. Witte Castro et al.

Table | shows the sociodemographic data of the breastfeeding
women at pre-intervention and post-intervention times (after
13 weeks). Maternal age was 32.8 + 0.4 years. Most of the
women were Spanish; 77.6 % of the women had a university
degree, and 90.6 % of the cohort had incomes below € 2500 per
month. Employment status was significantly different between
pre- and post-intervention time. At pre-intervention time most of
the cohort was on maternity leave whereas at post-intervention
time most were back at work (p = 0.013).

At the end of the intervention period, 150 women had left the
study. No differences were detected in sociodemographic vari-
ables between this group and the subset of women who contin-
ued in the study protocol (n = 31; Supplementary table I).

ADHERENCE TO THE HEALTHY FOOD
PYRAMID

The analysis of the effects of the intervention was performed
for all 31 women who completed the study. At pre-intervention
time their overall AP-Q score was 5.23 + 0.09. Women with uni-
versity degrees had a significantly higher score (5.39 = 0.10)
compared to women with high school (4.67 + 0.23; p = 0.010)
and middle school education (4.58 + 0.32; p = 0.047). Women
with a lower income scored less in the AP-Q (4.71 + 0.11) com-
pared to women with monthly incomes at € 1000-2500 (5.65
+ 0.13; p < 0.001), € 2500-4000 (5.92 + 0.39; p = 0.004),
and < € 4000 (6.04 = 0.22; p = 0.027). Regarding employ-
ment status, women on maternity leave had a significantly higher
score (5.58 = 0.13) than those unemployed (4.53 = 0.19; p <
0.001) or currently studying (4.05 = 0.40; p=0.039). The AP-Q
score was significantly higher for Spanish women (5.79 + 11)
compared to non-Spanish women (4.62 + 0.10; p < 0.001). The
women exclusively breastfeeding showed a higher adherence to
HFP (5.31 + 0.10) than those on mixed breastfeeding (4.93 +
0.18), although this was not significant (o = 0.074). The AP-Q
score showed a positive and significant correlation with maternal
age (r=0.36; p< 0.001).

At post-intervention time, the AP-Q score was 5.77 = 0.21,
significantly higher than at pre-intervention time (p = 0.012). In
the healthy habits and hydration categories the wine & beer di-
mension score was significantly lower at post-intervention time

Figure 2.

Nutritional and lifestyle interven-
tion diagram during study protocol.
Pre-intervention time was related to
nutritional pattern analysis to detect
areas for intervention.
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Table I. Sociodemographic characteristics between pre- and post-intervention times

Pre-intervention Post-intervention -value
(n =181) (n=31) P
Maternal age (years) 32.8+0.38 34.6 +0.95 0.073
Breastfeeding time (month) 35+19 57+0.8 < 0.001
Breastfeeding pattern
Exclusive breastfeeding 140 (77.3 %) 26 (76.3 %) 0.817
Mixed breastfeeding 41 (22.6 %) 6 (18.4 %) '
Breastfeeding cessation - 0
Income
No income 33 (18.2 %) 4 (12.9 %)
< €1000/month 55 (30.3 %) 10 (32.2 %)
€ 1000-2500/month 76 (41.9 %) 16 (51.6 %) 0.831
€ 2500-4000/month 11 (6.0 %) 13.2%)
> € 4000/month 6 (3.3 %) 0
Educational level
No formal education 0 0
Middle school 13(7.1 %) 2 (5.2 %) 0.840
High school 27 (14.9 %) 6 (15.7 %) '
University degree 86 (77.6 %) 30 (78.9 %)
Origin
Spanish 93 (51.3 %) 19(61.2 %)
) 0 0.244
Non-Spanish 88 (48.6 %) 12 (38.7 %)
Employment status
Working 59 (32.6 %) 20 (64.5 %)
Studying 5(2.7 %) 0
Unemployed 27 (14.9 %) 2 (6.4 %) 0.013
QOther situations 8 (4.4 %) 2 (6.4 %)
Maternity leave 82 (45.3 %) 7(22.5 %)

Data show mean + standard error values for quantitative variables and sample size (n), and relative frequency (%) for qualitative variables. The p-value was extracted
by Student’s t-test or Fisher's exact test, respectively.

than at pre-intervention (Table Il), indicating higher consumption.
No differences were detected between times in the rest of the
analyzed variables.

The scores of the other categories that conform the AP-Q are
shown in figure 3. All categories showed greater adherence to
the HFP after 13 weeks of nutritional intervention.

Physical activity at pre-intervention was 0.25 + 0.04 and at
post-intervention was 0.5 + 0.05, these results being signifi-
cantly different (Fig. 3A). The grains, seed and legumes score
also significantly increased (pre-intervention = 0.48 + 0.04,
post-intervention = 0.57 + 0.05, p = 0.024; Fig. 3B). However,
the categories of fruits (Fig. 3C) and vegetables (Fig. 3D) were not
significantly different.

Other significantly differences categories were oil type (pre-in-
tervention = 0.41 + 0.07, post-intervention = 0.60 + 0.08,

[Nutr Hosp 2024;41(3):619-627]

p=0.028; Fig. 3F), dairy products (pre-intervention = 0.38 + 0.01,
post-intervention = 0.43 + 0.02, p = 0.023; Fig. 3F), and the cate-
gory of animal protein consumption (pre-intervention = 0.41 + 0.02,
post-intervention = 0.47 + 0.02, p = 0.008; Fig. 3G).

ASSOCIATION OF NUTRITIONAL
INTERVENTION WITH ADHERENCE OF
HEALTHY FOOD PYRAMID

Regression models were used to assess the association be-
tween AP-Q categories, which were significant in the univariate
analysis, and the nutritional intervention (considering pre-inter-
vention time as the reference). A positive and significant associ-
ation was found between the global AP-Q and the intervention,
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Table Il. Healthy habits and hydration categories between pre- and post-intervention

Pre-intervention (n = 31) | Post-intervention (n = 31) p-value
Healthy habits 0.62+0.13 0.62 +£0.15 0.859
Lifestyle 0.96 £0.22 0.96 £0.22 0.999
Emotional balance 0.64 +0.21 0.58 + 0.24 0.067
Sleep higiene 0.38 £0.26 0.42 £0.25 0.289
Culinary techniques 0.46 +0.26 0.50 = 0.31 0.462
Hydration 0.54 +0.32 0.57 +0.26 0.590
Water intake 0.72 +£0.36 0.83 +0.26 0.066
Soft drinks -0.44 +0.42 -0.40 + 0.39 0.579
Wine & beers -0.02 +£0.09 -0.36 £0.15 < 0.001
Distilled beverages -0.05+0.08 -0.03 +0.06 0.057

Data show mean =+ standard error values. The p-value was extracted by Student’s t-test for paired data.

Figure 3.

The categories of the AP-Q: physical
activity (A), grains, seed, and legumes
(B), fruits (C), vegetables (D), oil type
(E), dairy products (F), animal proteins
(G) and snacks (H). Data are shown
as a box plot with median and inter-
quartile range. Mean is shown as a
center dot. The p-value was extracted
by Student’s t-test comparison of
adherence between pre-intervention
and post-intervention.

evidencing an improvement of the HFP adherence. Physical ac-
tivity was also significantly increased at post-intervention time.
Additionally, the wine & beers dimension scored significantly
lower after 13 weeks of intervention (Table Ill).

DISCUSSION

In this study we analyzed the effect of an online nutritional and
lifestyle intervention on breastfeeding women, since their healthy
habits may worsen during the lactation period (2,22). Given the
importance of this stage for women and newborns, the objective
was to improve their adherence to a healthy nutritional and life
style based on the MD pattern, with an online intervention. Ac-
cording to our data at pre-intervention time, a low adherence to
HFP was found, which was improved after 13 weeks of inter-
vention.

Table Ill. Models to explore the effect
of nutritional intervention on AP-Q

categories
B = SE p-value
Global APQ 0.87 +0.32 0.008
Physical activity 0.26 + 0.08 0.001
Grains, seed, and legumes 0.10+0.07 0.172
Oil type 0.15+0.11 0.161
Dairy products 0.04 +0.07 0.146
Animal proteins 0.05 +0.03 0.147
Wine & beers -0.33 £0.04 < 0.001

Data show coefficients () + standard error (SE) and associated p-value. Pre-
intervention was considered as the reference group. Models were adjusted by
maternal age, origin, educational level, financial income, and employment status.
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Socioeconomic factors appear to have a strong influence on
adherence to a healthy lifestyle, especially regarding nutrition.
Our data at pre-intervention time evidenced that the AP-Q score
increased with educational level and economical status as previ-
ously reported in the general population with MD, particularly re-
garding the educational level (23). We have previously described
the same trend in other cohort of breastfeeding women and in
pregnant women (2). As in the present study, our previous work
also found that the older age, the greater the adherence to HFP,
with AP-Q scores being higher in Spanish women compared to
women from other countries. Therefore, these data indicate that
sociodemographic factors need to be considered in a nutritional
and lifestyle intervention, placing the focus on vulnerable pop-
ulations. Additionally, it appears that women in maternity leave
tend to have a higher adherence to HFP. This tendency supports
the benefits of increasing the maternity leave period for mothers
to be able to give exclusive breastfeeding during the six months
recommended by the World Health Organization and UNICEF (24).

Our study found that the diet of breastfeeding women did not
follow the lifestyle and nutritional recommendations by HFP. How-
ever, with the applied intervention, it was shown that a nutritional
and lifestyle program can improve adherence to HFP. Together
with the improvement in maternal health, a better adherence to
recommendations will positively affect the infant. It has been ob-
served that the knowledge of the mothers about nutrition and
a healthy lifestyle may be a determinant of their infants health
(25). Ensuring nutritional education in breastfeeding women is
of key importance given that a mother’s lifestyle influences the
composition of breastmilk (26), which is the main nourishment of
the newborn. Usually, health interventions have focused on preg-
nancy (27,28), leaving aside the breastfeeding woman. Other
trials have been conducted after the labor period, but they mainly
perform interventions to diminish weight after delivery (29,30).

Physical activity has been postulated as a determinant of lev-
el of adherence to MD (23). Regarding breastfeeding women,
evidence shows that not only physical activity decreases after
delivery (31) but also decreases compared to pregnancy (22),
which can affect both their physical and mental health (32). One
category of the AP-Q is physical activity, which was significantly
improved after the online intervention, it being able to increase
the health score. These findings are in agreement with those of
other interventional study with breastfeeding middle-aged wom-
en, where two months of intervention increased physical activity
(33). Additionally, a systematic review reported the effectiveness
of the health interventions to increase physical activity in breast-
feeding women (28).

We observed an increase in wine and beer consumption along
lactation. We did not include this category in our intervention
plan since we did not detect a relevant deviation in the pre-inter-
vention analysis. We suggest that this increase in consumption
could be related to the end of maternity leave and the resump-
tion of an active work-life, as demonstrated by the higher rate
in employment status at post-intervention time. Spain is one of
the countries in Europe with the highest consumption of wine
and beer (34), this being highly related to the social environ-

[Nutr Hosp 2024;41(3):619-627]

ment (35). These changes in social behavior could explain why
breastfeeding women increase their ingestion of these drinks.
This fact should be considered in future interventions with spe-
cific information.

Overall, our study demonstrated an improvement in most of
the categories of the AP-Q, showing that an online intervention
would be useful to increase nutrition- and health-related know!-
edge in breastfeeding women. Concerning the models, this as-
sociation is maintained in the adherence to HFP and physical
activity. However, it was lost in the grains, seed, and legumes,
oil type, dairy products, and animal proteins categories, probably
due to the reduced sample size. Although we did not detect asso-
ciations between intervention and dairy products, it is important
to note that these products tended to improve after the interven-
tion. Dairy products increase blood vitamin D levels, especially if
they are fortified (36), with their consumption being particularly
important during the breastfeeding period since some studies
report that mother-child pairs do not achieve vitamin D require-
ments (37). Other important consideration after the intervention
would be improvement in the animal protein category, which
includes fish consumption, since oily fish is a relevant source
of omega(n)-3 and n-6 long chain polyunsaturated fatty acids
(LCPUFAS), which are crucial for neurodevelopment and neonatal
growth (38). It was demonstrated that oily fish intake increases
maternal blood n-3 and n-6 LCPUFAs (39), with transferability
into breast milk (40).

This study demonstrates that an online intervention is effec-
tive to improve healthy habits in breastfeeding women. Our main
methodological weakness was the high drop-out rate, which is a
common issue in an online intervention. This may be the reason
why we did not find statistical significance in some of the catego-
ries. However, it is an online and effective nutritional intervention
study focused on women during the breastfeeding period. In future
studies, it would be interesting to perform an online intervention in
a large population, including other aspects such as alcohol intake
and emotional balance. On the other hand, it would be relevant to
evaluate whether the knowledge gained by means of the interven-
tion can persist and contribute to nutritional behavior in the off-
spring. Finally, it would be interesting to analyze whether changes
in nutritional patterns and lifestyles have an impact on maternal
biochemical variables, on the bioactive components of breast milk,
and on clinical or neonatal growth parameters.

CONCLUSIONS

Overall, our study demonstrated that an online nutritional and
lifestyle intervention in breastfeeding women improved adherence
to HFP, particularly physical activity. Therefore, an online inter-
vention can be a tool to complement onsite nutritional follow-up,
enhancing knowledge about nutritional and healthy habits, these
being two key points generally reduced during lactation. The larg-
est benefit of an online intervention would be on women with social
vulnerability, such as women from non-Spanish origin and women
with a low socio-economic and educational background.
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Supplementary table I. Sociodemographic characteristics in pre-intervention time between
women who continued in the study protocol at post-intervention time and those who
dropped out of the cohort

Pre-intervention Dropped out women -value
(n =31) (n = 150) P

Maternal age (years) 341 +534 32.6 +5.88 0.123
Breastfeeding time (months) 31+19 36+20 0.172
Breastfeeding pattern

Exclusive breastfeeding 26 (81.2 %) 115(76.7 %)

Mixed breastfeeding 5 (16.7 %) 35 (23.3 %) 0.741

Breastfeeding cessation 0 0
Income

No income 2 (6.5 %) 31 (20.7 %)

<€1000 10 (32.3 %) 45 (30.0 %)

€ 1000-2500 14 (45.2 %) 62 (41.3 %) 0.301

€ 2500-4000 4(12.9 %) 7 (4.7 %)

> € 4000 13.2%) 5(3.3 %)
Educational level

No education 0 0

Middle school 0 13(8.7 %) 0,570

High school 4(12.9 %) 23 (15.3 %) '

University degree 27 (87.1 %) 114 (76.0 %)
Origin

Spanish 19(61.3 %) 70 (46.7 %) 0.244

Non-Spanish 12 (38.7 %) 80 (53.3 %) '
Employment status

Working 9(29.0 %) 50 (33.3 %)

Studying 0 5(3.3 %)

Unemployed 4(12.9 %) 23 (15.3 %) 0.801

Other situations 1(3.2%) 7 (4.7 %)

Maternity leave 17 (54.8 %) 65 (43.3 %)

Data show are means + standard deviations for quantitative variables, and sample size (n) and relative frequency (%) for qualitative variables. The p-value was extracted

using Student's t-test or Fisher's exact test, respectively.
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Abstract

Introduction: among the groups more affected by the COVID-19 pandemic were patients undergoing chronic hemodialysis (HD) treatment
due to their comorbidities, advanced age, impaired innate and adaptive immune function, and increased nutritional risk due to their underlying
inflammatory state. All of these factors contribute to a higher risk of severe complications and worse outcomes compared to the general population
when infected with SARS-CoV-2.

Objective: the objective of this study was to describe the nutritional characteristics of and their potential association with the prognosis of
COVID-19 in patients undergoing chronic HD treatment.

Method: a descriptive, retrospective, observational design. All cases of COVID-19 in patients undergoing chronic treatment at the Hemodialysis
Unit of Hospital de Manises, Valencia, Spain, from the start of the pandemic to before vaccination were included.

Results: for that, 189 patients were studied, who received chronic HD treatment in the hospital unit, 22 patients were diagnosed with COVID-19
(12 %) in that period. The mean age was 71 years, 10 were women, the Charlson index was 6.59 points, diabetes mellitus 10, vintage HD 51.6
months, 2 patients had previously received a currently non-functioning kidney transplant, 16 had arteriovenous fistula as vascular access, and
6 had central vascular access. The mean dialysis session time was 220.14 minutes and the initial value of the single dose of the Kt/V pool was

Keywords: 1.7. Sixteen patients had body composition measurement, a strong association (p < 0.05) was identified between mortality and BMI, as well
as mortality and FTI. Furthermore, the differences between deceased and surviving groups in the serum levels of various variables related to

go\\/"g'k% SAFLS“ nutritional status were analyzed, finding significant differences with p < 0.05 in the value of triglycerides and ferritin.

Hgmodia:ygzyNLStﬁzzi'a| Conclusions: higher body mass index and higher body fat content, along with lower baseline levels of triglycerides and ferritin, were significantly

status. Body composition. associated with higher COVID-19 mortality in patients on chronic hemodialysis. These findings suggest that the initial nutritional status of these

Nutrition risk. patients can significantly influence the prognosis of SARS-CoV-2 infection.
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Resumen

Introduccion: entre los grupos mas afectados por la pandemia de COVID-19 se encuentran los pacientes en tratamiento cronico de hemodié-
lisis (HD) por sus comorbilidades, edad avanzada, deterioro de la funcién inmune innata y adaptativa, y mayor riesgo nutricional por su estado
inflamatorio de base. Todos estos factores contribuyen a un mayor riesgo de complicaciones graves y peores resultados en comparacion con la
poblacién general cuando se infectan con SARS-CoV-2.

Obijetivo: el objetivo de este estudio es describir las caracteristicas nutricionales y su potencial asociacion con el prondstico de COVID-19 en
pacientes en tratamiento crénico de HD.

Método: disefio observacional retrospectivo y descriptivo. Se incluyeron todos los casos de COVID-19 en pacientes en tratamiento cronico en la
Unidad de Hemodidlisis del Hospital de Manises, Valencia, desde el inicio de la pandemia hasta antes de la vacunacion.

Resultados: de 189 pacientes que recibieron tratamiento de HD cronica en la unidad hospitalaria, 22 pacientes fueron diagnosticados con
COVID-19 (12 %) en ese periodo. La edad media fue de 71 afos, 10 eran mujeres, indice de Charlson de 6,59 puntos, diabetes mellitus 10,
tiempo en didlisis 51,6 meses, 2 pacientes habian recibido previamente un trasplante renal actualmente no funcionante, 16 tenian fistula
arteriovenosa como acceso vascular, y 6 tenian acceso vascular central. El tiempo medio de la sesion de didlisis fue de 220,14 minutos y el
valor inicial de la dosis unica del pool de Kt/V fue de 1,7. Tenian medicion de la composicion corporal 16 pacientes, se identificé una fuerte
asociacion (p < 0,05) entre mortalidad e IMC, asi como mortalidad y FTI. Ademés las diferencias entre los grupos de fallecidos y sobrevivientes
en los niveles séricos de diversas variables relacionadas con el estado nutricional fueron analizados, encontrando diferencias significativas con
p < 0,05 en el valor de triglicéridos y ferritina.

Conclusiones: un indice de masa corporal mas alto y un mayor contenido de grasa corporal, junto con niveles basales més bajos de triglicéridos
y ferritina, se asocian significativamente a una mayor mortalidad por COVID-19 entre los pacientes en hemodidlisis cronica. Estos hallazgos
sugieren que el estado nutricional inicial de estos pacientes puede influir significativamente en el prondstico de la infeccion por SARS-CoV-2.

INTRODUCTION

Since December 2019, when the first cases of pneumonia
were reported in Wuhan, China, several studies have been
conducted to identify the causative agent, SARS-CoV-2.
This virus has a high transmission capacity and causes the
disease known as COVID-19, which can range from mild
symptoms (cough, fever) managed on an outpatient basis
to severe cases (respiratory distress, septic shock) requiring
hospitalization.

The COVID-19 pandemic, declared by the World Health Or-
ganization on March 30, 2020, has affected millions of people
worldwide, with a high number of confirmed cases and unfor-
tunately, a significant number of fatalities. Clinical risk factors
for a fatal outcome associated with SARS-CoV-2 include acute
kidney injury, diabetes, hypertension, cardiovascular diseases,
cancer, elevated D-dimer, male sex, advanced age, smoking,
and obesity (1,2).

Chronic kidney disease (CKD) is a common condition that can
have serious consequences and is defined as the presence of
structural or functional kidney abnormalities for at least three
months. After diagnostic confirmation, CKD is classified into 5
stages based on glomerular filtration rate (GFR) in ml/min, rang-
ing from G1 with GFR > 90 ml/min, considered as a mildly de-
creased kidney function, to G5 < 15 ml/min, classified as kidney
failure. The ENRICA-Renal study has reported a prevalence of
CKD of 15 %, affecting more males and increasing with age. In
advanced stages of CKD, renal replacement therapy (RRT) is nec-
essary. The most recommended treatment is kidney transplanta-
tion, but in many cases, it is not feasible, so hemodialysis (HD) is
performed more frequently. In Spain, the O.N.T./S.E.N. Registry
shows that in the last ten years, the number of new patients
requiring RRT has increased from 140 per million population in
2020 to 149.5 per million population in 2021. The registry also
reports high mortality rates, with an annual rate of 13 % for HD
patients (3-5).
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Since the beginning of the pandemic, patients on HD have
been considered high-risk. COVID-19 can lead to more severe
complications and worse outcomes in patients undergoing
chronic HD treatment (6-8). The mortality rate related to SARS-
CoV-2 pneumonia in patients with CKD is 14 to 16 times higher
than in the general population. The initial mortality rate in HD of
23 % has been decreasing thanks to science (9).

Nutritional status changes and affects the well-being and sur-
vival of patients undergoing chronic HD treatment. Therefore, it is
crucial to consider integrated and objective tools like body com-
position because the body mass index (BMI) used in the general
population does not provide complete information for these pa-
tients. It has been shown that a significant increase in body fat
mass during the first year, especially in those with poor nutritional
status, promotes sarcopenic obesity (10,11).

Obesity is a chronic inflammatory state that contributes to met-
abolic disorders such as diabetes and dyslipidemia. Obesity is also
a nutritional factor that increases the risk of SARS-CoV-2 infection
(12). Additionally, the accumulation of fat in the visceral compart-
ment (13) is metabolically more active and is associated with met-
abolic abnormalities and inflammation, making it considered a risk
factor for cardiovascular disease and mortality (14). Several studies
also show that nearly 50 % of individuals over 65 years of age on
HD may suffer from malnutrition and loss of muscle mass (15,16).
Malnutrition associated with inflammation was linked to increased
mortality in patients on HD (17). It is known that in this population
obesity and hypercholesterolemia can have a protective effect and,
paradoxically, be associated with better outcomes. This result has
been called “reverse epidemiology” (13).

Therefore, it is unknown whether obesity could have a protec-
tive effect or be a risk factor for HD patients with COVID-19. Like-
wise, the role of other nutritional parameters of these patients on
the prognosis of SARS-CoV-2 infection is unknown.

The objective of this study is to describe the nutritional char-
acteristics and their potential association with the prognosis of
COVID-19 in patients undergoing chronic HD treatment.



630

METHODS

This was a descriptive retrospective, observational design. The
inclusion criteria were patients with ACKD undergoing chronic
treatment in the Hemodialysis Unit of the hospital who suffered
from COVID-19 from the beginning of the pandemic (11/3/2020)
until the start of vaccination against SARS-CoV-2 (15/4/2021).
The diagnosis of COVID-19 was made using:

— Antigen + or PCR + for SARS-CoV-2 in nasopharyngeal exudate

— Serum Immunoglobulin A or G anti SARS-CoV-2 and clinical

syndrome compatible with COVID-19. This last assumption
was only maintained during the first wave, March to May
2020, in which the health crisis was accompanied by a lack
of diagnostic reactive means.

The exclusion criteria were not being on HD treatment or not
meeting the described COVID-19 diagnostic criteria or receiving
the SARS-CoV-2 vaccine. Data sources included electronic med-
ical records and the Nefrolink software.

The following baseline descriptive variables were recorded: age
(vears), gender (female/male), residence (home-institution), co-
morbidity by Charlson index, diabetes mellitus (yes/no), respiratory
failure (yes/no), congestive heart failure (yes/no), chronic obstruc-
tive pulmonary disease (yes/no), vascular calcifications (yes/no),
duration of treatment in hemodialysis (months), acute phase re-
actants (procalcitonin (PCT), C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), neutrophilic leukocytosis (NL), vascular
access for dialysis such as arteriovenous fistula (AVF) or central
venous catheter (CVC), dialysis session duration (minutes) as aver-
age of the 6 month prior to the contagion of COVID-19, and dialysis
dose measured by single pool K/V from the most recent monthly
control before infection. The dialysis dose was measured by sec-
ond-generation KtV Daugirdas (18): KtV Daug = - In ((C2 / C1)
-(0.008 *T)) + (4 - 3.5* (C2/ C1)) * UF / P (C1: pre-dialysis blood
urea in mg/dL; C2: post-dialysis blood urea in mg/dL; T. session
duration time in minutes; UF: volume of removed ultrafiltrate in
liters; P: post-dialysis weight of a subject in kilograms), and Kt/V
residual by Ki/V residual = (5,9 x KRU) / Volume (KRU: residual
urea clearance).

Nutritional control variables were also recorded based on the
latest measurement prior to contracting COVID-19. The record-
ed serum levels included albumin (g/dL), triglycerides (TG) (mg/
dL), LDL cholesterol (mg/dL), ferritin (ng/mL), transferrin (mg/dL),
transferrin saturation index (TSI) (%), parathyroid hormone PTHc
(pg/mL), calcium (millimol/L), phosphorus (mg/dL), vitamin D (ng/
mL), folic acid (ng/mL), pH, HCO3 (mEg/L), PCR (mg/dL) creatinine
(mg/dL), and urea (mg/dL). Baseline body composition parame-
ters were also recorded prior to illness, including body mass index
(BMI) (kg/m?), fatty tissue index (FTI) (kg/m?), lean tissue index (LTI)
(kg/m?), extracellular/intracellular water, and phase angle (degree)
(°). Body composition was determined using multifrequency bio-
impedance analysis with BCM Fresenius stereoscopic equipment,
based on the resistance or opposition to the passage of an applied
electric current (19). The evolution of weight change in the last year
was calculated as final weight (at the time of infection) minus initial
weight (one year prior to infection) (20).

P. Bersano-Reyes et al.

For the choice of variables, the recommendations of the Na-
tional Kidney Foundation’s Kidney Disease Outcomes Quality
Initiative (KDOQI) were followed, considering those available as
it was a retrospective study. Also assessing that there are previ-
ous studies that have demonstrated its prognostic value both for
nutritional deterioration and for the relationship between body
composition and mortality in HD patients. Other authors have re-
ported the usefulness of variables such as albumin, creatinine,
urea, cholesterol, C-reactive protein, adequacy of dialysis (with
reference to Kt/V) and weight change as predictors of nutritional
deterioration, hospitalization or death (21,22).

The severity of the disease COVID-19 was classified according to
the WHO as critical (requires life sustaining treatment, acute respira-
tory distress syndrome, sepsis, septic shock), severe (oxygen satura-
tion < 90 % in ambient air, pneumonia, severe respiratory distress)
or non-severe (absence of signs of serious or critical illness) (5). The
days of hospital admission were recorded if there were any.

The patients were divided into two groups based on their vital
prognosis: the exitus group, which included patients who passed
away during the acute phase of COVID-19, and the survivor
group, consisting of patients who survived.

SAMPLE SIZE

Assuming an alpha risk of 0.05 and a beta risk of 0.2 in a
bilateral test, 17 subjects were required in the first group and 3
subjects in the second group to detect a difference equal to or
greater than 10 units of body mass index (BMI). It is assumed
that the common standard deviation is 5, and a follow-up loss
rate of 30 % was considered. The sample size calculation was
performed using the GRANMO sample size calculator Version
7.12 April 2012, from the Program of Research in Inflammatory
and Cardiovascular Disorders, Institut Municipal d’Investigacio
Médica, Barcelona (Spain).

DATA PRESENTATION AND STATISTICAL
ANALYSIS

Continuous variables are presented as mean and standard
deviation, while categorical variables are presented as absolute
value and corresponding frequency (%). Univariate analysis was
conducted to study the relationship between exitus as the inde-
pendent variable and the clinical characteristics of the patients,
identifying markers that could predict or impact the prognosis of
COVID-19. The Mann-Whitney/Wilcoxon rank-sum test was used
for non-parametric unpaired continuous variables, and the Fisher’s
exact test was used for non-parametric unpaired categorical vari-
ables. Subsequently, a binary logistic regression was performed
with Exitus (yes/no) as the outcome variable and the variables age,
sex, BMI, TG, FTI, LTI, Ferritin, and TSI as independent variables.
The statistical analyses were conducted using software packages
available for this type of study, such as “R” version 4.2.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).
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ETHICAL CONSIDERATIONS

The study was authorized by the Ethics Committee for Re-
search with Medicinal Products of the CEIM Hospital Universitario
y Politécnico La Fe, and the Research Ethics Committee of the
Universidad de Murcia. The handling of patient data, generated
during the course of the research project, complied with Regula-
tion (EU) 2016/679 of the European Parliament and the Council
of 27 April 2016 on Data Protection (GDPR) and Organic Law
3/2018 of 5 December on the Protection of Personal Data and
guarantee of digital rights. In the patient database, personal iden-
tification data were dissociated from clinical care data. This is a
retrospective study without intervention on the patient and with
data protection, therefore the informed consent of the patients
was waived.

RESULTS

Between March 2020 and April 2021, 189 patients received
chronic HD treatment in the hospital unit. Of these, 22 patients
were diagnosed with COVID-19 (12 %) in that period. Of the
22 patients affected by COVID-19, SARS-CoV-2 was diagnosed
by a positive PCR in 19 patients, and by symptomatic disease
with positive serology in 3 patients. Mean age (SD) was 71 (11.6)
years, 10 were women, 2 were living in a nursing home and the
rest in their family homes. The Charlson index was 6.59 (2.32)
points, diabetes mellitus 10, HD vintage 51.6 (40.84) months;
2 patients had previously received a kidney transplant that was
currently non-functioning, 16 had an arteriovenous fistula (AVF)
as vascular access, and 6 had a central venous catheter (CVC).
HD session time (minutes): mean dialysis session duration was
220.14 (23.4) minutes; baseline Kt/V single pool dose was 1.7
(0.39) and residual kt/v was 1.07 (0.90). It was observed that
only 4 patients retained residual renal function, therefore the
analysis was not relevant.

The evolution of COVID-19 patient disease is showed in table .

The different variables of patients with worse prognosis, exi-
tus, were analyzed in comparison to those who survived, survivor.
The general characteristics by group are shown in table II.

Of the 22 included patients, 16 had undergone body compo-
sition measurements (BCM) 6 months prior to the infection, and
6 months after the infection. The differences in body composition
were analyzed between the exitus group and the survivor group.
The results are shown in table Ill.

Differences between groups in serum levels of various vari-
ables related to patient’s nutritional status were analyzed. The
results are shown in table IV.

DISCUSSION

In the present study, we analyzed the nutritional character-
istics of patients undergoing chronic HD treatment diagnosed
with COVID-19 prior to vaccination. The results demonstrate

[Nutr Hosp 2024;41(3):628-635]

Table I. Evolution of COVID-19 in HD

patients
Variables COVID-19 patients
n=22

Severity

Critical 5 (23 %)

Severe 5 (23 %)

Not severe 12 (54 %)
Pneumonia 8 (36 %)
Respiratory insufficiency 9 (41 %)
Bacterial infection

Clinical suspicion 29 %)

Microbiology 29 %)

Acute phase reactants* 5 (23 %)
Hospital admission (days)

N13 11.46 (6.33)
Exitus 6 (27 %)

Quantitative variables in mean (SD) and qualitative variables in absolute value
(%). “Acute phase reactants: procalcitonin, C-reactive protein, erythrocyte
sedimentation rate, neutrophilic leukocytosis.

that higher body mass index and fat mass index, lower baseline
levels of triglycerides and ferritin are associated with increased
mortality.

To date, no author has described the relationship between nu-
tritional parameters and COVID-19 mortality in HD patients. The
results of the present study remind us of the importance of di-
agnosis and adequate nutritional management in these patients.
The implementation of such measures could reduce mortality in
HD patients who become infected with SARS-CoV-2.

Eliminating CKD as a risk factor would decrease the percent-
age of the world’s population at highest risk of severe COVID-19
from 22 % to 17 %. CKD therefore explains the increased risk
of severe COVID-19 for approximately one in four high-risk peo-
ple worldwide (23). In another systematic review of HD patients,
Parra-Martos et al. (24) demonstrated that the mortality rate in
this group of patients ranged between 20 % and 30 %, with
risk factors being advanced age, multimorbidity, clinical fragility
or weakness, male sex, and critical presentation of the disease,
which is also reflected in the study by Jager-Kitty et al. (25). In
our study the mortality rate of patients on HD also exceeds 20 %
and is higher in men.

The findings reported in this study are consistent with others
conducted in the general population, which show a relationship
between higher body mass index and adipose tissue and mortal-
ity from COVID-19 (26).

However, there are also numerous studies reporting the phe-
nomenon of “the obesity paradox in HD patients.” According to
Kamyar Kalantar-Zadeh et al. (27), their results showed that
obese patients had lower mortality compared to those with nor-
mal weight or underweight.
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Table Il. Patient characteristics by group

P. Bersano-Reyes et al.

Exitus group

Survivor group

Variable n=6 n=16 p

Age 72.83 (8.04) 70.13 (12.82) 0.77
Gender

Female 2(33.3 8 (50) 0.65

Male 4 (66.7) 8 (50) '
Charlson index 6.83 6.5 0.94
Vascular access

AVF 6 (100) 10 (62.5) 0.59

CvC 0() 6 (37.5) '
Hemodialysis vintage (months) 46.37 (37.80) 53.57 (42.94) 0.85
Diabetes mellitus 5(83.3) 5(31.3 0.06
COPD 1(16.7) 2(12.5) 1
Ischemic heart disease 2(33.3) 3(18.8) 0.59
Vascular calcifications 4 (66.7) 13(81.3) 0.59
KV 1.6 (0.47) 1.74 (0.37) 0.58

Quantitative variables in mean (SD) and qualitative variables in absolute value (%). AVF: arteriovenous fistula; CVC: central venous catheter; COPD: chronic obstructive
pulmonary disease, K: dialyzer clearance of urea; t: dialysis time, V: urea volume of distribution, approximately equal to total body water.

Table Ill. Body composition by group

Exitus group

Survivor group

Variable n=5 n=11 P
BMI (kg/m?) 33.3(3.48) 27.76 (4.86) 0.03*
FTI (kg/m?) 23.4 (2.64) 14.65 (5.06) 0.005*
LTI (kg/m?) 9.18 (2.58) 11.94 (3.25) 0.18
Ext/Int water 1.17(0.18) 1.06 (0.16) 0.53
Phase angle (°) 3.99 (0.85) 3.96 (1.31) 0.74
Weight change (kg) -1.5 (7.36) 0.51(1.92) 0.97

*Significant differences with p < 0.05 were observed. Variables are presented as mean (SD). BMI: body mass index; FTI: fat tissue index; LTI: lean tissue index.

Table IV. Serum values by group

Exitus group

Survivor group

Variable n=6 n=15 P
Albumin (g/L) 3.8(0.58) 3.86 (0.54) 0.85
TG (mg/dI) 82.6 (51.95). 135.53 (50.42) 0.04*
LDL (mg/dl) 449 (17.09) 68.77 (26.05) 0.08
Ferritin (ng/mL) 219.5 (126.41) 638.69 (460.09) 0.02*
Transferrin (mg/dl) 178.5 (32.23) 172.1 (41.03) 0.53

(Continues on next page)
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Table IV (cont.). Serum values by group

Variable Ex:t:s=g;oup Surv'|1v¢=)r195roup B
TSl 20.67 (10.98) 35.73 (20.0) 0.06
PTH (pg/mL) 152.51 (140.18) 268.63 (179.30) 0.26
Calcium (mmol/L) 8.92 (1.04) 8.71(0.87) 0.73
Phosphorus (mg/dl) 4.6 (1.31) 4.41(0.96) 0.97
Vitamin D (ng/ml) 29.96 (4.23) 29.23 (15.84) 0.32
Folic acid (ng/ml) 8.62 (6.98) 10.55 (9.49) 0.95
pH 7.34(0.15) 7.32(0.07) 0.48
HCO, (mEa/L) 23.12 (3.85) 22.91 (1.83) 0.49
C-RP (mg/di) 13.11 (9.98) 22.08 (45.55) 0.47
Hemoglobin (g/L) 11.37 (1.18) 11.6 (1.33) 0.78
Creatinine (mg/dL) 6.44 (1.31) 7.62 (2.74) 0.36
Urea (mg/dL) 93.40 (24.79) 111.10 (33.85) 0.30

*Significant differences with p < 0.05. Variables are presented as mean (SD). TG: triglycerides, LDL: low density lipoprotein; TSI: transferrin saturation index; PTH:
parathyroid hormone, pH: potential of hydrogen,; HCO,: bicarbonate; C-RP: C-reactive protein.

Additionally, Nirupama Ramkumar et al. (28) investigated the
association between obesity and inflammation in patients with
CKD, including those on HD. The results indicated that obesity
was associated with lower levels of inflammatory markers, which
could contribute to the observed higher survival in obese patients
on HD. In a meta-analysis by Kamyar Kalantar-Zadeh et al. (29),
they evaluated the association between obesity and mortality in
hemodialysis patients. The results indicated an inverse relation-
ship between BMI and mortality, supporting the existence of the
“obesity paradox” in this population.

In the present study we observed that a higher BMI was as-
sociated with increased mortality from COVID-19. Obesity is a
common nutritional disorder in advanced CKD, affecting be-
tween 20 % and 60 % of patients, and it is associated with
higher overall comorbidity and particularly cardiovascular co-
morbidity. Central fat distribution is more sensitive to lipolytic
stimuli and is accompanied by a pathological lipid profile (ex-
cess triglycerides and VLDL), hyperinsulinism, and peripheral
resistance to insulin action, known as metabolic syndrome.
These factors contribute to a chronic inflammatory state, ox-
idative stress, and impaired immune response, worsening the
clinical course of COVID-19 (30).

In our study, better outcomes were observed in patients with
higher baseline levels of ferritin and triglycerides, which could
be attributed to a better baseline nutritional status compared to
those who died. It is important to differentiate the interpretation
of these determinations at baseline, related to nutrition, from the
determination during the disease, related to inflammation. These
determinations during the disease can be altered by the pres-
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ence of inflammation and become markers of poor prognosis.
Jahnavi Daru et al. (31), investigated the utility of serum ferritin
as a marker of iron status in the presence of inflammation. It was
found that ferritin levels are affected by inflammation and may
not accurately reflect iron levels in the body, especially in cases
of chronic inflammation. In a systematic review and meta-anal-
ysis by Karanvir Kaushal et al. (32), high levels of serum ferritin
were associated with more severe disease and a negative/poor
outcome in COVID-19. Therefore, serum ferritin level can serve
as an important predictive biomarker in the management and
triage of COVID-19 when determined during the disease. These
studies provide preliminary evidence of the association between
high levels of ferritin with an increased risk of unfavorable out-
comes in patients with COVID-19.

Regarding the level of lipids, these may vary during the
course of COVID-19, since lipidology is affected by both in-
flammation and organ damage caused by SARS-CoV-2 (33).
In another study, Klaudia Kowalska et al. (34), focused on the
impact of SARS-CoV-2 infection on lipid metabolism, showing
a decrease in serum cholesterol levels, HDL-C, LDL-C, and ab-
normalities in triglycerides during the infection. There was a
direct correlation between a decrease in these factors and the
stage of the disease.

A noteworthy outcome from our investigation was the iden-
tification of a significant correlation between low baseline tri-
glyceride levels and increased mortality in COVID-19-affected
hemodialysis patients. This observation contributes to the ongo-
ing discourse in the literature on lipid profiles in hemodialysis.
While Gonzales-Rubianes et al. (35) and Chang et al. (36) delve
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into various lipid aspects in hemodialysis, our emphasis on the
connection between low triglyceride levels and mortality adds
a nuanced perspective to this complex scenario. This contrasts
with findings from studies like Xie et al. (37), which proposes an
direct association between mortality and specific lipids in pa-
tients with kidney disease. The conflicting results underscore the
intricacies of these relationships, emphasizing the necessity for
further investigations to elucidate the distinct role of triglycerides
in the context of COVID-19 among hemodialysis patients.

STUDY LIMITATIONS

This study has several limitations. Firstly, the sample size is
small and requires further studies for confirmation. Additional-
ly, being an observational, descriptive, and retrospective study,
some analytical and body composition determinants were not
available for all patients. The high risk of suffering from COVID-19
for HD patients marks the need to receive the vaccine. Therefore,
at the time the study was proposed, it was not ethical to delay
vaccination. The data had to be collected retrospectively. It would
have been preferable to conduct a prospective study; howev-
er, for these reasons, the present study is retrospective with the
known limitations of this methodology.

CONCLUSION

In chronic hemodialysis patients, the mortality rate for
COVID-19 is high, exceeding 20 %. Both higher body mass index
and fat mass index, lower baseline levels of triglycerides and
ferritin are associated with increased mortality on COVID-19. The
baseline nutritional status of patients undergoing chronic hemo-
dialysis may influence the prognosis of SARS-CoV-2 infection.
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Abstract

Introduction: most studies that analyze the relationship between diet quality and obesity have a cross-sectional design; an alternative with
repeated cross-sectional data is a pseudo-panel design.

Objective: to estimate the association between trends in dietary patterns, defined by a diet quality index, and body mass index (BMI) of Mexican
adults between 2006 and 2016.

Methodology: a pseudo-panel analysis was performed using data from cross-sectional surveys: National Health and Nutrition Surveys of Mexico
(ENSANUTS) 2006 and 2012 and the Midway National Health and Nutrition Survey 2016 (ENSANUTMC). Cohorts (n = 108) were constructed by
grouping adults 20-59 years old by sex (men n = 6,081 and women n = 11,404), education level, and year of birth. The association between
diet quality (defined with the Healthy Eating Index-2015) and BMI was estimated using a fixed effects model, adjusting for sociodemographic
characteristics.

Results: a one-point increase in the proportion of women with high diet quality was associated with 4.1 points lower BMI (p = 0.014) compared

with women with low diet quality when excluding sub-reporters of energy, the same association is observed when physical activity is included in
the model. No association was found between diet quality and BMI in men, possibly because of the existence of latent classes within sociodemo-

Keywords: graphic strata, therefore diet qualiy is inversely associated with BMI only in some categories of sociodemographic strata.

Diet quality. Body mass Conclusions: these results contribute to the evidence in the longitudinal analysis between diet and BMI, highlighting the importance of differen-
index. Pseudo-panel. tiating the population by sex and sociodemographic characteristics. These results are input for public policy creation that promotes improving the
Mexican adults. quality of the population's diet as part of multisectoral strategies to reduce overweight and obesity in Mexican adults.
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Resumen

Introduccion: muchos estudios que analizan la relacion entre calidad de la dieta y obesidad son transversales; una alternativa con datos

transversales repetidos es el disefio de pseudopanel.

Objetivo: estimar la asociacion entre patrones alimentarios definidos mediante un indice de calidad de la dieta y el indice de masa corporal

(IMC) en adultos mexicanos entre 2006 y 2016.

Metodologia: se realizo un anlisis de pseudopanel utilizando datos de las Encuestas Nacionales de Salud y Nutricion de México (ENSANUTS)
de 2006 y 2012 y la Encuesta Nacional de Salud y Nutricion de medio camino de 2016 (ENSANUTMC). Se construyeron cohortes (n = 108)
agrupando datos de adultos entre 20 y 59 afios, por sexo (hombres n = 6,081, mujeres n= 11,404), nivel de escolaridad y afio de nacimiento.
La asociacién entre calidad de la dieta (definida mediante el indice de Calidad de la Dieta 2015) y el IMC se estimé con un modelo de efectos

fijos, ajustado por caracteristicas sociodemograficas.

Resultados: un aumento de 1 punto en la proporcion de mujeres con calidad de dieta alta se asocid con 4,1 puntos menos de IMC (p = 0,014)
comparado con las mujeres con calidad de dieta baja; al excluir a las subreportadoras de energia, la misma asociacion se observo incluyendo
la actividad fisica al modelo. No se encontrd asociacion entre calidad de dieta e IMC en los hombres, posiblemente debido a la existencia de

Palabras clave:

categorias de los estratos.
Calidad de la dieta.

indice de masa corporal.
Pseudopanel. Adultos

subgrupos dentro de los estratos sociodemograficos, lo cual hace que la calidad de la dieta esté inversamente asociada al IMC solo en algunas

Conclusiones: estos resultados contribuyen a la evidencia longitudinal entre dieta e IMC, destacando la importancia de estratificar por sexo
y caracteristicas sociodemogréficas. Los resultados son un insumo para crear politicas publicas que promuevan mejorar la calidad de la dieta

mexicanos. como parte de estrategias multisectoriales para disminuir el sobrepeso y la obesidad en los adultos mexicanos.

INTRODUCTION

The prevalence of overweight and obesity has increased glob-
ally in all regions and age groups of the population (1). In 2022,
a combined prevalence of overweight and obesity of 75.2 % in
adults was higher in women than in men, 76.8 % vs 73.5 %, re-
spectively (2).

Among the proximal factors associated with the increase in
this prevalence, high-energy dietary patterns have been iden-
tified, characterized by excessive intake of certain food groups
such as fats, sugars, and salt, as well as decreased physical
activity, as determinants of a positive energy balance that give
rise to the appearance of obesity (3). However, these elements
do not completely predict the phenomenon, since they are per-
meated by multiple factors specific to the individual, both of a so-
cioeconomic, political, and demographic nature, climate change,
as well as hiological and cultural aspects that contribute to the
development of environments that promote obesity (4).

The quality of the population’s diet has also been evaluated, giv-
ing a score to nutrients and food groups according to adherence
to a greater or lesser extent to dietary patterns considered optimal
based on nutritional recommendations and food guides from dif-
ferent countries (5). Different indices have been proposed to esti-
mate the diet quality. One is the Dietary Quality Index developed to
evaluate important nutrients such as fiber and vitamin C (6), other
are the Dietary Quality Index-International, which was designed to
explore diet quality in all countries (7), and the Healthy Eating Index
(HEI), validated in different age groups including adults, which has
been used to relate diet quality to health outcomes, including obe-
sity (8). In Mexico, it has been demonstrated that the diet quality
has been more deficient in men with high socioeconomic status,
urban areas, the northern region, young adults (20-39 years old)
(9) and low education level (10).

Although the evidence about the influence of obesity on health
is strong (11), the results about the association between diet
quality and BMI have been inconsistent (5). To our knowledge
in Mexico and other countries, most studies that analyze the
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relationship between diet quality and obesity have a cross-sec-
tional design. This type of study does not allow causality to be
established, nor does it allow control by variables fixed over
time, often unobserved, such as culture, food and environment,
among other characteristics that could influence exposure and
outcome. Therefore, longitudinal or panel designs that follow
up the same individuals and allow controlling for unobserved
characteristics that are invariant over time would be very use-
ful. However, worldwide there are few longitudinal studies with
diet and anthropometry data in representative samples, so an
alternative when repeated cross-sectional data are available is a
pseudo-panel design.

Based on the above, the objective of this study was to es-
timate the association between trends in diet quality and BMI
of Mexican adults in the years 2006, 2012, and 2016, through
pseudo-panels, using national cross-sectional surveys.

METHODOLOGY

An analysis of pseudo-panels was carried out, built with data
on adults aged 20-59 years old from the National Surveys of
Health and Nutrition of Mexico (ENSANUT) 2006 and 2012 and
the Midway National Survey of Health and Nutrition 2016 (ENSA-
NUTMC), the details of the methodology of these surveys have
been described in other documents (12-14). The ENSANUTs
have similar designs that allow them to be comparable. They col-
lect health, diet, anthropometry, and sociodemographic data pe-
riodically in a different cross-sectional sample on each occasion,
S0 it is not possible to carry out a panel study. However, all the
ENSANUT have the same type of probabilistic, multi-stage, and
cluster sampling, which allows representativeness to be main-
tained at the national level and in urban and rural areas. In this
way, individuals sharing similar characteristics can be grouped
and followed up at different points in time, if the grouping char-
acteristics remain constant (15). Pseudo-panel models make it
possible to follow cohorts over time in repeated cross-sections,
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generating time series for the means of the subgroups to be es-
timated, which can be analyzed as panel data (16). The main
difference with a panel design is that we do not work with indi-
viduals but with groups of individuals or synthetic cohorts that
share common and invariant characteristics over time (15). We
grouped the participants by sex, year of birth, and education level
to form these cohorts, which constitute the unit of analysis in
this study.

STUDY POPULATION

After a cleaning process in the diet databases, we obtained a
sample with valid data from 21,796 adults aged 20-59 years old
(n=14,040 in 2006; n= 2,027 in 2012 and n = 5,729 in the
year 2016), the details of the cleaning process are described in
another document (9).

In the resulting sample (n = 21,796), a second cleaning pro-
cess was carried out, in which those who did not have complete
variables to form the cohorts (7 = 73 without schooling data)
or the main analysis variables were excluded (7 = 68 without
weight or height data). Those who were not born between 1957
and 1986 (n = 4,170) were excluded, because they did not have
the age for the analysis (20-59 years) in the three years of the
survey and following the recommendation that cohorts must be
maintained and analyzed at least three at points in time to have
sufficient variation (17). The final sample for the formation of the
cohorts and statistical analyzes was 17,485 individuals, a sen-
sitivity analysis was performed excluding 253 (1.44 %) partici-
pants without physical activity data (Fig. 1).

The observations of the final sample (7 = 17,485) were
grouped into five-year birth periods (1957-1961, 1962-1966,
1967-1971,1972-1976, 1977-1981, 1982-1986) and school-
ing was categorized into low, medium, and high education level,
this to have the largest possible number of observations in each
cohort and have better precision in the estimates (18). We ob-
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tained 108 cohorts: 6 birth categories, 2 sex categories (men
and women), and 3 education level categories in the 3 years of
analysis (2006, 2012, and 2016).

A sub-sample was also determined in which data with ener-
gy under-reporting were excluded. First, the estimated energy
requirement (EER) was calculated using the formulas for adults
aged > 19, proposed by the Institute of Medicine of the United
States, considering the nutritional status of the population (19),
and the factors of physical activity for people with low physical
activity in men and women, respectively, this according to the level
of physical activity of this population, found in other studies (20).
Subsequently, the Energy Intake (El) ratio was estimated about the
EER, dividing the reported El by the EER, multiplied by 100 (El / EER
x 100). Next, the distribution and standard deviation (SD) of these
variables were estimated, and finally, data below -1 SD for each
sex and age group were defined as under-reports (21).

DIET QUALITY

The independent variable was the diet quality, which was ob-
tained through an adaptation of the Healthy Eating Index 2015
(HEI-2015), the details to calculate it are described in another
document (6). Briefly, the diet data analyzed were obtained by the
ENSANUT through a semi-quantitative food frequency question-
naire, covering seven days before the interview, this instrument
has been previously validated and described (22). The HEI-2015
was obtained by the sum of 13 components of the diet, nine are
food groups or nutrients that are recommended to be maintained
or adjusted in the diet, called adequacy components (total fruits,
whole fruits, total vegetables, green vegetables and legumes,
whole grains, dairy, total protein, seafood and plant protein and
fatty acids). The four remaining components are foods groups
or nutrients that are recommended to be moderated in the diet,
called moderation components (refined grains, sodium, added
sugar, and saturated fat). Each component is scored on a scale

ENSANUT 2006 ENSANUT 2012 ENSANUTMC 2016
n=14040 n=2027 n=5729
\ J
Y
n=21796 Incomplete data
n=68 (0.3 %), without
weight and height data
n=73(0.3 %), without
=91 655 schooling data

Out of analysis age range
n=4170(19.2 %)

Final sample, born between

1957 and 1986
n=17 485

Sensitivity analysis in
n=17 253 (98.6 %) with
physical activity data

Figure 1.

Identification of the adult population

sample for analysis.
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of 0-5 or 0-10, according to the consumption of established
portions (23), the cut-off points for sodium, saturated fat, and
added sugar were adapted, according to the recommendations
of the World Health Organization (WHO) (24). Finally, the sum of
13 components was performed and a score between 0 and 100
was obtained, where 100 represents a better diet quality (23).

In the HEI-2015 per se, the energy consumed by each par-
ticipant (including alcohol intake) is considered, so from the de-
termination of the diet quality, an adjustment is made for energy
intake. We worked with the index score continuously (from O to
100) and dichotomously, classifying the participants into low and
high diet quality (below and above the mean diet quality in men
and women respectively).

BODY MASS INDEX

Weight and height were measured by trained and standardized
personnel using electronic scales, with a precision of 0.1 kg, and
stadiometers with a precision of 0.1 cm, with these variables, the
body mass index (BMI) was determined.

The dependent variable was the BMI, which was obtained by
dividing the weight in kilograms by the square of the height in
meters (BMI = weight (kg) / [height m?]). BMI data were consid-
ered valid between 10 and 58 kg/m2, according to the criteria
that have been used in official studies of the ENSANUT (12).

SOCIODEMOGRAPHIC VARIABLES

Sex

Sex information female/male was considered.

Age

Age was considered continuously (in years) and in two cate-
gories (20-39 and 40-59 years), because it has been described
that both diet and BMI are different at different ages (25).

Education level

It was asked the highest educational level and grade achieved,
which was categorized into low (primary or less), medium (sec-
ondary), and high (from high school or equivalent studies) edu-
cation level.
Socioeconomic status (SES)

It was determined in the ENSANUT as an index of house-

hold welfare conditions, which is constructed through prin-
cipal component analysis with variables that represent the
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characteristics of the dwelling and the possession of house-
hold goods. The complete methodology is described on an-
other side (26). We categorized the index into SES tertiles
(low, medium, and high).

Area and region of residence

The area was classified according to the number of inhabi-
tants, > 2,500 for urban and < 2,500 for rural.

The 32 states of Mexico were categorized into 4 regions:
North, Center, Mexico City, and metropolitan areas, and South,
according to their geographic location (27).

Marital status

The participants were asked about their marital status. Three
categories were made: a) single; b) married or partnered (living
as a couple with or without children); and c) separated, divorced,
or widowed.

Employment

Through a questionnaire, the participants were asked about their
paid work activity in the last seven days, the answers were cate-
gorized into two categories: if they worked and if they did not work.

Physical activity

Through the short version of the International Physical Activity
Questionnaire (IPAQ-short) used in ENSANUT asked about ac-
tivities in the last seven days, participants were categorized as
active (> 300 minutes of moderate to vigorous activity per week)
inactive (< 50 minutes per week) and moderately active (150-
300 minutes per week). This variable was used in the sensitivity
analysis, since physical activity data was available in 17,253
(98.6 %).

STATISTICAL ANALYSIS

Descriptive analyses were carried out to characterize the co-
horts; for each variable of interest the average per cohort was
estimated in the case of continuous variables and the average
proportions for categorical variables. A t-test was performed to
compare the means of diet quality, BMI, and sociodemographic
characteristics between the male/female cohorts.

The association between diet quality and BMI was analyzed
in the cohorts stratified by sex, keeping sociodemographic char-
acteristics constant (area, region, SES, marital status, and em-
ployment), and an interaction effect with area and year of birth
following the exploration of the behavior of the variables.
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As the main model, a fixed effects model (model a) was used,
with which it is assumed that the unobservable characteristics
of the cohorts that explain the variation between them do not
change over time.

() BMig= 3, + f3; HEIHigh o + B,AREA ., + /3, REGION
Center e + B,REGION Mexico city. .. + SsREGION
SOUtheg + BSES Medium,ug + [3,SES High,es +
BMARITAL STATUS Married,,,; + B, MARITAL STATUS
Separated.,y + B1.EMPLOYMENT ..o + °= ; & AREA oy *
BIRTH, + Y=, o, D-EDUCATION, + ¥°=, YD-BIRTH, +
7= 3 D-SURVEY YEAR, + ¢

cest

Where ¢ = year of birth (1957-1961, 1962-1966, 1967-
1971, 1972-1976, 1977-1981, 1982-1986), ¢ = education
level (low, medium, high), s = sex (men, women) and = survey
year (2006, 2012, 2016).

The dependent variable is the average body mass index
(BMI,,) of the participants in the five-year birth cohort ¢, with
education level e, with sex s, and survey year t.

And the exposure variable is the average of the diet quality
index (HEl,) or the average proportion of participants with a
high diet quality index. The adjustment variables are the average
proportion of participants from the urban area (AREA), and the
average proportion of participants from each region (REGION,,),
compared with the northern region as a reference. The average
proportion of participants with medium and high socioeconomic
status (SES,) compared to low. The average proportion
of participants married or separated (MARITAL STATUS,)
compared to singles. The average proportion of participants
with paid work (EMPLOYMENT,,,) compared to those who did
not have paid work. The dummy variables of education level
(2?=, D-EDUCATION,), year of birth (x°=, ¥; D-BIRTH,, and
survey year (3?= , & D-SURVEY YEAR) represent the fixed
effects of the cohorts. The interaction between area and years of
birth (AREA,,; * BIRTH,). Finally, the error term €. represents the
unobserved characteristics fixed in time (28).

Sensitivity analyses were performed to assess the inclusion of
physical activity in the model, as well as to assess the relation-
ship between diet quality and BMI in the sub-sample excluding
sub-reporters of energy intake.

For all analyses, a p-value < 0.05 was set to detect significant
differences, and the SVY module of STATA statistical software
version 13.0 was used to account for survey design.

cest

RESULTS

Within the analysis cohorts, a larger sample size was observed
for women than for men, as well as a larger sample size with low
education level in the 2006 survey (Table I).

The mean age was 38 years in men and women; BMI and diet
quality means were higher in women than in men; the proportion
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of active men (69 %) was higher than that of women (56 %).
A 13 % under-reporting of energy was identified in men and
women (Table II).

ASSOCIATION OF DIET QUALITY AND BMI BY
SEX IN THE COMPLETE SAMPLE

Among men, a one-point increase in the proportion living in
urban areas in the 1957-1961 birth cohort was associated with
7.3 points lower BMI (kg/m?) on average (p < 0.001) compared
to men from rural areas. A one-point increase in the proportion
of men in medium and high SES was associated with 5.3 points
higher BMI (p = 0.008) and 2.9 points higher BMI (p = 0.039),
respectively, compared with low SES men. A one-point increase
in the proportion of married men was associated with a 4.2-point
higher BMI (p < 0.001) and a one-point increase in the propor-
tion of separated men with a 5.1-point higher BMI (p = 0.005),
compared with singles. While an increase of one point in the
proportion of men with medium and high education level was
associated with 1.0 points and 1.9 points (o < 0.05) higher BMI
than those with low education level, respectively (Table lll).

Regarding women, an increase of one point in the propor-
tion of those living in the center region of the country was
associated with 3.8 points (p = 0.02) less BMI compared to
women in the north region. And a one-point increase in the
proportion of married women was associated with a 4.1-point
higher BMI (p = 0.04) compared with single women (Table Ill).

INTERACTION BETWEEN AREA AND YEAR OF
BIRTH IN THE COMPLETE SAMPLE

In rural men, most of the birth cohorts (except 1977-1981) had
lower mean BMI (p < 0.05) compared to the oldest cohort (1957-
1961). In women the relationship was the opposite; in the cohorts
born in 1962-1966 and 1972-1976, they had a higher average
BMI (p < 0.05), compared with the older cohort. In the urban area,
the relationship is significantly opposite to that observed in the ru-
ral area, except in the 1977-1981 cohort for both men and wom-
en. The same trend was observed in the sub-sample (Table Ill).

ASSOCIATION OF DIET QUALITY AND BMI IN
MEN AND WOMEN IN THE SUB-SAMPLE OF
PLAUSIBLE ENERGY REPORTERS

In the men sub-sample, no significant association was observed
between BMI and diet quality, while in women was observed that an
increase in the proportion of the high diet quality category was sig-
nificantly associated with 4.1 BMI points less (p = 0.014) compared
to low diet quality (Table Ill). In addition, increasing the proportion
living in urban areas by one point in the 1957-1961 birth cohort was
associated with 6.4 points more BMI (kg/m?) on average (o= 0.002)
compared to women in the rural area.
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Tabla Il. Sociodemographic characteristics of the cohorts by sex

Males Females
n = 54 cohorts n = 54 cohorts
A Mean or Mean or
Characteristics proportion SD 95 % CI proportion SD 95 % ClI

Age (years)* 38.81 0.23 38.3,39.2 38.20 0.19 37.8,38.5*
Body mass index (kg/m?* 27.94 0.14 27.6,28.2 29.04 0.13 28.7,29.3*
Diet Quality (score)* 43.97 0.34 43.2,44.6 46.63 0.34 46.2,47.2¢
Under-reporting of energy 0.13 0.01 0.11,0.15 0.13 0.00 0.12,0.14
Area

Urban 0.77 0.01 0.75,0.79 0.77 0.00 0.75,0.79

Rural 0.23 0.01 0.20,0.24 0.23 0.00 0.20,0.24
Region

North 0.23 0.01 0.20,0.25 0.22 0.01 0.19,0.24

Center 0.30 0.01 0.27,0.32 0.30 0.01 0.27,0.32

Mexico city 0.18 0.01 0.15,0.20 0.18 0.01 0.15,0.20

South 0.29 0.01 0.26, 0.31 0.30 0.01 0.27,0.32
Socioeconomic status’

Low 0.27 0.01 0.24,0.29 0.26 0.00 0.24,0.27

Medium 0.31 0.01 0.28,0.33 0.33 0.01 0.30,0.34

High 0.42 0.01 0.38,0.44 0.41 0.01 0.38,0.44
Marital status

Single 0.18 0.01 0.15,0.19 0.15 0.00 013,017

Married/partnered 0.77 0.01 0.75,0.79 0.72 0.01 0.69,0.73*

Separated/widowed 0.05 0.00 0.03,0.06 0.13 0.00 0.11,0.14*
Employment

Yes 0.86 0.00 0.84,0.88 0.38 0.01 0.36, 0.40*

No 0.14 0.00 0.11,0.15 0.62 0.01 0.59,0.63*
Educatior®

Low 0.35 0.01 0.32,0.37 0.41 0.01 0.38,0.43*

Medium 0.35 0.01 0.32,0.37 0.33 0.01 0.31,0.35*

High 0.30 0.01 0.27,0.32 0.25 0.01 0.23,0.27*
Survey year

2006 0.30 0.01 0.27,0.31 0.36 0.01 0.33,0.37*

2012 0.37 0.01 0.33,0.39 0.34 0.01 0.31.0.36*

2016 0.33 0.01 0.30,0.36 0.30 0.01 0.28,0.33*
Birth cohort

1957-1961 0.14 0.00 0.12,0.15 0.13 0.00 0.11,0.13

1962-1966 0.16 0.00 0.14,0.18 0.18 0.00 0.16,0.19

1967-1971 017 0.00 0.15,0.19 017 0.00 0.15,0.18

1972-1976 0.19 0.01 0.17,0.21 0.18 0.00 0.16,0.20

1977-1981 0.18 0.01 0.15,0.20 0.15 0.00 0.14,0.16

1982-1986 0.16 0.00 0.14,0.18 0.19 0.00 0.16,0.20
Physical activity’

Active 0.69 0.01 0.66,0.72 0.56 0.01* 0.54,0.58

Moderately active 0.05 0.00 0.04,0.06 0.08 0.00 0.06, 0.09

Inactive 0.25 0.01 0.22,0.27 0.35 0.01* 0.22,0.27

*Means. "Tertiles of the principal component of household welfare conditions index. *Paid work activity in the last 7 days. °Schooling low: primary or less; medium.:
secondary; high: from high school or equivalent studies. “Active: > 300 minutes of moderate to vigorous activity per week; inactive: < 50 minutes per week; moderately
active: 150-300 minutes per week, including 98.6 % of the population with physical activity data. *p-value < 0.05.
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When the physical activity was included as a covariate in the
fixed effects model, adjusting for sociodemographic variables
and the interaction between area and year of birth, no statistically
significant association was found between diet quality and BMI in
the male and female cohorts, a one-point increase in the propor-
tion of men with moderately physical activity and inactive was as-
sociated with 5.2 points higher BMI (p = 0.001) compared with
active men in the complete sample. In the sub-sample, it was
observed that a one-point increase in the proportion of women
with a high diet quality index was associated with 4.3 points low-
er BMI (p = 0.007) compared to women in the low diet quality
index category and a one-point increase in the proportion of men
with moderately physical activity was associated with 4.6 points
higher BMI (p = 0.001) compared with active men (Table 1V).

DISCUSSION

In this study we analyzed the association of diet quality with body
mass index (BMI) in the adult population, using a pseudo-panel
approach. We found that, in women with plausible energy report-
ing, an increased proportion of women with high diet quality was
associated with lower BMI, compared with women with low diet
quality. This result is consistent with other studies that have de-
scribed an inverse association between diet quality and BMI in
women (29,30). It is possible that no association was found in the
complete sample because there is a high prevalence of those who
under-report energy intake (26 %), which does not allow for esti-
mating the real association of diet quality with BMI (31,32). Few
studies have analyzed the association between diet quality and
BMI using pseudo-panels and stratifying by sex, so it is not easy
to compare our results. In a study similar to ours, a direct associ-
ation was found between high-energy diet patterns and a higher
BMI (33). Similarly, the authors suggest that dietary components,
in addition to energy, play an important role in the increase of BMI.

Contrary to what has been described in some studies that
found a negative association between diet quality and BMI in men
and not in women (34,35) in our study we obtained this result
only in women, even when physical activity was added. These
differences could be due to the use of different methodologies to
obtain dietary patterns (36). It is also possible that, in men, some
components of the HEI-2015 are associated to a greater extent
with BMI or attenuate the association, as has been seen with
other health outcomes, such as type-2 diabetes, when excluding
some components of indices of diet quality, the association was
magnified or became non-significant (37). Another possibility is
that within the sociodemographic strata there are latent classes,
that is, the quality of the diet is inversely associated with the BMI,
only in some categories of the strata, as was observed in a study
Mexican adults, in which, inverse association was found only in
men with a low educational level (10) or in another study that
found an inverse association between the quality of the diet and
BMI only when it was categorized into high and low BMI (29).

We found disagreement regarding BMI by area of residence
since in men was observed that living in urban areas was sig-
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nificantly associated with a lower BMI compared to rural areas,
contrary to what has been described at the national level (25).
The fact that this opposite trend has been observed only in men
also emphasizes the importance of analyzing men and women
separately.

Among the limitations of this study, the fact that we did not
include more years of the survey stands out, because the method
of collecting diet in the ENSANUT was not the same before 2006,
S0 it was not was able to use a dynamic model with lags as rec-
ommended in pseudo-panel analysis (16); however, the model
that we used is a valid alternative when there are few points in
time but sufficient units of analysis (38).

Another limitation is that the method of obtaining physical
activity data is considered partially valid (39), so the role of
this variable in the relationship between diet quality and BMI
cannot be safely inferred. Possibly with the fixed effects model,
the variable is not fully controlled since physical activity can
change over time. However, in our study, when this variable was
included in the main model, the association did not change,
which could be a reflection that the relationship between diet
quality and BMI is significant, even when it cannot be controlled
by physical activity.

One of the strengths of this study is that the diet, anthro-
pometry, and sociodemographic data were obtained by trained,
standardized personnel and through validated instruments.
Similarly, the diet quality index we used was validated in adults
to explore diet quality about dietary recommendations and for
analysis of health outcomes including obesity (23). Another
strength is that the design of the surveys was considered, so
the results can be considered representative of the population
at the national level, and based on their design, they are com-
parable surveys.

Finally, the main strength of the pseudo-panel design concern-
ing a linear regression model is that it reduces the possibility of
bias due to the omission of variables that are fixed, since this
methodology controls for unobservable heterogeneity invariant
over time (28).

CONCLUSION

The increase in the quality of the diet was associated with a
decrease in the BMI in women when energy sub-reporters are
excluded. To our knowledge, this is one of the first national stud-
ies to analyze the association of diet quality with BMI in nationally
representative samples, using the pseudo-panel approach. Fur-
ther studies could analyze the association between diet quality
and BMI in specific strata such as area of residence, as well as
analyze the relationship with the components of HEI-2015. The
results of this study can serve as a reference for future analyzes
between diet and BMI, highlighting the importance of stratifying
the population by sex and sociodemographic characteristics, and
as an input for the creation of public policies that promote im-
proving diet quality to reduce overweight and obesity in Mexican
adult men and women.
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Abstract

Introduction: to explore the effect of individualized nutritional intervention on the nutritional status of patients with liver cancer after transcatheter
arterial chemoembolization (TACE).

Methods: 56 patients who underwent TACE in our hospital from March 2022 to March 2023 were selected as the study subjects. The patients
were randomly divided into a control group (28 cases) and an intervention group (28 cases). The control group received routine dietary intervention,
while the intervention group received individualized nutritional intervention. We analyzed the body mass index (BMI), nutritional risk screening
2002 (NRS 2002), nutritional status, liver function status, and incidence of complications in two groups of patients before TACE, 3 days after
TACE, and 1 month after TACE.

Results: on the third day after TACE, the nutritional related indicators of both groups of patients showed a significantly decrease compared to
those before TACE (p < 0.05), while the majority of liver function indicators significantly increased (p < 0.05). Compared with those at 3 days
after TACE, the nutritional status of the intervention group patients significantly improved (p < 0.05) and liver function indicators significantly
decreased (p < 0.05) 1 month after TACE. One month after TACE, all nutritional indicators in the intervention group were significantly higher than
those in the control group (p < 0.05), and AST was significantly lower than that in the control group (p < 0.05). The incidence of gastrointestinal
complications and electrolyte disorders in the intervention group were significantly lower than that in the control group (p < 0.05).

Conclusion: individualized nutritional intervention can effectively improve nutritional status, improve liver function, and reduce the incidence of
postoperative complications in liver cancer patients after TACE. It was worth promoting.
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Resumen

Introduccion: explorar el efecto de la intervencion nutricional individualizada sobre el estado nutricional de los pacientes con cancer de higado
después de la quimioembolizacion arterial (TACE).

Métodos: se seleccionaron como sujetos de estudio 56 pacientes sometidos a TACE en nuestro hospital entre marzo de 2022 y marzo de 2023.
Los pacientes se dividieron aleatoriamente en un grupo de control (28 casos) y un grupo de intervencion (28 casos). El grupo de control recibio
una intervencion dietética rutinaria, mientras que el grupo de intervencion recibié una intervencion nutricional individualizada. Se analizé el indice
de masa corporal (IMC), el cribado del riesgo nutricional 2002 (NRS 2002), el estado nutricional, el estado de la funcion hepatica y la incidencia
de complicaciones en dos grupos de pacientes antes de la TACE, 3 dias después de la TACE y 1 mes después de la TACE.

Resultados: al tercer dia después de la TACE, los indicadores relacionados con la nutricién de ambos grupos de pacientes mostraron una dis-
minucion significativa en comparacion con los de antes de la TACE (p < 0.05), mientras que la mayoria de los indicadores de la funcion hepatica
aumentaron significativamente (p < 0.05). En comparacion con los 3 dias después de la TACE, el estado nutricional de los pacientes del grupo
de intervencion mejor¢ significativamente (p < 0.05) y los indicadores de la funcion hepatica disminuyeron significativamente (p < 0.05) 1 mes
después de la TACE. Un mes después de la TACE, todos los indicadores nutricionales del grupo de intervencion fueron significativamente superiores
a los del grupo de control (p < 0.05), y la AST fue significativamente inferior a la del grupo de control (p < 0.05). La incidencia de complicacio-
nes gastrointestinales y trastornos electroliticos en el grupo de intervencion fue significativamente inferior a la del grupo de control (p < 0.05).

Conclusion: la intervencion nutricional individualizada puede mejorar eficazmente el estado nutricional, mejorar la funcion hepética y reducir la
incidencia de complicaciones postoperatorias en pacientes con cancer de higado tras TACE. Merece la pena promoverlo.

INTRODUCTION

Liver cancer usually refers to primary liver cancer (PLC), which is
one of the common cancers in China. Radical resection is the first
choice for the early treatment of primary liver cancer, but the postop-
erative recurrence rate is high, and the disease will deteriorate rapidly
once metastasis occurs, shortening the survival time of patients in the
later stage (1,2). Because liver cancer was not easily recognized by
patients, more than 80 % of patients have been classified as middie or
advanced stage when they were treated (3). At present, transcatheter
arterial chemoembolization (TACE) is the main treatment for advanced
liver cancer. TACE has the advantages of causing less trauma, being
simple to perform, and having a low cost and quick recovery (4,5).
Because TACE is characterized by repeated and multiple operations,
there are a variety of adverse reactions, such as postoperative liver
and kidney function impairment, post-embolization syndrome, nutrient
absorption disorders and metabolic abnormalities in the body, nausea
and appetite 10ss caused by chemotherapy drugs. Therefore, reason-
able nutritional support is particularly important to improve the quality
of life of liver cancer patients receiving TACE procedure. Relevant stud-
ies (6) have confirmed that patients with advanced liver disease can
benefit from long-term nutritional intervention. Nutritional support is not
limited to short-term nutritional support in the hospital, but long-term
nutritional guidance after discharge is more important, and nutritional
intervention should be carried out throughout the treatment period of
TACE for patients with advanced liver cancer. In this study, individual-
ized nutritional intervention was administered to patients with liver can-
cer after TACE to observe the changes of nutrition-related indicators
and evaluate the effect of the intervention. The specific intervention
methods and main research results were reported as follows.

METHODS

GENERAL INFORMATION

A total of 56 patients with primary liver cancer who received TACE
procedure within a limited period and were admitted to the Department

of Interventional Medicine of our hospital from March 2022 to March
2023 were included in the study, and the patients were divided into
a control group and an intervention group according to the random
number table method. There were 28 patients in the control group,
including 5 females and 23 males, aged 59.64 + 10.50 years. There
were 28 patients in the intervention group, including 5 females and 23
males, aged 55.82 + 13.65 years. The sex distribution and age were
comparable between the two groups, and there was no statistically
significant difference in the basic data. This study protocol has been
approved by the Ethics Committee of Biomedical Research Involving
Humans of The Second Affiliated Hospital and Yuying Children’s Hospi-
tal of Wenzhou Medical University (2022-K-250-02) and complies with
the Declaration of Helsinki. Both the investigator and the patient or their
entrustment provided signed informed consent.

INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria for patients were as follows; 1) Middle-late
clinical diagnosis of liver cancer. 2) The expression was clear, and the
consciousness was clear. 3) All patients were treated with TACE. 4)
Patients had no other major organ diseases or poorly controlled chron-
ic diseases or metabolic diseases. 5) The physical activity status (PS)
was 0-2 points, and the liver function Child classification was Grade
A or B. 6) Barcelona Clinic Liver Cancer (BCLC) is stage B or C. 7)
Patients who are able to adhere to nutritional therapy and interven-
tion for a long time, follow the guidance of nutritionists, and maintain
long-term followers. 8) Patients who volunteered to join the study and
provided informed consent. The exclusion criteria for patients were as
follows: 1) Complicated with heart, lung, kidney or other serious organ
dysfunction. 2) Treatments cannot be tolerated after TACE and serious
complications occur. 3) Patients with other malignant tumors.

TREATMENT METHODS

All patients in the 2 groups received TACE within a limited
time after admission. All TACE procedures were performed by

[Nutr Hosp 2024;41(3):649-656]
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the same interventional medicine doctor. After local anesthesia,
the right femoral artery or right radial artery was punctured, and
a catheter was inserted into the proper hepatic artery using the
modified Seldingers method. After angiography confirmed the
tumor-supplying artery, a microcatheter was superselectively ad-
vanced to the target vessel, and chemotherapy drugs “Oxaliplatin
+ Raltitrexed” (the specific dosage was determined based on
the body surface area and overall condition of the patient) were
infused. Then, embolization of the tumor-supplying artery was
performed using a mixture of epirubicin and iodized oil until the
tumor was completely stained.

Control group nutrition

Patients were given routine nutritional intervention during the pe-
riod of treatment, and nurses conducted nutritional risk screening
within 24 hours of admission. The screening was conducted accord-
ing to the Nutrition Risk Screening 2002 (NRS 2002) scale (7). If
the NRS-2002 score was < 3, the review was conducted weekly;
If NRS-2002 score was > 3, the doctor provided dietary guidance
and treatment to the patient, and the nutritional intervention followed
the five-step method (8). The responsible nurse provided health ed-
ucation and guidance once a week, explained dietary principles and
misunderstandings, etc., and was followed up for 30 days.

Nutritional measures in the intervention group

Individualized nutritional intervention was added on the basis
of the control group. A nutritional management group was es-
tablished, which included the director of the interventional ther-
apy department, the interventional therapy department manager,
the nutritionists, and the nutrition specialist nurses. The director
of the interventional therapy was responsible for training the
team members. The tube bed doctor was responsible for pa-
tient selection and treatment. The nutritionists investigated the
patients’ dietary status (dietary requirements and actual intake).
Patient-generated subjective global assessment (PG-SGA) was
used to evaluate the nutritional status of the patients. According
to the current nutritional status and usual dietary preferences
of patients, the selection of individualized nutrition intervention
programs and nutritional pathways was formulated. At the same
time, the patients were responsible for dietary guidelines during
treatment, and if necessary, oral nutrition solution was given to
supplement energy or intravenous nutritional supplemental ener-
gy. The nutritional program was dynamically adjusted according
to the blood test indices of the patients. The nutritionists adjusted
the patients’ diet according to the surgical nutrition guidelines
of the European Society for Parenteral Nutrition and the Clini-
cal Guidelines for Parenteral Nutrition of the Chinese Society of
Parenteral Nutrition (9,10). Nutrition specialist nurses were re-
sponsible for post-admission nutritional risk screening, bedside
dietary education, monitoring changes in electrolytes and patient
adverse reactions, and supervising the implementation of nutri-
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tion programs. After the patient was discharged from the hospital,
the nutritionist was responsible for the nutritional management of
the patient. After one-on-one telephone follow-up was adopted,
the nutritional intervention plan was adjusted according to the
recovery after TACE and diet of the patient, the wrong eating
habits were corrected, dietary guidance was provided, and the
patient was reminded to return to the doctor regularly. After dis-
charge, in order to ensure patient compliance, at least 1 patient
and his family member were added to the WeChat group, the
patient’s eating content was recorded every day, and the patient
was added to the WeChat group. Nutritionists provided reason-
able guidance according to the patients’ eating conditions, and
regularly promoted health-related knowledge after TACE to im-
prove patients’ self-management and nursing ability.

OBSERVATION INDICES
BMI

When hospitalized patients were admitted, their height and
weight were measured by fasting in the morning, and body mass
index (BMI) was calculated according to their height and weight.

Nutritional risk screening

The nutritional risk screening scale (NRS 2002) was used to
assess the nutritional risk of the patients before TACE, 3 days af-
ter TACE and 1 month after TACE. The screening scale consisted
of 3 parts, and the total score was the sum of the 3 parts, with
a total score of 7 points: impaired nutritional status score (0-3
points), disease severity score (0-3 points) and age score (total
score plus 1 point for those older than 70 years old). The total
score of screening > 3 indicates nutritional risk, and nutritional
programs need to be provided by a tube physician or nutritionist.
A total score of < 3 indicated no nutritional risk and the date
were reviewed one week later.

Nutritional and liver function related indicators

The electronic medical record system was used to query the
blood test results of patients before TACE, 3 days after TACE, and
1 month after TACE, including hemoglobin (Hb), prealbumin (PA),
total protein (TP), albumin (ALB), glutamic-pyruvic transaminase
(ALT), glutamic oxaloacetic transaminase (AST), alkaline phos-
phatase (ALP), glutamyl transpeptidase (GGT), total bilirubin (TBil)
and prothrombin time (PT), etc.

Incidence of complications

These complications included electrolyte disturbances (low
potassium concentration, low sodium concentration, low chlorine
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concentration), gastrointestinal complications (nausea, vomiting,
diarrhea, bloating, constipation), metabolic related complications
(hyperglycemia, low blood sugar), and abdominal or pleural ef-
fusion.

Child-Pugh grading

Child-Pugh classification is based on clinical biochemical in-
dicators such as hepatic encephalopathy, ascites, TBil, albumin,
prolonged prothrombin time, etc., and scores of 5-6 are classi-
fied as grade A, 7-9 as grade B, and 10-15 as grade C.

STATISTICAL ANALYSIS

The SPSS 22.0 statistical software was used. The measure-
ment data of normal distribution were presented as (x= s). The
t test of two independent samples was used for comparison be-
tween groups. The repeated measurement data were analyzed
by A one-way analysis of variance (ANOVA) with replicate mea-
surements. Counting data were shown as cases (%), and the
2 test was used for inter-group comparison. The Wilcoxon rank
sum test was used for rank information. p < 0.05 was consid-
ered to be statistically significant.

RESULTS

COMPARISON OF RELEVANT INDICATORS
BEFORE INTERVENTION BETWEEN THE
2 GROUPS

There were no statistically significant differences in age, BMI,
NRS or Child-Pugh score between the control group and the in-
tervention group before intervention, as shown in table I.

COMPARISON OF NUTRITIONAL RISK
SCREENING BEFORE AND AFTER
INTERVENTION BETWEEN 2 GROUPS

There were 6 patients (21.43 %) with NRS scores > 3 in
the intervention group and 5 patients (17.86 %) in the control
group before the TACE, and there was no significant difference
between the two groups (x?= 0.113, p = 0.737). One month

Q. Sunetal.

after TACE, there were 5 patients (17.86 %) with NRS > 3 in the
intervention group and 7 patients (25.0 %) with NRS > 3 scores
in the control group, and there was no significant difference
between the two groups (c?= 0.424, p = 0.515).

COMPARISON OF RELATED INDICES OF
NUTRITION IN THE 2 GROUPS BEFORE AND
AFTER INTERVENTION

According to the overall analysis (two-factor repeated-mea-
sures ANOVA), the difference in the time effect of each index was
statistically significant (p < 0.05). Pound-wise comparison was
combined with the main data analysis: Intra-group comparison:
the nutrition-related indexes of patients in the control group and
intervention group decreased first and then increased with the
progress of treatment time, and significantly decreased 3 days
after TACE compared with before TAGE (p < 0.05); The nutritional
indexes of the intervention group were significantly increased 1
month after TACE compared with 3 days after TACE (p < 0.05).
Comparison between groups: The indexes of the intervention
group were similar to those of the control group before TACE,
and significantly improved compared with those of the control
group 1 month after TACE (p < 0.05). The detailed comparison
results are shown in table II.

COMPARISON OF LIVER FUNCTION INDICES
BEFORE AND AFTER INTERVENTION IN THE
2 GROUPS

According to the overall analysis (two-factor repeated-mea-
sures ANOVA), the difference in the time effect of each index was
statistically significant (p < 0.05). Pound-wise comparisons were
combined with the main data analysis: Intragroup comparisons:
the liver function indexes of patients in the control group and the
intervention group increased first and then decreased with the
progress of intervention time, and showed a significant increase
3 days after TACE compared with before TACE, with statistical sig-
nificance for most of the indexes (p < 0.05). The relevant indexes
of liver function in the intervention group were significantly de-
creased 1 month after TACE compared with 3 days after TACE (p <
0.05). Intergroup comparisons: All the indexes of the intervention
group were similar to those of the control group before TACE; the
ALT level in the intervention group decreased significantly com-
pared that in the control group at 3 days after TACE (p < 0.05).

Table I. Comparison of the basic conditions of patients in the 2 groups before TACE

NRS >3 Child-Pugh A Child-Pugh B
Group n | Age (Xt s, year) | BMI (x+ s, kg/m?) In (%)] In (%)] In (%)]
Control group 28 59.64 +10.50 22.81+£2.70 5(17.86) 25 (89.29) 3(10.71)
Intervention group | 28 55.82 + 13.65 22.37 + 3.64 6 (21.43) 25 (89.29) 3(10.71)

[Nutr Hosp 2024;41(3):649-656]
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Table Il. Comparison of nutrition-related indexes in 2 groups of patients with liver cancer
who underwent TACE before and after procedure (X s)

Group Time Hb (g/L) PA (mg/L) TP (g/L) ALB (g/L)
preoperative 123.61 +15.40 166.71 + 63.30 66.58 + 7.31 37.63 +4.71
3 days later 109.36 + 15.822 124.25 + 53.272 62.29 + 6.00° 33.95 + 593
Control group
1 month later 117.14 + 20.64 180.29 + 59.65° 68.12 + 9.09° 37.39 £ 5.40°
preoperative 128.04 + 21.61 174.82 + 54.26 66.49 + 5.83 38.07 + 4.62
3 days later 114.25 + 21.022 130.82 + 43.712 61.04 + 4.58 34.61 + 4.46°
Intervention group
1 month later 132.18 + 19.00* 224.07 + 58.45%* 73.13 £ 5.02% 40.94 + 3.80%
Group FP 3.405, 0.07 2.294,0.136 0.718,0.4 100.905, 2.049
Time FP 141.575, < 0.001 152.461, < 0.001 123.154, < 0.001 79.369, < 0.001
Time x Group FP 1.912,0.158 2.857,0.066 6.842, 0.002 2.645,0.08

2Compared with the same group before TACE, p < 0.05; *Compared with the same group 3 days after TACE, p < 0.05. *Compared with control group, p < 0.05.

The AST level in the intervention group was significantly improved
compared with the control group, with statistical significance at
1 month after TACE (p < 0.05). The detailed comparison results
are shown in table IIl.

COMPARISON OF COMPLICATION RATES AND
CHILD-PUGH RATING BETWEEN THE
2 GROUPS

The results showed that there were statistically significant
differences in gastrointestinal complications and electrolyte
disorders between the control group and the intervention group
(p < 0.05), while there were no statistically significant differences
in metabolic complications or pleural or peritoneal effusion. The

results of Child-Pugh grading showed that there was no signifi-
cant difference in the intervention effect between the intervention
and control groups as shown in table IV.

DISCUSSION

According to statistics, the annual number of new cases of liv-
er cancer in China ranks the fourth among malignant tumors and
the number of deaths due to liver cancer ranks the second (11).
If liver cancer is not treated in time, multiple metastases may
occur in severe cases, and patients may even progress to liver
failure and multiple-organ failure (12,13). With the progression of
the disease, the gastrointestinal symptoms of patients with liver
cancer become increasingly serious, and their nutritional status

Table Ill. Comparison of liver function related indexes before and after intervention in

2 groups (X= s)

Group Time ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L) Tbil (umol/L)
Preoperative 39.61 +12.17 43.32 +21.54 129.18 + 52.30 101.49 + 32.3 15.41 +5.34
3 days later 179.96 + 37.02° 190.75 £ 26.70* | 172.93 +45.112 | 134.04 + 46.73? 18.87 = 5.272
Control group
1 month later 43.96 + 20.57° 60.04 + 19.48® 131.68 £ 45.93° | 99.14 + 28.83" 17.94 + 4.63
Preoperative 4218 +13.27 39.17 + 161 122.57 + 46.21 105.04 + 28.19 16.90 + 5.63
3 days later 156.36 + 44.38¢ 175.89 + 30.18* | 156.96 + 46.72® | 111.68 + 50.66 19.73 +6.80
Intervention group
1 month later 39.75 + 17.20° 39.39 + 17.43" 125.21 £53.90° | 84.00 + 30.77® 17.67 + 5.06
Group FP 4.166, 0.046 16.335, < 0.001 0.793,0.377 2.210,0.143 0.393,0.533
Time FP 248.421,<0.001 | 667.334,<0.001 | 64.821,<0.001 | 10.463, < 0.001 6.976, 0.002
Time x Group FP 2.830, 0.068 1.841,0.167 0.946, 0.395 5.175,0.009 0.567, 0.556

aCompared with the same group before TACE, p < 0.05, "Compared with the same group 3 days after TACE, p < 0.05. *Compared with control group, p < 0.05.
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Table IV. Comparison of complication rate and Child-Pugh rating between 2 groups

[N (%)]

Index Control group (n = 28) Intervention group (n = 28) Va4 P
Gastrointestinal complication 24 (85.71) 16 (57.14) 5.6 0.018
Metabolic complication 2(714) 1(3.57) 0.352 0.553
Electrolyte disturbance 22 (78.57) 9(32.14) 12.212 < 0.001
Pleural and abdominal fluid 5(17.86) 3(10.71) 0.583 0.445
Child-Pugh

A 23 (82.14) 26 (92.86)
B 5(17.86) 2(714) -1.201 0.230
C 0 (0.00) 0 (0.00)

becomes increasingly worse (14). With the continuous decline in
liver function, patients experience different degrees of malnutri-
tion, which has adverse effects on the prognosis of the disease
(15). Therefore, it is necessary to strengthen nutritional guidance
for patients with liver cancer and administer reasonable and ef-
fective nutritional treatment. We established a nutritional treat-
ment team, implemented individualized nutritional management,
and strengthened discharge nutrition tracking and follow-up,
which significantly improved the nutritional status of the patients.

In clinical practice, the nutritional status of patients with pri-
mary liver cancer cannot be ignored. For liver cancer patients in
poor physical condition who cannot undergo surgical resection,
percutaneous radiofrequency ablation or liver transplantation,
TACE can be considered, and TACE has better therapeutic effica-
cy and advantages in the treatment of liver cancer (16). Due to
the characteristics of TACE treatment, such as minimal invasion
and quick recovery, there are few reports on the nutritional sta-
tus of liver cancer patients after TACE, which is easy for doctors
and patients to ignore. However, due to the need for repeatable
TACE treatment, we found in clinical work that many liver cancer
patients gradually begin to experience a decrease in surgical tol-
erance after TACE, and problems such as prolonged retreatment
intervals, prolonged recovery time, and prolonged hospital stays
exist. In this paper, the effects of individualized nutritional inter-
vention on TACE patients were studied.

Prealbumin is a commonly used indicators to evaluate the nu-
tritional status of patients with digestive tract tumors (17) and is
synthesized mainly by the liver. Prealbumin is a prerequisite for
albumin concentration and is strongly affected by liver function
reserve and eating conditions. In this study, statistical analysis
of prealbumin before TACE showed no significant difference be-
tween the two groups. One month after individual intervention,
the prealbumin level in the intervention group was significantly
greater than that in the control group, and the difference was sta-
tistically significant, indicating that the prealbumin liver function
reserve was basically the same between the two groups before
intervention. The level prealbumin level increased after individ-

ualized intervention, and individualized nutritional intervention
improved the prealbumin level (p < 0.05), which was consis-
tent with the results reported by Tao Minjie (18). The serum ALB
concentration is an important index for the clinical evaluation of
protein status. This study revealed that there was no statistically
significant difference in the pre-TACE serum ALB concentration
between the two groups. After 1 month of individualized interven-
tion, the levels of the nutrition-related indexes albumin and total
protein in the intervention group were significantly greater than
those in the control group (p < 0.05). Individualized interven-
tion was more effective than conventional nutritional interven-
tion was, which can be attributed to the professional guidance
of nutritionists, the implementation of plans by nutrition nurses
and out-of-hospital tracking, the correction of patients’ unhealthy
eating habits, the guidance of patients’ rational eating, the pro-
motion of nutrient intake and absorption, and the improvement
of nutritional status (19). These findings could lead to additional
opportunities for follow-up treatment. These findings also sug-
gested that nutritional therapy plays an indispensable role in the
treatment of tumors in patients. Three days after TACE, the nu-
trition-related indexes of patients in both the control group and
the intervention group were significantly lower than those before
TACE. This finding indicates that although TACE is a minimally in-
vasive procedure, eating can be resumed as soon as possible af-
ter TACE, but it can cause different degrees of damage to human
nutrition and worsen nutritional status. Although some nutritional
indices can be restored to the preoperative state by convention-
al dietary guidance 1 month after TACE, it is unknown whether
the patients can tolerate multiple TACE procedure. After 1 month
of individual intervention, the nutritional status of the patients
significantly improved compared with that before TACE, which
provided additional opportunities for multiple TACE procedure.
The liver is involved in the metabolism and synthesis of nutri-
ents in the human body. Liver cancer causes liver damage, thus
affecting the metabolism and absorption of macronutrients (car-
bohydrates, proteins, fats), vitamins, trace elements and other
substances (20). Liver function was mainly assessed by ALT, AST,
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GGT and other indices. Understanding liver health status is highly
valuable for the diagnosis, treatment, outcome and prognosis of
patients with primary liver cancer (21). After TACE, the liver func-
tion indexes of the two groups increased significantly, indicating
that TACE caused some damage to liver function. The ALT level
in the intervention group was significantly lower than that in the
control group 3 days after TACE. At 1 month after TACE, the AST
level in the intervention group was significantly lower than that
in the control group. These findings indicate that individualized
nutritional intervention can effectively protect liver function and
reduce liver damage caused by TACE.

The Child-Pugh classification is a commonly used clinical
grading standard for assessing liver function reserve, with a
total score of 5-15 points, which is categorized into A, B and
C according to the scores from low to high, and the higher
the score, the worse the liver function reserve. Before the nu-
tritional intervention, 89.29 % of patients in both the control
and intervention groups had a Child-Pugh grade A liver func-
tion score, and 10.71 % of patients were rated as Child-Pugh
grade B. After 1 month of nutritional intervention, the proportion
of patients with Child-Pugh A grade increasing as well as the
proportion of patients with Child-Pugh B grade decreasing in
the intervention group, while the control group was just the op-
posite, with the proportion of patients with Child-Pugh A grade
decreased and the proportion of patients with Child-Pugh B
grade increased in the control group, which indicated that TACE
had a bad effect on the liver functional reserve of hepatocel-
lular carcinoma patients, although the difference is not yet
statistically significant, but the number of Child-Pugh class A
accounted for more in the intervention group (92.86 %) than in
the control group (82.14 %), which may be related to the rise
of albumin and improvement of ascites in some of the patients
in the intervention group after the nutritional intervention, and
the difference is not significant, which may be related to the
shorter intervention time.

In the intervention group, through the implementation of indi-
vidualized nutritional intervention, several liver function indexes
improved significantly and quality of life improved, which could
further improve the follow-up treatment efficacy. The results of
this study showed that nutritional intervention could significantly
improve the nutritional status of patients, but the impact on liver
function was relatively small, possibly because the recovery of
liver function impairment took a long time.

Although individualized nutritional intervention was adopted
in this study, the NRS-2002 scores did not change significantly
between the two groups, possibly because the disease and age
scores in the evaluation table did not change with the changes in
treatment regimen. Complications such as nausea and vomiting
gradually resolved 1 month after TACE. Eating resumed, with little
change in weight. Therefore, the NRS-2002 can be used as a tool
for nutritional risk screening, and other more accurate and sensi-
tive assessment tools are needed to assess the nutritional status
of patients. These include the malnutrition universal screening
tool (MUST), the Patient Subjective Global Assessment Scale (PG-
SGA), and the Global Leadership Initiative on Malnutrition (GLIM).

[Nutr Hosp 2024;41(3):649-656]

This study included professional identification and monitoring
of complications. Nutritional intervention can be scientific, indi-
vidual and professional. Nutrition nurses can quickly identify gas-
trointestinal complications and effectively prevent and control the
occurrence of nausea, vomiting, diarrhea, constipation and ab-
dominal distension. Nurses monitored blood glucose fluctuations
and electrolyte changes in real time, and performed timely inter-
vention and treatment to reduce the incidence of complications
in the intervention group. Therefore, in the treatment of patients
with primary liver cancer, in addition to TACE, nutrition nurses
should be set up to pay attention to monitoring and preventing
the occurrence of nutrition-related complications.

This study has certain limitations, including a relatively small
sample size, short observation time, and single nutritional eval-
uation index, which may lead to partial bias in the results. Fol-
low-up studies should increase the clinical sample size, increase
the detection indicators, further analyze and study the effect of
individualized nutritional intervention for patients with liver can-
cer after TACE, and provide more comprehensive data and the-
oretical support for the treatment and rehabilitation of patients
with liver cancer after TACE.

In summary, individualized nutritional intervention can ef-
fectively improve the nutritional status of patients after TACE,
improve liver function status, and reduce the incidence of com-
plications; thus, this treatment has good clinical application pros-
pects and is worthy of clinical promotion.
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Causal effect of sarcopenia-related traits on the occurrence and prognosis of breast

cancer — A bidirectional and multivariable Mendelian randomization study
Efecto causal de los rasgos relacionados con la sarcopenia sobre la aparicion y el pronostico del
cancer de mama: estudio de aleatorizacion mendeliana bidireccional y multivariable
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Abstract

Background and aims: although sarcopenia is associated with several types of cancer, there is limited research regarding its effect on breast
cancer. We aimed to explore the causality between sarcopenia-related traits and the incidence and prognosis of breast cancer.

Methods: two-sample bidirectional and multivariate Mendelian randomization (MR) analyses were utilized in this study. Genome-wide association
studies were used to genetically identify sarcopenia-related traits, such as appendicular lean mass, grip strength of both hands, and walking pace.
Data on the incidence and prognosis of breast cancer were collected from two extensive cohort studies. Multivariate MR analysis was used to adjust
for body mass index, waist circumference, and whole-body fat mass. The primary method used for analysis was inverse-variance weighted analysis.

Results: a significant association was found between appendicular lean mass and ER- breast cancer (OR = 0.873, 95 % Cl: 0.817-0.933, p=

6.570 x 1079). Increased grip strength of the left hand was associated with a reduced risk of ER- breast cancer (OR = 0.744, 95 % Cl: 0.579-

Keywords: 0.958, p = 0.022). Stronger grip strength of the right hand was associated with prolonged survival time of ER+ breast cancer patients (OR =

_ 0.463, 95 % Cl: 0.242-0.882, p = 0.019). In the multivariable MR analysis, appendicular lean mass, grip strength of both hands, and walking
Eeﬁ:?:gctf;f:rhis:gggﬁﬁ'a’ pace were still genetically associated with the development of total breast cancer and ER-/+ breast cancer.

Causal relationship. Conclusions: several sarcopenia-related traits were genetically associated with the occurrence and prognosis of breast cancer. It is crucial for
Mendelian randomization. elderly women to increase their strength and muscle mass to help prevent breast cancer.
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Resumen

Antecedentes y objetivos: aunque la sarcopenia se asocia a multiples tipos de cancer, los estudios sobre sus efectos sobre el cancer de
mama son limitados. Nuestro objetivo es explorar la relacion causal entre las caracteristicas relacionadas con la sarcopenia y la incidencia y el
prondstico del cancer de mama.

Método: este estudio utilizo un andlisis de aleatorizacion mendeliana (MR) bidireccional y multivariable de doble muestra. Los estudios de
asociacion genémica completa se utilizan para identificar genéticamente caracteristicas relacionadas con la sarcopenia, como la masa magra
apendicular, la fuerza de agarre de las manos y la velocidad al caminar. Los datos de incidencia y prondstico del cancer de mama provienen de
dos amplios estudios de cohortes. El andlisis de MR multivariable se utilizo para ajustar el indice de masa corporal, la circunferencia de la cintura
y la masa grasa corporal total. El principal método de andlisis fue el analisis ponderado por ANOVA inverso.

Resultados: la masa magra apendicular se asocio significativamente al cancer de mama ER- (OR = 0,873, IC 95 %: 0,817-0,933, p = 6,570
x 109), el aumento de la fuerza de agarre del lado izquierdo se asoci6 a una disminucion del riesgo de cancer de mama ER- (OR = 0,744, IC
95 %: 0,579-0,958, p=0,022) y el aumento de la fuerza de agarre del lado derecho se asocid a una mayor supervivencia de los pacientes con
cancer de mama ER+ (OR = 0,463, IC 95 %: 0,24-0,882, P=0,019). En el andlisis MR multivariable, la masa magra apendicular, la fuerza de
agarre de ambas manos y la velocidad al caminar mantuvieron su asociacion genética con la aparicion del cancer de mama total y del cancer
de mama ER-/+.

Conclusion: varios rasgos relacionados con la sarcopenia tienen correlacion genética con la aparicion y el prondstico del cancer. Mejorar la
fuerza y la masa muscular de las mujeres mayores es fundamental para ayudar a prevenir el cancer de mama.

INTRODUCTION

Breast cancer is one of the three most common types of can-
cer worldwide, alongside lung and colon cancer (1). It has a high
incidence, with approximately one in every eight to ten women
developing breast cancer at some point in their lifetime (1). In
2020, the United States alone reported over 276,000 new cases
of invasive breast cancer and over 48,000 cases of noninva-
sive breast cancer, according to data from the National Cancer
Foundation (2). Despite numerous studies conducted on breast
cancer, its incidence rate continues to rise, making it the leading
cause of disease burden among women (3). Additionally, breast
cancer is the second leading cause of death among females,
underscoring the importance of further studying its risk factors
(4). Various factors, including physical activity, hormones, and
circulating lipids, have been proven to be associated with the
occurrence and progression of breast cancer (5). Recent studies
have indicated a potential association between sarcopenia and
breast cancer, likely stemming from age-related muscle mass
reduction, which is a significant risk factor in the elderly popu-
lation (6,7).

Sarcopenia is a syndrome characterized by the progressive
loss of skeletal muscle volume, strength, and function, which
has been demonstrated to be associated with the development
of various diseases (8). There is a strong association between
sarcopenia and a higher risk of experiencing several detrimental
health outcomes, including more severe postoperative compli-
cations, lower overall and progression-free survival rates, and
extended hospital stays (9). In cancer patients, muscle mass is
generally reduced, which is considered a crucial factor in pre-
dicting adverse clinical outcomes (10). Moreover, sarcopenia is
closely linked to several types of cancer, such as esophageal,
gastric, pancreatic, colorectal, and breast cancer (11). These
studies highlight a significant correlation between sarcopenia
and human diseases, particularly cancer.

Mendelian randomization (MR) is widely recognized as a
credible method for elucidating causal relationships between
exposures and outcomes, effectively controlling for confounding

factors and avoiding reverse causation (12). By capitalizing on
the natural randomness of alleles during meiosis, MR analysis
can reveal the causal associations between exposures and out-
comes. Single nucleotide polymorphisms (SNPs) serve as instru-
mental variables (IVs) in MR studies, as they are not influenced
by potential environmental confounders or disease status (13).
However, there remains a lack of MR investigations into the caus-
al effects of sarcopenia-related traits on the incidence and prog-
nosis of breast cancer. Therefore, we employed genetic variants
strongly linked to sarcopenia-related traits to estimate the effects
on breast cancer using two-sample bidirectional and multivari-
able MR analyses.

MATERIALS AND METHODS

STUDY DESIGN

Two-sample bidirectional and multivariate MR analyses were
employed in this study based on the STROBE-MR statement (12).
The MR analysis is based on the following three assumptions:
a) assumption 1: the genetic IVs used in the analysis are strong-
ly associated with the sarcopenia-related traits under investi-
gation; b) assumption 2: the genetic IVs are not influenced by
confounding factors that could introduce bias into the analysis;
and c) Assumption 3: the genetic IVs solely affect the outcome
through the exposure being studied and do not operate through
other paths (14) (Fig. 1). The Mendelian randomization-Egger
(MR-Egger), weighted median, heterogeneity test, pleiotropy test,
and Mendelian randomization pleiotropy residual sum and outlier
(MR-PRESSO) methods were performed to assess the reliability
of the associations and investigate the potential presence of hor-
izontal pleiotropy in the IVs. Pleiotropy and heterogeneity tests
were conducted to assess whether the genetic Vs exhibited
pleiotropy or heterogeneity. By detecting and addressing outliers,
the MR-PRESSO method helped improve the robustness and ac-
curacy of the causal estimates obtained in the MR analysis (15).
To assess the influence of outlying and pleiotropic SNPs on the
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results, we conducted a leave-one-out sensitivity test. Since body
mass index (BMI), waist circumference, and whole-body fat mass
were the related confounding factors for sarcopenia-related traits
and breast cancer, multivariate MR analysis was conducted to
effectively control for possible confounding factors.

DATA SOURCE

Sarcopenia-related traits such as appendicular lean mass, hand
grip strength (right and left), and walking pace were used as the
exposures in this study. Appendicular lean mass is considered a re-
liable indicator of muscle mass (16). Appendicular lean mass data
were calculated using bioelectrical impedance analysis with a large
cohort of European individuals (n = 450,243), while also adjust-
ing for appendicular fat mass and other covariates to account for
potential confounding factors (16). Grip strength has been widely
recognized as an important indicator of sarcopenia (17). The grip
strength data were collected from 461,089 individuals of European
descent for right-hand grip strength and 461,026 individuals for
left-hand grip strength after adjusting for age and sex (18). Mean-
while, the data on walking pace were obtained from the summa-
ry-level statistic, which included 459,915 individuals of European
ancestry (19). Genetic association summary statistics for breast
cancer risk were obtained from two consortia: the Breast Cancer
Association Consortium (BCAC), which consisted of 68 studies,
and the Discovery, Biology, and Risk of Inherited Variants in Breast
Cancer Consortium (DRIVE) (20). The study included data on the
risk and survival time of breast cancer, including breast cancer
(cases = 122,977, controls = 105,974), ER+ breast cancer (cas-
es = 69,501, controls = 105,974), ER- breast cancer (cases =
21,468, controls = 105,974), survival time of breast cancer (cases
= 2,900, controls = 35,054), ER+ breast cancer (cases = 1,333,
controls = 21,726), and ER- breast cancer (cases = 920, controls
=5,961) (20,21). Detailed information about the data sources can
be found in supplementary table | (https://www.nutricionhospita-
laria.org/anexos/05139-01.pd).

SELECTION OF GENETIC IVs

The IVs were selected based on rigorous criteria to ensure
a strong correlation with sarcopenia-related traits. SNPs that
showed a significant association (p-value < 5 x 108) with
the traits were considered potential IVs. To avoid potential
bias caused by linkage disequilibrium (LD), SNPs that might
have existing LD were removed. The criteria for removal in-
cluded a low possibility of LD (R? < 0.001) and a longer
physical distance between the SNPs (> 10,000 kb) (22). The
criterion of an F value (F = Beta? / SF?) greater than 10
was used to validate the IVs in this study and avoid poten-
tial bias caused by weak instruments. Additionally, the Vs
selected for this study underwent a thorough examination
on the PhenoScanner website (http://www.phenoscanner.
medschl.cam.ac.uk/) to account for any pleiotropic effects.
The details of the IVs used in this study are presented in
supplementary table Il (https://www.nutricionhospitalaria.
org/anexos/05139-01.pdf).

STATISTICAL ANALYSIS

All analyses were performed using the R software (Version
4.2.1). All analyses were based on the “TwoSampleMR” (Version
0.5.6) and “MR-PRESSO” (Version 1.0) R packages. The Bonfer-
roni-corrected significance level of p < 0.002 (0.05 / 24) was
utilized to avoid bias (23). A p-value between 0.002 and 0.05
was considered a suggestive association. A p-value larger than
0.05 indicated that there was no statistical association between
the corresponding exposures and outcomes.
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All GWAS summary statistics data in this study are publicly
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Table I. Causal association between sarcopenia-related traits and breast cancer
Exposure Outcome Method | Number of IVs OR (95 % CI) p-value

VW 609 0.992 (0.942, 1.044) 0.751
Breast cancer WM 609 1.000 (0.947,1.056) 0.993
MR Egger 609 1,019 (0.903, 1.148) 0.764
VW 609 1.023 (0.968, 1.082) 0.415
g‘;f]er?gg:'ar ER+ breast cancer WM 609 1,027 (0.964, 1.094) 0.410
MR Egger 609 1.076 (0.945, 1.224) 0.269

VW 609 0.873(0.817,0.933) 6.570 x 10°

ER- breast cancer WM 609 0.845 (0.777, 0.920) 1.058 x 10

MR Egger 609 0.860 (0.735, 1.005) 5.811E-02

VW 161 0.979 (0.811,1.183) 0.826
Breast cancer WM 161 0.917 (0.771,1.091) 0.330
MR Egger 161 0.673 (0.337, 1.347) 0.265
VW 161 1.013 (0.825, 1.244) 0.903
?tigr?g%rrli[zright) ER+ breast cancer WM 161 1.065 (0.879, 1.289) 0.522
MR Egger 161 0.772 (0.362, 1.645) 0.503
VW 161 0.843 (0.662,1.074) 0.167
ER- breast cancer WM 161 0.766 (0.584, 1.004) 0.054
MR Egger 161 0.511 (0.210, 1.244) 0.141
VW 145 0.936 (0.764, 1.146) 0.522
Breast cancer WM 145 0.910 (0.762, 1.086) 0.296
MR Egger 145 0.608 (0.277, 1.335) 0.217
VW 145 1.006 (0.809, 1.252) 0.955
Etigr?g%rr]i%eﬂ) ER+ breast cancer WM 145 1,028 (0.843, 1.255) 0.784
MR Egger 145 0.791 (0.338, 1.848) 0.589
VW 145 0.744 (0.579, 0.958) 0.022
ER- breast cancer WM 145 0.751 (0.561, 1.003) 0.053
MR Egger 145 0.368 (0.139, 0.973) 0.046
VW 53 0.731(0.460, 1.161) 0.184
Breast cancer WM 53 0.541 (0.381, 0.767) 0.001
MR Egger 53 0.769 (0.116, 5.104) 0.786
VW 53 0.719 (0.440,1.173) 0.186
Walking pace ER+ breast cancer WM 53 0.491 (0.319, 0.754) 0.001
MR Egger 53 0.898 (0.121, 6.646) 0.917
VW 53 0.824 (0.410,1.658) 0.588
ER- breast cancer WM 53 0.927 (0.476, 1.803) 0.823
MR Egger 53 0.786 (0.044, 13.921) 0.870

95 % Cl: 95 % confidence interval; IV: instrumental variables, IVW: inverse-variance weighted; OR: odds ratio; WM: weighted median.
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Table ll. Causal association between sarcopenia-related traits and survival time
of breast cancer
Exposure Outcome Method | Number of IVs OR (95 % CI) p-value
VW 597 0.971 (0.861, 1.096) 0.633
Survival time of breast cancer WM 597 1.065 (0.874, 1.298) 0.534
MR Egger 597 1.119 (0.849, 1.476) 0.425
VW 596 0.918 (0.766, 1.099) 0.349
égﬂe;‘j;g:'ar Survival time of ER+ breast cancer WM 596 0.923 (0.695, 1.225) 0.578
MR Egger 596 0.890 (0.589, 1.344) 0.578
VW 597 1.061 (0.855, 1.316) 0.592
Survival time of ER- breast cancer WM 597 1.383 (0.986, 1.941) 0.061
MR Egger 597 1.206 (0.735,1.981) 0.459
VW 163 0.899 (0.584, 1.385) 0.630
Survival time of breast cancer WM 163 0.812 (0.431, 1.528) 0.518
MR Egger 163 1.738(0.331,9.127) 0.514
VW 163 0.463 (0.242, 0.882) 0.019
gtiggg?rzi?right) Survival time of ER+ breast cancer WM 163 0.577 (0.211,1.579) 0.284
MR Egger 163 3.308 (0.277, 39.553) 0.346
VW 163 1.099 (0.050, 24.044) 0.361
Survival time of ER- breast cancer WM 163 1.656 (0.545, 5.030) 0.373
MR Egger 163 1.451 (0.653, 3.222) 0.952
VW 149 0.879 (0.558, 1.383) 0.577
Survival time of breast cancer WM 149 0.678 (0.341, 1.351) 0.269
MR Egger 149 0.987 (0.164, 5.927) 0.989
VW 149 0.525 (0.267, 1.033) 0.062
;fggg%i%eﬂ) Survival time of ER+ breast cancer WM 149 0.568 (0.207, 1.557) 0.271
MR Egger 149 0.502 (0.034, 7.371) 0.616
VW 149 0.975 (0.404, 2.348) 0.954
Survival time of ER- breast cancer WM 149 1.498 (0.431, 5.214) 0.525
MR Egger 149 3.818 (0.116, 126.131) 0.454
VW 55 0.651 (0.243,1.746) 0.394
Survival time of breast cancer WM 55 0.527 (0.137,2.019) 0.350
MR Egger 55 4.070 (0.045, 365.620) 0.543
VW 55 1.311(0.309, 5.565) 0.714
Walking pace Survival time of ER+ breast cancer WM 55 1.058 (0.120, 9.355) 0.959
MR Egger 55 1.743 (0.002, 1400.155) 0.871
VW 56 0.284 (0.049, 1.629) 0.158
Survival time of ER- breast cancer WM 56 0.081 (0.007, 0.900) 0.041
MR Egger 56 0.029 (1.219 x 10, 70.757) 0.379

95 % ClI: 95 % confidence interval; IV: instrumental variables; IVW: inverse-variance weighted; OR: odds ratio; WM: weighted median.
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RESULTS

TWO-SAMPLE BIDIRECTIONAL MR ANALYSIS

The IVW results revealed associations between sarcope-
nia-related traits and breast cancer. Specifically, appendicular
lean mass was found to be associated with the occurrence of
ER- breast cancer (OR = 0.873, 95 % Cl: 0.817-0.933, p =
6.570 x 1079). Additionally, the grip strength of the right hand
showed an effect on the survival time of ER+ breast cancer (OR
= 0.463, 95 % Cl: 0.242-0.882, p = 0.019), while the grip
strength of the left hand was associated with the occurrence
of ER- breast cancer (OR = 0.744, 95 % Cl: 0.579-0.958,

Z. He et al.

p = 0.022). However, no evidence was observed for other sar-
copenia-related traits and breast cancer in the MR analysis.
Reverse MR analysis revealed a significant association be-
tween the occurrence of breast cancer and lower grip strength
in the right hand (OR = 0.990, 95 % CI: 0.980-1.000, p =
0.043). Furthermore, the survival time of ER-negative breast
cancer was found to be significantly associated with walking
pace (OR = 0.998, 95 % ClI: 0.996-1.000, p = 0.026). There
were no significant associations of the occurrence and progno-
sis of breast cancer with other sarcopenia-related traits. Tables
| and I, supplementary table Ill (https://www.nutricionhospita-
laria.org/anexos/05139-01.pdf), and figures 2 and 3 present
the results of the two-sample bidirectional MR analysis.

Table Ill. Influence of sarcopenia-related traits on breast cancer and survival time of
breast cancer after regulating BMI, waist circumference, and whole body fat mass by
multivariate Mendelian randomization analysis

Exposure Outcome Method | Number of IVs OR (95 % CI) p-value
Breast cancer VW 453 0.968 (0.908, 1.031) 0.309
ER+ breast cancer VW 453 0.989 (0.923, 1.059) 0.743
Appendicular ER- breast cancer VW 453 0.878(0.810,0.951) 0.001
lean mass Survival time of breast cancer VW 481 0.979 (0.848, 1.130) 0.773
Survival time of ER+ breast cancer VW 481 0.866 (0.696, 1.077) 0.195
Survival time of ER- breast cancer VW 481 1.179 (0.908, 1.531) 0.216
Breast cancer VW 49 0.740 (0.581, 0.943) 0.015
ER+ breast cancer VW 49 0.799 (0.614,1.041) 0.096
Hand grip ER- breast cancer VW 49 0.696 (0.502, 0.967) 0.031
strength (right) Survival time of breast cancer VW 55 0.822 (0.469, 1.442) 0.495
Survival time of ER+ breast cancer VW 55 0.460 (0.190, 1.114) 0.085
Survival time of ER- breast cancer VW 55 0.918 (0.314, 2.683) 0.875
Breast cancer VW 46 0.695 (0.547, 0.883) 0.003
ER+ breast cancer VW 46 0.732 (0.565, 0.948) 0.018
Hand grip ER- breast cancer VW 46 0.676 (0.488, 0.936) 0.018
strength (ieff) Survival time of breast cancer VW 51 0.653 (0.373, 1.145) 0.137
Survival time of ER+ breast cancer VW 51 0.443 (0.183, 1.073) 0.071
Survival time of ER- breast cancer VW 51 0.510(0.172,1.507) 0.223
Breast cancer VW 21 0.553 (0.342, 0.899) 0.016
ER+ breast cancer VW 21 0.685 (0.406, 1.157) 0.158
Walking pace ER- breast cancer VW 21 0.491 (0.250, 0.965) 0.039
Survival time of breast cancer VW 23 1.285(0.395, 4.183) 0.677
Survival time of ER+ breast cancer VW 23 4,586 (0.759, 27.728) 0.097
Survival time of ER- breast cancer VW 23 0.206 (0.024, 1.802) 0.153

95 % ClI: 95 % confidence interval; IV: instrumental variables; IVW: inverse-variance weighted; OR: odds ratio; WM: weighted median.
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Figure 2.

Forest plot of two-sample bidirectional Mendelian randomization estimation of
the causal association between sarcopenia-related traits and breast cancer
(95 % CI: 95 % confidence interval; OR: odds ratio).

Figure 3.

Forest plot of two-sample bidirectional Mendelian randomization estimation of
the causal association between sarcopenia-related traits and survival time of
breast cancer (95 % Cl: 95% confidence interval; OR: odds ratio).

MULTIVARIABLE MR ANALYSIS

After conducting multivariable MR analysis to control for
BMI, waist circumference, and whole-body fat mass, we found
a significant association between appendicular lean mass and
the occurrence of ER- breast cancer (OR = 0.878, 95 % Cl:
0.810-0.951, p=0.001). Additionally, grip strength in the right
hand was found to be related to the occurrence of breast can-
cer (OR = 0.740, 95 % Cl: 0.581-0.943, p = 0.015), as well
as ER- breast cancer (OR = 0.696, 95 % Cl: 0.502-0.967,
p=0.031). Similarly, grip strength in the left hand was shown to
be connected with the occurrence of breast cancer (OR = 0.695,
95 % Cl: 0.547-0.883, p = 0.003), ER+ breast cancer (OR =
0.732,95 % Cl: 0.565-0.948, p = 0.018), and ER- breast can-
cer (OR = 0.676, 95 % Cl: 0.488-0.936, p = 0.018). Further-
more, walking pace had a significant impact on the occurrence
of both breast cancer (OR = 0.553, 95 % Cl: 0.342-0.895,
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p = 0.016) and ER- breast cancer (OR = 0.491, 95 % ClI:
0.250-0.965, p = 0.039). The results of the multivariable MR
analysis are presented in table Il

SENSITIVITY ANALYSIS

To evaluate the credibility of the aforementioned findings, we
conducted thorough sensitivity analyses. These entailed employ-
ing the heterogeneity test, pleiotropy test, MR-PRESSO test, and
F statistics (Supplementary tables IV and V: https://www.nutri-
cionhospitalaria.org/anexos/05139-01.pdf). The F values of all
chosen Vs were higher than 10, indicating their effectiveness
in minimizing potential bias. Additional information concerning
the IVs can be found in supplementary table Il. Furthermore, the
scatter plot and funnel plot displayed the causal effect of appen-
dicular lean mass on ER- breast cancer, grip strength of the left
hand on ER- breast cancer, and grip strength of the right hand on
survival time of ER+ breast cancer. These plots provide support
for the reliability of the two-sample bidirectional MR results, as
shown in supplementary figures 1-3 (https://www.nutricionhos-
pitalaria.org/anexos/05139-01.pdf).

DISCUSSION

In this study, we evaluated the causal relationship between
sarcopenia-related traits and the occurrence and prognosis of
breast cancer. Appendicular lean mass was found to be connect-
ed with the occurrence of ER- breast cancer, the grip strength
of the left hand was associated with ER- breast cancer, and
higher grip strength of the right hand was connected with longer
survival time of ER+ breast cancer in the two-sample bidirec-
tional MR analysis. Multivariate MR analysis demonstrated that
appendicular lean mass was related to ER- breast cancer; the
grip strength of the right hand and walking pace were associated
with the occurrence of total breast cancer and ER- breast cancer;
and stronger grip strength of the left hand was connected with
a lower risk of total breast cancer, ER+ breast cancer, and ER-
breast cancer after adjusting for genetically predicted BMI, waist
circumference, and whole-body fat mass.

Breast cancer is a prevalent malignancy among women. Its
onset and progression are influenced by factors such as age, ge-
netic factors including BRCA1 and BRCA2 gene mutations, and
other significant contributors affecting women’s health (24). In
recent years, some studies have found that sarcopenia and oth-
er age-related metabolic diseases are related to the occurrence
and development of breast cancer (25). Sarcopenia, common-
ly observed in cancer patients, could significantly impact their
overall outcome (26). An observational study revealed a gen-
eral decrease in muscle mass among breast cancer patients,
highlighting the importance of early screening for sarcopenia
symptoms (such as reduced muscle mass and grip strength) to
effectively mitigate the risk of complications (27). A meta-anal-
ysis uncovered that sarcopenia significantly affected a wide
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range of adverse health-related outcomes, particularly in patients
with breast cancer (28). This observation aligns with the symptoms
associated with sarcopenia observed in our study and the survival
time of breast cancer patients. Similarly, myopenia plays a signifi-
cant role in determining the prognosis of various types of cancer,
such as resectable esophageal cancer, noninvasive bladder can-
cer, and pancreatic cancer (29-31). This finding aligned with the
observed causal relationship between sarcopenia-related traits
and survival time in breast cancer patients in our MR study. In re-
cent years, several studies have highlighted a higher prevalence
of sarcopenia in cancer patients, which significantly impacts their
prognosis and quality of life (32,33). Furthermore, a study demon-
strated a significant reduction in muscle mass among breast cancer
patients undergoing chemotherapy (34). These findings supported
the conclusion of our reverse-MR study, which revealed lower grip
strength and walking speed in breast cancer patients. A randomized
controlled trial assessed the associations of sarcopenia with poor
performance status, increased mortality risk, and greater side ef-
fects in oncologic patients (35). Additionally, breast cancer patients
exhibited markedly impaired muscle strength and joint dysfunctions
both before and after anticancer treatment (35). In a 13-year co-
hort study by Betty Kane et al., which followed 3,241 women, it
was discovered that muscular atrophy (low muscle mass) and poor
muscle mass (low muscle radioactive density) were linked to higher
mortality in patients with metastatic breast cancer and poor prog-
nosis in patients with nonmetastatic breast cancer (36). Theresa
Mader et al. conducted an experiment involving a physical exercise
intervention on mice with breast cancer, which resulted in a signif-
icant improvement in muscle quality and the enhancement of their
mitochondria and antioxidant status, suggesting a potential mech-
anism for myopenia affecting breast cancer (37). Moreover, a study
employing deep-learning imageomics technology found that body
muscle and fat content significantly impacted the distant metastasis
and related prognosis of breast cancer patients (38). These findings
aligned with our own observation that myopenia was closely related
to the occurrence and development of breast cancer, even after
adjusting for relevant confounding factors.

This study focused on identifying the causal effects of sarcope-
nia-related traits on the occurrence and prognosis of breast cancer.
To enhance the interpretability of the results, we utilized multivar-
iate MR analysis to eliminate the confounding effect of BMI, waist
circumference, and whole-body fat mass. Additionally, to ensure
accuracy, we employed Bonferroni correction to mitigate the risk of
type-I error (23). Finally, the utilization of relevant phenotypic data
derived from European cohorts for exposure and outcomes had
the potential to significantly reduce population selection bias (39).

This study has several limitations. First, in the multivariate MR
analysis, we considered only three vital risk factors for pancreatic
cancer; other risk factors were not included due to data limita-
tions. Second, the causal effects of sarcopenia-related traits on
the occurrence and prognosis of breast cancer in populations of
different races remain unknown due to the inclusion of predomi-
nantly European cohorts in this study. Third, future studies should
explore in detail the potential mechanism of how sarcopenia-re-
lated traits affect the occurrence and prognosis of breast cancer.

Z. He et al.

CONCLUSION

In conclusion, our two-sample bidirectional and multivariable
MR study revealed the genetic association between certain sar-
copenia-related traits and the occurrence and prognosis of breast
cancer. These findings suggested that older women should pri-
oritize improving their muscle quality to effectively prevent the
onset and progression of breast cancer.
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Abstract

The effectiveness of an elemental diet (ED) for preventing adverse events (AEs) during chemotherapy for patients with esophageal cancer (EC)
remains unclear. The aim of this meta-analysis was to comprehensively assess the efficacy of ED for preventing AE in EC patients during chemo-
therapy. Medline (via PubMed), Embase, the Cochrane Library, and Web of Science were searched to retrieve prospective and randomized studies
published before April 12, 2023. The odds ratio (OR) of each AE was calculated using Review Manger 5.4.1. The risk of bias was assessed, and
a random effect model-based meta-analysis was used to analyze the available data. Four prospective and randomized studies involving 237
patients were identified after a systematic search. Regarding gastrointestinal toxicities, the findings indicated a trend toward a decrease in the
risk of mucositis (OM) (OR = 0.54, 95 % Cl: 0.25-1.14), constipation (OR = 0.87, 95 % CI: 0.49-1.53), and anorexia (OR = 0.99, 95 % Cl: 0.32-
3.05), as well as an increasing trend in the risk of diarrhea (OR = 1.48, 95 % Cl: 0.79-2.79), among patients treated with ED. However, none of

Keywords: these reached statistical significance. For hematological toxicities, the risk of all-grade neutropenia (OR = 0.28, 95 % Cl: 0.14-0.57), grade > 2
Elemental diet. Esophageal  leucopenia (OR = 0.43, 95 .% .C.I: 0.22-0.84), grade > 2 rjeutropenia (QR = 0'34'.95.% Cl: 0.17—0.67), and grade > 3 neutropenia (OR = 0.28,
cancer. Adverse event. 95 % CI: 0.12-0.63) was significantly decreased. There is no firm evidence confirming the preventive effect of an ED against OM or diarrhea.
Meta-analysis. However, an ED may potentially be helpful in preventing neutropenia and leucopenia.
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Resumen

La efectividad de una dieta elemental (DE) para prevenir eventos adversos (EA) durante la quimioterapia en pacientes con cancer de eséfago (CE)
sigue sin estar clara. Este metaandlisis evalla la eficacia de DE para prevenir EA en pacientes con CE durante quimioterapia. Se realizaron bisque-
das en Medline (con PubMed), Embase, Biblioteca Cochrane y Web of Science para recuperar estudios prospectivos y aleatorios publicados antes
del 12/04/2023. La razén de probabilidad (RP) de cada EA se calculd usando Review Manger 5.4.1. Se evalud el riesgo de sesgo y se utilizd un
metaanalisis basado en modelo de efectos aleatorios para analizar los datos disponibles. Después de una blsqueda sistematica, se identificaron
cuatro estudios prospectivos y aleatorios con 237 pacientes. En cuanto a las toxicidades gastrointestinales, los hallazgos indicaron una tendencia
hacia una disminucion en el riesgo de mucositis (OM) (OR = 0,54, IC 95 %: 0,25-1,14), estrefimiento (OR = 0,87, IC 95 %: 0,49-1,53) y anorexia
(OR=10,99, IC 95 %: 0,32-3,05) y una tendencia creciente en el riesgo de diarrea (OR = 1,48, IC 95 %: 0,79-2,79) entre los pacientes tratados
con DE. Sin embargo, no hubo muestras estadisticas significativas. Para toxicidades hematoldgicas, el riesgo de neutropenia de todos los grados
(RP = 0,28; IC del 95 %: 0,14-0,57), leucopenia grado > 2 (RP = 0,43; IC del 95 %: 0,22-0,84), neutropenia grado > 2 (RP = 0,34; IC del 95 %:
0,17-0,67) y neutropenia grado > 3 (RP = 0,28; IC del 95 %: 0,12-0,63) disminuyd significativamente. Ninguna evidencia firme confirmé el efecto

Metaandlisis.

INTRODUCTION

Esophageal cancer (EC) is the eighth most diagnosed cancer,
accounting for 3 % of annual cases globally. In total, 604,100
new cases of EC were associated with 544,100 deaths glob-
ally in 2020 (1). According to the Global Burden of Disease
2019, the number of disability-adjusted life years (DALYs) was
11,666,016.56, and the percentage of DALYs was 0.46 for EC in
2019 (2). EC triggers a series of consequences for patients and
society that include reduced quality of life, increased financial
burdens, and increased consumption of social resources (3).

Chemotherapy is still the first-line treatment for most end-stage
patients with EC due to its excellent effect of inhibiting tumor
growth and preventing distant metastases (4). However, chemo-
therapy causes adverse events (AES) in 99 % of EC patients.
KEYNOTE-590, which is a randomized clinical trial of first-line
chemotherapy with or without pembrolizumab for patients with
EC, reported nausea (59 %), anemia (44 %), decreased appe-
tite (32 %), decreased neutrophil count (29 %), vomiting (27 %),
stomatitis (25 %), and decreased white blood cells (19 %) as
the common chemotherapy-related AEs among EC patients (5).
A novel treatment direction for early-stage EC involves neoadju-
vant immunotherapy with chemotherapy. When chemotherapy is
accompanied by immunotherapy, the risks of treatment-related
AEs (odds ratio, OR = 1.28, 95 % confidence interval, Cl: 1.21-
2.84) (6), serious AEs (pooled risk ratio, RR: 1.36, 95 % Cl: 1.15-
1.61), and discontinuation of treatment caused by AEs (pooled
RR: 1.82, 95 % Cl: 1.55-2.14) were elevated (7).

Oral mucositis (OM) is one of the most common and clini-
cally significant AEs induced by chemotherapy among patients
with EC. Oral pain, inability to eat, weight loss, twice the risk
of infection, and systemic expansion of local inflammation are
all potential effects of OM. In addition, high-grade OM can lead
to patients receiving dose-reduced chemotherapy, delaying the
initiation of their anticancer treatment, worsening their prognosis,
and increasing their risk of death four-fold compared to patients
undergoing chemotherapy without mucositis (8). Various gas-
trointestinal AEs, such as diarrhea, anorexia, and OM, correlate
with each other can cause malnutrition in patients with EC, with
an incidence of up to 65-80 %, which is the highest among all
cancer patients (9). A poor nutritional status may negatively in-
fluence survival, while nutritional supplementation helps improve

[Nutr Hosp 2024;41(3):666-676]

preventivo de DE frente a OM o la diarrea. Una DE seria Util previniendo neutropenia y leucopenia.

the prognosis (10). Patients treated with innovative neoadjuvant
chemoradiotherapy (11) or immune checkpoint inhibitors plus
anti-angiogenic agents combined with chemoradiotherapy (12)
often experience neutropenia and leucopenia, which are the
most common grade 3 or 4 treatment-related AEs in EC patients,
with an incidence ranging from 40-80 %.

The elemental diet (ED) refers to the daily intake of a single pow-
der dissolved in water containing essential amino acids, carbo-
hydrates, fat, minerals, and vitamins. It lacks complete proteins,
eliminating the need for digestion (13). To the best of our knowl-
edge, Elemental® is the sole brand in the field utilizing enteral
supplements to reduce chemotherapy-related AEs among patients
with EC. In all included clinical trials, the experimental groups (EG)
employed Elental®. Currently, ED is widely used to prevent OM
during chemotherapy in patients with EC and has been found to
have and positive impact on changes in body weight, prealbumin,
C-reactive protein, leucopenia (13), transferrin, total amino acids,
essential amino acids (14), and lean body mass (15) when com-
pared with the control group (CG). However, the effect of ED on OM
remains controversial. Some clinical studies demonstrate that ED
can prevent OM in patients with EC during chemotherapy (13,16-
18), while others do not support its preventive effect (14,15). A
previous meta-analysis suggested that ED could reduce the risk of
developing all grade OM (OR = 0.35 Cl: 0.12-0.99 P = 0.04;
2= 61 %) (17). However, this result was unreliable, as one includ-
ed study (Registration number: UMINOOOO10860) was grouped
based on treatment completion rather than the predetermined
scheme (19). This study (Registration number: UMINO00010860)
might just suggest that ED could be a test approach, but not a con-
firmed strategy for the treatment of OM. In addition, the previous
meta-analysis just searched the Medline database (via PubMed)
and evaluated the risk of OM only. Therefore, in this meta-analy-
sis, we comprehensively and scientifically evaluate the preventive
effect of ED on various AEs among esophageal cancer patients
treated with chemotherapy.

METHODS

Our study followed the recommendations of the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement and the Cochrane Collaboration Handbook recommen-
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dations (20,21). Relevant information is presented in the supple-
mentary materials. This study was based on previously published
studies. Ethical approval or patient consent was required. The sys-
tematic review is registered on INPLASY: 202260021,

SEARCH STRATEGIES

A systematic search for associated English studies published
before April 12, 2023, was conducted in Medline (via PubMed),
Embase, Web of Science, and the Cochrane Library. The search
terms were (“food, formulated” or “elemental diet”) and (“esoph-
agus cancer” or “esophageal neoplasms”). Furthermore, con-
ference proceedings, gray literature, similar meta-analyses, and
systematic reviews were reviewed to find studies that met the
standards as much as possible. Two reviewers (HL and HZ) inde-
pendently searched and evaluated potential studies. If discrep-
ancies appeared, the corresponding author would make the final
decision. All records were independently imported into EndNote
20.3 by two reviewers (HL and HZ). The integrity and honesty of
the studies were then confirmed.

ELIGIBILITY CRITERIA AND SELECTION
PROCESS

Studies were included if they met the PICOS criteria as follows.

Participants: (1) eligible patients were confirmed using histolog-
ical or cytological pathological examinations including, but not lim-
ited to, squamous cell carcinoma; (2) eligible patients were at least
18 years old; (3) eligible patients were scheduled to undergo che-
motherapy or chemoradiotherapy; and (4) eligible patients main-
tained adequate hematologic, liver, renal, and cardiac functions.

Interventions: patients received an elemental diet.

Comparators: patients received regular nutritional supplements.

Outcomes: the incidence of AEs in EC patients during chemo-
therapy treated with ED or a regular diet included OM, diarrhea,
nausea, constipation, anorexia, leucopenia, anemia, neutropenia,
and thrombocytopenia. The severity of AEs in these studies was
classified according to the Common Terminology Criteria for Ad-
verse Events (CTCAE). The risk of all-grade AEs, the incidence of
grade > 2 AEs, and the incidence of grade > 3 AEs were assessed.

Study design. prospective and randomized studies were in-
cluded.

The identified study was excluded if any of the following situ-
ations occurred: (1) uncontrolled infection, poor diabetes control,
or insulin treatment; (2) receiving an elemental diet with other nu-
tritional supplements, such as glutamine; or (3) if it was a single
arm study, case report, observational study, or retrospective study.

All of the studies were first imported into EndNote 20.3, and
the automation tools removed duplications. In addition, two
reviewers (HL and HZ) independently screened the titles and
abstracts. Subsequently, they reviewed the full text to retrieve
potentially eligible studies. If inconsistencies emerged, the corre-
sponding author made the final decision.

H.-N. Lan et al.

DATA EXTRACTION AND RISK OF BIAS
ASSESSMENT

The data in the study were independently extracted by two
reviewers (HL and HZ), and any dispute was adequately resolved
through discussion. The following data were collected: first au-
thor, publication year, country, age, treatment, control arms,
number of patients, the percentage of males, characteristics
of patients, study period, grading system, the incidence of out-
comes, and study methods.

The recommendations of the Cochrane Collaboration Hand-
book were utilized to evaluate the bias risk, and it was classified

as “low”, “unclear”, and “high” in several areas (21). These ar-

» o«

eas included the following: “random sequence generation”, “al-

T

location concealment”, “blinding of participants and personnel”,
“blinding of outcome assessment”, “incomplete outcome data”,
“selective reporting”, and “other bias”. If other oral medications
or comfort nursing were utilized in a study, “other bias” was con-

sidered high risk.

STATISTICAL ANALYSES

This study was based on the recommendations of the Co-
chrane Collaboration Handbook recommendations (22). First, the
odds ratio (OR) was calculated to evaluate the pooled effect sizes
for dichotomous variables. The standard mean differences (SMD)
were calculated for the effect sizes referring to the continuous
outcome expressed by group means and standard deviations
(SDs). A 95 % confidence interval (Cl) was used to measure
uncertainty (23). Forest plots were drawn to visually display the
results. Second, in this meta-analysis, heterogeneity was eval-
uated using I? statistics. When I? reached 50 %, heterogeneity
was assessed as high (24). If heterogeneity existed, a random
effect model was used. Otherwise, a fixed model was used.
Furthermore, the significance level for the P gener, Value was
set at 0.1. The included studies were excluded on an individual
basis to detect potential bias. Third, funnel plots were drawn to
detect potential bias using intuitive vision, and the Egger test
was conducted in which the significance level for the P, value
was set at 0.05 (25). Review Manager 5.4.1 and Stata MP 16.0
for Windows (64-bit 86-64) software were utilized for all of the
statistical analyses.

RESULTS

Figure 1 shows the flow diagram of the study (PRISMA 2020).
The search yielded 294 potential studies, of which 102 were du-
plicates. Two reviewers (HL and HZ) independently selected titles
and abstracts and excluded 181 articles for not following the
inclusion criteria. Two reviewers thoroughly reviewed the entire
text, and four studies were finally included in the meta-analysis
(13-16). One study in which the EG received an ED along with
other nutritional supplements was excluded (18).

[Nutr Hosp 2024;41(3):666-676]
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Figure 1.

Literature review flowchart. Modified

from Page MJ, McKenzie JE,

Bossuyt PM, Boutron |, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for
reporting systematic reviews. BMJ
2021;372:n71.DOI: 10.1136/bm;.
n71. For more information, visit: http://
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STUDY CHARACTERISTICS

Table | summarizes the primary features of the qualified stud-
ies. All four studies were conducted in Japan and published be-
tween 2016 and 2021. A total of 237 patients were included,
while the CG consisted of 120 participants. A total of 82.7 %
(n=196) of the patients were men. Patients received chemo-
therapy alone in three studies, while in one study they received
chemoradiotherapy and radiation therapy. In all of the included
studies, the EG received an ED (300 kcal/day or 600 kcal/day),
while the CG was treated with a regular diet. In one study, the
CG received azulene to relieve OM (15). The treatment course
lasted 2 to 9 weeks. The grading system utilized the Common
Terminology Criteria for Adverse Events.

QUALITY OF THE INCLUDED STUDIES

Regarding performance bias, three trials were not blind for
the patient (13-15), and one trial did not explain the details of
blinding for patients (16). Regarding detection bias, three trials
did not explain the details of blinding for doctors (14-16), and

[Nutr Hosp 2024;41(3):666-676]
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one trial was evaluated by blinded dental oncology specialists
(13). Regarding other biases, two trials used a gargle containing
0.08 % lidocaine or azulene to relieve oral pain. Hence, the other
bias was high (15,16). Figure 2 summarizes the biases in the
included studies.

GASTROINTESTINAL TOXICITIES

Three trials investigated the risk of OM between the ED and
non-ED groups, and the results showed that the ED was unable
to take effect for preventing OM for EC compared to the CG
(OR = 0.54, 95 % Cl: 0.25-1.14, P, iies = 0.10; I = 0.0 %;
Figure 3). Then the references were then excluded on a case-
by-case basis. Each value of 1> was 0.00 %, hence, no het-
erogeneity was observed. The funnel plot and the quantitative
Egger test (P, = 0.57) showed that there was no publica-
tion bias. Among the four included trials, the risk of grade > 2
OM events (OR = 0.46, 95 % CI: 0.17-1.27, Piies = 0.13; I2
=58 %) and grade > 3 OM events (OR = 0.45, 95 % Cl: 0.11-
1.77, Pysies = 0.40; 12 = 0 %) did not have statistical signif-

icance between the ED and non-ED groups (Fig. 3). However,



670

Table I. Demographic characteristics of previous studies

H.-N. Lan et al.

UMIN UMINO000,025,412 UMINO000,007,960 UMINO000,007,609 | UMIN000,004,898
Author Tanaka Y et al. Ishikawa T et al. Katada C et al. Okada T et al.
Year 2021 2016 2021 2017
Country Japan Japan Japan Japan
Ade Median Median Mean Mean
g 68.0 (44.0, 86.0)/68.0 (34.0, 83.0) | 68.0 (50.0-76.0)/ 66.0 (44.0-79.0) 67.8/66.7 65.3/67.1
% male 78.1 %/86.2 % 87.5%/76.5 % 83.3 %/ 82.9 % 90.0 %/80.0 %
Number 55/58 16/17 36/35 10/10
Treatment ED (600.0 kcal/day) ED (300.0 keal/day) ED (600.0 kcal/day) ED (300.0 keal/day)
arms
ED () Azulene (+) ED (5 ED ()
control
Therapy Chemotherapy Chemotherapy or chemoradiotherapy Chemotherapy Chemotherapy
Grading CTCAE CTCAE CTCAE CTCAE
system
Study period 9 weeks 4 weeks 9 weeks 2 weeks
low. The heterogeneity for grade > 2 OM events (1> = 58 %)
was high. To explore the heterogeneity, the references were
excluded on a case-by-case basis. The heterogeneity of
grade > 2 OM was reduced when the study by Katada et
al. was excluded (OR = 0.29, 95 % ClI: 0.14-0.64, P, icics
< 0.05; 2= 0 %).
There was no statistical significance between the ED and non-
ED groups for the risk of diarrhea (OR = 1.48, 95 % Cl: 0.79-
2.79, Py s = 0.22; 2= 0 %), nausea (OR = 0.82, 95 % Cl:
0.34-1.99, Pice = 0.66; 12 = 47 %), constipation (OR = 0.87,
95 % CI: 0.49-1.53, P,iis = 0.62; P = 0 %), and anorexia
(OR=10.99, 95 % CI: 0.32-3.05, Py,i0s = 0.99; I = 56 %) (Ta-
ble 1l). The funnel plot and the quantitative Egger test showed no
evidence of publication bias. In addition, there were no statisti-
cal differences among the risks of high grade (grade > 2 and
grade > 3) diarrhea, nausea, constipation, and anorexia between
the ED and non-ED groups (Table II).
HEMATOLOGICAL TOXICITIES
Hematological toxicities were involved in three studies. Com-
pared to the CG, patients received an ED had a significantly de-
creased risk of neutropenia (OR = 0.28, 95 % ClI: 0.14-0.57,
Figure 2. Patisics < 0.05; 2= 0 %, Fig. 4). In addition, the same method
Risk of bias graph. was used to analyze the risk of leucopenia (OR = 0.50, 95 %

the occurrence of OM tended to be reduced in the ED group
compared to the CG, although none of these results were
statistically significant, in contrast to some previous studies.
The heterogeneity for grade > 3 OM events (1> = 0 %) was

Cl: 0.25-1.00, P,es = 0.05; > = 0 %), anemia (OR = 1.06,
95 % Cl: 0.44-2.55, P, s = 0.90; 2 = 0 %), and thrombocytopenia
(OR=1.26,95 % Cl: 0.64-2.48, P, 151cs = 0.50; 2 = 29 %) (Table I).

There was no difference between the ED and non-ED groups. The
funnel plot and the quantitative Egger test showed no publication bias.

[Nutr Hosp 2024;41(3):666-676]
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Figure 3.

Incidences of oral mucositis in the ED and non-ED groups: A. All-grade oral mucositis; B. Grade > 2 oral mucositis; C. Grade > 3 oral mucositis.

Table Il. Primary results of adverse events in esophageal cancer during chemotherapy

[Nutr Hosp 2024;41(3):666-676]

Meta-analyses No. of N PR 2 Pool effect 2 5
variables studies ED NO-ED size
Gastrointestinal toxicities Pooled ORs (95 % CI)
Oral mucositis
All-grade 4* 78/101 89/103 0.54[0.25,1.14] 0% 0.10
Grade > 2 4 321117 48/120 0.46[0.17,1.27] 58 % 0.13
Grade > 3 4 3/118 8/121 0.45[0.11,1.77] 0% 0.25
Diarrhea
All-grade 4 401117 32/120 1.48[0.79,2.79] 0% 0.22
Grade > 2 4 16/117 10/120 1.72[0.73,4.07] 0% 0.22
Grade > 3 4 4/119 41122 1.02[0.25,4.23] 0% 0.98
(Continues on next page)
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Table Il (cont.). Primary results of adverse events in esophageal cancer during

chemotherapy
Meta-analyses No. of No. of patients Pool effect 2 .
variables studies ED NO-ED size
Gastrointestinal toxicities Pooled ORs (95 % CI)
Nausea
All-grade 3 44/107 47/110 0.82]0.34,1.99] 47 % 0.66
Grade > 2 3 18/107 21/110 0.56[0.10,3.26] 1% 0.52
Grade > 3 3+ 9/108 8/111 1.10[0.40,3.08] 0% 0.85
Constipation
All-grade 3 65/107 70/110 0.87[0.49,1.53] 0% 0.62
Grade > 2 3 8/108 9/111 0.88[0.32,2.41] 0% 0.80
Grade > 3 3 3/109 3/112 1.03[0.20,5.24] 0% 0.97
Anorexia
All-grade 3 81/107 77/110 0.99[0.32, 3.05] 56 % 0.99
Grade > 2 3 40/107 40/110 1.02 [0.53, 1.98] 0% 0.95
Grade > 3 3 171107 10/110 1.88 [0.76, 4.66] 0% 017
Hematological toxicities Pooled ORs (95 % ClI)
Leucopenia
All-grade 3* 40/71 54/75 0.50 [0.25, 1.00] 0% 0.05
Grade > 2 3* 27171 44/75 0.43[0.22,0.84] 0% 0.01
Grade > 3 3 41/107 53/110 0.41[0.15,1.13] 22 % 0.08
Anemia
All-grade 3 96/107 98/110 1.06 [0.44, 2.55] 0% 0.90
Grade > 2 3 43/107 46/110 0.92[0.47,1.82] 24 % 0.81
Grade > 3 3 8/108 11/111 0.72[0.28, 1.88] 0% 0.51
Neutropenia
All-grade 3* 26/71 50/75 0.28[0.14,0.57] 0% <0.01
Grade > 2 3* 26/71 45/75 0.34[0.17,0.67] 0% <0.01
Grade > 3 3 45/107 63/110 0.28[0.12,0.63] 0% <0.01
Thrombocytopenia
All-grade 3 55/107 50/110 1.26 [0.64, 2.48] 29 % 0.50
Grade > 2 3 8/107 14/110 0.55[0.21, 1.44] 0% 0.22
Grade > 3 3 3/108 1111 2.05[0.34,12.16] 0% 0.43

Cl: confidence interval; ED: elemental diet; OR: odds ratio; SMD: standard mean differences. “All patients suffered from this disease in one study. We exclude one study.
**All patients did not suffer from this disease in one study. We correct the data. ***All patients did not suffer from this disease in two studies. We correct the data.

The risk of grade > 2 leucopenia (OR = 0.43, 95 % CI: 0.22-
0.84, P,sies < 0.05; 2= 0 %, Fig. 5), grade > 2 neutropenia
(OR=0.34,95% Cl: 0.17-0.67, P, s < 0.05; P = 0 %, Fig. 4),
and grade > 3 neutropenia (OR = 0.28, 95 % CI: 0.12-0.63, P,,,.
istes < 0.05; 2= 0 %, Fig. 4) were decreased in the ED group. The
risk of grade > 3 anemia showed a decreasing trend (OR = 0.72,
95 % Cl: 0.28-1.88, P, 105 = 0.51; I = 0 %, Table Il). No signifi-
cant differences were found among the risk of grade > 2 anemia,
grade > 2 thrombocytopenia, and grade > 3 thrombocytopenia

between the ED and non-ED groups (Table II).

DISCUSSION

According to the statistical analysis above, the central conclu-
sion is that the existing evidence cannot support the hypothesis
that ED can prevent the occurrence of OM in patients with EC
during chemotherapy. However, there is a possibility that an ED
can reduce the risk of leucopenia and neutropenia.

OM is among the most common and severe AEs in EC during
chemotherapy. Due to its easy absorption when intestinal villi are
damaged by chemotherapy (26), an ED is considered to have po-

[Nutr Hosp 2024;41(3):666-676]
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Figure 4.

Incidences of neutropenia in the ED and non-ED groups: A. All-grade neutropenia; B. Grade > 2 neutropenia; C. Grade > 3 neutropenia.

tential therapeutic effects and has been widely used, particularly in
Japan. However, the clinical efficacy of ED remains controversial.
Some studies have found that it is effective (13,16-18), but oth-
er studies could not prove its effectiveness (14,15). Therefore, this
quantitative meta-analysis synthesized the existing evidence and
can be used to guide clinical decision-making. Our results showed
that the risk of all-grade OM had a decreasing trend in the ED group
compared to the CG, but without statistical differences. These re-
sults do not for conclusively support the effectiveness of prevention
of ED, and we must interpret the marginal results with caution. In
mouse models and human keratinocyte cell lines, an ED accelerates
mucosal and skin recovery through FGF2 induction and reepithe-
lization (27) and reduces the expression of cytokines (TNF-c, IL-16,
and IL-6) by inhibiting NF-kB activation (28). The results of these
studies imply that an ED is probably effective in the treatment of a
variety of cutaneous inflammatory disorders, even externally (29).
Whether or not the administration of an ED can reduce the risk of
OM remains controversial. Hence, more large-scale random con-
trolled trials (RCTs) are required to guide clear clinical decisions.

[Nutr Hosp 2024;41(3):666-676]

OM, anorexia, and nutritional disorders are interrelated and
constitute a vicious circle of adverse reactions to chemothera-
py (30). As a result, gastrointestinal AEs are drawing increasing
amounts of attention. However, in this meta-analysis, no direct
evidence was found to confirm that an ED could reduce the risk
of diarrhea, nausea, constipation, or vomiting. Similarly, com-
pared to the CG, an ED could not reduce the risk of gastroin-
testinal adverse reactions such as nausea, vomiting, diarrhea,
and bloating for Crohn’s disease (31). A possible explanation is
that chemotherapeutic drugs induce nausea and vomiting by
activating neurotransmitter receptors in the area postrema and
the vagal afferents (32). Hence, receptor antagonists, such as
ondansetron instead of ED, can have satisfactory effects (33).
Furthermore, the majority of patients included in the meta-anal-
ysis had an Eastern Cooperative Oncology Group performance
status of 0-2, which indicated that they were ambulatory and
capable of all self-care. Given the abovementioned performance,
fewer gastrointestinal adverse reactions occurred, and the effi-
cacy could have been underestimated.
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Figure 5.

Incidences of leucopenia in the ED and non-ED groups: A. All-grade leucopenia; B. Grade > 2 leucopenia; C. Grade > 3 leucopenia.

Our results showed that an ED helped to reduce all-grade neutro-
penia, grade > 2 neutropenia, grade > 3 neutropenia, and grade > 2
leucopenia. An ED may also have a positive impact on grade > 3
anemia. Neutropenia easily progresses to febrile neutropenia and
even death (34). Leukopenia can be fatal to the patient, especially
when they have agranulocytosis and fever (35). Severe anemia can
lead to lethargy and heart failure (36). Avoiding these AEs is cru-
cial for maintaining anti-tumour treatment. Several possible reasons
might explain this preventive effect. Chemotherapy suppresses the
proliferation of the hematopoietic system and restricts the differen-
tiation of progenitor cells into functioning cells (37). An ED contains
a variety of amino acids, among which many amino acids can play
a mitigating role. Histidine has an antioxidant effect, reducing free
radicals induced by cytotoxic therapy (38). Isoleucine can activate
the mammalian target of rapamycin complex 1, which plays a critical
role in hematopoietic stem cell homeostasis (39). Appropriate argi-
nine and leucine can maintain cell proliferation, especially from the
G1 phase to the S and G2/mitotic phases, oxidative metabolism, and
protein translation in mouse embryonic stem cells (40).

We found during the data analysis that the ED group had a
tendency for higher levels of aspartate transferase (AST) and al-
anine transaminase (ALT). Two investigations found that the ED
group frequently had elevated AST and ALT levels compared to
the CG (13,15). This consequence may due to the metabolism
of multiple amino acids is closely related to the liver (38), and
excessive amino acids increase the burden on the liver of tu-
mor patients, increasing ALT. Further experiments are required
to prove this speculation. However, in general, this suggests that
clinicians should assess the liver function of patients with esoph-
ageal cancer in advance when using an ED to avoid causing a
more significant burden on the liver.

We also closely examine the influence of compliance with the
ED and the compare total calorie/protein intake. In one study, it
was found that completing the ED diet may predict a decrease
in the occurrence of OM in EC patients during chemotherapy
(19). It is possible that patients who can complete the ED have
better physical conditions, making them more capable of re-
ceiving chemotherapy entirely. However, one of the four articles

[Nutr Hosp 2024;41(3):666-676]
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included in this study indicated that patients achieving 100 %
compliance with the ED were more likely to tolerate complete
chemotherapy compared to those who could not receive a com-
plete the ED diet. Surprisingly, it did not lead to a reduction in the
incidence of OM (13). The difference between the two studies
could be explained as follows: first, in the initial study, the sever-
ity of OM in patients was higher, allowing the ED to demonstrate
a more pronounced preventive effect; and second, the sample
size in both studies were not large, making the statistical results
somewhat unreliable. In the future, a larger sample size and a
more objective evaluation system will be necessary. Regarding
the total calorie/protein intake, most studies lack relevant in-
formation, and only one study suggests that the difference in
calorie intake between the two groups is not significant, and the
protein intake in the ED diet tends to be higher, with potential
statistically significant differences (14). Compared to a normal
diet, an ED can significantly increase the levels of amino acids in
the blood of EC patients undergoing chemotherapy (14), which
may help prevent chemotherapy-related AEs (41). Glutamine
has also captured the attention of many researchers. We do not
know if the control group has an additional intake of immune
nutrients, as the control group uses regular diet. We believe it
is unlikely that this will have an impact on the research results
because the EG is supplemented with an ED on the basis of
a conventional diet, and the immune nutritional content of the
conventional diet was not as high as ED, and the nutrients in the
conventional diet were not as easy to absorb and utilize as those
in the ED. Furthermore, an additional study suggested that ED
plus glutamine was more effective in preventing chemothera-
py-related AEs in EC patients compared to glutamine alone or
regular diet (18). Patients with advanced or postoperative EC
often require 4-6 cycles of chemotherapy; however, the study
period of the trials that were included was 2-9 weeks, which
translates 1-3 cycles. This inconsistent trial duration may affect
ED’s ability to prevent treatment-related AEs in EC patients, as
some chemotherapy reactions have additive effects, including
hematological toxicity. More outstanding clinical trials that can
offer comprehensive reference materials for the clinical role of
ED would be helpful in the future.

STRENGTHS AND LIMITATIONS

This meta-analysis had the following strengths. First, to our
knowledge, this was the first meta-analysis to comprehensively
evaluate the preventive effect of an ED on AEs during chemother-
apy in patients with esophageal cancer. The results could help
clinicians to fully understand the role of an ED. Second, the previ-
ous meta-analysis involved the preventive effect of an ED for OM
during chemotherapy in EC by simply searching on Medline (via
PubMed) and including articles from non-randomized controlled
studies. We searched four databases and read the full text to
ensure all studies were randomized and controlled. We corrected
retrieval and inclusion errors and hoped to reach more scientific
and rigorous conclusions. Third, we found that an ED can help

[Nutr Hosp 2024;41(3):666-676]

prevent leucopenia and neutropenia during chemotherapy in EC.
This finding could help to broaden the scope of ED applications
and establish it as an adjunct to EC with chemotherapy as a way
to reduce hematologic toxicities.

This meta-analysis had the following limitations. First, only four
clinical studies were enrolled, and some indicators were only in-
volved three studies, which must be considered when interpret-
ing the results. Second, the primary features contained clinical
heterogeneity, including therapy (chemoradiotherapy or chemo-
therapy) and the study period. Parts of the trials used a gargle
containing 0.08 % lidocaine or azulene to relieve symptoms.
Third, the production of a suitable placebo was technically and
ethically problematic, meaning that the blinding of participants
and personnel was not particularly strict. Fourth, it is important to
note that the four clinical studies were carried out only in Japan,
and the findings may not be regarding extrapolated to other pop-
ulations. To enhance the reliability of the results regarding wheth-
er an ED can help prevent treatment-related AEs among cancer
patients worldwide, additional high-quality and multicenter clin-
ical studies are needed. Fifth, there are limitations on the appli-
cability of the conclusion to other brands, as only Elental® was
included in our study. To address this gap, further clinical trials
investigating various brands are required.

CONCLUSIONS

In this study, it was found that an elemental diet may decrease
the risk of leucopenia and neutropenia during chemotherapy in
EC. However, no significant improvement in other side effects
was observed. As such, whether to use an ED requires a de-
tailed evaluation by clinicians, and agreement should be reached
through patient communication.

REFERENCES

1. Morgan E, Soerjomataram |, Rumgay H, Coleman HG, Thrift AP, Vignat J,
et al. The Global Landscape of Esophageal Squamous Cell Carcinoma and
Esophageal Adenocarcinoma Incidence and Mortality in 2020 and Projections
to 2040: New Estimates From GLOBOCAN 2020. Gastroenterology; 2022.
DOI: 10.1053/j.gastr0.2022.05.054

2. Network GBoDC;Pages. Available from: https://ghdx.healthdata.org/gbd-2019

3. Lagergren P, Johar A, Rosenlund H, Arnberg L, Haglund L, Ness-Jensen E,
et al. Severe reflux, sleep disturbances, and health-related quality of life
after esophageal cancer surgery. J Cancer Surviv 2021;15(6):818-24. DOI:
10.1007/s11764-020-00974-9

4. He S, Xu J, Liu X, Zhen Y. Advances and challenges in the treatment of eso-
phageal cancer. Acta Pharm Sin B 2021;11(11):3379-92. DOI: 10.1016/j.
apsb.2021.03.008

5. Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T, et al. Pembrolizumab
plus chemotherapy versus chemotherapy alone for first-line treatment of
advanced oesophageal cancer (KEYNOTE-590): a randomised, placebo-con-
trolled, phase 3 study. Lancet 2021;398(10302):759-71. DOI: 10.1016/
S0140-6736(21)01234-4

6. LuY,XuM, GuanL,YangY, ChenY,Yang Y, et al. PD-1 Inhibitor Plus Chemo-
therapy Versus Chemotherapy as First-line Treatment for Advanced Eso-
phageal Cancer: A Systematic Review and Meta-Analysis. J Immunother
2022;45(5):243-53. DOI: 10.1097/CJI.0000000000000420

7. LiZC, Sun YT, Lai MY, Zhou YX, Qiu MZ. Efficacy and safety of PD-1 inhibitors
combined with chemotherapy as first-line therapy for advanced esophageal



676

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.
22.

23.

cancer: A systematic review and network meta-analysis. Int Immunopharma-
col 2022;109:108790. DOI: 10.1016/j.intimp.2022.108790

. Brown TJ, Gupta A. Management of Cancer Therapy-Associated Oral Mucosi-

tis. JCO Oncol Pract 2020;16(3):103-9. DOI: 10.1200/JOP.19.00652

. Riccardi D, Allen K. Nutritional Management of Patients With Esophageal

and Esophagogastric Junction Cancer. Cancer Control 1999;6(1):64-72. DOI:
10.1177/107327489900600106

Chen MF, Hsieh CC, Chen PT, Lu MS. Role of Nutritional Status in the
Treatment Outcome for Esophageal Squamous Cell Carcinoma. Nutrients
2021;13(9). DOI: 10.3390/nu13092997

Yang H, Liu H, Chen Y, Zhu C, Fang W, Yu Z, et al. Neoadjuvant Chemo-
radiotherapy Followed by Surgery Versus Surgery Alone for Locally
Advanced Squamous Cell Carcinoma of the Esophagus (NEOCRTEC5010):
A Phase lll Multicenter, Randomized, Open-Label Clinical Trial. J Clin Oncol
2018;36(27):2796-803. DOI: 10.3390/nu13092997

Zhang B, Qi L, Wang X, Xu J, Liu Y, Mu L, et al. Phase Il clinical trial using
camrelizumab combined with apatinib and chemotherapy as the first-line
treatment of advanced esophageal squamous cell carcinoma. Cancer Com-
mun (Lond) 2020;40(12):711-20. DOI: 10.1002/cac2.12119

Tanaka Y, Takeuchi H, Nakashima Y, Nagano H, Ueno T, Tomizuka K, et
al. Effects of an elemental diet to reduce adverse events in patients with
esophageal cancer receiving docetaxel/cisplatin/5-fluorouracil: a phase
IIl randomized controlled trial-EPOC 2 (JFMC49-1601-C5). ESMO Open
2021;6(5):100277. DOI: 10.1016/j.esmoop.2021.100277

Katada C, Fukazawa S, Sugawara M, Sakamoto Y, Takahashi K, Takahashi A, et
al. Randomized study of prevention of gastrointestinal toxicities by nutritional
support using an amino acid-rich elemental diet during chemotherapy in
patients with esophageal cancer (KDOG 1101). Esophagus 2021;18(2):296-
305. DOI: 10.1007/510388-020-00787-w

Ishikawa T, Yasuda T, Doi T, Okayama T, Sakamoto N, Gen Y, et al. The amino
acid-rich elemental diet Elental(R) preserves lean body mass during chemo-
or chemoradiotherapy for esophageal cancer. Oncol Rep 2016;36(2):1093-
100. DOI: 10.3892/0r.2016.4877

Okada T, Nakajima Y, Nishikage T, Ryotokuji T, Miyawaki Y, Hoshino A, et
al. A prospective study of nutritional supplementation for preventing oral
mucositis in cancer patients receiving chemotherapy. Asia Pac J Clin Nutr
2017;26(1):42-8. DOI: 10.6133/apjcn.112015.03

Tanaka Y, Shimokawa T, Harada K, Yoshida K. Effectiveness of elemental diets
to prevent oral mucositis associated with cancer therapy: A meta-analysis.
Clin Nutr ESPEN 2022;49:172-80. DOI: 10.1016/j.clnesp.2022.03.005
Tanaka Y, Takahashi T, Yamaguchi K, Osada S, Shimokawa T, Yoshida K. Ele-
mental diet plus glutamine for the prevention of mucositis in esophageal
cancer patients receiving chemotherapy: a feasibility study. Support Care
Cancer 2016;24(2):933-41. DOI: 10.1007/s00520-015-2864-9

Tanaka Y, Ueno T, Yoshida N, Akutsu Y, Takeuchi H, Baba H, et al. The effect
of an elemental diet on oral mucositis of esophageal cancer patients treated
with DCF chemotherapy: a multi-center prospective feasibility study (EPOC
study). Esophagus 2018;15(4):239-48. DOI: 10.1007/s10388-018-0620-1
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et
al. The PRISMA 2020 statement: an updated guideline for reporting system-
atic reviews. BMJ 2021;372:n71. DOI: 10.1136/bmj.n71

Higgins JPT, Cochrane Collaboration. Cochrane handbook for systematic
reviews of interventions. 2nd ed. Hoboken, NJ: Wiley-Blackwell; 2020.
Higgins J, Green S. Cochrane Handbook for Systematic Reviews for Interven-
tions. Version 5.1.0. 2011.

Larry V, Hedges. Advances in statistical methods for meta-analysis. New Direc-
tions for Program Evaluation 1984;1984(24):25-42. DOI: 10.1002/ev.1376

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

H.-N. Lan et al.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21(11):1539-58. DOI: 10.1002/sim.1186

Egger M, Juni P, Bartlett C, Holenstein F, Sterne J. How important are com-
prehensive literature searches and the assessment of trial quality in system-
atic reviews? Empirical study. Health Technol Assess 2003;7(1):1-76. DOI:
10.3310/hta7010

Sonis ST. The pathobiology of mucositis. Nat Rev Cancer 2004;4(4):277-84.
DOI: 10.1038/nrc1318

Harada K, Ferdous T, Kobayashi H, Ueyama Y. Elemental Diet Accelerates
the Recovery From Oral Mucositis and Dermatitis Induced by 5-Fluorouracil
Through the Induction of Fibroblast Growth Factor 2. Integr Cancer Ther
2018;17(2):423-30. DOI: 10.1177/1534735417721014

Harada K, Ferdous T, Mizukami Y, Mishima K. Elemental diet inhibits
proinflammatory cytokine production in keratinocytes through the
suppression of NFkappaB activation. Oncol Rep 2018;40(1):361-8.
2018;40(1):361-8.

Harada K, Takenawa T, Ferdous T, Mizukami Y, Mishima K. Elemental diet
directly affects chemotherapy-induced dermatitis and raw wound areas. Mol
Clin Oncol 2020;13(2):209-15. DOI: 10.3892/mc0.2020.2050

Argiles JM. Cancer-associated malnutrition. Eur J Oncol Nurs 2005;9 Suppl
2:539-50. DOI: 10.1016/j.jon.2005.09.006

Narula N, Dhillon A, Zhang D, Sherlock ME, Tondeur M, Zachos M. Enteral
nutritional therapy for induction of remission in Crohn’s disease. Cochrane
Database Syst Rev 2018;4(4):CD000542. DOI: 10.1002/14651858.
CD000542.pub3

Navari RM, Aapro M. Antiemetic Prophylaxis for Chemotherapy-Induced Nau-
sea and Vomiting. N Engl J Med 2016;374(14):1356-67. DOI: 10.1056/
NEJMra1515442

Gould Rothberg BE, Quest TE, Yeung SJ, Pelosof LC, Gerber DE, Seltzer JA,
et al. Oncologic emergencies and urgencies: A comprehensive review. CA
Cancer J Clin 2022;72(6):570-93. DOI: 10.3322/caac.21727

Nomura H, Tsuji D, Demachi K, Mochizuki N, Matsuzawa H, Yano T, et al.
ABCB1 and ABCC2 genetic polymorphism as risk factors for neutropenia in
esophageal cancer patients treated with docetaxel, cisplatin, and 5-fluoro-
uracil chemotherapy. Cancer Chemother Pharmacol 2020;86(2):315-24. DOI:
10.1007/s00280-020-04118-9

Christen D, Brummendorf TH, Panse J. [Leukopenia - A Diagnos-
tic Guideline for the Clinical Routine]. Dtsch Med Wochenschr
2017;142(23):1744-9.

Abdel-Razeq H, Hashem H. Recent update in the pathogenesis and treat-
ment of chemotherapy and cancer induced anemia. Crit Rev Oncol Hematol
2020;145:102837. DOI: 10.1016/j.critrevonc.2019.102837

de Rouw N, Piet B, Derijks HJ, van den Heuvel MM, Ter Heine R. Mecha-
nisms, Management and Prevention of Pemetrexed-Related Toxicity. Drug Saf
2021;44(12):1271-81. DOI: 10.1007/s40264-021-01135-2

Holecek M. Histidine in Health and Disease: Metabolism, Physiological Importance,
and Use as a Supplement. Nutrients 2020;12(3). DOI: 10.3390/nu12030848
Yin N, Jin G, Ma Y, Zhao H, Zhang G, Li MO, et al. SZT2 maintains hemato-
poietic stem cell homeostasis via nutrient-mediated mTORC1 regulation. J
Clin Invest 2022;132(20). DOI: 10.1172/JCI146272

Correia B, Sousa MI, Branco AF, Rodrigues AS, Ramalho-Santos J. Leucine
and Arginine Availability Modulate Mouse Embryonic Stem Cell Proliferation
and Metabolism. Int J Mol Sci 2022;23(22). DOI: 10.3390/ijms232214286
Andou A, Hisamatsu T, Okamoto S, Chinen H, Kamada N, Kobayashi T, et al.
Dietary histidine ameliorates murine colitis by inhibition of proinflammatory
cytokine production from macrophages. Gastroenterology 2009;136(2):564-
74.62.D0I: 10.1053/j.gastr0.2008.09.062

[Nutr Hosp 2024;41(3):666-676]



ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

Revision

Can caffeine improve your performance? Psychophysiological effects — A systematic

review
¢ Puede la cafeina mejorar tu rendimiento? Efectos psicofisiologicos: una revision sistematica
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Abstract

Caffeine is a widely used ergogenic aid in society, which has made it a topic of interest due to its various benefits at cognitive, physiological, and
sports levels, among others. This review aims to investigate the potential benefits of caffeine supplementation in psychophysiological performance
through a structured search in the SportsDiscus/Scopus/MEDLINE and Web of Science databases (October 2022). This review followed the Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guideline, and the inclusion criteria were defined based on the PICOS model.
Double-blind, randomized/semi-randomized crossover articles comparing caffeine intake with an identical placebo condition were included. Filters
by age or gender of the participants were not applied. The initial search gave a result of 201 articles, which after eliminating duplicates and applying
the inclusion and exclusion criteria, the final sample for this review was 8 studies. The review concluded that 3 (37.5 %) found favorable ergogenic
effects, 4 (50 %) found partial effects, and 1 (12.5 %) found no effects of caffeine supplementation on variables related to psychophysiological
performance. In general, both partial and negative results could be linked to insufficient doses to produce any change, likewise, habitual caffeine
consumption is also a variable that could be attenuating its potential ergogenic effect. In conclusion, moderate doses of caffeine 3-6 mg/kg seem
Caffeine. Cognitive. Energy  t0 be an effective strategy to improve the psychophysiological response in various contexts without generating detrimental effects on performance,
drink. Psychophysiological.  as long as the intervention designs consider the variables that could condition its effect.
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Resumen

La cafeina es una ayuda ergogénica de amplio uso en la sociedad, lo que la ha convertido en un tema de interés por sus diversos beneficios a nivel
cognitivo, fisiologico y deportivo, entre otros. Esta revision tiene como objetivo investigar los beneficios potenciales de la suplementacion de cafeina
sobre el rendimiento psicofisioldgico a través de una bisqueda estructurada en las bases de datos SportsDiscus/Scopus/MEDLINE y Web of Science
(octubre de 2022). Esta revision siguit la guia Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) y los criterios de inclusion
se definieron en funcién del modelo PICOS. Se incluyeron articulos doble ciego, cruzados y aleatorizados/semialeatorizados en donde se compard
la ingesta de cafeina con una condicion idéntica de placebo. No se aplicaron filtros por edad ni sexo de los participantes. La busqueda inicial dio un
resultado de 201 articulos, los cuales, después de eliminar los duplicados y aplicar los criterios de inclusion y exclusion, dieron una muestra final para
esta revision de 8 estudios. La revision concluyo que 3 (37,5 %) encontraron efectos ergogénicos favorables, 4 (50 %) encontraron efectos parciales
y 1 (12,5 %) no encontrd efectos de la suplementacion de cafeina sobre las variables relacionadas con el rendimiento psicofisioldgico. En general,
los resultados tanto parciales como negativos podrian estar ligados a dosis insuficientes para producir algn cambio; de igual forma, el consumo
habitual de cafeina también es una variable que podria estar atenuando su potencial efecto ergogénico. En conclusion, dosis moderadas de cafeina
de 3-6 mg/kg parecen ser una estrategia eficaz para mejorar la respuesta psicofisioldgica en diversos contextos, sin generar efectos perjudiciales
en el rendimiento, siempre y cuando los disefios de intervencion consideren las variables que podrian condicionar su efecto.

INTRODUCTION

Caffeine is known as one of the most used stimulant sub-
stances by people. It is possible to find it in various plants,
such as tea, cocoa, mate, among others. Today, due to its easy
access and wide consumption at different levels by most seg-
ments of the population, caffeine has probably become the
most widely used drug substance in the world (1). Its use is
mainly due to its effect on the central nervous system (CNS) (2),
which brings a series of potential benefits that support its wide
use in various contexts. Due to this, have been investigated the
beneficial effects that it generates both at the central level, per-
ception of effort, levels of alertness, variables related to sports
performance, among others (3,4).

The main mechanism of action is its impact on the CNS by
blocking adenosine receptors, specifically on the A1 and A2a
isoforms (5), which this action brings with it a late appearance
of fatigue, increased motivation, alertness and vigilance (6-8). It
is possible to find different isoforms of these receptors, which
are in charge of mediating different effects (A1, A2A, A2B and
A3), where A1 has a mainly inhibitory effect while the excitato-
ry effects are related to A2a (9). It has also been shown that
caffeine increases the release of calcium from the sarcoplasmic
reticulum (10), which plays a fundamental role in the activation
and interaction of cross-bridges to produce muscle contraction
(actin-myosin interaction). In the research by Lindinger et al. it
was observed that caffeine plays a role in the regulation of plas-
matic and intracellular levels of potassium (K) by stimulating the
Na-K pump (11). These mentioned phenomena could enhance
the excitation-contraction coupling explaining the improvements
in muscular aspects with the use of caffeine, however, the mech-
anisms are still not entirely clear.

Every day people are exposed to various stressful situations,
whether physical, work, psychological, social, among others. All
these variables, both external and internal, have an impact on
the response of each individual. Physical fatigue is a phenome-
non conditioned by various psychophysiological factors which are
linked to responses such as: less alertness, less concentration
and motivation; lower labor productivity; decreased neuromus-
cular performance; tremors and pain; respiratory, circulatory and
neuromuscular overload; lower frequency in electromyographic

signal; loss of resistance and duration in isometric efforts; in-
creased lactate and increased core temperature (12).

Not only external stress can induce these psychophysio-
logical changes, but also other variables such as visual and/
or auditory stimuli can modify both the perception and the
degree of response of each individual. Such is the case of the
research carried out by Bigliassi et al. where it was shown
that, in an exhaustive isometric exercise exposed to sensory
stimuli, the motivational stimuli produced higher force lev-
els during the last seconds of the contraction, improved sit-
uational motivation and positively impacted the modulation
of low-frequency theta waves (fatigue suppression) and in-
creased beta activity (arousal level) (13).

The variability of the responses is conditioned by the magni-
tude of the stressor (intensity of the exercise, degree of complexi-
ty of the task, among others). To the extent that this is smaller, the
individual’s attention is focused more on external sensory signals
while in the opposite case, the greater the external magnitude
the attention is focused on internal signals thus inducing a great-
er impact on the psychophysiological response. In this sense, a
proposal that seeks to respond to this complex and multifaceted
phenomenon is the dual mode theory which seeks to explain the
possible mechanisms involved in the internal response induced
by fatigue at high intensities. This theory proposes that affective
responses to exercise are jointly influenced by cognitive factors
and interoceptive signals (14).

It is also known that exposure to these stressful contexts brings
with it a deterioration of cognitive functions, either acutely due to
a high workload, situations under high pressure and/or a context
of sports competition, as well as chronically as it is in the case of
people suffering from neurodegenerative diseases. In any case,
this situation will generate psychophysiological changes that will
generate a deterioration in cognitive functions and, consequently,
a lower response to stimuli and the ability to make decisions. In
this context, it has been seen that caffeine has shown beneficial
results in terms of improving cognitive function (15). Research
has shown that caffeine supplementation not only has a potential
effect in attenuating and retarding cognitive decline caused by
various brain disorders and diseases such as Alzheimer’s, Par-
kinson’s, and sleep deprivation (16), but also generates positive
effects in various tests also related to cognitive functions, such
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as: reaction time; election time; alertness; surveillance; response
speed, among others (17,18). In the sports field, Khcharem et
al. demonstrated that in recreational runners supplementa-
tion with 3 mg/kg of caffeine was also able to improve running
performance, cognitive function, and psychological state, with-
out affecting oxidative stress markers (19). Overall, the use of
caffeine has shown positive results in improving performance in
endurance running (20), better performance in team sports (21),
combat sports (22), among others.

That said, and based on the information found in the literature
on the psychophysiological effects of caffeine supplementation
the objective of this systematic review is to investigate and up-
date the effects of caffeine in any of its formats and different
types of populations on variables associated with psychophysio-
logical, sports and cognitive performance.

METHODS

SEARCH STRATEGY

The present systematic review was carried out following the
Preferred Reporting Items for Systematic Review and Meta-Anal-
yses (PRISMA) guidelines. Inclusion criteria were defines using
the PICOS model (Table I).

Table I. PICOS criteria for the inclusion of
studies in the systematic review

Parameters Inclusion criteria
Population Healthy adults
Intervention Caffeine supplementation
Comparators Same conditions with placebo
Variables related to psychophysiological,
Outcomes psychomotor, cognitive, and sports
performance
. Randomized/semi-randomized, double-blind
Study design X
controlled trials

Searches were made in the MEDLINE, Web of Science, Scopus,
and SportDiscus databases. The detail of the search equation
and the respective filters used according to each bibliographic
search engine are detailed below:

— MEDLINE search: (caffeine or coffee or energy drinks) AND
(psychology or psychological) AND physiology. The filters
used were clinical trials published from 01/01/2002 to
10/24/2022, published in English and humans.

— Web of Science Search: (caffeine or coffee or energy
drinks) AND (psychology or psychological) AND physiolo-
gy. The filters used were articles published in English from
01/01/2002 to 10/24/2022.

[Nutr Hosp 2024;41(3):677-685]

— Scopus search: (caffeine or coffee or energy drinks) AND
(psychology or psychological) AND physiology. The fil-
ters used were articles published from 01/01/2002 to
10/24/2022, published in English and humans.

— SportDiscus search: (caffeine or coffee or energy drinks)
AND (psychology or psychological) AND physiology. The fil-
ters used were articles in English, published in academic
journals from 01/01/2002 to 10/24/2022.

SELECTION CRITERIA

The articles found in the search were subjected to a duplicate
elimination, the filter was carried out by title and abstract, and
finally, the inclusion and exclusion criteria were applied. Studies
were considered where the variables evaluated were related to
the psychomotor response such as: alertness, response speed,
reaction time, among others.

The registries were included using the following criteria: Ran-
domized/semi-randomized controlled trials published from Janu-
ary 1, 2002, to the present (10/24/2022), in English, in any type
of population and also that, in any of their conditions the effect of
caffeine is measured in isolation.

The following articles were excluded: Trials where caffeine
supplementation was combined with some other ingredient, the
dose administered was not specified, low study quality (< 6 on
the PEDro scale), indirect psychophysiological response evalu-
ation (through only use of questionnaires). Meta-analyses, sys-
tematic reviews and narratives were not considered.

For the collection and storage of documents, the RefWorks
bibliographic manager was used.

STUDY SELECTION

One researcher was in charge of the search process in the da-
tabases (NSV). Relevant articles were identified by reading the ti-
tle and abstract for subsequent full-text review and elimination of
duplicates. On this basis of full-text articles considered eligible,
the selection criteria were applied to determine the requirements
to be part of the systematic review; this process was carried out
by the same researcher (NSV). RDV and VCP were part of the
search design, review of the document, and analysis and discus-
sion of the results. The results and conclusions were discussed
among the three researchers.

DATA EXTRACTION

Once the selection criteria were applied to each article, the
following data was extracted: background (author/s, year of pub-
lication); sample characteristics (number and characteristics of
participants, age, sex); design (characteristics of the interven-
tion); administration (caffeine dose and format); variables evalu-
ated and their respective results.
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QUALITY EVALUATION

The Physiotherapy Evidence Database (PEDro) scale was
used to determine the quality of the articles which has been
shown to be reliable in use in reviews of randomized controlled
trials (23). The objective of this scale is to help evaluate the
internal validity of the investigations mainly granting scores
based on the specification of the inclusion criteria, randomiza-
tion, blinding, statistical analysis, among others. From a total
scale of 11 points, with 10 being the maximum value that can
be awarded, all the articles that obtained a score < 6 were left
out of the analysis.

RESULTS

SEARCH STRATEGY

The database search resulted in a total of 201 articles. Out of
it, 14 duplicates were eliminated and 163 articles were excluded
by title and abstract due to the following reasons: They were not
found to be related to the topic of this review, narrative, sys-
tematic reviews, and meta-analyses. Twenty-four articles were
selected for full-text review, where after applying the inclusion/
exclusion criteria, 8 articles selected for the final systematic re-
view were chosen (Fig. 1).

N. Saavedra Velasquez et al.

PARTICIPANTS

The total sample of the selected articles was 266 participants
(n=145 men; n= 121 women). The samples of all the articles
analyzed in adults where the following characteristics: university
population (24,25), recreational runners (26), team sports (27),
armed forces (28), regular caffeine users (29) and healthy volun-
teers in general (30,31).

CAFFEINE SUPPLEMENTATION

Generally, in the literature it can be seen that most trials ad-
minister caffeine 60 minutes prior to the intervention; however,
this may vary depending on both the research design, as well as
its format and absorption time. Two ways have been established
to determine the amount of caffeine administered for this type
of intervention: absolute (standard amount for all participants)
and relative (amount depending on the weight of each individual).

In the articles selected in this systematic review a great vari-
ety was observed both in time and in the amount administered
where for example, it was found that Smith et al. administered
small doses of 1.5 mg/kg in two different periods (1.5 and 3.5 hrs
before both interventions, respectively) (24), similar to what was
done by Khcharem et al. where three small doses of 2 mg/kg of
caffeine were administered overnight as well as a single dose

Records excluded
(n=163)

= [dentified records
2 | | SportDiscus (1=82)  MEDLINE (7= 40)
5§ WoS (n= 8) Scopus (n=71)
5 !
Records after duplicates removed
(n=187)
- !
=
s Records screened
g (n=24)
(7]
:'E' Full-text articles assessed for eligibility
:-E, (n=24)
frr,
= Studies finally included in
s systematic review
[=]
=

Full-text articles excluded, with
reasons (1= 16)

— Caffeine was not measured in
isolation (n=1)

— (Caffeine was not measured in
isolation and indirect evaluation of
psychophysiological response (n = 2)

— Indirect evaluation of

(n=8 psychophysiological response (1 = 6)

— Poor quality assessment (n = 4)

Figure 1.

Selection of articles (Preferred Repor-

ting Items for Systematic Review and
Meta-Analyses, PRISMA).
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of 6 mg/kg (both the single dose and the last nightly dose were
administered 60 minutes prior to the intervention) (26). In this
sense, Ali et al. also administered a single dose of 6 mg/kg of
caffeine 60 minutes before the intervention (27). Different from
that was what was used in the study by Wesensten et al., who
delivered a high absolute dose of 600 mg 10 minutes prior to
the measurement, but these were performed consecutively every
hour during the night (12 hours) (30). Among these investiga-
tions, it is also important to highlight that different administration
formats were observed such as: caffeine in capsules, diluted in
liquid, gelatin capsules and energy drinks. Research delivered a
single dose of caffeine 45 minutes prior to the intervention, such
is the case of Kammerer et al. where participants consumed an
absolute amount of 80 mg (28), as well as in the study by Van

Duinen et al. where a relative amount of 3 mg/kg was adminis-
tered (31). Both Christopher et al., as well as Mackay et al. used
shorter times from consumption to intervention, establishing a
dose of 2 mg/kg 30 minutes before, and 110-120 mg 20 min-
utes respectively (25,29).

OUTCOME MEASURES

The articles included in this systematic review are shown in
the following table (Table Il), where information is provided re-
garding: author, characteristics of the population, detail of the
intervention, the main results analyzed during the investigation
and the conclusions of those results.

Table Il. Summary of the articles included in the systematic review that investigated the
effect of caffeine intake on variables related to psychophysiological performance

Author/s Population Intervention Main results analyzed Main conclusion
NS Anxiety or hedonic tone (caffeine or
Mood clonidine)
lé?fg']ngé ks%l fion Performance (tracking/detection 1 Performance Focused attention and
i uti ' .
in 150 ml task, five-choice task, focused repeated digits detection task (caffeine
24 men decaffeinated attention, categoric search, repeated | s placeho)
Smith etal. | 18 to 35 years ‘ coffee digits detection, simple ‘reactlon time) } Performance saccadic eye
Student population 15 h before 1¢ Memor.y (free reca!l, logical movements (caffeine vs clonidine
' reasoning, semantic memory, condition)
dose, 3.5  after recognition memory) .
2" dose . NS Caffeine effects on the other
Saccadic eye movements conditions of performance and
memory
Vigour and fatigue
. Mood (POMS) fStroop, treatment x time (correct
10 women 6 mg/kg caffeine answers)
) . Stroop test ) .
Ali et al. 24 + 4 years Gelatin capsule ) o fStroop, treatment x time (reaction
) Choice reaction time (CRT) f
Team sports 60 min before ime)
Perceptual responses (RPE, FS, FAS) 1CRT. reaction times
1 Feeling scale (FS)
Mood (anxiety, alertness, hedonic } Alertness
25 men _ tone) ,
2 mg/kg caffeine ) NS Focused attention
Christopher | 43 women ) Focused attention task .
) in 300 ml ) NS Categoric search
etal. 21 middle age Categoric search task
30 min before . o NS Reaction time
(20 t0 61) Simple reaction time task o
Repeated digits vigilance task ' Mean reaction time
Cardiorespiratory fitness NS Cardiorespiratory fitness
14 men 80 mg caffeine Strength (isometric strength) NS Strength (isometric strength)
Zta;rl]merer 20 + 1 years 250 ml Power (vertical jump) NS Power (vertical jump)
' soldiers 45 min before Concentration (grid test) NS Concentration test
Digit span WAIS subtest (digits) NS Digit span WAIS subtest (digits)
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Table Il (cont.). Summary of the articles included in the systematic review that investigated
the effect of caffeine intake on variables related to psychophysiological performance

Author/s Population Intervention Main results analyzed Main conclusion
37 men 600 mg caffeine — Mood (POMS) 1 Reduced fatigue and confusion
13 women 10 min before — Cognitive performance(add-subtract) | (caffeine vs M100)
22 4 middle age (measurements — Reaction time (ten-choice) 1 Response speed (caffeine, M100
(181030 every hour, for — Reaction time (four-choice) vs placebo). NS Accuracy speed (add-
twelve hours) s subtract)
Wesensten ~ Psychomotor Vfg||ance (PVT) 1 Reaction time (caffeine vs placebo).
etal — Stanford Sleepiness Scale (S5S) NS caffeine vs other conditions. NS
' Accuracy (ten-choice). NS Reaction
time (four-choice)
1 Response speed, PVT (caffeine vs
placebo). NS caffeine vs M200, M400
1 Reduce sleepiness (caffeine vs
placebo, M100)
12 men 6 mg/kg (60 min — Exhaustive running test 1 Caffeine performance vs placebo
21.7 = 0.9 years before) — Digit cancellation (correct detections) | (in both conditions)
Recreational runners | 2-2-2 mg/kg — Reaction time 1 Correct detections caffeine vs
Khcharem | (Students) (60 min before placebo (in both conditions)
etal. last dose, 3 and 1 Reaction time caffeine vs placebo
6 hours before (in both conditions)
the previous ones
during the night)
capsules
11 men 3 mg/kg — Right hands finger abduction force NS MVC. tSmall improvement in
13 women 45 min before (MVC) force production during submaximal
Van Duinen | heaithy — Simple task (auditory reaction time) | contraction.
etal. 24 + 6 years — Double task (30 % cMVC + auditory | T Simple task reaction time (both
- reaction time) types of stimulus). NS accuracy
1 Dual-task response speed
22 men 110-120 mg — Four choice reaction time task NS Reaction time caffeine vs placebo.
Mackay 42 women 20 min before (FCRT) | Alcohol increased error rates (FCRT)
etal. 21.3 middle age 170 ml — Digit symbol substitution task (DSST) | 1 DSST performance (caffeine/ alcohol
) vs alcohol)
Student population

1 : statically significant increase; "improvement without statically significance; | : statically significant decrease; NS: no significant differences.

LIMITATIONS

Of the selected articles, only 2 stated the limitations of their
research. Ali et al. stated that the protocol used in treadmill
was already obsolete and that they only worked at 60 % of
VO,max, reported no physical measurements, small sample
size, and could not mask the treatment (9 out of 10 partici-
pants guessed which trial they were in) (27). While Khcharem
et al stated that it is unknown whether the amount and timing
of administration was the best under such conditions, cir-
cadian activity-rest rhythms, small sample, unfamiliarity with
sleep deprivation, and lack of reliability/sensitivity data were
not verified (26).

DISCUSSION

The main objective of this systematic review was to summarize
the existing scientific evidence regarding the effects of caffeine
supplementation on the response of variables related to psycho-
physiological, psychomotor, cognitive and sports performance.
Knowing that caffeine is one of the supplements most used by
the population and with high support for the changes it produces
both at a physiological and psychological level, this systematic
review aimed to exhaustively determine the response and inter-
action of these two variables in different contexts.

In general, most of the articles showed that caffeine supple-
mentation produced beneficial effects on variables related to
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psychophysiological performance. Different measures were also
found both in the results and in their contexts of application, for
which reason these aspects will be discussed in greater depth in
the following sections.

EFFECT OF CAFFEINE ON
PSYCHOPHYSIOLOGICAL PERFORMANCE

The different investigations analyzed in this systematic review
showed that in general, caffeine supplementation generated an
enhancing effect on psychophysiological performance; however,
it was also seen that under certain contexts of application, it only
produced effects on some of the variables evaluated. This dif-
ference in the results of some articles could be mediated by the
diversity in the contexts and forms of application.

In this sense, investigations included in this review found that
caffeine supplementation produced beneficial effects in the dif-
ferent variables analyzed. Such is the case of the research car-
ried out by Khcharem et al. where they showed strong support for
supplementation with low and repeated doses of caffeine (3 dos-
es of 2 mg/kg during a waking night) in the different measured
variables associated with physical and cognitive deterioration in a
context of loss of sleep (26). Similar to this, Wesensten et al. also
demonstrated that in a context of sleep deprivation and compar-
ing the efficacy of two different drugs (caffeine and modafinil)
on performance and alertness, the 600 mg caffeine condition
was effective in maintaining speed response time (PVT), reac-
tion time, response speed (addition/subtraction), improvement in
drowsiness and decreased feelings of fatigue and confusion (30).
On the other hand, Ali et al. showed that despite the fact that
only the sensations scale test reached statistical significance, all
the other variables showed a tendency to improve the perceptive
responses of team sports players supplemented with 6 mg/kg,
such such as: sensation of vigor and decreased fatigue, effect
of treatment x time on the performance of the Stroop test, effect
of the treatment on the mean reaction time (CRT) and variables
associated with the subjective perception of effort (27).

Another part of the included articles found that caffeine sup-
plementation produced partial benefits in the improvement of
the psychophysiological response. Such is the case of Smith et
al. where in a healthy student population with a repeated dose
intervention (2 administrations of 1.5 mg/kg at different times),
the caffeine condition improved performance in the saccadic
eye movement test (vs clonidine condition), and in the tests of
focused performance and detection of repeated digits (vs pla-
cebo), it had no effect on mood or on any of the other variables
associated with performance and memory (24). Christopher et
al. found that in habitual caffeine consumers, supplementation
with 2 mg/kg was able to improve alertness (measured through
a visual analog scale) and mean reaction time in repeated-dig-
it vigilance tests, however, no changes were found in the other
mood state variables nor in the performance of the focused at-
tention, categorical search, and simple reaction time tests (29).
In this context, Mackay et al. found that, in healthy students and
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regular caffeine consumers, supplementation with 110-120 mg
was able to improve performance on the digit symbol substitution
test (caffeine/alcohol vs. alcohol condition), thus attenuating the
detrimental effects of alcohol on performance, however, had no
effect on the reaction time test (caffeine vs. placebo) (25).

Curiously it can be seen that in the three previously mentioned
articles, the dose administered was medium-low even more so
considering that two of the articles were carried out on regular
consumers, therefore it could be deduced that the lack of im-
pact on some of the variables could also be conditioned by these
reasons. It has also been seen that in the research carried out
by Van Duinen et al. in a population of healthy young adults, sup-
plemented with 3 mg/kg of caffeine, improvements were seen in
the reaction time of a simple task, greater response speed in a
double task (cognitive stimulation plus neuromuscular stimula-
tion), a small improvement of force production in a sub-maximal
contraction, but without changes in both the maximum voluntary
contraction (MVC), and in the precision in the simple task (31).
One of the possible reasons why in this investigation they could
not find significant changes at the neuromuscular level which is
also discussed by the same authors is because apparently there
is a response depending on the amount of muscle mass involved
which could be mediated by the greater stress generated by the
stimuli to the larger muscle groups. This is consistent with the
results reported by studies using large muscle groups and caf-
feine did show a significant effect on strength, endurance, and
repetitions to fatigue (32-34).

On the other hand, in one of the articles included in this review
no effect of caffeine supplementation was found. As investigat-
ed by Kammerer et al. where the effect of different conditions of
energy drinks in soldiers was compared the amount of 80 mg of
caffeine was not able to improve any of the variables evaluated
(cardiorespiratory fitness, strength, power, concentration and im-
mediate memory) (28). Possibly and also agreeing with the authors
comment in the discussion the amount of caffeine used could have
been insufficient to positively influence the variables analyzed.

It is important to mention that despite having a reduced num-
ber of articles selected for the review (8), these have the quality
criteria and methodological structure required to be considered
in the evaluation. In the literature it is possible to find additional
articles on this topic which were also part of the selection pro-
cess in the early stages of the search, however many of them
presented deficiencies in blinding, randomization of participants,
non-compliance with the inclusion criteria regarding the isolated
measurement of caffeine, indirect measurement of the psycho-
physiological response, among others. For which regardless of
the fact that many of these articles showed positive results re-
garding the use of caffeine, they were similarly excluded from
the final selection due to non-compliance with the previously
mentioned criteria. On the other hand, this situation can also be
considered as a strength of this research because regardless of
the final number of articles selected the inclusion criteria and the
selection process was carried out in such a way that the conclu-
sions can be made as objective as possible with respect to the
subject in question.
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In summary, and considering the results of research show-
ing the effect of caffeine consumption in various contexts and
application designs the use of medium-low doses seems to be
a common factor when discussing their results. In general, and
when the doses are appropriate according to the context and the
type of population, caffeine supplementation showed beneficial
effects of its use. It is also important to note that in none of these
articles did caffeine produce a negative effect which makes it a
reliable supplement in case you want to improve variables asso-
ciated with psychophysiological, sports, cognitive performance,
etc. It is important to take into account all the variables that could
influence the effectiveness of its use, such as: adequate dose de-
pending on the type of context, consider whether they are habitu-
al users, consider the good and bad responders to its use, and all
the others variables that could enhance or harm its application.

RECOMMENDED DOSAGE AND PRACTICAL
APPLICATIONS

According to the results in this review and considering the rest
of the information available in the literature regarding the use of
caffeine, the recommended dose-response ranges from 3-6 mg/
kg (35,36). Doses below 3 mg/kg seem to be controversial which
is why it is important to carefully control the context of application
and the study population. Findings have also been seen that in a
sports setting doses between 6-9 mg/kg also seem to be effective
in improving performance in competitive rowers (37), however as a
consensus, both studies of Graham et al. and Pasman et al. (35,36),
as well as other authors commented that higher doses of caffeine do
not appear to have an additional effect on performance enhancement
(38). As a recommendation it has been seen that doses of up to 400
mg/day have not shown adverse effects in healthy adults (39). The
previous administration time that has been used in the vast majority
of investigations is around 60 minutes, mainly due to the absorption
time of caffeine and the delay time in reaching its peak in plasmat-
ic concentrations (40,41), however, and as stated by the articles
analyzed in this review improvements could also be seen in some
variables related to the psychophysiological response with shorter
administration times. To determine the magnitude of its ergogenic
effect due to the inter-individual variability that usually presents the
response of the subjects, the use of multiple and repeated compar-
isons is also suggested, and not only the effect on acute measure-
ments (42). That being said 30 to 60 minutes seems to be an optimal
time for administration of caffeine. It is also important to consider that
regardless of the fact that not all of them are present in the articles
selected for this review there is the possibility of finding other forms
of caffeine administration where it is also important to consider them
individually since the characteristics and absorption times can differ
between formats (43,44). In general, the use of caffeine can cover
different areas, where in a work context low-moderate doses (up to
3 mg/kg) seem to be sufficient to produce improvements, while in a
sports and/or military context doses between 3-6 mg/kg would be
the appropriate recommendation to improve the different variables
related to psychophysiological performance.

N. Saavedra Velasquez et al.

CONCLUSION

In conclusion, when intervention designs are well planned
caffeine supplementation has been shown to be an effective er-
gogenic aid to improve psychophysiological response in various
contexts without detrimental effects on performance. Moderate
amounts seem to have a greater effect in the sporting context
(3-6 mg/kg). In general, it has been seen that 3 mg/kg would be
a standard dose to produce significant effects however low/mod-
erate amounts could also be an appropriate recommendation
for other segments of the population mentioned in this review
(< 3 mg/kg). The use of low doses is controversial, therefore and
as mentioned above it is essential to be successful in the ap-
plication to evaluate the context and all the variables that could
influence it, such as; characteristics of the sports discipline or
environment to be used, habitual consumption, individual re-
sponse of each subject, time, quantity and application format,
among others.

STRENGTHS AND LIMITATIONS

The present review presented some limitations in the selec-
tion of articles due to the diversity of intervention protocols that
were applied many of them were excluded for reasons such as:
the psychophysiological response was measured only through
questionnaires, conditions where caffeine was used it was mixed
with some other ingredient, among others. Likewise, within the
included articles there were some where the dose was not ade-
quate and/or the participants were habitual caffeine consumers
which could underestimate the potential effect that this would
have had.

On the other hand, and complementing what was previously
said in the discussion part of these limitations were turned into
strengths since regardless of the scarcity of specific articles on
this topic in the literature together with the large number of articles
excluded due to their intervention designs those that were selected
met sufficient quality to be part of this review and this gives a
clearer and more objective view of the effect of caffeine on the
psychophysiological response. The criterion of limiting only to re-
search where the effect of caffeine was measured directly allowed
us to give a more objective view of the potential benefits of its use.
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Resumen

Introduccion: el nimero de pacientes pediatricos que reciben nutricion artificial en el domicilio (NAD) ha crecido en los paises occidentales en
la medida que ha mejorado el prondstico de algunas enfermedades graves potencialmente letales. Con el fin de poder estimar la cantidad de
recursos necesarios para implementar esta técnica, es necesario conocer el volumen real de pacientes que precisan NAD. Una manera aproximada
de conocer estas necesidades puede establecerse a partir de los datos de los registros nacionales de pacientes.

Métodos: se revisan las caracteristicas de los registros de pacientes pediatricos con NAD, tanto los activos como los que no han continuado en
el tiempo, con especial atencion a los registros espafioles.

Resultados: solo dos registros de pacientes permanecen activos en 2023, el registro canadiense y los registros espafoles de la Sociedad
Palabras clave: Espafiola de Nutricion Clinica y Metabolismo (SENPE), a través del registro NADYA y el de la Sociedad Espariola de Gastroenterologia Hepatologia
Nutricién artiicial y Nutricion Pediatrica, registro REPAFI. El registro méas completo de la Sociedad Britanica, BANS, dejé de publicar resultados en 2018.

domiciliaria. Nifio. Registro. ~ Conclusiones: a pesar de reconocer la importancia de presentar datos actualizados de prevalencia e incidencia del uso de la NAD, con el fin
Datos. Prevalencia. de adecuar los recursos a las necesidades, el nimero de registros activos de pacientes pediatricos es excepcional.

Abstract

Background: the number of infants and children who receive artificial nutrition at home has been steadily increasing over the last decades, as
better outcomes for children with chronic conditions have been achieved. In order to evaluate the need of resources to implement the technique
it is necessary to know how many patients benefit from home artificial nutrition. This information can be estimated from the register of patients,
when available.

Methods: in this paper the characteristics of all registers were reviewed, especially those devoted to pediatric patients.

Results: only two pediatric registers are active in 2023: the Canadian register and the Spanish one. NADYA register from the Spanish Society

Keywords: for Clinical Nutrition and Metabolism (SENPE) and the recent REPAFI, form the Spanish Society of Pediatric Gastroenterology, Hepatology and
Home artifcial nutrition Nutrition. The most valuable register from the British Society, BANS, stopped providing information in 2018.

Child. Register. Data. ‘ Conclusion: despite the fact of acknowledging the importance of having gathered information on the prevalence and incidence of home artificial
Prevalence. nutrition, to fit resources to necessities, the number of active registers is quite short.
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INTRODUCCION

El nimero de pacientes pediatricos que reciben nutricion arti-
ficial en el domicilio (NAD) ha crecido en los paises occidentales
en la medida que ha mejorado el prondstico de algunas enfer-
medades graves potencialmente letales. La NAD abarca tanto la
nutricion enteral domiciliaria (NED) como la nutricion parenteral
domiciliaria (NPD). Las principales indicaciones de NED incluyen
las dificultades para la alimentacion oral, los problemas de di-
gestion, absorcion y metabolismo, y las enfermedades cronicas
que cursan con aumento de los requerimientos o se asocian a
aumento de las pérdidas (1). En el caso de la NPD, la principal
indicacion es el fallo intestinal (Fl), ya sea por reseccion intestinal
amplia, por alteraciones de la motilidad o por dafio grave y ex-
tenso de la mucosa intestinal (2).

La puesta en marcha de los programas de NAD implica la
existencia de equipos de soporte o tratamiento nutricional y la
capacidad de garantizar un seguimiento adecuado las 24 horas
del dia, todos los dias del afio, sobre todo para el caso de los
pacientes con NPD (3).

En Espafia, tanto la NED como la NPD estan contempladas
como prestaciones de la cartera de servicios del Sistema Na-
cional de Salud (4). La NED esta regulada desde el afio 1998,
incluyendo los precios de referencia (5,6). No ocurre lo mismo
con la NPD, aunque el Ministerio de Sanidad elabor¢ una Guia de
Préactica Clinica en 2009 (7).

Con el fin de poder estimar la cantidad de recursos necesarios
para implementar esta técnica es necesario conocer el volumen
real de pacientes que precisan NAD. Una manera aproximada de
conocer estas necesidades puede establecerse a partir de los
datos de los registros nacionales de pacientes.

LA IMPORTANCIA DE LOS REGISTROS DE
PACIENTES. REGISTROS DE NUTRICION
ARTIFICIAL DOMICILIARIA

Un registro de pacientes es una base de datos de los pacien-
tes identificados con una enfermedad o una necesidad especial;
generalmente incluye, ademds de los datos administrativos de
identificacion, informacion clinica relevante, incluidas las com-
plicaciones de los tratamientos. Los registros longitudinales fun-
cionan como un estudio observacional de cohortes y permiten
observar las variaciones de un proceso o de una enfermedad a
lo largo del tiempo (8). En la tabla | se sefialan los beneficios de
un registro de ambito nacional.

Esta es la filosofia que subyace en el establecimiento de los
registros de pacientes con NAD. Sin embargo, con muy escasas
excepciones, no se dispone de registros nacionales que se man-
tengan en el tiempo. Las principales dificultades estriban en que
se trata de registros voluntarios, promovidos por las sociedades
cientificas y que no disponen de recursos adicionales (personal,
tiempo) para su cumplimentacion, 1o que en la mayoria de las oca-
siones significa que funcionan por el voluntarismo de un pequefio
nimero de profesionales. Por el contrario, no es dificil encontrar

[Nutr Hosp 2024;41(3):686-689)

Tabla I. Beneficios de un registro nacional

1. Monitorizar los resultados de salud, identificando las
necesidades de los pacientes y los problemas que requieren
una atencion inmediata.

2. ldentificar las necesidades de recursos y las prioridades.

3. Organizar la asistencia en funcion de la demanda

4. Ayudar a generar una red de trabajo

5. Mejorar la calidad de los datos recogidos

encuestas de practicas de uso que muestran una “foto fija” de la
actuacion en un punto de corte en el tiempo. Aunque sin duda pro-
porcionan datos de interés, no permiten un seguimiento a tiempo
real de las necesidades de los pacientes y de los programas.

Algunos registros de pacientes publican periodicamente (ge-
neralmente de forma anual) sus resultados constituyendo una
valiosa fuente de informacion. De entre ellos, el mas destaca-
ble es el de la British Artificial Nutrition Survey (BANS), alojado
en la pagina web de la sociedad britanica de nutricion artificial,
BAPEN. El registro BANS se establecio en 1996 y consolidaba
los trabajos previos del registro de NPD de Salford y de los gru-
pos de trabajo de Nutricion Parenteral y Enteral (PEN Group) y el
registro de nutricion enteral por sonda (HETF) de dicha sociedad.
Sin embargo, los cambios en las historias clinicas electronicas
y las modificaciones en la legislacion sobre proteccion de datos
han hecho imposible mantener el registro en su formato habitual,
a la espera de disefiar nuevas formas de recogida de datos que
ayuden a conseguir los objetivos que movieron a la creacion del
registro (9). El Gltimo afio reportado corresponde a 2018 y solo
incluy¢ datos de nutricion enteral por sonda de los tres afios pre-
cedentes (10), mientras que el ultimo en NPD y solo en pacientes
adultos data de 2016 (11). Para obtener datos de pacientes pe-
diatricos hay que remontarse a 2011 (12).

En Estados Unidos, el registro OASIS recogit datos de los pacien-
tes con NPD desde 1984, pero su actividad se mantuvo solo durante
pocos afios y solo publicd un reporte de 4 afios de actividad (13).
Aunque la Sociedad Norteamericana de NPD intent6 relanzar un nue-
Vo registro afios mas tarde, el registro SUSTAIN (14), su existencia
ha sido también efimera. Las Ultimas actualizaciones de su pagina
datan de 2014 (https://www.nutritioncare.org/Research_and_Re-
sources/Sustain_Newsletters_and_Publications/).  Probablemente
en el caso norteamericano, ademéas de las dificultades inherentes
a los registros voluntarios ya citadas, se una la organizacion de los
programas de NPD en ese pais, basados sobre todo en compafiias
de atencion domiciliaria (Home Care Companies).

De la valoracion de las paginas web de las sociedades de nu-
tricion clinica asociadas a ESPEN solo se han podido encontrar
datos activos de registros de pacientes de Canada (15) y de Es-
pafia, que se comentaran con mas detalle posteriormente.

A pesar del interés manifiesto de mantener registros activos
de pacientes con NAD en la realidad es excepcional su existencia
y mas todavia la publicacion periddica de su actividad.
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La Sociedad Europea de Nutricion Clinica y Metabolismo (ES-
PEN) publica periddicamente los resultados de encuestas reali-
zadas a partir del grupo de trabajo de fallo intestinal, sobre los
pacientes con NPD en Europa (16)

LA EXPERIENCIA EN ESPANA DE LOS
REGISTROS DE NAD: NADYA, NEPAD Y REPAFI

En Espaiia funciona el registro de Nutricion Artificial Domici-
liaria y Ambulatoria (NADYA), del grupo de trabajo de la Sociedad
Espafiola de Nutricion Clinica y Metabolismo (SENPE), desde el
afo 1992; publica sus resultados anualmente en el 6rgano de
expresion de la SENPE, la revista Nutricion Hospitalaria (17).
Mientras que los datos de NPD pueden ser un buen reflejo del
empleo de la NPD en Esparia, no ocurre 1o mismo con la NED.
El registro NADYA, ademas, tiene la peculiaridad de que permite
registrar a los pacientes que reciben NE por via oral siempre
que esta constituya mas del 50 % de las necesidades caldricas
0 1000 kcal/dia. Los Ultimos datos publicados referidos a la NE
corresponden a los afios 2018 'y 2019 (18), y a 2019 los referi-
dos a la NPD (19). El registro recoge datos de pacientes adultos
y de pacientes pedidtricos; sin embargo, la representatividad de
los pacientes pedidtricos es cuestionable al incluir solo datos
procedentes de tres hospitales. Como ejemplo, en el tltimo re-
gistro de NPD publicado con los pacientes incluidos hasta 2019
s0lo se recogen datos de 31 pacientes (19).

Datos de encuestas nacionales publicados recientemente
muestran, sin embargo, un nimero creciente de pacientes pe-
diatricos con NPD. Por ejemplo, en el Reino Unido se ha multipli-
cado por 4 el nimero de pacientes con FI crénico, dependientes
de nutricion parenteral, en los dltimos 25 afios (20). De forma
similar, en Francia se ha pasado de 268 pacientes en 2014 a
385en 2019 (21); en Polonia, 626 pacientes se recogieron entre
2010y 2018 (22).

Para cubrir esa necesidad, la Sociedad Espariola de Gastroen-
terologia, Hepatologia y Nutricion (SEGHNP) puso en marcha en
2010 el registro NEPAD de nutricidn enteral pediatrica a domi-
cilio (23), pero solo ha publicado un andlisis de sus datos en
2013 (24). Mas recientemente, la misma SEGHNP ha puesto en
marcha el registro REPAFI (Registro de Pacientes con Fracaso
Intestinal), cuyos primeros resultados se han publicado en forma
de poster (datos no publicados). Se incluyeron 121 pacientes de
9 centros, con una mediana de edad de 3,2 afios (Rl: 1,6-5,5);
el 54,5 % eran varones. La causa mas frecuente de Fl fue el
sindrome de intestino corto (SIC) (74,4 %), seguido de los tras-
tornos de motilidad (15,7 %) y las enteropatias congénitas (5 %).
Se recogieron 191 episodios de NPD, con una mediana de du-
racion de 308 dias (Rl: 161-537,5), habiéndose empleado 192
catéteres (85,9 % tunelizados, 10,4 % PAC, 8,3 % PICC). Treinta
y dos pacientes (26,4 %) tuvieron alguna infeccion asociada al
catéter. Se detectaron 73 bacteriemias (38,4 % por enterobacte-
rias; 27,4 % por S. aureus'y 34,2 % por otros), con una tasa de
0,85 episodios de bacteriemia por cada 1000 dias de catéter. El
47,9 % de los pacientes no recibian en ese momento ninguna
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profilaxis infecciosa y el 47,9 % recibian taurolidina. Se recogie-
ron 24 episodios de trombosis (con profilaxis antitrombdatica en
el 41,7 % de los casos). El 19,8 % de los pacientes presentaron
datos de enfermedad hepatica (aumento de transaminasas, bi-
lirrubina 0 GGT > 2 veces el limite normal durante > 3 meses)
a lo largo de su evolucidn, aunque en el 12,5 % se corrigieron.
El 82,2 % de esos pacientes tenian hecha una biopsia hepatica
con puntuacion en la escala METAVIR: F1 (5,4 %); F2 (43,2 %);
F3 (40,5 %) y F5 (40,5 %). Trece pacientes (10,1 %) tuvieron
episodios de acidosis D-lactica y 31 (25 %) recibieron profilaxis
para el sobrecrecimiento bacteriano. Solo un paciente presentd
insuficiencia renal. Al final del estudio, 11 pacientes (9 %) habian
fallecido, 10 (8,2 %) se trasplantaron, 61 (50,4 %) se adaptaron
y 39 (32,2 %) continuaban con NPD.

COMENTARIO FINAL

Han pasado algo mas de 50 afios desde que los pioneros de
la NPD (Belding Scribner, Maurice Shils, Khursheed Jegejeebhoy,
Marvin Ament, Dudrick) enviaran a sus primeros pacientes a su
domicilio, algunos de ellos nifios. Desde entonces, con lentitud
y con grandes diferencias entre paises, la NPD ha ido formando
parte del arsenal terapéutico en los pacientes con FI prolonga-
do o permanente. Espafia se incorpord tarde a esta carrera: los
primeros pacientes adultos se enviaron a su domicilio a finales
de los afios 80 (25) y los primeros pacientes pediatricos a prin-
cipios de los 90 (26). La incidencia y la prevalencia de la NAD en
los pacientes pediatricos se desconoce. A diferencia del Reino
Unido, Dinamarca o Francia, donde se centralizan los pacientes
con NPD en hospitales de referencia distribuidos a lo largo de
toda la geografia, en Espafia practicamente casi cualquier hos-
pital puede tener pacientes con NAD, lo que dificulta, por tanto,
la recogida de datos.

Sin embargo, es bien conocido que lo que no se registra, no
existe. Si queremos implementar la atencion a los pacientes con
NAD hemos de disponer de datos fiables de resultados clinicos
y de complicaciones. Confiamos en que el registro REPAFI con-
tribuya a esta tarea.
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Abstract

Introduction: early exposure to cadmium toxic metal has been suggested to be associated with reduced infants/children growth; nevertheless,
the available evidence is contradictory.

Objective: this meta-analysis aimed to examine the association of cadmium exposure through biological samples to growth measurements of
infants/children, including body weight, height, body mass index (BMI), BMI-for-age (BMI Z-score), weight-for-age (WAZ), height-for-age (HAZ),
and weight-for-height (WHZ) z-scores.

Methods: a systematic search in PubMed and Scopus was implemented to obtain the related studies. The standardized beta coefficients () and
95 % confidence intervals (95 % Cl) were used as effect sizes to test the associations using the random effects analysis.

Results: a total of 15 studies with 6,181 participants were included in the meta-analysis. In the overall analysis, pooled analysis of available data
revealed that cadmium exposure was inversely linked to height (3 = -0.06, 95 % Cl = -0.12 to -0.01) and WAZ ( = -0.01, 95 % Cl = -0.02 to
-0.003). These relationships were also supported by prospective cohort studies and urinary cadmium exposure. In the stratified analysis, cadmium
exposure was negatively linked to the weight of children in prospective cohort studies, in studies that assessed urinary cadmium exposure. No
significant association was detected between cadmium exposure and BMI, BMI Z-score, WHZ, and HAZ in the overall and subgroup analyses.

Conclusions: this meta-analysis emphasized the importance of cadmium exposure as a risk factor for growth failure in infants/children.
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Resumen

Introduccion: se ha sugerido que la exposicion temprana al metal toxico cadmio se asocia a un crecimiento reducido de los bebés y nifios; sin
embargo, la evidencia disponible es contradictoria.

Objetivo: este metaandlisis tuvo como objetivo examinar la asociacion de la exposicion al cadmio a través de muestras bioldgicas con las mediciones
de crecimiento de bebés/nifios, incluidos el peso corporal, la altura, el indice de masa corporal (IMC), el IMC para la edad (puntuacion Z del IMC) y
las puntuaciones z de peso para la edad (WAZ), altura para la edad (HAZ) y peso para la altura (WHZ).

Métodos: se implementd una blisqueda sistematica en PubMed y Scopus para obtener los estudios relacionados. Los coeficientes beta estandari-
zados (B) y los intervalos de confianza del 95 % (IC 95 %) se utilizaron como tamarios del efecto para probar las asociaciones mediante el andlisis
de efectos aleatorios.

Resultados: se incluyeron en el metaandlisis un total de 15 estudios, con 6.181 participantes. En el andlisis general, el andlisis conjunto de los datos
disponibles reveld que la exposicion al cadmio estaba inversamente relacionada con la altura (8 = -0,08, IC del 95 % =-0,12 a-0,01) yWAZ (B =
-0,01,1C del 95 % = -0,02 a -0,003). Estas relaciones también fueron respaldadas por estudios de cohortes prospectivos y exposicion al cadmio en
orina. En el andlisis estratificado, la exposicién al cadmio se relaciond negativamente con el peso de los nifios en estudios de cohortes prospectivos,
en estudios que evaluaron la exposicion al cadmio en la orina. No se detectd ninguna asociacion significativa entre la exposicion al cadmio y el IMC,
la puntuacion Z del IMC, el WHZ y el HAZ en los andlisis generales y de subgrupos.

Conclusiones: este metaandlisis enfatizo la importancia de la exposicion al cadmio como factor de riesgo del retraso del crecimiento en

Palabras clave:

Lactantes. Nifios.
Crecimiento. Cadmio.

Metaanalisis. lactantes/nifios.

INTRODUCTION

Growth failure in children, featured by stunting, underweight,
and wasting (1), is a significant public health concern worldwide,
with long-term implications on both physical and cognitive de-
velopment (2-4). The growth and development of children are
affected by several factors, such as genetics, recurrent infec-
tions, nutritional status, and socio-economic conditions (4-8).
Environmental factors, such as exposure to heavy metals, have
also been implicated as potential contributors to this problem (9).
Among heavy metals, cadmium has attracted significant atten-
tion due to its high degree of toxicity, widespread presence in the
environment, and the potential adverse effects it may have on
children’s growth (10).

Cadmium is released into the environment through various
industrial processes, waste disposal methods, and agricultural
practices (11). It can contaminate air, water, and soil, eventually
accumulating in the human body mainly through food and drink-
ing water (5,12). Once ingested, cadmium can cause multiple
health issues, including renal dysfunction (13), skeletal damage
(14), neurodevelopment impairment (15), immune dysfunction
(16), and an increased risk of cancer (17). In humans, cadmium
has a remarkably extensive biological half-life (> 15 years) with
a very low excretion rate, and the total body contents of cadmi-
um increases with age (18). Early exposure to cadmium could
happen during prenatal and neonatal periods via transplacental
transfer, breast milk, and complementary feeding (19,20). Thus,
early childhood is considered a vital stage to decrease cadmium
exposure and hinder its long-lasting outcomes.

Animal studies have established that the administration of
cadmium is linked to decreased body weight and growth (21,22).
In humans, prenatal cadmium has been negatively related to
birth weight (23), but evidence of growth-associated impacts of
cadmium exposure through various biological samples in infants/
children is limited and inconclusive. The prospective cohort study
by Gardner et al. (24) revealed that a higher urinary cadmium
exposure during childhood is negatively linked to height, weight,
and growth velocity at 5 years of age, while some studies failed to

[Nutr Hosp 2024;41(3):690-701]

observe an association between cadmium in blood (25) and urine
(26) with the growth indicators of children. The inconsistencies
among the findings of the previous studies might be due to the
difference in type of biological sample, sample size, study design,
gender of participants, method used to assess cadmium, and the
varieties in adjustment for covariates. Accordingly, the objective
of this meta-analysis was to evaluate the association of cadmium
exposure through biological samples to growth measurements of
infants/children, including body weight, height, BMI, BMI-for-age
Z-score, WAZ z-score, HAZ z-score, and WHZ z-score.

MATERIALS AND METHODS

This study was reported by following the PRISMA guidelines
27).

SEARCH STRATEGY

A comprehensive search of relevant literature from the be-
ginning to September 2023 was conducted using PubMed and
Scopus databases. Additionally, a manual search was conduct-
ed in the references of the related reviews and included studies
to ensure no articles were missed. The search strategy was as
follows: (“Cadmium”[Mesh] OR Cadmium[Title/Abstract]) AND
(“Child”[Mesh] OR “Infant’[Mesh] OR child[Title/Abstract] OR
Infant[Title/Abstract] OR children[Title/Abstract] OR infants[Ti-
tle/Abstract] OR neonatal[Title/Abstract]) AND (growth(Title/
Abstract] OR weight[Title/Abstract] OR length[Title/Abstract]
OR height[Title/Abstract] OR anthropometry[Title/Abstract] OR
length-for-age[Title/Abstract] OR height-for-age[Title/Abstract]
OR weight-for-age[Title/Abstract] OR weight-for-length[Title/
Abstract] OR weight-for-height[Title/Abstract] OR stunting[Ti-
tle/Abstract] OR wasting[Title/Abstract] OR underweight[Title/
Abstract] OR “Growth”[Mesh] OR Body Height”[Majr] OR “Child
Development”[Mesh]). The search was restricted to articles pub-
lished in English language. The retrieved studies were entered
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into the Endnote software, duplicates were removed, the titles/
abstracts were reviewed by two independent authors, and then
the full-text of the related articles were screened by two authors
independently; any differences were resolved through a discus-
sion among all researchers. Finally, studies meeting the inclusion
criteria were included in the meta-analysis.

INCLUSION CRITERIA

The following inclusion criteria were considered: 1) observa-
tional studies (cohort, cross-sectional, or case-control) examin-
ing the relation of cadmium exposure to growth measurements
(weight, height, BMI, BMI Z-score, WAZ, HAZ, or WHZ) in in-
fants/children (under 12 years); 2) reported the standardized
regression coefficient (B) and 95 % confidence interval (CI) for
the associations or provided raw data to compute them; 3) the
exposure was measured in biological samples, such as blood,
urine, or hair. Animal studies, letters, book chapters, studies on
adolescents/adults, editorials, review articles, studies that were
on pregnant women, studies with irrelevant exposure/outcome,
and studies that were not extractable were excluded.

DATA EXTRACTION AND QUALITY
ASSESSMENT

Two authors independently conducted the data extraction pro-
cess for all included studies and disagreements were resolved
through discussion. The following information was gathered
from each publication: author’s name, publication year, sample
size, country, gender of participants, study design, outcomes
assessed, mean age of participants, p and 95 % Cl for the as-
sociations, method used for cadmium evaluation, type of expo-
sure (sample), covariates used for adjustment in analyses, and
statistical models applied for the analyzing of data. The meth-
odological quality of the included studies was assessed using
the Newcastle-Ottawa Scale (NOS) (28), on a scale ranging from
0 to 9 stars. For cross-sectional studies, we applied a modified
version of NOS to assess the quality of studies. A score of 6 or
higher indicates high quality, a score between 3 and 5 indicates
medium quality, and a score below 3 indicates low quality (29).

STATISTICAL ANALYSIS

To evaluate the relationship between exposure to cadmium
and growth indicators, the standardized regression coefficient
(B) and its 95 % Cl were applied. Since different statistical
metrics (regression coefficient, correlation coefficient, or mean
differences of outcomes in the low-exposed and high-exposed
groups) were presented in the included publications, the p and
its 95 % Cl were used to synthesize the findings. The B and its
95 % Cl were estimated with the use of the formulas presented
in the supplementary figure 1 (https://www.nutricionhospitalar-
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ia.org/anexos/04965-01.pdf). Statistical heterogeneity among
the included studies was assessed using the Q and I? statistics
(30,31). Due to the anticipated heterogeneity, the DerSimoni-
an and Laird random effects model was used for all pooled
results (32). Subgroup analysis was performed based on the
study design (prospective cohort vs. cross-sectional), method
of cadmium measurement (inductively coupled plasma mass
spectrometry (ICP-MS), graphite furnace atomic absorption
spectrometry (GFAAS), and flame atomic absorption spectrom-
etry [FAAS]), adjustment for covariates (yes vs. no), gender of
participants (boy, girl, and both) and type of sample (blood,
urine, and hair) to explore possible sources of heterogeneity.
Publication bias was evaluated using the Egger’s test (33).
Statistical calculations were performed using STATA software
(version 14.0; Stata Corporation, College Station, TX, USA), and
p-values < 0.05 were considered statistically significant.

RESULTS

STUDY CHARACTERISTICS

The systematic search yielded a total of 1,160 publications, out
of which 302 were identified as duplicates. After excluding 808
articles based on their titles and abstracts, 50 studies remained
for full-text evaluation. Ultimately, 15 publications (5,9,18,24-
26,34-42), published between 2001 and 2022 with a combined
sample size of 6,181 subjects, were included in the meta-analy-
sis. The screening process of the studies is depicted in figure 1.
These studies originated from four continents, with 5 from Eu-
rope (25,26,35,36,41), 3 from Africa (18,39,40), 1 from America
(34), and 6 from Asia (5,9,24,37,38,42). Among them, 5 records
were prospective cohort studies (5,24,34,38,41) and 10 records
were cross-sectional studies (9,18,25,26,35-37,39,40,42).
The sample sizes of the analyzed publications ranged from
32 to 1,505 participants. The man age of participants ranged
from < 4 weeks to 11 + 0.4 years. The frequency of partic-
ipants with male sex among the included studies varied from
49 % to 52 %. Type of exposure (sample) was hair in 2 studies
(35,41), urine in 5 studies (5,24,26,37,38), and blood in 8 stud-
ies (9,18,25,34,36,39,40,42). Cadmium levels were determined
using inductively coupled plasma mass spectrometry (ICP-MS)
in 10 studies (5,24,26,34,35,37-41), graphite furnace atomic
absorption spectrometry (GFAAS) in 4 studies (9,25,36,42), and
flame atomic absorption spectrometry (FAAS) in 1 study (18).
Most studies adjusted their results for potential covariates, al-
though 6 publications (18,25,36,37,39,41) reported unadjust-
ed results without accounting for confounders. Data on height,
weight, BMI, BMI Z-score, WAZ, WHZ, and HAZ were available in
4 studies (9,24,36,42), 6 studies (9,18,24,25,36,37), 3 studies
(26,36,42), 8 studies (5,24,34,35,37-39,41), 2 studies (39,41),
and 8 studies (5,24,34,35,38-41), respectively. The quality of
the included publications ranged from medium to high, with
scores between 3 and 9 (median score: 6.73). Table | provides
an overview of the characteristics of the included papers.
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Records identified through database search:
PubMed (n = 422), Scopus (738)

'

Records after duplicates removed (1 = 858)

Excluded based on title and abstract (7 = 808)

Full-text articles assessed for eligibility (n = 50)

Records excluded (n = 35)

Reviews (3)
Animal studies (3)

Studies on adolescents/adults (3)

Studies that were on pregnant women (15)
Studies with irrelevant exposure/outcome (6)
Data were not extractable (3)

Other irrelevant articles (2)

Studies included in quantitative analysis: 15 studies

Figure 1.

Flow chart of study selection.

CADMIUM EXPOSURE AND GROWTH
MEASUREMENTS

The results of the overall and subgroup analyses by study de-
sign, method used to assess cadmium, gender of participants,
adjustment for covariates (yes vs. no), and type of sample is pre-
sented in table II. In the overall analysis, when all effect sizes
were pooled using the random effects model, a significant in-
verse relationship was found between higher cadmium exposure
and height (B = -0.06, 95 % CI = -0.12 to -0.01; Fig. 2) and
WAZ (B = -0.01, 95 % Cl = -0.02 to -0.003; Fig. 3) in children.
In the subgroup analyses, the negative correlation of cadmium
to height and WAZ was also supported by prospective cohort
studies (height: B = -0.11, 95 % Cl = -0.17 to -0.05; WAZ;
B =-0.01, 95 % Cl = -0.02 to -0.002) and urinary cadmium
exposure (height: p = -0.11, 95 % Cl = -0.17 to -0.05 [Fig.
2]; WAZ: B = -0.01, 95 % Cl = -0.02 to -0.004 [Fig. 3]) (Table
Il). Moreover, in the stratified analysis, cadmium exposure was
negatively linked to the weight of children in prospective cohort
publications, in studies that assessed urinary cadmium exposure,
and in studies that used ICP-MS or FAAS to assess cadmium
levels (Table Il). No significant association was detected between
cadmium exposure and BMI (Fig. 2), BMI Z-score (Fig. 3), WHZ
(Fig. 3), and HAZ (Fig. 3) in the overall and subgroup analyses
(Table 1I).

HETEROGENEITY AND PUBLICATION BIAS

A significant heterogeneity was observed across the studies on
weight (2 = 76.5 %, p= 0.001), BMI Z-score (? = 66.5 %, p=0.01),
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WAZ (? = 48.9 %, p = 0.02), WHZ (> = 69.9 %, p = 0.03), and HAZ
(?=62.3 %, p=0.002). There was no publication bias for all growth
indicators (Table Il, Supplementary figures 2-8).

DISCUSSION

With a comprehensive analysis of 15 studies encompassing a
total sample size of 6,181 participants, this study assesses the
relationship between cadmium exposure in different biological
samples and various growth measurements, including weight,
height, BMI, BMI Z-score, HAZ, WAZ, and WHZ. By synthesizing
the available studies, we disclosed that cadmium exposure may
negatively affects the growth indicators of infants/children, in-
cluding height, weight, and WAZ.

Worldwide, several millions of individuals are exposed to cadmi-
um because of anthropogenic and natural activities that result in a
widespread distribution of cadmium in the environment, contributing
to potential adverse effects on health outcomes (43). Recently, an-
imal and human studies have proposed that In utero exposure to
cadmium can have serious negative effects on the growth of ne-
onates (44). Nevertheless, the association of postnatal exposure
to cadmium with growth of infants/children has been contradicto-
ry. In contrast to the present analysis, the cross-sectional study by
Olszowski et al. (25) on 71 subjects in Poland did not find a relation-
ship between blood cadmium and body weight of infants. Moreover,
in the study by Wang et al. (26) in Belgium on 249 children (aged
5.83 = 0.37 years), urinary cadmium was not relates to BMI of chil-
dren. However, a longitudinal cohort in rural Bangladesh reported
that children’s urinary cadmium, reflecting long-term exposure, was
negatively linked to WAZ, and possibly HAZ at 10 years of age (5).
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Figure 2.

Meta-analysis of the association between exposure to cadmium and height
(A), weight (B), and body mass index (BMI) (C) of children stratified by sample
type (B coefficient and 95 % confidence interval (Cl) (DL: The DerSimonian
and Laird random effects analysis; Cl: confidence interval).

C. Liu and G. Park

In line with the present meta-analysis, the prospective cohort study
by Gardner et al. (24) on 1505 children aged 1.5 to 5 years re-
vealed that a higher urinary cadmium exposure is negatively linked
to height and weight at 5 years of age. The contradictions among
the results of the available studies might result from the differences
in study design, duration of exposure, adjustment for confounders,
and the characteristics of participants such as age and gender. Our
meta-analysis supported the negative relation of cadmium exposure
to growth indicators of children. Chronic exposure to low levels of
cadmium in infants/children can occur through polluted water as
well as breast milk, cereals, seafood, and vegetables, which are
common complementary foods for infants in low-income countries
(43). Qverall, our results propose that reducing exposure to cadmium
could be an essential preventive approach to reduce the burden of
growth failure in children/infants, especially in polluted regions. To re-
duce exposure to cadmium in children and infants, several measures
can be taken based on the identified sources of exposure. Cadmium
exposure can occur through various pathways, including consump-
tion of contaminated food, air pollution, and consumer products like
cheap jewelry and some plastics (45,46). Some preventive mea-
sures based on the identified sources of exposure include: 1) en-
couraging pregnant women and children to limit the consumption of
certain types of food known to contain high levels of cadmium, such
as contaminated rice, leafy vegetables, and shellfish (46); 2) imple-
menting measures to reduce air pollution, such as promoting the
use of clean energy sources and reducing emissions from industrial
activities (45); and 3) increasing awareness about the potential risks
associated with the use of cadmium-containing consumer products,
and promote the use of safer alternatives (46).

The biological mechanisms for the association between cadmi-
um exposure and growth failure in children are not well-known,
but can be explained by several mechanisms, including disrup-
tion of the endocrine system, impairment of nutrient absorption
and utilization, oxidative stress and cellular damage, disruption of
bone and calcium homeostasis, and immune system dysfunction
(47-50). Cadmium can interfere with the normal functioning of the
endocrine system, which plays a critical role in growth regulation.
It can disrupt hormone production and signaling, particularly af-
fecting the growth hormone (GH) axis (51). Cadmium exposure
has been shown to decrease GH secretion, impair insulin-like
growth factor 1 (IGF-1) production, and alter thyroid hormone lev-
els (47,52). These disruptions in hormone balance can potentially
lead to reduced weight and height of children. Cadmium can affect
the absorption and utilization of essential nutrients necessary for
growth and development. It can interfere with the absorption of cal-
cium, zinc, and iron, resulting in deficiencies of these vital nutrients
(63). Calcium and zinc are essential for bone growth and develop-
ment, while iron is crucial for red blood cell production and oxygen
delivery (54,55). Deficiencies in these nutrients can directly impact
growth and contribute to growth failure (55). Cadmium exposure
can induce oxidative stress, a condition characterized by an imbal-
ance between the production of reactive oxygen species (ROS) and
the body’s ability to detoxify them (48). ROS can cause damage to
cells, tissues, and organs, including those involved in growth and
development (56). Oxidative stress can lead to inflammation, im-

[Nutr Hosp 2024;41(3):690-701]
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Figure 3.

Meta-analysis of the association of exposure to cadmium with weight-for-age z score (WAZ) (A), height-for-age z-score (HAZ) (B), weight-for-height z score (WHZ) (C),
and body mass index (BMI)-for-age z score (D) stratified by sample type (B coefficient and 95 % confidence interval) (DL: The DerSimonian and Laird random effects

analysis; Cl: confidence interval).

paired DNA synthesis, and disrupted cellular signaling, all of which
can hinder normal growth processes (57). Cadmium can disrupt
calcium homeostasis in the body. It can accumulate in bones, re-
placing calcium and impairing their structural integrity (49). These
effects on bone health can contribute to a decrease in height in
children. Cadmium exposure can also suppress immune function,
making children more susceptible to infections and illnesses (50).
Frequent infections can negatively impact growth and contribute
to growth failure (58). The extent and severity of the effects may
depend on other factors such as the level and duration of exposure,
genetic susceptibility, and overall nutritional status.

This meta-analysis has some strengths. This study presents
the first systematic review and meta-analysis examining the
association between cadmium exposure and growth failure in
children. The study included a relatively high sample size and no
publication bias was detected for the associations. Furthermore,
various subgroup analyses were performed, which revealed the
potential sources of heterogeneity across the results of the pre-

[Nutr Hosp 2024;41(3):690-701]

vious studies. Several limitations should be acknowledged in this
meta-analysis. First, there was significant heterogeneity for anal-
yses. Stratified analysis revealed that differences in cadmium
assessment methods, type of sample, study design, and level
of adjustment for confounders contributed to this heterogeneity.
Second, a proportion of the included studies were cross-section-
al, which are more prone to selection and recall biases compared
with cohort studies. Third, a low number of studies were included
in subgroup analyses; thus, the findings obtained from the sub-
groups should be interpreted with caution. Finally, while most
studies adjusted the results for potential confounders, some pre-
sented unadjusted effect sizes which may be at risk of bias.

In conclusion, this meta-analysis revealed a negative asso-
ciation between cadmium exposure and growth indicators in
infants/children. Further research with larger and more diverse
study populations, along with better adjustment for potential con-
founders, especially with prospective cohort design, is warranted
to obtain more robust conclusions.
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Table Il. Subgroup analysis for the association between cadmium and growth indicators

of children
Test of association he t:fos; eOI: eity
Cottcome. | Suborow | eecilig | B | ol | Few | p | PUREERR
Overall 4 (4) -0.06 -0.12 10 -0.01 276 0.24
Prospective cohort 101 -0.11 -0.17 t0 -0.05 - -
Height 0.65
Cross-sectional 303 -0.02 -0.08 10 0.04 0.0 0.98
ICP-MS 1(1) -0.11 -0.17t0-0.05 - -
GFAAS 30 -0.02 -0.08 t0 0.04 0.0 0.98
Adjusted 30 -0.07 -0.14t0 0.01 46.2 0.15
Not-adjusted 101 -0.03 -0.14100.08 - -
Urine 1(1) -0.11 -0.17t0-0.05 - -
Blood 30 -0.02 -0.08 t0 0.04 0.0 0.98
Overall 6 (6) -0.07 -0.16 10 0.03 76.5 0.001
Prospective cohort 1(1) -0.14 -0.20 to -0.08 - -
Weight Cross-sectional 5(5) -0.05 -0.17100.08 724 0.006 0.88
ICP-MS 2(2) -0.14 -0.20t0-0.08 0.0 0.92
GFAAS 303 0.03 -0.09100.15 68.7 0.04
FAAS 1(1) -0.42 -0.7110-0.13 - -
Adjusted 2(2) -0.09 -0.18 10 0.01 78.7 0.03
Not-adjusted 4 (4) -0.06 -0.27100.15 785 0.003
Urine 2(2) -0.14 -0.20t0-0.08 0.0 0.92
Blood 4 (4) -0.03 -0.18100.12 78.0 0.003
Overall 303 0.03 -0.03100.10 0.0 0.71
ICP-MS 1(1) -0.01 -0.13t00.11 - -
GFAAS 2(2) 0.05 -0.03100.13 0.0 1.00
BMI Adjusted 2(2) 0.02 -0.06 10 0.10 0.0 0.47 0.34
Not-adjusted 1(1) 0.05 -0.06 10 0.16 - -
Urine 1(1) -0.01 -0.13100.11 - -
Blood 2(2) 0.05 -0.03100.13 0.0 1.00
Overall 3(9) 0.02 -0.20 10 0.24 66.5 0.01
Prospective cohort 24 0.04 -0.30t0 0.21 62.0 0.04
BMI Z-score Cross-sectional 1) 0.21 0.02100.40 - - 0.39
Boy 2(2) -0.18 -0.67 10 0.31 80.8 0.02
Girl 2(2) 0.08 -0.1510 0.31 0.0 0.40

(Continues on next page)
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Table Il (cont.). Subgroup analysis for the association between cadmium and growth
indicators of children
Test of association he t:fos; eOI: eity
Cottcome. | Suborow | eecilig | B | ol | Few | p | PUREERR
Both 1(1) 0.21 0.02100.40 - -
Adjusted 23 0.13 -0.01 10 0.26 0.0 0.44
BMI Z-score Not-adjusted 1 -0.12 -0.77 10 0.53 83.9 0.01 0.39
Hair 23 0.00 -0.42 10 0.42 83.0 0.003
Blood 1) 0.04 -0.16 10 0.23 0.0 0.80
Overall 8(12) -0.01 -0.02 to -0.003 48.9 0.02
Prospective cohort 509 -0.01 -0.02 to -0.002 56..2 0.01
Cross-sectional 33 -0.01 -0.111t00.09 35.6 0.21
Boy 4(4) -0.01 -0.01 to -0.001 0.0 0.92
Girl 4 (4) -0.01 -0.01 to -0.001 0.0 0.93
WAZ Both 4 (4) -0.05 -0.1510 0.05 74.9 0.008 0.48
Adjusted 5(8) -0.01 -0.02 to -0.004 62.1 0.01
Not-adjusted 3@ 0.00 -0.07 t0 0.07 0.4 0.39
Hair 2(3) 0.05 -0.10t0 0.21 0.0 0.88
Urine 4 (6) -0.01 -0.02 to -0.004 74.6 0.001
Blood 23 0.02 -0.05 10 0.08 0.0 0.79
Overall 2(3) -0.08 -0.37 10 0.21 69.9 0.03
Prospective cohort 12 -0.11 -0.73100.50 82.1 0.01
WHZ Cross-sectional 1) -0.01 -0.13100.10 - - 0.83
Hair 12 -0.11 -0.73100.50 82.1 0.01
Blood 1(1) -0.01 -0.13100.10 - -
Overall 8(12) -0.01 -0.02 10 0.01 62.3 0.002
Prospective cohort 59 0.02 -0.04 10 0.01 68.8 0.001
Cross-sectional 3(3) 0.01 -0.011t00.02 0.0 0.48
Boy 4(4) 0.00 -0.02 10 0.02 5.5 0.36
Girl 4 (4) -0.001 -0.01 10 0.002 0.0 0.68
HAZ Both 4 (4) -0.04 -0.11100.03 87.7 0.001 0.55
Adjusted 6(9) -0.01 -0.03 t0 0.01 67.4 0.002
Not-adjusted 2(3) 0.03 -0.20t0 0.26 54.4 0.11
Hair 23 -0.02 -0.32100.28 62.6 0.06
Urine 3() -0.02 -0.4 10 0.01 80.9 0.001
Blood 3(4) 0.01 -0.01 10 0.02 0.0 0.98

ICP-MS: inductively coupled plasma mass spectrometry; GFAAS: Graphite furnace atomic absorption spectrometry; FAAS: Flame atomic absorption spectrometry; WHZ:
weight-for-height z score; WAZ: weight-for-age z-score; HAZ: height-for-age z-scores.
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Resumen

Objetivo: la prevencion de las infecciones asociadas a catéter ocupa un papel fundamental en los cuidados del paciente en situacion de fracaso
intestinal en tratamiento con nutricion parenteral. El empleo del sellado del catéter con taurolidina con ese fin se ha generalizado sin que exista una
estandarizacion sobre su uso en poblacion pediatrica. El objetivo de este trabajo es elaborar una guia clinica que sirva de apoyo en su utilizacion.

Métodos: la guia se basa en una revision de la literatura y en la opinion de expertos del Grupo de Trabajo de Fracaso Intestinal de la SEGHNP recogida
a través de una encuesta realizada a todos sus integrantes sobre aspectos de la practica habitual con este sellado.

Resultados: este manuscrito expone unas recomendaciones en cuanto a las indicaciones, presentaciones comerciales disponibles, forma adecuada
de administracion, uso en situaciones especiales, reacciones adversas y contraindicaciones de la taurolidina en poblacion pediatrica.

Conclusiones: el sellado con taurolidina para la prevencion de la infeccién asociada a catéter venoso central se ha mostrado como un tratamiento
eficaz y seguro. La presente guia pretender optimizar y homogeneizar su uso en pediatria.

Abstract

Objectives: the prevention of central line-associated bloodstream infections is a critical aspect of care for patients with intestinal failure who are
treated with parenteral nutrition. The use of taurolidine in this context is becoming increasingly popular, however there is a lack of standardization
in its pediatric application. The objective of this work is to develop a guide to support its prescription.

Methodology: the guide is based on a review of the literature and expert opinions from the Intestinal Failure Group of the SEGHNP. It was
developed through a survey distributed to all its members, addressing aspects of usual practice with this lock solution.

Results: this manuscript presents general recommendations concerning taurolidine indications, commercial presentations, appropriate forms of
administration, use in special situations, adverse reactions, and contraindications in the pediatric population

Conclusions: taurolidine is emerging as the primary lock solution used to prevent central line-associated bloodstream infections, proving to be
safe and effective. This guide aims to optimize and standardize its use in pediatrics.
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INTRODUCCION

La nutricion parenteral domiciliaria tiene una importancia cla-
ve en el tratamiento de los pacientes con fracaso intestinal (Fl).
A pesar de los avances que se han producido en las Ultimas dé-
cadas, las infecciones asociadas a catéter venoso central siguen
siendo una de las complicaciones méas graves (1). La principal
estrategia en su prevencion es la adherencia estricta a proto-
colos de medidas de asepsia tanto en la colocacion como en la
manipulacion de los catéteres por parte de los profesionales y de
los cuidadores, que deben ser especificamente formados a este
respecto (2,3).

Ademas del lavado del catéter o flush, habitualmente realiza-
do con suero salino limpio o solucion salina a diferentes con-
centraciones de heparina (sin que exista una evidencia clara
de sus ventajas frente a la salinizacion), en los ultimos afios
se estan empleando sellados con antisépticos como estrategias
preventivas adicionales frente a la infeccion. Entre ellas desta-
can el etanol (es preciso utilizarlo a una concentracion minima
del 40 % durante 4 horas para inhibir el crecimiento bacteriano,
aunque en la practica se utiliza al 70 % por su disponibilidad)
y la taurolidina.

La taurolidina es un potente agente antiséptico producto de
la condensacion de la taurinamida y el formaldehido. Se sinteti-
z6 por primera vez en los afios 70 y fue inicialmente empleada
como tratamiento local de la peritonitis bacteriana (4). Tiene un
amplio espectro antimicrobiano, con actividad frente a gérme-
nes grampositivos, gramnegativos y hongos, sin que se hayan
descrito resistencias hasta el momento. Se ha demostrado que
su modo de accion incluye la transferencia de grupos metilol a
grupos hidroxilo o amino presentes en las toxinas producidas
por las bacterias o en la mureina de las paredes celulares de las
bacterias. De esta forma, previene la adhesion de las bacterias
a las superficies bioldgicas, asi como la formacion del biofilm vy,
por tanto, podria disminuir también el riesgo de colonizacion de
los catéteres (5).

Cada vez disponemos de mayor evidencia de su eficacia en
distintos perfiles de pacientes adultos (didlisis, oncologia y nu-
tricion parenteral) (6). En pediatria, los datos comunicados son
menores, pero un metaanalisis que incluyd 4 ensayos clinicos
europeos (3 en pacientes con cancer y 1 en pacientes quirtr-
gicos) también ha mostrado una disminucion de la incidencia
de infeccion asociada a catéter en el grupo de tratamiento del
5,5 % frente a un 26,25 % en el grupo control (7). Otro me-
taanalisis posterior, especificamente dirigido a poblacion con
fracaso intestinal portadora de nutricion parenteral, basado en
34 estudios en poblacion adulta y pediatrica, mostrd una dis-
minucion del riesgo de infeccion asociada a catéter del 51 %
en el grupo de taurolidina, sin identificarse en el analisis por
subgrupos diferencias segun el disefio del estudio ni el tipo de
sellado control (8).

Recientemente, el posicionamiento del Comité de Nutricion de
la ESPGHAN sobre nutricion y rehabilitacion intestinal en nifios
con intestino corto de 2023, basado en la recomendacion previa
de las guias ESPGHAN/ESPEN/ESPR/CSPEN de 2018 de nutri-
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cion parenteral pediatrica (9,10), recomienda el uso de tauroli-
dina como sellado del catéter venoso central en pacientes que
reciben nutricion parenteral prolongada.

A pesar de que en Europa su uso se esta generalizando, en
Espafia los datos comunicados sobre la experiencia con este an-
tiséptico en poblacion pediatrica con Fl son muy escasos. En
2020, el Grupo de Trabajo de Fl de la SEGHNP elabor6 una en-
cuesta de 20 items dirigida a todos sus integrantes, en la que
se interrogd sobre aspectos de la practica clinica habitual con
este sellado. Participaron 11 centros de ambito nacional con un
tiempo medio de experiencia en el uso de taurolidina en ese
momento de 4,2 afios. El estudio reveld que se emplea la tauro-
lidina en la gran mayoria de centros nacionales con programa de
rehabilitacion intestinal, con cierta variabilidad, pero con elevada
eficacia y seguridad referida por los profesionales participantes
(11). Todos los autores coincidieron en la necesidad de disponer
de una guia de manejo clinico consensuada y avalada por la
sociedad que traduzca esta practica clinica habitual. El presente
documento esta basado en la opinion de los participantes y pre-
tende proporcionar unas recomendaciones generales sobre el
uso de este sellado en pediatria.

INDICACIONES

El posicionamiento del Comité de Nutricion de la ESPGHAN
sobre nutricion y rehabilitacion intestinal en nifios con in-
testino corto y las guias ESPGHAN/ESPEN/ESPR/CSPEN de
nutricion parenteral pediatrica (9,10) recomiendan el uso de
taurolidina en la parenteral a largo plazo, sin especificar el
momento de inicio.

Dado el impacto en la disminucion de infeccion asociada a
catéter y en la preservacion de accesos vasculares, el grupo de
trabajo de F de la SEGHNP recomienda su empleo en la profilaxis
primaria de la infeccion asociada a catéter venoso central en los
pacientes que reciben nutricion parenteral en domicilio.

PRESENTACIONES COMERCIALES

Todas las soluciones de Taurolock™ contienen (ciclo)-tauroli-
dina (1,35 %) y citrato (4 %). Se dispone de dos presentaciones
que asocian citrato y heparina a distinta concentracion (Tauroloc-
k™ Hep100 y Taurolock™Hep500) y una con uroquinasa (Tauro-
lock™ u25000). También se ha comercializado una solucion sin
citrato (Nutrilock™) (Tabla I).

Las guias ESPGHAN/ESPEN/ESPR/CSPEN de 2018 de nutri-
cion parenteral pediatrica no recomiendan el uso rutinario de
heparina en el mantenimiento del catéter venoso central de uso
diario dada la falta de beneficio demostrado, y solo consideran el
lavado con suero salino fisioldgico heparinizado en aquellos ca-
téteres de uso intermitente (10). En nuestro medio, las presenta-
ciones con las que disponemos de mayor experiencia de uso son
Taurolock™, Taurolock™ Hep100 y Nutrilock™ sin que existan
hasta la fecha estudios que comparen su eficacia y seguridad
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Tabla I. Soluciones de taurolidina disponibles

R. Nufiez-Ramos et al.

Producto Nutrilock™ Taurolock™ Ta;:;k:glém Ta::;lc;gl;m Ta:;c;lg&l)(m
Ampollas 3 ml o U o
Ampollas 5 ml U o
Viales 10 ml . .
Viales 5 ml .

que nos permitan realizar una recomendacion mas especifica
en este momento. En catéteres de uso intermitente (p. ej., 1-2
veces a la semana) o con antecedente de obstruccion, puede ser
recomendable el empleo de una presentacion de taurolidina que
asocie heparina.

En ausencia de ensayos clinicos que comparen la eficacia y se-
guridad de las distintas presentaciones comerciales, este Grupo de
Trabajo recomienda elegir entre las soluciones de taurolidina dispo-
nibles, aquella que se considere mas adecuada sequin la experiencia
de cada centro y el volumen de sellado del catéter correspondiente.

ADMINISTRACION Y CONSERVACION

— Se recomienda su empleo a partir de un tiempo de ciclado
minimo de la nutricion parenteral de 4 horas.

— Tras desconectar la nutricion parenteral, purgar el dispo-
sitivo con 10 ml de suero salino fisiologico con técnica de
presion positiva.

— Aspirar Taurolock™ del vial/ampolla usando una jeringuilla
apropiada (Fig. 1A).

— Instilar lentamente el volumen correspondiente en el disposi-
tivo (no mas de 1 ml por segundo; en lactantes y nifios me-
nores de 2 afios no mas de 1 ml en 5 segundos) (Fig. 1B).

— La taurolidina puede permanecer en el dispositivo hasta el
siguiente tratamiento, durante un maximo de 30 dias segun
ficha técnica. Sin embargo, en catéteres que no se usan de
forma habitual, algunos centros optan por recambios mas
frecuentes (una vez a la semana).

— Antes de iniciar el siguiente tratamiento debe extraerse y
desecharlo, purgar el dispositivo con 10 ml de suero salino
fisioldgico y conectar la nutricion parenteral (Fig. 1C).

— Segun ficha técnica, el vial una vez perforado debe utilizarse en
un maximo de 48 horas. La ampolla (volumen de 3y 5 ml) es
monodosis. Es posible preparar jeringas precargadas para no
desperdiciar el producto sobrante, aunque en la practica habitual
recogida por este Grupo de Trabajo se prefiere emplear una am-
polla en cada sellado para disminuir el riesgo de contaminacion.

— TauroLock™ debe almacenarse entre 15y 30 °C. No refri-
gerar ni congelar.

— El volumen de sellado es variable segun el tamafo v tipo de
catéter, por lo que se recomienda consultar en la ficha técnica
el volumen de cebado especificado por el fabricante para cada
dispositivo concreto. La tabla Il recoge un valor orientativo.

SITUACIONES ESPECIALES

En relacion al catéter venoso central se describen varios tipos
de complicaciones: relacionadas con la insercion, infecciosas y
mecanicas (12). Entre ellas, destacamos en este documento la
oclusion, dado que puede afectar a la técnica de sellado y es fre-
cuente en pediatria. Esta se define como la obstruccion parcial 0
completa del catéter que limita o impide la posibilidad de extraer
sangre o infundir a su través. Segun recoge la ficha técnica, en
algunos pacientes el uso de este sellado antiséptico puede ir
acompanado de una mayor frecuencia de formacion de trombos
en el catéter o reservorio. Sin embargo, se ha reportado una

Figura 1.

A. La taurolidina es cargada en una jeringuilla a partir del vial o la ampolla. B. El volumen es instilado lentamente en el catéter. C. El sellado es extraido y desechado

antes de conectar la siguiente nutricion parenteral.

[Nutr Hosp 2024;41(3):702-705]
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Tabla Il. Volumen de sellado aproximado
de los principales tipos de acceso
vascular empleados en pediatria

Tipo catéter Volumen de sellado
Tunelizado 0,3-1,5ml
Central de insercion periférica (PICC) 0,5-1 ml
Port-a-Cath (PAC) 3ml

tasa inferior de complicaciones mecanicas del dispositivo (rotura,
oclusion y necesidad de reparacion) respecto a la comunicada
con otros sellados, como el de etanol (13).

En caso de incapacidad para aspirar (catéteres que no reflu-
yen), este Grupo de Trabajo recomienda no interrumpir el uso
de la taurolidina aunque no sea posible desecharla antes de co-
nectar la nutricion parenteral. Es decir, esta indicado continuar
Su USo, aunque suponga Su infusion, ya que la taurolidina se
degrada rdpidamente sin efecto sistémico. Si el catéter no infun-
de se recomienda su repermeabilizacion mediante fibrinoliticos
siguiendo el protocolo de cada centro.

Los autores no recomiendan el uso de taurolidina como tratamien-
fo en monoterapia en caso de infeccion asociada a catéter, estando
indicada su sustitucion por sellados de antibioticos si Se conoce el
germen causal, seleccionados en funcion de su sensibilidad.

REACCIONES ADVERSAS

Hasta la fecha, no se conocen efectos adversos en seres hu-
manos debidos a las concentraciones de los ingredientes activos
de las soluciones comercializadas de taurolidina cuando se usan
siguiendo las indicaciones correspondientes. Ocasionalmente se
han descrito en la literatura casos esporadicos de nauseas, vo-
mitos, anorexia, dolor y sensacion breve de mal sabor en relacion
a su uso (14). Ante un posible efecto adverso relacionado con el
uso de taurolidina es importante descartar en primer lugar un
problema relacionado con el acceso vascular (15).

CONTRAINDICACIONES

Taurolock™ esta contraindicado en pacientes con alergia co-
nocida al citrato o a la taurolidina o que tomen medicaciones con
interaccion adversa conocida a los mismos. Las presentaciones
que contienen heparina estan contraindicadas en caso de alergia
0 en pacientes con diagndstico de trombocitopenia inducida por
heparina o con elevado riesgo de hemorragia.

CONCLUSIONES Y AREAS DE INVESTIGACION
FUTURAS

Desde su comercializacion, la taurolidina se esta imponien-
do como el principal sellado empleado en nuestro medio para
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la prevencion de la infeccion asociada a catéter venoso central,
mostrandose como un tratamiento eficaz y seguro que ya reco-
miendan las sociedades cientificas internacionales. Sin embargo,
son necesarios mas estudios que permitan establecer la pre-
sentacion mas adecuada (asociada 0 no a citrato y/o heparina).
Dado el pequefio volumen de sellado de los catéteres empleados
en pediatria seria recomendable disponer de presentaciones co-
merciales especificamente dirigidas a esta poblacion.
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Resumen

Las enfermedades no transmisibles representan una carga sanitaria mundial con una prevalencia cada vez mayor. Para prevenir o mejorar este
tipo de enfermedades se han sugerido estrategias dietéticas basadas en alimentos saludables. Los cereales son los alimentos mas consumidos
en todo el mundo y se han descrito efectos preventivos de los cereales integrales sobre la salud. El germen y el salvado de los cereales son
abundantes en compuestos hioactivos, incluidos fitoquimicos, vitaminas, minerales y fibras, y estos compuestos son eficaces para prevenir y
mejorar las enfermedades no transmisibles. En esta revision se analiza el contenido y distribucion de los componentes primarios de los cereales
integrales (trigo, cebada, avena, arroz y trigo negro) y sus fracciones, centrandose en los mecanismos por los que los dcidos fendlicos y la fibra
dietética contribuyen a disminuir el riesgo de padecer enfermedades metabdlicas, cardiovasculares y cancer. Existen pruebas claras de los
amplios efectos celulares y fisiologicos de los compuestos hioactivos de los granos enteros, que respaldan el valor saludable de una dieta rica
en cereales integrales.

Abstract

Non-communicable diseases represent a global health burden with increasing prevalence. To prevent or improve this type of diseases, dietary
strategies based on healthy foods have been suggested. Cereals are the most consumed foods in the world and preventive effects of whole
grains on health have been described. The germ and bran of cereals are abundant in bioactive compounds, including phytochemicals, vitamins,
minerals and fibers, and these compounds are effective in preventing and improving non-communicable diseases. This review analyzes the
content and distribution of the primary components of whole grains (wheat, barley, oats, rice and black wheat) and their fractions, focusing on
the mechanisms by which phenolic acids and dietary fiber contribute to reducing the risk of metabolic and cardiovascular diseases and cancer.
There is clear evidence of the broad cellular and physiological effects of bioactive compounds in whole grains, supporting the health value of a
diet rich in whole grains.
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INTRODUCCION

ESTRUCTURA DEL GRANO ENTERO

Las enfermedades cronicas no transmisibles (ECNT) son
reconocidas como un problema mundial de la salud y cons-
tituyen las principales causas de muerte y discapacidad en
todo el mundo. Segun informes de la OMS, en la actualidad
las ECNT representan cerca del 74 % de las defunciones
anuales, donde el grupo de las enfermedades cardiovascu-
lares (ECV), cancer y diabetes representan mas del 95 % de
todas las muertes por ENT (1). Por otro lado, la aparicion de
COVID-19 afectd a las ECNT de diversas maneras. En un re-
ciente estudio (2), se sefiala que los mecanismos del impacto
de COVID-19 sobre las ECNT pueden ser tanto directos como
indirectos. Los mecanismos directos incluyen lesiones vascu-
lares y miocardicas, asi como también dafios en el pancreas
que incidiran en el aumento de los casos de diabetes. Los
efectos indirectos de la pandemia en las ECNT incluyen el
retraso en la presentacion de enfermedades agudas, incluido
el riesgo de enfermedades cardiovasculares aterosclerdticas
y el impacto del distanciamiento social y las politicas de cua-
rentena en la socializacion, la salud mental, la actividad fisica
y las repercusiones sanitarias derivadas de la inactividad y
falta de acondicionamiento fisico (2,3).

Dadas las evidencias cientificas contrastables, la dieta contri-
buye de manera relevante a la salud humana. El sistema alimen-
tario mundial, sin embargo, debe estar inserto en un desarrollo
sostenible “que garantice la salud alimentaria y la nutricién para
todos, de manera que no involucren las bases econdmicas, so-
ciales y ambientales para las futuras generaciones” (4). Por lo
general, una dieta saludable incluye cereales integrales, frutas,
hortalizas, pescado, mariscos, frutos secos y productos lacteos
bajos en grasa (5). Por el contrario, un patron alimentario poco
saludable se caracteriza por el consumo de carnes rojas y proce-
sadas, alimentos y bebidas azucarados, patatas fritas y produc-
tos lacteos ricos en grasa, que presentan un riesgo importante
de ECNT (6).

Un bajo consumo de granos integrales se ha identificado
como el principal factor de riesgo de ECNT en la mayoria
de las regiones de la OMS (1). Los estudios epidemioldgicos
sugieren que la ingesta de cereales integrales se asocia a
la reduccion del riesgo de obesidad (7), enfermedades car-
diovasculares (ECV) (8), diabetes de tipo 2 (9), cancer (10) y
otras enfermedades cronicas (11). Los granos han tenido un
gran impacto en la historia de la nutricion del ser humano,
donde su almacenamiento y consumo comenzo regularmente
hasta hace unos 20.000 afios. El grano integral, sin embargo,
como parte de la dieta humana se inici¢ hace 11.000 afios
con el advenimiento de la agricultura (12). El propdsito de
esta revision ha sido examinar la investigacion de los com-
ponentes quimicos y fitoquimicos de los cereales integrales
y granos refinados, centrados en los acidos fendlicos y la fi-
bra, que permiten sustentar la hipdtesis de que una dieta rica
en granos enteros constituye una dieta saludable con menor
riesgo de enfermedades metabdlicas (obesidad, diabetes de
tipo 2) - cancer y ECV.
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Los granos de cereales de mayor cultivo mundial son maiz,
trigo, arroz, cebada, sorgo y avena (13). Todo grano esta formado
por tres fracciones: salvado, germen y endospermo. El salva-
do corresponde a la capa externa y contiene proteinas, fibras,
vitaminas del grupo B, minerales, antioxidantes y fitoquimicos,
especialmente acidos fendlicos. El germen incluye al embrion
de la planta, tiene lipidos, vitamina E, vitaminas del grupo B, fi-
toquimicos y antioxidantes. El endospermo, que corresponde a
la fraccion interior, abarca hidratos de carbono del tipo almidon,
proteinas y una menor cantidad de vitaminas del grupo B y mi-
nerales (14).

¢Qué se entiende exactamente por grano integral? Diversas
instituciones en los paises tienen criterios diferentes sobre los
granos que pueden considerarse integrales. Sin embargo, da-
dos los objetivos de esta revision, solo nos referiremos a la de-
finicion de grano integral como ingrediente alimenticio segun la
Asociacion Americana de Granos y Cereales de EE. UU. (15), que
dice: “Los granos integrales consistiran en el grano intacto, mo-
lido, agrietado, desmenuzado o procesado de otro modo, tras
la eliminacion de las partes no comestibles, como la cascara
y la cascarilla. Todos los componentes anatémicos, incluidos el
endospermo, el germen y el salvado, deben estar presentes en
las mismas proporciones relativas que en el grano intacto”. Sin
embargo, la mayoria de los cereales que se comercializan ac-
tualmente son refinados y, por lo tanto, carecen de una o varias
partes del grano integral (16). Asi, en los procedimientos tradi-
cionales de trigo refinado, el salvado y el germen se separan del
endospermo amildceo, generando finalmente una harina blanca
y fina. Aunque este procedimiento ha generado un producto de
mejor presentacion, desde el punto de vista nutricional, como ve-
remos mas adelante, el endospermo amildceo no es un producto
de buena calidad nutricional.

Los compuestos quimicos de mayor relevancia bioldgica de
los cereales integrales son los &cidos fenolicos y las fibras die-
téticas, como los B-glucanos, que incluyen lignanos, acido fitico,
inositoles y betaina (17).

COMPUESTOS FENOLICOS

Los &cidos fendlicos pueden derivarse del &cido benzoico o
del 4cido cinamico (18). Estos compuestos estan presentes en
diversos vegetales de consumo, pero son especialmente abun-
dantes en las fracciones del salvado y germinal de los cereales.
Los &cidos fendlicos pueden estar en los granos en forma li-
bre, conjugada-soluble o unida-insoluble, donde la forma unida
puede llegar a representar casi el 95 % del total de los acidos
fendlicos (19).

Los &cidos fendlicos se clasifican como &cidos hidroxiben-
zoicos y acidos hidroxicinamicos (20). En los granos, los acidos
mas relevantes son el galico, vanilico, siringico y protocatechui-
co, derivados del 4cido hidroxibenzoico, mientras que los acidos
ferdlico, p-cumarico, cafeico y sindpico provienen del acido hi-
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droxicinamico (21). Todos los 4cidos fendlicos mencionados pre-
viamente se han analizado en granos integrales de trigo, arroz,
maiz, avena, cebada y trigo negro, pero con una gran variabi-
lidad en su contenido. En los dcidos hidroxicinamicos, el acido
fertlico tiene la mas alta prevalencia en todos los granos, con
excepcion del trigo negro (22). El contenido promedio de édcido
fertlico en estos granos fluctta entre 38,9 (4,4-122,8) pg/g de
peso seco y 869,2 (265,5-1387,0) pg/g de peso seco, siendo
el mas alto el del maiz y el mas bajo el del trigo negro. De los
acidos hidroxibenzoicos, el de mayor presencia fue el &cido gali-
€0, que igualmente presenta una gran variabilidad de contenido
(23). La concentracion promedio de acido gdlico fluctua entre
38,8 (26,0-71,2) pg/g de peso seco y 121,5 (1,7-241,2) ug/g
de peso seco, donde el valor mas bajo fue el del trigo negro y el
mas alto el de la avena.

Es relevante sefialar que la avena, el maiz, el trigo, el arroz y el
trigo negro estan en orden descendente si se considera la suma
de la concentracion de los ocho acidos fendlicos resefiados.

ACTIVIDAD BIOLOGICA DE LOS ACIDOS
FENOLICOS

La biodisponibilidad de los acidos fendlicos de los granos
integrales es fundamental para comprender las actividades
bioldgicas de estos compuestos, ya que las formas unidas re-
presentan aproximadamente el 95 % del contenido total de
acidos fenolicos (23). Los acidos fenolicos de los cereales in-
tegrales pueden presentar diversas actividades bioldgicas ac-
tuando como antioxidantes, anticancerigenos, antiinflamatorios
y antimutageénicos (24).

La propiedad mas estudiada de los compuestos fendlicos de
los granos integrales es su actividad antioxidante. Estos com-
puestos pueden actuar como antioxidantes directos. Sin embar-
go, también presentan actividad antioxidante indirecta al inducir
enzimas protectoras enddgenas y ejercer efectos regulatorios
positivos en las vias de sefializacion (25). Los &cidos fendlicos
actuan como antioxidantes debido a la reactividad de la fraccion
fenolica. Aunque se conocen varios mecanismos para la activi-
dad antioxidante, se estima que la forma principal es la elimina-
cion de radicales mediante la donacion de &tomos de hidrdgeno
(26). Los sustituyentes en el anillo aromatico de los acidos feno-
licos afectan a la estabilidad de la estructura y, en consecuencia,
se modifica la capacidad de eliminacion de radicales. Por lo tan-
to, es diferente la actividad antioxidante de los acidos fendlicos
libres, esterificados y glicosilados (27).

FIBRAS ALIMENTARIAS

Las fibras alimentarias se definen como “hidratos de carbo-
no, con un grado de polimerizacion igual o superior a 3, que
se encuentran de forma natural en alimentos de origen vegetal
y que no son digeridos ni absorbidos por el intestino delgado”
(28). La fibra dietética, segun su solubilidad en agua, se puede
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clasificar en fibra dietética insoluble (FDI) y fibra dietética soluble
(FDS) (29). Las FDI incluyen la celulosa, la hemicelulosa insoluble
en agua y la lignina, y estan presentes principalmente en los
cereales, frutas y verduras como componentes estructurales de
la pared celular (30). Las FDS incluyen diversos polisacaridos y
oligosacaridos no celuldsicos, como son las pectinas, los B-glu-
canos y las gomas hidrosolubles (31). La cantidad y la composi-
cion de la fibra dietética pueden diferir dependiendo de la fuente
de origen.

TRIGO

El contenido de fibra dietética total (FDT), tanto de la FDI como
de la FDS en el trigo fluctiia entre el 9 y el 20 % (en peso seco)
(32). Las paredes celulares del endospermo amilaceo del trigo
estan formadas por dos tipos principales de componentes de
fibra dietética, arabinoxilanos (AX) y B-glucanos. En los granos
de trigo, los B-glucanos representan aproximadamente el 20 %y
el AX el 70 % del contenido total de fibra alimentaria (33).

AVENA Y CEBADA

Como se ha sefialado anteriormente, la avena y la cebada son
excelentes fuentes de FDI'y FDS, asi como de otros compuestos
bioactivos. La fraccion FDI se encuentra mayoritariamente en el
salvado del cereal, mientras que las fracciones FDS, mayoritaria-
mente el B-glucano, se encuentran en las paredes celulares del
endospermo. En cambio, la fraccion de fibra dietética insoluble
—celulosa, AX y lignina— se encuentran principalmente en el
salvado del cereal (34). Considerando una base de materia seca,
el contenido de FDT de la cebada varia del 10 al 28 % (35) y en
la avena fluctua entre el 10y el 38 % (36). Los granos de avena
y cebada se caracterizan por tener como polisacaridos primarios
[-glucanos y, en concentraciones significativamente menores,
AX. Es importante sefialar que, en la cebada, los B-glucanos
estan distribuidos uniformemente en el endospermo pero, en la
avena, los B-glucanos estan concentrados en las capas externas
del endospermo (37). El grano integral de la cebada posee la
misma la cantidad de (3-glucanos que la avena. Por otro lado,
las variedades de cebada con bajo contenido de amilosa pueden
proporcionar hasta 4 veces mas 3-glucano que la avena (38).

CENTENO

El contenido de fibra dietética del centeno, de entre el 14 y el
21 %, es superior al del trigo (39). EI AX, la celulosa, el fructano
y el B-glucano son los tipos de fibra alimentaria dominantes en
el centeno, siendo el AX el principal componente de la fibra ali-
mentaria presente en las paredes celulares del endospermo (40).
Aunque tanto el centeno como el trigo contienen AX, el contenido
y la solubilidad del AX del centeno es mayor en comparacion con
el AX que se encuentra en el trigo (41). El nivel de fibra dietética
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presente en el centeno varia en funcion de su localizacion dentro
del grano. El endospermo interno contiene menos fibra dieté-
tica (12 %), mientras que el endospermo externo y la fraccion
de salvado contienen alrededor de un 22 % y 38 % de fibra
dietética, respectivamente (42). Los niveles mas altos de fibra
dietética que se encuentran en las capas externas del grano de
centeno son otro ejemplo de la importancia de consumir cereales
integrales.

ARROZ

El nivel de FDT del arroz varia entre el 2,7 y el 9,9 %. Esta
amplia gama de niveles de fibra alimentaria se debe en parte a
las diferencias entre las variedades de arroz (43). El arroz integral
tiene un mayor contenido de fibra dietética que el observado en
el arroz blanco, en el cual las capas externas del grano se han
eliminado en el proceso de refinamiento. En el grano de arroz,
las fibras dietéticas, al igual que en los otros cereales, se distri-
buyen principalmente en la cascara y el salvado. La fraccion FDI
del arroz esta compuesta principalmente por celulosa y hemice-
lulosa, mientras que la FDS esta formada por arabinoxilanos y
[3-glucanos (44). El contenido de FDT en el grano de arroz negro
es del 7 al 11,9 %, inferior a la fibra dietética del grano integral
de trigo, cebada y avena. En el trigo negro, aproximadamente el
70 % de la fibra es insoluble en agua. Por otro lado, la pectina,
el arabinolactano y el xiloglucano son las fibras solubles en agua
comunes en el grano de arroz negro (45).

Resumiendo, la avena contiene los niveles mas altos de fibra
dietética, del 10 al 38 %, mientras que el arroz contiene el nivel
mas hajo (2 a 5 %) de fibra alimentaria entre los cereales. En los
otros granos integrales, los rangos de valores son muy variables
y el orden decreciente de cantidad de fibra dietética es: avena,
cebada, centeno, trigo, maiz, trigo negro y arroz.

ACTIVIDAD BIOLOGICA DE LAS FIBRAS
ALIMENTARIAS

Aungue la solubilidad de las fibras de los granos en si misma
es una caracteristica esencial de las respuestas fisiologicas que
genera, la fermentacion y la viscosidad pueden desempefiar un
papel mas pronunciado en los beneficios de los granos integra-
les para la salud humana (46). La fibra dietética hidrosoluble,
que incluye pectina, mucilagos, gomas, fructano, -glucano y
algunos almidones resistentes, se fermenta en el colon, lo que
afecta a la absorcion de nutrientes en el intestino delgado. Por el
contrario, la fibra dietética insoluble, que incluye principalmente
lignina, celulosa y hemicelulosa, contribuye a un vaciado gastrico
rapido y solo puede fermentarse de forma limitada en el colon, lo
que favorece la regularidad digestiva (47).

Como el organismo humano es incapaz de absorber y me-
tabolizar la fibra dietética soluble, no provoca un aumento pro-
nunciado de glucosa en sangre, como pueden hacerlo otros
carbohidratos (48). La fibra dietética soluble al interactuar con
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el agua forma un gel. Como resultado de esta solucion viscosa,
se retardan el paso de los alimentos por el tracto digestivo y la
absorcion de glucosa. La absorcion gradual de la glucosa inge-
rida puede regular en mejor forma la secrecion de insulina y el
metabolismo de la glucosa, prevenir la hipoglicemia postprandial
tardia, adecuar las fluctuaciones de glucosa circulante y aumen-
tar la sensibilidad tisular a la insulina (49). Las velocidades de
vaciado gastrico y la absorcion intestinal de la glucosa desem-
pefian un papel decisivo en la magnitud de la hiperglicemia pos-
tprandial y la hiperinsulinemia (50). La gradualidad de la glucosa
que llega al intestino delgado y la absorcion lenta de la glucosa
ingerida repercuten en una mejor regulacion de la insulina cir-
culante y del metabolismo de la glucosa, lo que conduce a una
mayor sensibilidad a la insulina por los tejidos periféricos (51). De
igual manera, se estima que la fibra dietética de grano integral
reduce el indice glicémico de los productos que contienen hidra-
tos de carbono (52). También se ha demostrado que reduce el
colesterol (53) y la presion arterial (54), importantes factores de
riesgo de las enfermedades cardiovasculares (Tabla I).

En los Ultimos afios, diversos estudios sefialan que otros meca-
nismos relacionados con la fibra dietaria pueden estar asociados
al impacto del consumo de granos integrales en la salud humana
(55), Uno de los mecanismos propuestos es la fermentacion de
las fibras por la microbiota colonica (56). La fibra alimentaria
nutre a la microbiota coldnica, que es muy activa metabdlica-
mente. Cuando reciben suficiente fibra, la microbiota cataliza la
fermentacion sacarolitica y produce, entre diversos compuestos
bioactivos, acidos grasos de cadena corta como acetato, propio-
nato y butirato (57). Estos metabolitos favorecen la fisiologia de
las mucosas y reducen la inflamacion, y desempefian un papel
en la modulacion del metabolismo de glucosa y lipidos (58). El
butirato es la principal fuente de energia de los colonocitos, las
células epiteliales del colon (59). El butirato también es inmuno-
modulador y antiinflamatorio. Estimula la activacion de las célu-
las T regulatorias (Treg) y ejerce una regulacion epigenética de
la respuesta (60,61). Ademas, el butirato desempefia un papel
importante en la defensa de la mucosa al estimular la produc-
cion de moco y la formacion de uniones estrechas en las células
del epitelio (62). En conjunto, estas acciones estimuladas por la
produccion de butirato son anticancerigenas.

Esta revision narrativa se ha centrado principalmente en las
pruebas cientificas que demuestran la accién de los principales
fitoquimicos de los granos integrales y que dan sustento a la
hipotesis de que la ingesta regular de cereales enteros puede
impactar positivamente en la salud humana.

CONCLUSION

Los estudios epidemioldgicos sugieren que la ingesta de granos
integrales se asocia a un menor riesgo de ECNT. Ademas de su
contenido en diversos nutrientes, los granos de 1os cereales in-
tegrales son también abundantes en otros compuestos, incluidos
los &cidos fendlicos y las fibras, que se han relacionado con la
reduccion del riesgo de obesidad, ECV, diabetes de tipo 2 y cancer.
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Tabla I. Posibles mecanismos para explicar el efecto de la ingesta de granos enteros en
la prevencidon de enfermedades crdnicas no transmisibles

Enfermedad Mediador Mecanismo Referencia
Fibra total Tiempo de vaciado gastrico 47
Obesidad
f-glucano Absorcion de nutrientes 49
Fibra total Mejor cinética de glucosa 50
D12 Fibra total Secrecion de insulina 52
f-glucano Menor resistencia periférica a insulina 51
f-glucano Presion arterial 54
cv f-glucano Colesterol: total, LDL 53
Acidos fendlicos Antioxidante 25
Fibra total Microbiota de colon 56
Cancer CR Fibra total Produccion de butirato 57
Acidos fendlicos Antioxidante 25

DT2: diabetes de tipo 2; CV: cardiovascular; Cancer CR: cancer colorrectal.

La mayoria de los componentes asociados a la salud se con-
centran en el salvado y el germen, que se eliminan durante el
proceso de refinado del grano.

Las evidencias de la bioactividad de los compuestos de los
granos son concluyentes por la alta potencialidad antioxidante
de los &cidos fendlicos vy, por un lado, la capacidad de la fibra
soluble para aumentar la viscosidad del contenido intestinal v,
por otro, la interrelacion que se establece entre la fibra dietaria y
la microbidtica del colon.

En general, aunque la bioactividad de los fitoquimicos y de la
fibra dietaria de los granos integrales esta clara, en el futuro sera
crucial comprender los mecanismos bioldgicos subyacentes que
rigen sus actividades en la proteccion frente a las ECNT.
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Resumen

Introduccion: la esclerosis lateral amiotrdfica (ELA) es una enfermedad neurodegenerativa cuya prevalencia en la actualidad esta entre 3y 6
casos/100.000. La desnutricion esta intimamente relacionada con el pronéstico en el paciente con ELA. Las implicaciones de esta enfermedad
hacen que se deba recomendar al paciente la asistencia en una unidad multidisciplinar.

Caso clinico: el caso presentado muestra la evolucion de una paciente con esclerosis lateral amiotréfica desde el diagnéstico. Tras la valoracion
por parte de Neurologia, se remitid a la paciente a los distintos servicios de seguimiento (Endocrinologia, Rehabilitacion, Neumologia). No se obser-
v6 deterioro nutricional al diagnéstico; no obstante, la ingesta se encontraba por debajo de los requerimientos. En la progresion de la enfermedad
se observo un deterioro de la masa muscular con estabilidad ponderal y de la masa grasa, pero la paciente desarrollo disfagia, sintoma tipico
Esclerosis lateral de la enfermedad. El planteamiento de medidas “agresivas” para controlar el estado nutricional, como la gastrostomia, fue rechazado al inicio,
amiotrofica. Valoracion pero hubo que realizarlas tras la progresion de la disfagia y la desnutricion asociada. Esta situacion de deterioro morfofuncional y el desarrollo

morfofuncional. Voluntades e complicaciones plantearon la participacién de distintos profesionales sanitarios en su control.
anticipadas. Unidad de

Palabras clave:

cuidados respiratorios Discusion: el manejo de la ELA de manera multidisciplinar permite mejorar la evolucion de la enfermedad y la calidad de vida del paciente y
intermedios (UCRI). sus familiares. El seguimiento se basa en el ajuste y el manejo de las complicaciones, en mantener una adecuada comunicacion con el paciente
Gastrostomia. y sus familiares, y en tomar de manera conjunta las decisiones sobre su patologia.

Recibido: 23/02/2024 e Aceptado: 04/03/2024

Conflicto de interés: los autores no declaran tener conflictos de intereses.

Inteligencia artificial: los autores declaran no haber usado inteligencia artificial (I1A) ni ninguna
herramienta que use IA para la redaccion del articulo.

L6pez-Gomez JJ, Diaz-Martin C, Castillo-Garcia T, Larrad-Sainz A, Gastaldo-Simeén RM, Juarros- Corresponden@a:

Martinez S, Leunda-Eizmendi L, Civera-Andrés M, Matia-Martin P. Tratamiento médico nutricional en la Juan José Lopez-Gomez. Servicio de Endocrinologia y
esclerosis lateral amiotrofica: ¢ actuamos o reaccionamos? Un caso clinico y revision multidisciplinar. Nutr Nutricion. Hospital Clinico Universitario de Valladolid.
Hosp 2024;41(3):712-723 Avenida Ramén y Cajal, 3. 47003 Valladolid

DOI: http://dx.doi.org/10.20960/nh.05189 e-mail: jjlopez161282@hotmail.com

©Copyright 2024 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).



TRATAMIENTO MEDICO NUTRICIONAL EN LA ESCLEROSIS LATERAL AMIOTROFICA: ;ACTUAMOS O REACCIONAMOS? 713
UN CASO CLINICO Y REVISION MULTIDISCIPLINAR
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Abstract

Background: amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease with a progressive course. The current prevalence is between
3 and 6 cases/100,000. Malnutrition is closely related to patient prognosis in ALS. The implications of this conditions have been that we should
recommend patient care in a multidisciplinary unit.

Case report: the case presented shows the evolution of a patient with ALS. The patient was referred to different clinical departments after
neurological evaluation and her nutritional, functional and respiratory status were assessed. There was no nutritional deterioration at diagnosis;
however, intake was below energy-protein requirements. The clinical evolution of the patient showed a decrease in muscle mass with preservation
of weight and fat mass. “Aggressive” measures to control nutritional status such as gastrostomy were rejected in the initial stages of the disease,
but had to be carried out after development of dysphagia and associated malnutrition. This situation of progressive morphofunctional deterioration
and the development of disease-related complications made essential the participation of different health services and professionals in its control.

Dicussion: the management of ALS in a multidisciplinary manner allows to improve the course of the disease and the quality of life of both the

patients and their families. Patient follow-up is based on the adjustment and management of complications. The basis of the relationship with these
patients includes maintaining an adequate communication with them and their families, and ensuring joint decision-making about their condition.

INTRODUCCION

La esclerosis lateral amiotrdfica (ELA) es una enfermedad
degenerativa de las neuronas motoras que cursa con debili-
dad progresiva y amiotrofias. Es, probablemente, una de las
enfermedades neurodegenerativas de mayor impacto por su
gravedad, por su corto pronéstico de vida (entre 2 y 5 afos
para la mayoria de los pacientes) y por la situacion de deterioro
motor progresivo y acelerado que supone un cambio total en la
vida del paciente y de su entorno (1).

La prevalencia en la actualidad esta entre 2 y 5 casos/100.000
y en Espafia hay unos 3000 afectados diagnosticados, pero po-
siblemente algunos casos sin diagnosticar. En los Ultimos afios,
cada vez se identifican mas casos de origen genético, la mayoria
con herencia autosémica dominante (2).

La desnutricion esta intimamente relacionada con el pronds-
tico en el paciente con ELA. Se ha observado que, segun los
criterios GLIM, el 48,4 % de los pacientes con ELA padecen
desnutricion al diagnostico; si lo planteamos con una prueba
como la valoracion global subjetiva, un 24,7 % de los pacientes
padecen desnutricion severa. Por otra parte, la presencia de des-
nutricion relacionada con la enfermedad diagnosticada mediante
valoracion global subjetiva es un factor de riesgo independiente
de mortalidad (OR: 4,6 [IC 95 %: 1,5-13,9]) (3).

La desnutricion en el paciente con ELA puede venir condi-
cionada, por una parte, por las caracteristicas metabolicas de
la enfermedad, caracterizada en sus primeras fases por un hi-
percatabolismo paradojico. En su evolucidn, el principal condi-
cionante en esta enfermedad es el deterioro muscular a nivel
respiratorio y de los musculos deglutorios, que pueden potenciar
el deterioro del estado nutricional por las complicaciones asocia-
das a los mismos (4).

La desnutricion y la disfagia son aspectos cruciales en la es-
trategia terapéutica. La disfagia es, junto con la disartria, el
sintoma inicial en los casos de ELA bulbar (20-30 %) y practi-
camente constante en la evolucion de cualquier forma de ELA
(73-98 %). Un abordaje precoz de este problema puede su-
poner un mantenimiento de la funcionalidad del paciente y la
prevencion de complicaciones derivadas de la disfagia (neumo-
nias aspirativas y desnutricién) que son causas de mortalidad
importantes (5).
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La evolucion de esta enfermedad puede implicar la utilizacion
de distintas técnicas y dispositivos de manejo respiratorio como
la traqueostomia o como la ventilacion mecanica no invasiva y,
en caso de alteracion severa de la deglucion, la utilizacion de
la gastrostomia de alimentacion. El seguimiento del tratamiento
etioldgico, la prevencion del deterioro funcional, el manejo del
deterioro cronico de la respiracion y de la alimentacion e incluso
el condicionante psicoldgico de la enfermedad pueden necesitar
la implicacion de distintos profesionales sanitarios en el mane-
jo de estos pacientes. Las implicaciones de esta enfermedad y
la relacion de los distintos sistemas que implica hacen que se
deba recomendar al paciente la asistencia en una unidad mul-
tidisciplinar o, al menos, coordinar su atencion con una unidad
para ofrecer la mejor asistencia posible para una patologia adn
incurable pero tratable (6). De hecho, la implantacion de proto-
colos de manejo multidisciplinar tempranos permite disminuir la
tasa de desnutricion relacionada con la patologia en el 60 % al
22,2 % de los pacientes (7). Asimismo, la implantacion de estos
protocolos ha demostrado que es capaz de aumentar la supervi-
vencia en estos pacientes (8).

El principal objetivo del desarrollo de este caso es mostrar la
evolucion habitual desde el punto de vista nutricional de una pa-
ciente con esclerosis lateral amiotrdfica (ELA) y las actuaciones
clinicas dentro de un entorno multidisciplinar con la experiencia
de distintos profesionales sanitarios.

CASO CLIiNICO

Una mujer de 68 afios es derivada a la consulta de neurolo-
gia por dolor y dificultad para movilizar la extremidad superior
izquierda desde hace 6 meses, tras su estudio en traumatologia
por posible “hombro congelado”. La paciente se encuentra vigil,
orientada y colaboradora, sin alteracion de la emision o la com-
prension del lenguaje; la paciente no presenta disartria. En la
exploracion neuroldgica se observan pares craneales normales
mientras que en la exploracion de la movilidad y de los miembros
se objetiva atrofia muscular de los interdseos de la extremidad
superior izquierda, de predominio en el primero y en ambas emi-
nencias, con fasciculaciones dispersas ocasionales. Se solicitd
una resonancia magnética nuclear (RMN) cerebral, sin datos
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patologicos; una RMN cervical mostré espondilosis y protrusio-
nes disco-osteofitarias en C3-C6. La electromiografia demostro
signos de denervacion aguda y crénica multisegmentaria en las
regiones bulbar, cervical bilateral y lumbosacra unilateral, com-
patibles con la enfermedad de la motoneurona.

Se realiz6 el diagndstico de enfermedad de la motoneurona,
tipo esclerosis lateral amiotrofica, realizdndose una derivacion
por protocolo a las consultas de Nutricion Clinica, Rehabilitacion
y Neumologia. Llega a la consulta de Nutricién Clinica siete me-
ses tras el inicio de la sintomatologia.

En la consulta de Nutricion Clinica se realizd una historia
dietética con cuestionario de frecuencia de consumo de ali-
mentos, recordatorio de 24 horas y encuesta dietética. Se
preguntd sobre el peso habitual, que era de 50 kg, y se evalud
la disfagia mediante la anamnesis y el test Eating Assessment
Tool-10 (EAT-10), con una puntuacion de 2, descartandose la
existencia de disfagia en el momento actual. La antropometria
no mostraba datos de desnutricion (Tabla ). El test de cri-
bado nutricional Malnutrition Universal Screening Tool (MUST)
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fue negativo y la valoracion global subjetiva (VGS) mostré un
grado A (buen estado nutricional). Se estimaron los requeri-
mientos energéticos mediante la ecuacion de Harris-Benedict,
ajustada mediante un factor de actividad/estrés (1,5), y los
requerimientos proteicos a partir de 1,5 g/kg/dia segun las
recomendaciones ESPEN del afio 2018 (ref.). Estos requeri-
mientos fueron de 1560 kcal/dia y 78 g/dia, por encima del
consumo energético-proteico de la paciente evaluada a partir
de la ingesta dietética (1320 kcal/dia; 64 g/dia).

Se completd la valoracion morfofuncional mediante la rea-
lizacion de una impedanciometria (Tabla ) y de una ecografia
nutricional del recto anterior del cuadriceps (Tabla I; Figs. 1y 2).
La dinamometria se encontraba en el rango de sarcopenia en
ambas manos y el test “ Timed Get Up and Go” (TUG) fue normal
(Tabla ). Se establecid el diagndstico de buen estado nutricio-
nal y sarcopenia secundaria probable. Dada la disminucion de la
ingesta respecto a los requerimientos estimados, se planted la
realizacion de una dieta adaptada y se afiadio una suplementa-
cion artificial hipercaldrica e hiperproteica.

Tabla I. Evolucion de los parametros morfofuncionales en el primer afio de seguimiento
desde el diagndstico

Inicio 6 meses 12 meses
Peso (kg) 51,8 54,5 52,2
Talla (m) 1,54 1,54 1,54
IMC (kg/m?) 21,87 22,98 22,01
Circunferencia braquial (cm) 24 24 25
Circunferencia de la pantorrilla (cm) 34 34 29
ASMI estimado (kg/m?) 5,78 5,78 4,14
Bioimpedanciometria
Angulo de fase (°) 5,2 5 2,8
Resistencia (ohms) 634 664 760
Reactancia (ohms) 58 58 37
Ecografia nutricional®
Area muscular (cm?) 2,98 3,45 2,46
Eje Y (cm) 1,4 0,83 0,69
Eje X (cm) 31 3,99 3,47
indice X-Y 2,25 4,81 5,02
Ecogenicidad (%) 66,98 67 71
Tejido adiposo sc. (mm) 75 9,5 111
Funcionalidad muscular

Dinamometria (kg) 12 0 -
TUG (seg) 18 24 -

IMC: indice de masa corporal; ASMI: indice de masa apendicular esquelética; TUG: prueba “timed get up and go”.
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Figura 1.

Evolucion de la ecografia nutricional
durante el primer afio tras el diagnds-
tico de esclerosis lateral amiotrofica
(ELA).

Figura 2.

Evolucion del &ngulo de fase determi-
nado por bioimpedanciometria.

Tras seis meses de seguimiento se observo una mejoria en
los parametros de antropometria y composicion corporal pero
una pérdida de la funcionalidad muscular con deterioro de la
dinamometria y el TUG (Tabla I; Figs. 1y 2). En la realizacion de
la anamnesis, la paciente nos comenta que presenta atraganta-
miento ocasional con los liquidos y se observa una puntuacion
del test EAT-10 de 5. Se plante6 la realizacion de un método de
exploracion de volumen y viscosidad (MECV-V), que fue positivo
para liquidos y volimenes elevados de néctar, por lo que se de-
cidio la realizacion de una videoendoscopia de la deglucion. En
esta prueba se diagnosticd a la paciente de disfagia orofaringea
leve-moderada. Se planteo la adaptacion de la textura de la dieta
oral, se realizd una educacion dietética y se recetd espesante
para anadir a los liquidos. Se planted la posibilidad de implantar
una gastrostomia endoscdpica percutanea, pero la paciente de-
clina el ofrecimiento por el momento.

Alos 6 meses, la paciente acude a Urgencias por fiebre de dos
dias de evolucion con tiritona y sensacion distérmica, con au-
mento de la tos habitual. A 1a exploracion fisica, la paciente pre-
senta, a la auscultacion cardiaca, tonos ritmicos sin soplos y, a la
auscultacion pulmonar, roncus dispersos sin otras alteraciones.
La saturacion de oxigeno era del 94 %; la temperatura era de
39 °C; la tension arterial era de 158/70 mmHg, y la frecuencia
cardiaca era de 82 Ipm. Se realiza una analitica con hemogra-
ma y bioquimica; en el hemograma se observa una leucocitosis
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con neutrofilia (leucocitos, 23.440; neutrdfilos, 92,2 %), anemia
leve (hemoglobina: 10,7 g/dl [VN: 12-16 g/dl]); plaquetas: 286
x 10% (VN: 150-140) y trombocitosis. La bioquimica presenta-
ba un descenso del potasio plasmatico (3,2 mmol/I [N: 3,5-5,2
mmol/I]; proteina C-reactiva: 133,8 mg/I [N: 0-5]; procalcitonina:
1,3 ng/ml [N: 0-0,5]). La gasometria arterial basal muestra: p0,:
72 mmHg; pCO,: 52 mmHg; pH: 7,33; bicarbonato: 29 mEq/L.
La paciente es diagnosticada de neumonia adquirida en la co-
munidad y se plantea su ingreso en la unidad de cuidados inten-
sivos, lo que se descarta debido a que no cumple los criterios
de gravedad. Por esta razon se la ingresa en el Servicio de Neu-
mologia (Unidad de Cuidados Respiratorios Intermedios (UCRI)
para la instauracion de una ventilacion mecdanica no invasiva,
tratamiento antibiético y monitorizacion estrecha.

Tras el ingreso por infeccion respiratoria, 1a paciente acude
a la consulta de Nutricion Clinica con un deterioro severo de
la valoracion morfofuncional (Tabla I; Fig. 1). La paciente refiere
peor deglucion y una disminucion de la ingesta habitual. En la
videoendoscopia de la deglucion se objetiva una disfagia oro-
faringea de nivel 2 (disfagia moderada/severa), por lo que se le
plantea de nuevo la implantacion de una gastrostomia endos-
copica percutanea, que ahora acepta. En una primera fase se
plantea una dieta oral adaptada en cuanto a seguridad y aporte
de liquido, medicacion y suplementacion artificial por gastrosto-
mia. La paciente se encuentra en tratamiento farmacoldgico con
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riluzol (comprimido), bromazepam (capsula), lactulosa (sobres
de solucion oral) e irbesartdn 150 (comprimido). Se realiza la
adaptacion de dicha medicacion a la sonda de gastrostomia con
riluzole (solucion oral); se cambian el bromazepam y el irbesartan
a un preparado farmacoldgico que puede pulverizarse.

Tras 3 meses se realiza una nueva videoendoscopia de la de-
glucion, que muestra un nivel 1 de disfagia orofaringea severa.
Por esta razon se decide el inicio de la nutricion enteral completa
por sonda, ademas de la hidratacion y la medicacion. El tipo de
nutricion enteral ajustado a los requerimientos de la paciente
sera una formula hipercalérica hiperproteica con fibra, distribui-
da en 5 bolos de 250 ml por toma con 750 ml de agua afadidos.

En el momento actual, la paciente se encuentra estable, en
mantenimiento y bien adaptada a la VMNI domiciliaria; tolera
adecuadamente la nutricion enteral, no ha tenido nuevos ingre-
50S y no ha presentado deterioro del estado nutricional, aunque
funcionalmente se encuentra limitada por la progresion de la
enfermedad.

DISCUSION

El caso presentado muestra la evolucion de una paciente con
esclerosis lateral amiotrofica desde el diagnostico. Tras la va-
loracion por parte de Neurologia se remitié a la paciente a los
distintos servicios de seguimiento (Endocrinologia, Rehabilita-
cion, Neumologia) y se realizd un diagnéstico de su situacion
nutricional, funcional y respiratoria. No se observo deterioro nu-
tricional al diagndstico; no obstante, la ingesta se encontraba por
debajo de los requerimientos. En la progresion de la enfermedad
se observo un deterioro de la masa muscular con mantenimiento
ponderal y de la masa grasa, pero con desarrollo de disfagia, ti-
pico de la enfermedad. El planteamiento de medidas “agresivas”
para controlar el estado nutricional, como la gastrostomia, fue
rechazado en las fases iniciales de la enfermedad, pero hubo
que realizarlas tras el desarrollo de la disfagia y la desnutricion
asociada. Esta situacion de deterioro morfofuncional progresivo y
el desarrollo de complicaciones relacionadas con la enfermedad
hicieron basica la participacion de distintos servicios y profesio-
nales sanitarios en su control, lo que pone en valor el manejo
multidisciplinar temprano de esta enfermedad.

VISION DEL MEDICO ESPECIALISTA EN
NEUROLOGIA

El diagndstico de la esclerosis lateral amiotrofica (ELA) se basa
en criterios clinicos. Los utilizados son los de El Escorial modi-
ficados por Awaji, que se basan en identificar signos de afecta-
cion de la motoneurona superior e inferior en varios territorios
(craneal, cervical, extremidades) mediante hallazgos clinicos o
neurofisiologicos (9,10).

La sintomatologia fundamental es la debilidad muscular y las
atrofias progresivas que pueden comenzar en casi cualquier
region del cuerpo. Lo mas frecuente es el inicio distal en las
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extremidades (ELA espinal) y en los musculos de inervacion bul-
bar (ELA bulbar), siendo esta segunda forma de peor prondstico
por el compromiso precoz de musculos vitales. Se produce una
pérdida de masa muscular progresiva debido a la pérdida de
inervacion conforme desaparecen las motoneuronas, a la que se
suma la debida a la inmovilidad y el déficit nutricional (6).

Hasta la fecha no existe un tratamiento eficaz para curar o
paliar significativamente la calidad de vida de los pacientes con
ELA. Hoy en dia, la Unica terapia para modificar el progreso de
la enfermedad que ha sido aprobada por la AEMPS es el riluzol
(2-amino-6-trifluorometoxi benzotiazol). El mecanismo de accion
no esta claro, aunque se sabe que actua inhibiendo procesos
relacionados con el glutamato (11).

Aungue no existe un tratamiento verdaderamente eficaz para
esta patologia, en las Ultimas décadas, las unidades multidiscipli-
nares han supuesto un cambio importante en la calidad de vida
e incluso la supervivencia de los pacientes. La implicacion de di-
ferentes profesionales y el desarrollo del tratamiento sintomético
a todos los niveles (sintomas musculares y generales, trastorno
afectivo, ayudas ortopédicas, técnicas de ventilacion, apoyo nu-
tricional y valoracion de la disfagia) son las piezas clave de las
unidades multidisciplinares. La comunicacion y el planteamiento
conjunto de los tratamientos permiten una adecuada toma de de-
cisiones de soporte vital, como la implantacion de una sonda de
gastrostomia. Se trata de situaciones que constituyen hitos en la
evolucion de la enfermedad y en la vivencia del paciente y de su
familia, y es fundamental un planteamiento conjunto y consen-
suado para generar confianza y seguridad en el paciente y para
que este pueda tomar una decision libre y consecuente (6).

VISION DE LA ENFERMERA DE NUTRICION

La disfagia orofaringea es el principal determinante de la apa-
ricion de desnutricion en la ELA. Este sintoma afecta a méas del
80 % de los pacientes y puede aparecer en cualquier momento
evolutivo, independientemente de la forma de inicio, aunque en
la forma bulbar puede aparecer como el sintoma inicial. La ELA
produce tanto afectacion de la seguridad como de la eficacia de la
deglucion. En algunos casos, el primer signo de disfagia es la pér-
dida progresiva de peso, pero lo mas frecuente es que el paciente
refiera episodios de atragantamiento y cambios en la voz después
de comer. La seguridad de la deglucion se puede ver agravada
por la dificultad para toser y/o aclarar los restos de alimento que
pueden quedar en la garganta (12,13).

La patogenia de la disfagia es multifactorial. La lesion de las
neuronas del bulbo produce una descoordinacion de la muscu-
latura deglutoria. La afectacion de la lengua también aparece
precozmente y se manifiesta por dificultad para impulsar el bolo
y manejar los liquidos. Asimismo, puede existir afectacion de los
maseteros, ocasionando problemas para abrir la boca y trismus.
La disfagia puede aparecer también como consecuencia del
dafio de las motoneuronas inferiores por debilidad de los mus-
culos faringeos, de la lengua, de la boca (sello labial) y de la
musculatura masticatoria (14).
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En cualquier caso, el soporte nutricional para la adaptacion de
la dieta en caso de disfagia persigue mantener un correcto esta-
do de hidratacion y nutricion, minimizando los riesgos de bron-
coaspiraciones. Las medidas nutricionales a aplicar dependeran
del estado nutricional, del estado evolutivo de la enfermedad
y de los factores relacionados en cada momento. Dada la alta
prevalencia de disfagia en la valoracion nutricional del pacien-
te es necesario incluir un despistaje de la disfagia, que deberia
realizarse desde el diagnostico de la enfermedad. EI despistaje
se puede realizar mediante la anamnesis 0 con cuestionarios
validados como el Eating Assessment Tool (EAT-10)(15); en caso
de ser positivo, seria necesaria la realizacion de cualquier mé-
todo validado para el diagnéstico de disfagia (método evalua-
cion volumen-viscosidad (MECV-V; pruebas de imagen como la
videofluoroscopia 0 pruebas directas como la videoendoscopia
(fibrolaringoscopia) de la deglucion) (16).

La historia nutricional es el primer paso a realizar en el pa-
ciente con ELA. En la anamnesis se deben recoger datos so-
bre ingesta dietética, apetito, capacidad funcional y autonomia
del paciente. Es esencial investigar las razones por las que el
paciente ingiere menos de lo esperado, incluyendo datos sobre
sus sentimientos al comer. El miedo a los atragantamientos y la
angustia sustituyen de manera frecuente el placer de comer y
deben ser tenidos en cuenta a la hora de prescribir el tratamiento
nutricional.

Tras la anamnesis y la valoracion morfofuncional del pacien-
te se planteara la realizacion de test clinicos de valoracion de
la disfagia como el método de evaluacion volumen viscosidad
(MECV_V) desarrollado por el Dr. Pere Clavé. Esta prueba tiene
una alta sensibilidad diagndstica (83-85 % y una especificidad
del 64,7-69 %. En el caso de la seguridad tiene una sensibilidad
del 100 % y una especificidad del 28,8 %, mientras que en el
caso de la eficacia tiene una sensibilidad del 84,7 % y una es-
pecificidad del 64,7 % (16). Se puede realizar tanto en ambito
hospitalario como ambulatorio. Este método es una prueba sen-
cilla, rdpida y segura, realizada por personal entrenado. Consiste
en administrar agua espesada a viscosidad néctar y pudin en
diferentes volimenes crecientes (20 ml, 10 mly 5 ml) y observar
la reaccion del paciente buscando la posible existencia de algun
signo de trastorno de la deglucion. Los principales signos que
observar son: tos, cambios en el tono de voz, residuos de agua
espesada en boca o garganta, o datos de desaturacion (16).

Tras la realizacion de la prueba, si resulta no concluyente, el
paciente puede ser estudiado con mas detenimiento y profundi-
dad a través de una prueba de la deglucion mediante endoscopia
(fibrolaringoscopia de la deglucion) y/o radiologia (videofluoros-
copia). A pesar de la vision “directa” de la deglucion, estas téc-
nicas también tienen sus limitaciones: la fibrolaringoscopia no
puede visualizar la fase oral de la deglucion, con lo que no es
completamente resolutiva. Por otra parte, la videofluoroscopia no
es fiable al 100 % dado que su administracion requiere cantida-
des muy pequefias de alimentos y el paciente al que se le realiza
la prueba deberia estar en condiciones dptimas de salud. Tanto la
fibrolaringoscopia como la videofluoroscopia requieren un equipo
especial y personal cualificado para realizar la prueba, por 1o que
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requeririan el desplazamiento del paciente al centro hospitalario,
lo cual puede ser una circunstancia limitante en una patologia
como la ELA (17).

VISION DE LA DIETISTA-NUTRICIONISTA

La intervencion dietética, al igual que la valoracion nutricional,
debe hacerse desde el momento del diagnostico en el paciente
con ELA (12,18,19). Hasta la fecha, las pautas de intervencion
dietéticas en la ELA son escasas Y, en la mayoria de los casos,
con poca evidencia cientifica (20). Lo que si esta claro son los
factores implicados en el deterioro del estado nutricional y, por
tanto, lo que deben abarcar las recomendaciones: pérdida de
autonomia, disminucion de la ingesta —ya sea por disfagia, pér-
dida de apetito o fatiga— y aumento del metabolismo (20,21).
Independientemente del estado nutricional, se recomienda una
ingesta nutricionalmente densa, de pequefios bocados y sin dis-
tracciones. Se debe prestar mucha atencion a los alimentos con
dobles texturas, recomendando consistencias homogéneas, sin
grumos, espinas, etc., y acompafadas de salsas espesas para
facilitar el manejo en la boca. Se debe evitar el uso de pajitas
para beber e indicar la existencia de vasos adaptados, siendo, en
este caso, la educacion postural y de higiene de suma importan-
cia. En caso de pérdida de autonomia, se informara al paciente y
a la familia de la posibilidad de adquirir cubiertos y platos adap-
tados (22) y sobre las estrategias para afrontar las situaciones
sociales (18,19).

La adaptacion de la textura de los alimentos y de los liqui-
dos debe hacerse de forma progresiva, ajustandose al grado de
disfagia. Con el objetivo de poder estandarizar de forma inter-
nacional los distintos niveles de modificacion de los alimentos y
bebidas, se cred en el 2013 la International Dysphagia Diet Stan-
dardisation Initiative (IDDSI) (23), un recurso Util que describe 8
niveles, cada uno de los cuales tiene sus indicadores fisioldgicos
y sus pruebas de medicion, que pueden emplear los mismos pa-
cientes o sus familiares, o las cocinas de centros sanitarios para
asegurarse de que el nivel de la textura es el correcto.

No han de prohibirse aquellos alimentos que se catalogan
como de riesgo, solo se debe adaptar su textura para que sean
seguros, lo que hard la dieta mucho méas variada (por ejemplo,
frutos secos en crema 0 polvo). Se debe también informar de
técnicas de cocinado mas adecuadas y de utensilios de cocina
que les puedan ser mas Utiles para la elaboracion de la comida.
En aquellos casos en los que sea necesario, se daran pautas de
enriquecimiento.

Llevadas a la practica todas estas recomendaciones, la per-
cepcion de los dietistas es que la efectividad no llega a ser la
deseada (24), y es que existen numerosos factores que influyen
a la hora de asegurar la adherencia (25). Todas las recomen-
daciones deberan adaptarse a las costumbres del paciente y a
su situacion social y psicologica. Ademas, sus objetivos pueden
diferir de los que se establecen segun la practica clinica debido
a creencias prestablecidas sobre la alimentacion o a la busqueda
de tratamientos alternativos. Estos deben ser discutidos en un
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ambiente tranquilo, dejando patente cudl es la postura basada
en la ciencia e intentando dar cabida a sus opiniones, siempre
que no afecten a la seguridad o a la salud del paciente.

VISION DE LA MEDICO ESPECIALISTA EN
MEDICINA INTENSIVA

Los médicos especialistas en Medicina Intensiva han tenido
interés en crear indices prondsticos que ayuden a gestionar el
ingreso en la unidad de cuidados intensivos (UCI), dada la limi-
tacion de camas que obliga a seleccionar los ingresos. En este
sentido, son muchas las escalas pronosticas que se han utilizado
para valorar la gravedad de la neumonia y su ingreso en la UCI,
como los criterios de la Sociedad de Enfermedades Infecciosas
de América (IDSA) 2007 (26), pero en la practica, el intensivista
decide el ingreso no solo a partir de escalas prondsticas sino
tras una evaluacion individual de las necesidades de terapias de
soporte, seguido de una continua reevaluacion.

Los pacientes con ELA pueden requerir ingresos hospitalarios y,
por tanto, también en la UCI. La toma de decisiones en situaciones
de urgencia puede ser complicada, estando obligados los profe-
sionales sanitarios por el principio de no maleficencia a evitar el
sufrimiento y no afiadir mas dafio que el de la propia enfermedad;
sin embargo, por el derecho de autonomia del paciente, él puede
decidir como desea morir y vivir su futuro. En el 2010 se aprueba
la primera ley de muerte digna en Andalucia (27) y, a partir de ahi,
se extendera al resto del territorio espariol. Con ella se facilitan
marcos que llenan vacios legales en la correccion ética y juridica
de la limitacion del esfuerzo terapéutico. Es muy importante que el
paciente conozca su enfermedad y su prondstico, y que pueda de-
cidir sobre su atencion sanitaria, expresandolo a través del registro
de las instrucciones previas. Negarse a recibir o decidir la retirada
un tratamiento siempre debe informarse adecuadamente (28). El
documento de instrucciones previas debera tener en cuenta la po-
sibilidad de que aparezcan patologias intercurrentes y la forma de
abordaje segun el avance de la enfermedad.

Se ha propuesto la realizacion de algoritmos para facilitar la
adecuacion de las intervenciones clinicas en 10s pacientes con en-
fermedad avanzada y compleja. En el 2020, el Ministerio de Sani-
dad redact6 una Guia para la Atencion de la ELA en Espafa, donde
se explica el abordaje multidisciplinario de esta enfermedad (1).
Sociedades como la Sociedad Espafiola de Neumologia y Cirugia
Toracica (SEPAR) y distintas comunidades disponen de protocolos
de actuacion para los problemas respiratorios en los pacientes con
ELA, lo que facilita la actuacion del profesional sanitario (29).

El paciente con ELA con problemas respiratorios suele requerir
ingreso en la UCI en tres situaciones diferentes: a) insuficiencia
respiratoria en el contexto de la evolucion de su enfermedad,
deseando el paciente la ventilacion mecanica domiciliaria; b) in-
suficiencia respiratoria en el contexto de una agudizacion por un
proceso intercurrente, como puede ser una neumonia aspirativa,
una atelectasia o una insuficiencia cardiaca; c) limitacion del es-
fuerzo terapéutico en la fase final de la vida en aquellos pacien-
tes que desean ser donantes de 6rganos en asistolia controlada.
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La ELA es una enfermedad incurable pero los problemas respira-
torios si que disponen de un manejo adecuado mediante tratamiento
no invasivo como la ventilacion mecanica no invasiva (VMNI) y la
técnica de la tos manual/asistida, o bien de forma invasiva con la in-
tubacion orotraqueal y la tragueostomia, opciones que no debemos
negar si estan indicadas (30). Las medidas terapéuticas se aplicaran
a todos los pacientes por igual. Ahora bien, el escalon terapéutico ira
en funcion de la disponibilidad de las voluntades anticipadas en el
momento de nuestra atencion o valoracion (29):

- Si el paciente dispone de voluntades anticipadas, nos en-

contramos con varios supuestos:

e No desea medidas agresivas: se plantea el ingreso en la
planta de hospitalizacion o en una UCI donde se pueda
realizar una monitorizacion estricta respiratoria y hemodi-
namica, asi como un tratamiento adecuado con oxigeno-
terapia, VMNI, antibioterapia y asistencia de la tos.
Deberiamos en ese momento establecer un plan terapéu-
tico con el paciente, que puede incluir una limitacion del
esfuerzo terapéutico condicionada a la evolucion (31)

e Desea medidas agresivas: se plantea el mismo trata-
miento que en el caso anterior pero, si a pesar de ello la
situacion empeora, se procedera a la intubacion orotra-
queal, la ventilacion mecanica (VMI), la traqueostomia y la
gastrostomia percutanea para derivarlo posteriormente a
una ventilacion domiciliaria.

e £l paciente se encuentra en la fase final de su enferme-
dad y en su registro de voluntades anticipadas consta su
deseo de ser donante de Organos; se procedera a realizar
todas las medidas para su donacion en asistolia controla-
da, si esta indicado.

— Si el paciente no dispone de voluntades anticipadas valora-

remos dos situaciones:

e Sin criterios de gravedad, actuaremos como en el caso
de que no desea que se le realicen medidas agresivas.
Tratamiento médico, monitorizacion adecuada y plan te-
rapéutico.

e Con criterios de gravedad, se realizard la intubacion y
conexion a la VM.,

En algunas ocasiones, los pacientes no son conocedores de
la historia natural de la enfermedad y no han manifestado o
planeado sus voluntades anticipadas y, en la situacion aguda,
no estan en condiciones de tomar decisiones acerca de aquello
que puede prolongar su vida. Es un derecho que se les facilite
el soporte respiratorio y médico adecuado y que, cuando estén
en condiciones de estabilidad clinica, puedan decidir sobre su
futuro. Si posteriormente el paciente no desea vivir conectado a
la ventilacion mecanica, se puede realizar la extubacion de forma
gradual con conexion a la VMNI.

VISION DEL MEDICO ESPECIALISTA
EN NEUMOLOGIA

Desde un punto de vista respiratorio, la fisiopatologia de las
enfermedades neuromusculares se caracteriza por debilidad
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muscular, que implica a la musculatura inspiratoria, espiratoria y
orofaringea, con un parénquima pulmonar sano. En el caso de la
esclerosis lateral amiotrofica (ELA), dada su rapida progresion, la
afectacion respiratoria suele marcar el pronostico, de modo que
las complicaciones respiratorias representan la principal causa
de morbimortalidad en estos pacientes (32). Dicha afectacion da
lugar a la aparicion de insuficiencia ventilatoria con pérdida de
distensibilidad pulmonar, contribuye a una disminucion progresi-
va de la eficacia de la tos, facilitando la aparicion de infecciones
respiratorias, y en caso de afectacion bulbar, por compromiso de
los musculos deglutorios, a un aumento de la probabilidad de
broncoaspiraciones, que empeoran el prondstico de esta enfer-
medad. Hasta en un 15 % de los casos de ELA, las alteraciones
respiratorias aparecen de forma aguda. Existen otras complica-
ciones respiratorias que pueden manifestarse de forma progresi-
va, como la hipoventilacion alveolar cronicay la apnea del suefio.
Ambas afectan inicialmente al suefio y acaban impactando en
la situacion diurna, produciendo alteraciones cardiovasculares y
neurocognitivas, empeorando de forma significativa la calidad de
vida (32).

Los sindromes clinicos respiratorios asociados a la ELA apa-
recen como consecuencia de diferentes mecanismos (32): bron-
coaspiracion debida a disfuncion bulbar; tos ineficaz debida a
debilidad de los musculos espiratorios; insuficiencia respiratoria
aguda debida a debilidad de los musculos de la via aérea supe-
rior, ingpiratorios y espiratorios; hipoventilacion alveolar cronica
debida a reduccion del estimulo central y a debilidad del dia-
fragma; sindrome de apnea del suefio por obstruccion de la via
aérea superior.

Los neumologos acomparian a los pacientes con ELA a lo
largo de todo su proceso, prestando atencion sanitaria en di-
ferentes momentos (29): valoracion respiratoria inicial clinica y
funcional; estudio de los trastornos respiratorios del suefio que
puedan tener asociados; informacion al paciente y familiares
sobre las complicaciones respiratorias de la enfermedad y l0s
tratamientos existentes; seguimiento periodico de la funcion
respiratoria y deteccion precoz de complicaciones; prevencion y
tratamiento de infecciones respiratorias; valoracion de la nece-
sidad de fisioterapia respiratoria; valoracion de la necesidad de
ventilacion mecanica no invasiva (VMNI), asi como de su instau-
racion y seguimiento bien de forma aguda en una unidad de cui-
dados intermedios respiratorios (UCRI) o bien de forma crénica
en el domicilio del paciente; valoracion de la posible realizacion
de una traqueostomia en el momento mas idoneo, trabajando de
forma coordinada con el resto de profesionales implicados en el
manejo de estos pacientes.

El caso que nos ocupa plantea uno de los escenarios habi-
tuales dentro de las complicaciones respiratorias de aparicion
aguda. Como consecuencia de una neumonia por broncoaspi-
racion, debida a la alteracion de su musculatura orofaringea por
afectacion bulbar, 1a vida de estos pacientes puede verse seria-
mente comprometida hasta el punto de plantearse la necesidad
de medidas invasivas y cuidados intensivos (32). Es importante
tener en cuenta que el mal prondstico evolutivo de esta enfer-
medad no debe ser un argumento en contra de un ingreso en la

[Nutr Hosp 2024;41(3):712-723]

UCI, dado que la supervivencia inicial al episodio agudo puede
ser de hasta el 80 %, durante el resto de la estancia hospitalaria
del 63 % y tras el alta del 54 % y el 29 % a los 3 meses y al afio,
respectivamente (33).

No obstante, no todos los casos van a ser susceptibles de
ser manejados en una UCI, bien por la voluntad anticipada del
paciente, bien por falta de disponibilidad, bien porque no se
cumplan los criterios de ingreso o bien porque no Se precisen
medidas invasivas. Algunos estudios revelan que la ventilacion
mecanica invasiva no es superior a la no invasiva en cuanto a la
supervivencia a corto plazo tras un episodio agudo (34). En este
contexto cobran especial protagonismo las unidades de cuida-
dos intermedios respiratorios (UCRI), lideradas por neumologos,
donde el abordaje de este proceso se realiza habitualmente con
medidas no invasivas. En un episodio agudo, las ayudas a los
musculos respiratorios que se administran en una UCRI pueden
evitar la necesidad de intubacion y posterior traqueotomia. La
severidad de la afectacion bulbar va a determinar el fracaso del
manejo no invasivo de los episodios respiratorios agudos (35).
En términos generales, la British Thoracic Society y la Intensi-
ve Care Society del Reino Unido identifican a los pacientes que
podrian beneficiarse de ingresar en una UCRI (35): 1) pacientes
con necesidad de VMNI para un fracaso respiratorio hipercapnico
agudo; 2) pacientes con necesidad de CPAP no invasiva para una
hipoxemia de etiologia respiratoria; 3) pacientes con necesidad
de terapia de alto flujo para una hipoxemia; 4) pacientes en VMNI
cronica con fracaso respiratorio cronico agudizado; 5) traslado
desde la UCI (step-down, desescalada) de pacientes con fracaso
respiratorio de un solo drgano, donde se incluye la continuacion
del manejo de los pacientes raqueostomizados/laringuectomiza-
dos y de los pacientes con necesidad de asistencia mecanica
de la tos; 6) pacientes con enfermedad respiratoria grave con
limitaciones del aprendizaje.

En el paciente con ELA se puede requerir la VMNI durante el
ingreso en la UCRI pero también como tratamiento domiciliario.
Esta terapia, utilizada de manera prolongada, puede provocar
diferentes complicaciones, algunas de ellas con implicaciones
sobre el tratamiento médico nutricional, entre las que destacan
las relacionadas con el empleo de mascarillas y las relacionadas
con la presion utilizada. El uso de mascarillas puede producir
incomodidad, molestias, eritema facial, claustrofobia, rash ac-
neiforme o Ulceras por presion (36). La presion o el flujo pueden
producir fugas —favorecidas por la colocacion de una sonda
nasogastrica para la alimentacion—, congestion y obstruccion
nasal, sequedad de mucosas, irritacion ocular, dolor de nariz u
oido y distension abdominal. Las fugas relacionadas con sondas
nasogastricas pueden minimizarse colocando almohadillas de
silicona entre la sonda y la piel (que debe vigilarse regularmente
en las zonas de contacto). Se debe cambiar periodicamente la
posicion de la sonda. Existen adaptadores especiales para son-
das nasogastricas que se pueden incorporar a las mascarillas
(37). Otras complicaciones mayores descritas durante la VMNI
son la broncoaspiracion, la hipotension y el neumotorax. De ahi
la importancia de una monitorizacion estrecha para que dichas
complicaciones no aparezcan (32). Pueden evitarse mediante
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una aplicacion cuidadosa de la técnica por personal experto,
siempre que se consiga la maxima colaboracion por parte del
paciente y bajo una atenta vigilancia.

Otro punto a tener en cuenta en el paciente con ELA es la
fisioterapia respiratoria, fundamental para prevenir y tratar las
complicaciones respiratorias. Se pueden considerar dos tipos: la
fisioterapia respiratoria preventiva, cuyo objetivo es preservar la
distensibilidad pulmonar y evitar la aparicion de microatelecta-
sias mediante la aplicacion de maniobras de expansion toracica
o hiperinsuflacion, de forma manual 0 mecanica, y la fisioterapia
respiratoria activa, que busca mantener un drenaje adecuado de
las secreciones respiratorias, en cuanto se detecta funcional-
mente una tos ineficaz, mediante técnicas de tos asistida que
pueden ser manuales 0 mecanicas. Debe formar parte del trata-
miento de mantenimiento y es muy Util para ayudar a resolver los
procesos respiratorios agudos (32).

VISION DE LA FARMACEUTICA

El Unico tratamiento con cierta eficacia en la esclerosis lateral
amiotrofica es el riluzol. Segun la ficha técnica, la dosis diaria
recomendada en el adulto es de 100 mg (50 mg cada 12 ho-
ras). El riluzol hay que tomarlo en ayunas, una hora antes o dos
horas después de la ingesta de alimentos. En los pacientes con
problemas de deglucion, como es el caso de nuestra paciente,
hay que consultar la ficha técnica del medicamento o las aplica-
ciones disponibles —por ejemplo, de Deglufarm (realizada por
los grupos de trabajo de Cronos y Nutricion de la Sociedad Espa-
fola de Farmacia Hospitalaria [SEFH]) o de Medisonda (realizada
por el servicio gallego de salud)— para saber si puede partirse,
triturarse o administrarse por la gastrostomia. Tras hacer la con-
sulta en las aplicaciones se comprueba que el riluzol si se puede
pulverizar y dispersar en 10 ml de agua, y administrarse por la
gastrostomia. Desde 2014 esta disponible la suspension oral de
riluzol, que facilita la toma de este medicamento. Con su uso
se podria minimizar el riesgo de atragantamiento u obstruccion
de las sondas de gastrostomia. Debido a la diferencia de coste
respecto al riluzol en forma de comprimidos, con la posibilidad
de pulverizarlo sin problemas, habitualmente se tiende a utilizar
el comprimido.

El riluzol es un medicamento hospitalario y su distribucion se
hace a través del Servicio de Farmacia Hospitalaria. EI neurélo-
go responsable del paciente prescribe el riluzol. El farmacéutico
hospitalario procede a validar la prescripcion, comprobando la
indicacion y la posologia, y descartando las contraindicaciones
del farmaco como es la alteracion hepatica. El riluzol debe pres-
cribirse con precaucion a los pacientes con antecedentes de
funcion hepatica anémala y esta contraindicado en los pacientes
con valores basales de transaminasas 3 veces por encima del
limite superior de los valores normales (LSN) (11). En la primera
dispensacion se explica al paciente la forma adecuada de tomar
el medicamento, su adecuada conservacion y qué hacer en caso
de olvido; se evallian ademas las interacciones del riluzol con la
medicacion concomitante que toma el paciente y se proponen
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los ajustes oportunos. Si el farmacéutico forma parte de la uni-
dad multidisciplinar de atencion a personas afectadas de ELA, la
dispensacion de la medicacion se puede llevar a cabo dentro de
este circuito, evitando mas visitas al hospital. En las siguientes
dispensaciones se miden la adherencia al tratamiento, la efica-
cia y la aparicion de reacciones adversas. Las transaminasas se
deben medir cada mes durante los 3 primeros meses de trata-
miento, cada 3 meses durante el resto del primer afio v, a partir
de entonces, de forma periddica. Si los niveles de transaminasas
aumentan hasta 5 veces por encima del LSN, debe interrumpirse
el tratamiento con riluzol (11).

Los pacientes con ELA, aparte de la patologia de base que pue-
dan padecer, sufren numerosos sintomas asociados a la enferme-
dad, algunos de los cuales podemos tratarlos, ayudando a mejorar
en algo su calidad de vida (38). En la mayoria de los casos habra
que adaptar la medicacion a los problemas de deglucion.

Por norma general hay que tomar precauciones para ma-
nipular la medicacion. No se deben triturar (39): las formas
farmacéuticas refard, recubiertas, de liberacion modificada o
prolongada, sublinguales, bucodispersables y gastrorresisten-
tes; los medicamentos cuyo principio activo es inestable; las
formas efervescentes o las grageas; los farmacos con estrecho
margen terapéutico; los citostaticos e inmunosupresores; 10s
compuestos que contienen sustancias irritantes; los compues-
tos cuya indicacion de administracion consista en chupar o
masticar; los medicamentos de forma liquida; y las capsulas
blandas (Tabla II).

VISION DEL MEDICO ESPECIALISTA
EN ENDOCRINOLOGIA Y NUTRICION

La valoracion nutricional y su monitorizacion en el paciente
con esclerosis lateral amiotrofica es compleja debido a que no
todas las variables nutricionales han demostrado ser Utiles por
las caracteristicas especiales de la enfermedad. Esta circuns-
tancia se debe a que el deterioro de la enfermedad condiciona
una disminucion de la masa muscular que no sabemos en qué
medida se relaciona con la ingesta nutricional y en qué medida
se relaciona con la evolucion de la enfermedad. En el momen-
to actual, la recomendacion para la monitorizacion de pacientes
es la valoracion nutricional mediante el indice de masa corporal
(IMC) y la pérdida de peso (40). De hecho, la recomendacion en
estos pacientes es conseguir que el IMC no disminuya por deba-
jo de 25 kg/m?; el mantenimiento de valores de IMC entre 25y
35 kg/m?, y valorar la disminucién del componente graso en los
IMC mayores de 35 kg/m? (12).

No tenemos una evidencia clara de si la evaluacion de los dis-
tintos componentes de la composicion corporal, como la masa
grasa o la masa muscular, pueden desempefiar algdn papel so-
bre el prondstico de estos pacientes, aunque existen ciertos indi-
cios de que la conservacion de la masa grasa puede relacionarse
con un mejor pronostico en los pacientes con ELA. Recientemen-
te se ha observado que la deplecion de masa grasa, determinada
por TAC, se relaciona con el pronostico de estos pacientes (41).
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Tabla Il. Forma farmacoldgica para administracion por sonda de gastrostomia de los
farmacos utilizados habitualmente en pacientes con esclerosis lateral amiotrofica

Sintomas Tratamiento sintomatico .. Compatibilidad
. L . Adaptacion PEG .
habituales farmacolégico con alimentos
Baclofeno: inicio, 5 mg/dia Pulverizar y dispersar en 10 ml de agua Si
Tizanidina: inicio 2 mg/dia Pulverizar y dispersar en 10 ml de agua Si
Espasticidad Pulverizar y dispersar en 10/20 ml de agua Si
Otros: benzodiazepinas, gabapentina, dantroleno
No manipular No
Toxina botulinica No hace falta Si
Sulfato de quinina: inicio, 100 a 300 mg/dia Pulverizar y dispersar en 20 ml de agua Si
Carbamazepina: inicio, 100 0 200 mg/dia P.u herizar y @spersar en 20 mi de mezcla Si
Calambres hidroalcoholica
Otros: magnesio, baclofeno, gabapentina, Pulverizar y dispersar en 10/20 ml de agua S
clonazepam Medicamento peligroso, manipulacion especial
Amitriptiina: 25-50 mg 2-3 veces/dia Pulverizar/abrir capsulas y dispersar en 10 ml S
de agua
Sialorrea Atropina gotas: 0,25-0,75 mg 3 veces/dia No hace falta Si
Toxina botulinica o radioterapia No hace falta Si
Deterioro Quetiapina: inicio, 25 mg/dia Pulverizar y dispersar en 20 ml de agua Si
cognitivo Risperidona: inicio, 0,5 mg/dia Pulverizar y dispersar en 20 ml de agua Si
Trazodona: inicio, 50 mg/noche Pulverizar y dispersar en 10 ml de agua Si
Mirtazapina: inicio, 15 mg/noche Pulverizar y dispersar en 10 ml de agua Si
Melatonina: 2 mg/noche No tnturglr n|’mellchacar. Alternativa; FM Si
, suspension liquida
Insomnio
o , , No,1Thanteso?2h
Zolpidem: inicio, 5 mg/noche Pulverizar y dispersar en 10 ml de agua después de I NE
Otros: gabapentma, antidepresivos (ISRS), Pulverizar y dispersar en 10 ml de agua Si
benzodiazepinas
Sindrome N -y , . . ,
ansioso Benzodiazepinas: bromazepam: inicio, 1,5 mg/dia Pulverizar y dispersar en 10 ml de agua Si
- Diluir en 15 ml de agua y administrar No, T hanteso?2h
Estrefiimiento Lactulosa . . .
inmediatamente después de la NE
Paracetamol: 500 mg 3 veces/dia Pulverizar y dispersar en 10 ml de agua Si
AINE (ibuprofeno, diclofenaco, metamizol) Pulverizar y dispersar en 10 ml de agua Si
Dolor Opioides
Morfina, metadona Pulverizar y dispersar en 10 ml de agua Si
Fentanilo bucodispersable Colocar en la parte superior de la lengua y
esperar a que se disperse para tragar con la No
saliva o dispersar en 2 ml de agua
Oltros, L Irbesartan Pulverizar y dispersar en 10 ml de agua Si
hipertension
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Por otra parte, Li y cols. mostraron que los pacientes con menor
masa grasa y menor masa muscular se relacionaban con una pro-
gresion mas rapida de la enfermedad (42); estos resultados fueron
similares a los observados por Lee |y cols., donde la pérdida de peso
estaba relacionada con la pérdida de masa grasa en estos pacientes
(43).

La paciente descrita en el caso mostré un aumento de la masa
grasa, con deterioro de la masa muscular en los primeros meses
de evolucion, en relacion con el tratamiento médico nutricional
implantado. Esto se relaciond con un aumento del tejido adiposo
subcutaneo, determinado por ecografia nutricional y la estabi-
lizacion del angulo de fase. En la evolucion de la enfermedad,
debido a la disminucion de la ingesta y a las complicaciones su-
fridas, la paciente sufrié un deterioro de la composicion corporal
relativo con pérdida de masa muscular y angulo de fase (Figs. 1
y 2), aunque mantuvo el tejido adiposo subcutaneo. Por esta ra-
z6n es necesario determinar nuevas medidas mas precisas que
el IMC y la pérdida de peso en relacion con el pronostico y a la
hora de monitorizar el tratamiento nutricional en estos pacientes.

La paciente rechazo la gastrostomia en varias ocasiones en las
primeras fases de la enfermedad pero, tras el ingreso, el deterioro
nutricional de la paciente y la evolucion de la enfermedad nos hizo
plantear de nuevo la gastrostomia que, en este momento, si que
acepto. La decision de implantacion de una gastrostomia es una de
las mas complejas en la evolucion del paciente con ELA dado que
esta asociada con dos planteamientos: el cese de la capacidad de
ingesta y la evolucion de la enfermedad; por tanto, es basico expli-
car tanto al paciente como a la familia los beneficios y perjuicios de
su implantacion, ademas de explicar las posibilidades terapéuticas
que ofrece de una manera facilmente comprensible (12).

La decision de implantacion de una gastrostomia viene condi-
cionada por la capacidad de hidratarse y consumir la medicacion
de manera adecuada en un primer momento y por la capacidad
de alcanzar los requerimientos nutricionales mas adelante. No se
ha demostrado que la implantacion temprana de la gastrostomia
se asocie a una mejoria de la supervivencia de los pacientes,
pero si que esta relacionada con una mejoria de la calidad de
vida de estos. Las principales ventajas de la implantacion tem-
prana de la gastrostomia son asegurar un adecuado aporte calo-
rico, hidrico y de medicacion independientemente de la evolucion
de la enfermedad y disminuir el riesgo de aspiracion ante las
penetraciones silentes; ademas, la intervencion tiene menos
riesgos al existir un menor deterioro pulmonar relacionado con la
patologia de base. Los inconvenientes principales de la implan-
tacion son la ausencia de evidencia de que haya una mejoria de
la supervivencia, la exposicion a las complicaciones relacionadas
con la via y los condicionantes psicologicos ya comentados.

En cuanto al método de implantacion de la gastrostomia, clasica-
mente se ha planteado la gastrostomia insertada radioldgicamente
(GIR) como método menos cruento que la gastrostomia endoscopica
percutanea (PEG) y que se deberia plantear en aquellos pacientes
con menos capacidad vital forzada pulmonar (44). No obstante, no
se han observado diferencias en cuanto a las complicaciones vy la
supervivencia entre ambas técnicas (45,46). Actualmente, la elec-
cion de la técnica se plantea en relacion con la experiencia con cada

J. J. Lopez-Gomez et al.

una de las técnicas en el centro donde se implante.

La evolucion de la paciente condiciona la utilizacion de una
nutricion enteral completa. La eleccion de la formula en estos ca-
s0s tampoco estd clara en estos pacientes. Unicamente existe un
estudio de fase Il sobre la tolerancia de la formula (47). En este
estudio se observa que las formulas hipercaldricas producen un
beneficio sobre la supervivencia de estos pacientes, aunque no
queda claro si existe algun beneficio adicional de las formulas
ricas en grasa con respecto a las formulas ricas en hidratos de
carbono. En este estudio solo se observd un aumento de las
complicaciones gastrointestinales en los pacientes con dieta hi-
percaldrica e hipergrasa (47).

En resumen, el papel del endocrinélogo en el manejo de la es-
clerosis lateral amiotréfica se basa en la realizacion de una ade-
cuada valoracion nutricional, la prescripcion de un tratamiento
médico nutricional adecuado y la monitorizacion de las distintas
variables relacionadas con el estado morfofuncional. Otro papel
basico del médico especialista en Endocrinologia y Nutricion es
acompaiar y asesorar a los pacientes en las decisiones relacio-
nadas con la via nutricional a utilizar mediante el diagndstico y
el planteamiento de la adaptacion de la via oral y el momento de
implantacion de la via de nutricion enteral, ademas de la pres-
cripcion de la pauta nutricional mas adecuada segun el tipo de
via elegida.

CONCLUSIONES

La esclerosis lateral amiotrofica (ELA) es una enfermedad neu-
rodegenerativa progresiva sin cura conocida en la que el estado
nutricional es muy importante en cuanto al prondstico. El manejo
de esta patologia de manera multidisciplinar y coordinado por
distintos profesionales sanitarios permite mejorar la evolucion de
la enfermedad y, sobre todo, la calidad de vida del paciente y de
sus familiares.

El seguimiento del paciente se basa en el ajuste y el manejo
de las complicaciones, en mantener una adecuada comunica-
cion con él'y sus familiares, informandoles en todo momento
de las posibilidades terapéuticas y tomando de manera conjunta
las decisiones sobre su patologia. Por dltimo, nunca debemos
olvidar nuestro papel como acompanamiento del paciente ni que
nuestras decisiones siempre se dirijan a facilitar la situacion del
paciente y sus familiares en esta patologia.
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CINACALCET EN HIPERPARATIROIDISMO
SECUNDARIO: EVALUACION DEL ESTADO
NUTRICIONAL, LIPIiDICO E INFLAMATORIO EN
ENFERMEDAD RENAL CRONICA

Sr. Editor:

Lef el articulo de Villarroel-Heise y colaboradores (noviembre
-diciembre 2023) (1), titulado “Uso de cinacalcet en hiperpara-
tiroidismo secundario: evaluacion del estado nutricional, lipidico
e inflamatorio en enfermedad renal cronica” concluyen que el
estado nutricional prevalente es el exceso de peso. En pacientes
con HPT2 (hiperparatiroidismo secundario) el cinacalcet mejora
el control de la PTH sin provocar cambios en parametros antro-
pométricos, lipidicos e inflamatorios, ademas de su alto costo de
120 dolares mensuales.

En relacion a las implicancias econémicas se han visto
resultados mixtos en todo el mundo, considerando que hay
otros medicamentos como calcitriol endovenoso tienen costo
mas bajo.

Al realizar andlisis de otro medicamento como Etelcalce-
tida podemos agregar que hay un estudio de Lopes y cola-
boradores (2) que realizaron conversion de cinacalcet oral a
etelcalcetida intravenosa encontrando una mejoria en el con-
trol del Hiperparatiroidismo secundario grave en pacientes
prevalentes en HD. En relacion a los niveles séricos, estos
disminuyeron después del tratamiento con etelcalcetida, en
caso del Ca de 8,8 mg/dL, bajo a 8,1 mg/dL (p = 0,08); Pi de
5,4 mg/dL disminuyo a 4,9 mg/dL (p = 0,01) y PTH de 1005
pg/mL descendid a 702 pg/ml (p < 0,001) y solo aumenta la
concentracion de esclerostina (ellos lo consideran un hallaz-
go novedoso). Siendo la esclerostina una proteina producida
por osteocitos, que representan a osteoblastos diferenciados
que terminan en la matriz dsea, por este motivo es el rol que
tienen los osteocitos en la patogénesis de la osteoporosis por

Conflicto de intereses: la autora declara no tener conflicto de interes.

Inteligencia artificial: la autora declara no haber usado inteligencia artificial (IA)
ni ninguna herramienta que use IA para la redaccion del articulo.

desuso. En pacientes con actividad fisica alta, los niveles de
esclerostina se estdn mas bajos y la formacion de hueso es
mas alta. (3).

En la via de administracion oral de cinacalcet presenta como
efectos secundarios los gastrointestinales, hay estudios que
informan que entre el 15y el 30% de los usuarios informan
sintomas de nauseas y/o vomitos, por este motivo se usa el etel-
calcetide y upasita, por via intravenosa (4).

Otro tema importante a considerar es FGF23 (factor de cre-
cimiento de fibroblastos 23), debido a que la concentracion de
fosforo esta regulada por este factor y ademas reduce su reab-
sorcion renal, como consecuencia en la funcion paratiroidea se
inhibe por niveles altos de calcio, vitamina D y FGF23, siendo
estimulo para aparicion y progresion de hiperparatiroidismo se-
cundario (1).

EL factor FGF23 desempefia un papel fundamental en eje
hueso-rifidn-paratiroides y va asociado con mortalidad y cau-
sas cardiovasculares en la enfermedad renal cronica, siendo un
factor de riesgo, Por este motivo el cinacalcet controla niveles de
paratohormona, al inhibir la secrecion de FGF-23 y asi disminuye
los efectos adversos cardiovasculares (4).

Hoy en dia se usan mas terapias combinadas de cinacalcet
con vitamina D, que solo el uso de cinacalcet (4).

Desde el punto de vista de Enfermeria es muy importante me-
jorar la calidad de vida en pacientes con enfermedad renal cro-
nica dandoles a conocer sus cuidados, tratamiento y educacion
para evitar las complicaciones (5).

Finalmente es mas econémico educar y prevenir que tratar.

Ménica Zufiiga Gonzalez

Escuela de Enfermeria y Técnicos de Nivel Superior en Enfermeria
Facultad de Salud y Ciencias Sociales. Universidad de las Américas.
Santiago, Chile
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APLICACIONES CLINICAS DEL METAANALISIS
EN RED: UNA HERRAMIENTA PARA LA TOMA
DE DECISIONES CLIiNICAS

Sr. Editor:

El articulo previamente publicado “Metaandlisis en red o ne-
twork meta-analysis y su aplicacion clinica” (1), en su prestigiosa
revista ilumina significativamente el panorama actual de las revi-
siones sistematicas con metaanalisis en red (MTR), resaltando su
crucial importancia en la toma de decisiones clinicas, especial-
mente en situaciones donde los estudios clinicos aleatorizados
(ECA) escasean (2,3).

EI MTR, como se expone, se erige como un pilar metodoldgico
en la sintesis de evidencia, permitiendo la comparacion indirecta
entre intervenciones que no han sido comparadas directamen-
te en ECA (1). Esta capacidad es invaluable, particularmente en
campos donde la diversidad de opciones terapéuticas plantea
un desafio significativo para determinar la mas efectiva o segura
para una condicion especifica. El enfoque jerarquico que el MTR
facilita, en términos de comparar y clasificar los efectos de las
intervenciones, provee una perspectiva clara y organizada que
es fundamental para la practica clinica basada en evidencias (1).

El estudio presentado como caso ilustrativo, “Exercise, Nutri-
tion, and Combined Exercise and Nutrition in Older Adults with
Sarcopenia”, es un ejemplo de como el MTR puede ser utilizado
para desentrafar las complejidades asociadas con el tratamiento
de condiciones multifactoriales como la sarcopenia en personas
mayores (4) (Fig. 1). La inclusion de 28 ECA, y la subsiguiente
evaluacion de intervenciones que abarcan el ejercicio, la nutri-
cion, y su combinacion, ilustra la profundidad y amplitud que el
MTR puede aportar a la investigacion clinica. Los hallazgos de
este estudio, que sugieren una superioridad de las intervencio-
nes combinadas de ejercicio y nutricion, proporcionan una base
solida para recomendaciones clinicas y futuras investigaciones.

Conflicto de intereses: los autores declaran no tener conflicto de interés.
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Figura 1.

Geometria de la red analizada en el estudio “Exercise, Nutrition, and Com-
bined Exercise and Nutrition in Older Adults with Sarcopenia: A Systematic
Review and Network Meta-analysis”. Resumen de geometria de red de
masa muscular (A), fuerza de prension (B), fuerza de extension de rodilla (C),
velocidad de marcha (D) y equilibrio dindmico (E). Fuente: Exercise, Nutrition,
and Combined Exercise and Nutrition in Older Adults with Sarcopenia: A
Systematic Review and Network Meta-analysis (4).

Sin embargo, es imperativo destacar la necesidad de trans-
parencia y rigurosidad en la realizacion y reporte de MTR. La
calidad de las conclusiones derivadas de un MTR depende in-
trinsecamente de la calidad de los estudios incluidos y de la pre-
cision en la construccion de la red de comparaciones. Es crucial
que las futuras investigaciones sigan directrices estandarizadas,
como las propuestas por PRISMA-NMA (5), para asegurar la fia-
bilidad y reproducibilidad de los resultados.
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Ademas, la interpretacion de los resultados del MTR debe ha-
cerse con cautela, considerando las limitaciones inherentes a
este enfoque, como la heterogeneidad entre los estudios y el
riesgo de sesgo de publicacion. La colaboracion interdisciplina-
ria entre clinicos, estadisticos y metoddlogos es esencial para
abordar estas complejidades y mejorar la aplicacion clinica de
los hallazgos del MTR.

En conclusion, el MTR se destaca como una herramienta
estadistica potente, esencial para la sintesis de evidencia en el
ambito de la investigacion clinica. Agradecemos a la revista Nu-
fricion Hospitalaria por proporcionar una plataforma para la dis-
cusion de avances metodoldgicos tan importantes. Espero que
este articulo inspire futuras investigaciones y fomente una mayor
adopcion del MTR en la toma de decisiones clinicas basadas en
la evidencia.

Rauil Alberto Aguilera-Equia’, Angel Roco Videla?,

Héctor Fuentes-Barria®4, Victor Pérez-Galdavini®

"Departamento de Salud Publica. Facultad de Medicina. Universidad
Catdlica de la Santisima Concepcion. Concepcion, Chile. 2Programa de
Magister en Ciencias Quimicobioldgicas. Universidad Bernardo O Higgins.
Santiago, Chile. *Universidad Arturo Prat. Chile, Iquique Chile.
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SOBREPESO Y OBESIDAD EN CHILE

Sr. Editor:

En la publicacion de Morales y colaboradores (1) sobre
“Sobrepeso y obesidad en mujeres participantes en progra-
mas de alimentacion social en México: datos de grupos po-
blacionales vulnerables en la encuesta nacional de nutricion
y salud de México 2018”, publicada en esta misma revista,
concluyen que es fundamental que el disefio de politicas pu-
blicas y programas de alimentacion social consideren la evi-
dencia cientifica generada a través de ricas experiencias en
México, como el programa de TMC Prospera. Esto permitira
a los tomadores de decisiones abordar los problemas epide-
mioldgicos de salud y nutricion que afectan hoy a la poblacion
mexicana.

Para complementar, en Chile, 3 de cada 4 personas tienen
sobrepeso u obesidad, con el indice de masa corporal (IMC) mas
alto del continente. Aunque se considera un pais de altos ingre-
508, 10 que sobresale es una alta desigualdad, con una pobla-
cion muy vulnerable que se apoya en 10s recursos que aporta
el Gobierno, lo que la imposibilita para tener un estilo de vida
saludable. Aunque se imparta educacion sobre nutricion, no va a
actuarse sobre el sedentarismo ni el consumo excesivo de calo-
rias. Lo que debe visualizarse son las causas sociales, como las
caracteristicas socioeconémicas del pais (una nacién de ingre-
S0S altos, pero con una marcada desigualdad), que son las que
se necesitan para tomar en cuenta cuando es necesario realizar
intervenciones en salud (2).

Es primordial enfocarse en la promocién de la salud para
que sea equitativa y continua, con un enfoque en las causas
de los problemas de salud para llegar a tener un estilo vida
saludable (2).

Conflicto de interés: la autora declara no tener conflicto de interés.

Inteligencia artificial: la autora declara no haber usado inteligencia artificial (IA)
ni ninguna herramienta que use IA para la redaccion del articulo.

Para realizar intervenciones sanitarias se debe ver la realidad,
que Chile es un pais en desarrollo, para que asi no afecte a la
salud y la educacion, y se debe tratar la desigualdad (2).

La obesidad se puede desarrollar a lo largo del ciclo vital, pero
se debe prevenir en la primera infancia (0-8 arios), debido a que
el 30 % de esta poblacion presenta malnutricion por exceso y se
debe actuar en la prevencion con la educacion (3).

Chile tiene programas y politicas encargadas de bajar el indi-
ce de obesidad con campafas de alimentacion y promocion de
entornos saludables; programas nutricionales, de actividad fisica
y psicoldgica en la APS (desde los 6 afios); ley sobre etiquetados
y composicion nutricional y regulacion de la publicidad (Ley N.°
20.606); programas orientados hacia los escolares a cargo de la
Junta Nacional de Auxilio Escolar y becas (JUNAEB); ampliacion del
programa de alimentacion; y la implementacion de kioscos salu-
dables que han demostrado que se puede combatir la obesidad y
el sobrepeso con alimentacion saludable, teniendo en cuenta que
un 73 % de los estudiantes lleva dinero para comprar snack (4).

Finalmente es evidente y primordial el asesoramiento del
profesional de Nutricion que debe incidir en mejorar la calidad
de vida de los trabajadores, y, por tanto, el rendimiento fisico e
intelectual, educando sobre incorporar habitos saludables en el
hogar y familia, ensefiando a planificar las comidas principales
de la semana y a evitar alimentos industrializados, asi como dar
a conocer los alimentos y su composicion (4).

Cada persona debe ser consciente de su alimentacion, que es
voluntaria, y cdmo va a influir en la salud evitando enfermedades
cronicas no trasmisibles.

Manica ZUfiiga Gonzalez

Escuela de Enfermeria y Técnicos de Nivel Superior en Enfermeria.
Facultad de Salud y Ciencias Sociales. Universidad de las Américas.
Santiago, Chile
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PROTOCOLO VIVIFRAIL COMO METODO
DE FORTALECIMIENTO MUSCULAR EN EL
ADULTO MAYOR CON FRAGILIDAD

Sr. Editor:

Nos parece interesante la revision sistematica publicada recien-
temente, cuyo objetivo fue determinar la efectividad de los diferen-
tes protocolos de fortalecimiento muscular en la fuerza, potencia
y actividad muscular de los miembros inferiores, en sujetos se-
dentarios o inactivos fisicamente (1). En este estudio se incluyeron
6 estudios, 4 clasificados de calidad metodoldgica regulary 2 de
buena calidad. Analizando las edades de los participantes incluidos
en cada uno de estos estudios, en 2 de ellos, la poblacion evaluada
fueron adultos mayores (2,3). Pese a que la revision sistematica
demostrd que los ejercicios de resistencia en miembros inferiores
mejoraron la fuerza y potencia muscular en personas sedentarias,
no se pudo establecer cudl protocolo fue mejor por la heterogenei-
dad y diversidad metodoldgica en los diferentes estudios incluidos.

Dado que la poblacion a nivel mundial esta envejeciendo, los
estudios actualmente se estan enfocando en crear diferentes
metodologias de ejercicio para ejecutar en esta poblacion, con
el fin de impactar en morbimortalidad y calidad de vida (4). Uno
de los fendmenos que suceden con el envejecimiento es la

sarcopenia, sindrome geriatrico que se caracteriza por pérdida
de la masa muscular, fuerza muscular y/o declive en la capa-
cidad fisica (5). Un metaanalisis (6) encontrd una prevalencia
del 10 % de sarcopenia en adultos mayores que conviven en
comunidad, 30-50 % en individuos que tienen programas de
homecare y 23-24 % en hospitalizados.

Teniendo en cuenta que la sarcopenia s un problema que
conlleva a fragilidad, aumenta el riesgo de caidas y morbimorta-
lidad en el adulto mayor, es necesario incluir ejercicios que con-
tengan fortalecimiento muscular. Existe un protocolo amigable
y facil de ejecutar, sin necesidad de supervision de un experto,
llamado Vivifrail. Este esta disefiado para pacientes mayores de
70 afos, para guiar la prescripcion de ejercicio multicomponen-
te. Incluye ejercicios de resistencia, equilibrio y coordinacion. Sus
objetivos principales son que estos ejercicios puedan desarro-
llarse tanto en el hogar como en hospitalizados, y que se pueda
hacer un seguimiento remoto (7).

Lo interesante de este programa es que individualiza los
diferentes ejercicios segun el estado del paciente, clasifican-
dolo en 4 categorias (A, B, Cy D) con base a la bateria SPPB
(bateria corta de desempefio fisico) y la velocidad de la mar-
cha en 6 metros. En cada una de las categorias hay una serie
de rutinas de ejercicios, enfocados en mejorar la capacidad
fisica del adulto mayor (Fig. 1).

Protocolo Vivifrail para la clasificacion y prescripcion del ejercicio en el adulto mayor ‘
¥

[

1

Categoria A (discapacidad) Categoria B (fragilidad)

Categoria C (pre-fragilidad) Categoria D (robusto)

— SPPB 0-3 puntos

— Velocidad de marcha
6 metros < 0,5 m/s

— SPPB 4-6 puntos

— Velocidad de marcha
6 metros: 0,52 0,8 m/s

— SPPB 7-9 puntos

— Velocidad de marcha
6 metros: 0,9a 1 m/s

— SPPB 10-12 puntos

— Velocidad de marcha
6 metros: >1 m/s

!

T

12

Una vez clasificado el paciente:

— Dirijase a la cartilla Vivifrail disponible en internet.

— Recomiende los tipos de ejercicios a ejecutar por dia.
— Hacer seguimiento mensual del paciente.

Figura 1.

Algoritmo para clasificar y prescribir el ejercicio en el adulto mayor segun protocolo Vivifrail (m/s: metros por segundo).
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Courel y colaboradores (8) hicieron un estudio en el que se
evalud la efectividad del protocolo Vivifrail aplicado durante
4 semanas en 24 adultos mayores con sarcopenia que vivian en
hogares geriatricos. Hubo una mejoria estadisticamente signifi-
cativa en las escalas SPPB, velocidad de la marcha en 6 metros,
5 sit to stand test, y test time up and go, efectos que perduraron
hasta 14 semanas después de haber terminado el programa de
gjercicio.

Es necesario que el personal de salud que maneja adultos
mayores promueva el ejercicio de resistencia en los adultos ma-
yores, dados los beneficios ya conocidos. El protocolo Vivifrail ha
demostrado ser una estrategia efectiva, individualizada y facil de
gjecutar en esta poblacion.

Juan Martin Mancera Alzate, Lina Maria Rodriguez Vélez
Departamento de Medicina Fisica y Rehabilitacion. Universidad del Valle.
Hospital Universitario del Valle ESE. Cali, Colombia
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SARCOPENIA: CONSIDERACIONES SOBRE
LOS CRITERIOS Y PUNTOS DE CORTE QUE
UTILIZAMOS

Sr. Editor:

En la actualidad, la sarcopenia (definida como baja masa y
funcion muscular [1-3]) ha tomado una gran relevancia debido
al aumento del riesgo de eventos negativos que conlleva para
la salud en adultos mayores, tales como la discapacidad y la
mortalidad (1,2,4), siendo incluso considerada una enfermedad
por la International Statistical Classification of Diseases and Re-
lated Health Problems (ICD-10) de la Organizacién Mundial de la
Salud (1,5).

Actualmente existen numerosos consensos diferentes que han
tratado de identificar esta enfermedad en base a diferentes crite-
rios y poblaciones (1-5) (Tabla I). Los consensos asiatico (AWSG)
(6), europeo (EWGSOP) (1) y la Fundacion para el Instituto Nacio-
nal de Salud (FNIH) (2) han definido la sarcopenia como la pre-
sencia de baja masa, fuerza y rendimiento muscular, utilizando
clasicamente evaluaciones de composicion corporal, fuerza de
prension manual y velocidad de marcha para su diagndstico. Por
otro lado, la actualizacion del consenso europeo de sarcopenia
realizada en el afio 2019 (1) propone nuevas evaluaciones de la
funcion muscular, tales como el test Timed up and go (TUG) y el
Short Physical Performance Battery (SPPB), adjuntando puntos
de corte especificos para cada uno de ellos (1), teniendo una
gran relevancia para el correcto diagnostico de la sarcopenia (7).

En este sentido, Moretti y colaboradores (8) publicaron en
el nimero 1 de este afio de la revista Nutricion Hospitalaria
un estudio que evalu6 la sarcopenia y la relacion de la fuerza
muscular con parametros de bioimpedanciometria en la con-
sulta preoperatoria de cirugia espinal en poblacion argentina.

De este estudio llama la atencién que ningtn hombre pre-
sento sarcopenia, a diferencia de las mujeres (25 %) (8). Sin

Conflicto de intereses: los autores declaran no tener conflicto de interés.
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embargo, la prevalencia de sarcopenia parece ser mayor en
hombres que en mujeres (9). Esto nos lleva a cuestionarnos la
metodologia del diagndstico utilizada en el estudio (8). Moretti
y cols. utilizaron los puntos de corte en el test TUG propues-
tos por el consenso europeo (1). Sin embargo, es importante
sefalar que este punto de corte fue propuesto por Bishoff y
cols. en 2003 (10) en adultos mayores suecos de la comu-
nidad de entre 65 y 85 afios, muy distinto a la poblacion del
estudio de Moretti (8) (pacientes con edad > 18 afios, presen-
tando una mediana de edad de 60 afos).

Grupos internacionales proponen utilizar valores de referencia
considerando el sexo y la etnia (3), debido a que la utilizacion
de puntos de corte de poblaciones diferentes podria generar un
diagnostico errado de la sarcopenia. Este hecho podria haber
acontecido en el estudio de Moretti y cols. (8). En este sentido, la
mayoria de los valores de referencia propuestos por los grupos
de expertos ya mencionados son de poblaciones distintas a la
de Latinoamérica, donde las variables socioculturales, étnicas y
climaticas podrian claramente influenciar en los componentes
para evaluar la sarcopenia. Por esta razon, se sugiere la utiliza-
cion y creacion de valores de referencia o puntos de corte para
poblacion latinoamericana, para un mejor diagndstico de esta
relevante enfermedad.

Walter Sepuiveda-Loyola', Isabel Rodriguez-Sanchez>3, Milton
Santillan-Zuta*, Alejandro Alvarez-Bustos®

"Facultad de Salud y Ciencias Sociales. Universidad de Las Américas.
Santiago, Chile. 2Departamento de Geriatria. Hospital Universitario Clinico
San Carlos. Madlrid, Espafia. *Fundacion para la Investigacion Biomédica.
Hospital Universitario Clinico San Carlos (IdiSSC). Madirid, Esparia.
“Departamento de Rehabilitacion. Hospital Guillermo Almenara. Lima, Pert.
°Centro de Investigacion Biomédica en Red Fragilidad y Envejecimiento
Saludable (CIBERFES). Instituto de Salud Carlos lll. Madirid, Esparia
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Tabla I. Definiciones mas utilizadas de sarcopenia y puntos de corte utilizados para
identificar los diferentes dominios

Consensos de Baja MM Baja FM Baja FF
sarcopenia
MMA: < 20 e/ para hombres v < 15 ka/m? FPM: < 27 kg para hombres | TUG>20s
EWGSOP2 y ANZSSFR mujer.e; g/m" para homores y < g/m- para y < 16 kg para mujeres VM < 0,8 m/s
STS5> 158 SPPB < 8 points
IMMA: si se evallia mediante DEXA: < 7,0 kg/m? para
hombres < 5,4 kg/m? para mujeres W <1,0m/s
AWGS CP: < 34 cm en hombres, < 33 ¢cm en mujeres FPM: < 28 kg para hombres | SPPB<9
test > 12 segundos
SARC-CalF: > 11
FNH MA/IMC: < 0,789 para hombres; < 0,512 para mu- FPM: < 26 kg para. hombres VM <0,8 m/s
jeres y < 16 kg para mujeres
< 2 desviaciones estandar del promedio del porcentaje
SIG de masa muscular evaluada en una poblacion joven de | No considerado VM < 0,8 m/s
referencia del mismo sexo y etnia
. .m?2 .m?2
WGS IMME: < 7,23 kg-m? para hombres y < 5,67 kg-m No considerado WM < 1.0 m/s
para mujeres
< 2 desviaciones estandar del promedio de MA/altura
SCWD evaluada en una poblacion joven de referencia del No considerado TC6M < 400 m
mismo sexo y etnia

ANZSSFR: Sociedad Australiana y Neozelandesa para la Investigacion de la Sarcopenia y la Fragilidad. AWGS: grupo asidtico de sarcopenia; CP: circunferencia de
la pantorrilla;, DEXA: absorciometria de rayos X de doble energia, EWGSOP2: grupo europeo de sarcopenia en adultos mayores; IMMA: indice de masa muscular
apendicular; IMC: indice de masa corporal; IWGS: grupo internacional de sarcopenia, FF: funcion fisica; FM: fuerza muscular; FNIH: Fundacion para el Instituto Nacional
de Salud; FPM: fuerza de prension maxima; MM: masa muscular; MMA: masa muscular apendicular; MA: masa apendicular; RF: rendimiento fisico, SIG: grupo con
interés especial; SCWD: Sociedad de Sarcopenia y Caquexia; TC6M: Test de caminata de 6 minutos, TUG: Timed Up and Go, VM: velocidad de la marcha; STS5: test de
levantada de 5 segundos; SPPB: Short Physical Performance Battery.
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MULTICOMPONENTE PARA PERSONAS CON
FIBROMIALGIA, UN DESAFIO VIGENTE

Sr. Editor:

Hemos leido el articulo de Martinez-Rodriguez y colaboradores
(1) el cual presenta los resultados positivos de un ensayo contro-
lado aleatorizado que demuestra la eficacia de un tratamiento de
fisioterapia basado en ejercicios de estabilizacion del core com-
binado con una intervencion dietético-nutricional lacto-vegeta-
riana, sobre el dolor bajo de espalda y la composicidn corporal
en mujeres con fibromialgia.

Si bien en los Ultimos afios ha aumentado la investigacion en
torno a la alimentacion como factor critico en el tratamiento de
la fibromialgia, la evidencia respecto a la efectividad de la inter-
vencion nutricional particular para su tratamiento sigue siendo
insuficiente. En general, los autores de revisiones sistematicas
sobre el tema coinciden en que los estudios existentes no solo
S0n escasos, sino que la calidad de los hallazgos es baja (2-4).
A pesar de existir ya casi una década de estudios entorno a esta
tematica, la dieta es escasamente incorporada en los tratamien-
tos multicomponentes para poblacién con fibromialgia lo cual
dificulta el tener estudios que aporten evidencias a largo plazo
y con poblaciones de mayor tamafio (5,6). La investigacion de
Martinez-Rodriguez y cols es, en este punto, un gran aporte que
debe ser considerado en intervenciones actuales ya que corro-
bora el papel primordial del ejercicio fisico en el tratamiento para
la fibromialgia y pone en discusion el uso del control nutricional
en la interaccion multicomponente.

El tratamiento multicomponente basado en ejercicio fisico
(EF) combinado con terapia cognitivo conductual (TCC) y edu-
cacion en neurociencia del dolor (END), ha demostrado ser el
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abordaje clinico no farmacolégico méas efectivo para personas
con fibromialgia, siempre eso si, en adicion al tratamiento far-
macoldgico estandar (TAU) (7,8). Las posibilidades de combi-
nacion multicomponente disponibles en la actualidad que han
demostrado ser efectivas son muy variadas, sin embargo, el
lograr un tratamiento estandar efectivo para la fibromialgia si-
gue siendo un desafio clinico y, por lo general, no incluyen el
factor nutricional.

Desde la publicacion del trabajo de Martinez-Rodriguez
han pasado casi seis afnos y la variedad de alimentos acce-
sibles para la poblacion es mucho mayor, existiendo nuevos
productos a menor coste con sdlidas evidencias de su aporte
a la salud, por lo que es relevante comenzar a retomar 10s
estudios asociados a los efectos beneficiosos de la dieta en
el tratamiento de la fibromialgia. El integrar este componente
con tratamientos combinados de EF, TCC y END, incluso con
entrenamiento en atencion plena o mindfulness (MFN), que ha
mostrado efectos significativos en interaccion con los anterio-
res, podria establecer una nueva linea de investigacion donde
la nutricion tenga un rol relevante (9,10).

No obstante, a primera vista, esta sugerencia pareciera hacer
mas compleja aun la definicion de un tratamiento estandar efec-
tivo para la fibromialgia; nos parece de suma relevancia enrique-
cer la investigacion del papel de la dieta en interaccion con los
componentes principales en su tratamiento, para asi poder llegar
a opciones de intervencion realmente integrales y que respondan
a la realidad de cada paciente.

Andrea Lizama-Lefno', Angel Roco-Videla?, Nelson Maureira-
Carsalade®

"Fundacion Nicleo de Investigacion DOLMEN. Chile. 2Universidad Arturo
Prat. lquique, Chile. *Universidad Catdlica de la Santisima Concepcion.
Concepcion, Chile
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IMPACTO DE LA NUTRICION ENTERAL
EN LA MORTALIDAD DE PACIENTES
HOSPITALIZADOS CON COVID-19

Sr. Editor:

Enla publicacion de Flores y cols. (1), publicada en 2024, sobre
“No es solo una prescripcion. Estudio de cohorte del impacto de
la nutricion enteral en la mortalidad de pacientes hospitalizados
con COVID-19”, concluyen que alcanzar al menos el 80 % de los
requerimientos energéticos y proteicos, asi como la suplementa-
cion con PUFA n-3 y arginina, podria asociarse con una menor
mortalidad en pacientes con COVID-19.

Es importante agregar que en pacientes post-COVID-19 y que
presentan Ulceras por presion que fueron sometidos a dietas hi-
percaldricas y proteicas con arginina y prolina, estas permitieron
ayudar en la cicatrizacion del cierre de lasheridas, jugando un rol
fundamental la terapia nutricional en el proce so de rehabilitacion
de estos pacientes (2).

Otros autores mencionan la importancia que el personal de
enfermeria como parte de la calidad de sus cuidados, maneje la
nutricion parenteral en pacientes con COVID-19, debido al tiem-
po prolongado en la cama y el catabolismo proteico que lo llevan
a que la masa muscular disminuya, ademas de una desnutricion,
producto de una lesion celular, en tejidos y fallo multiorganico,
para lo cual es primordial esta nutricion parenteral para prevenir
complicaciones y mejorar el bienestar del paciente. Para lograr
estas metas ellos elaboraron un plan de atencion de enfermeria
con los siguientes diagndsticos de enfermeria apoyados por ta-
xonomia NANDA, NIC y NOC: ingesta inferior a las necesidades,
deterioro de la integridad cutanea, riesgo de nivel de glicemia
inestable y riesgo de infeccion. Con estos diagnosticos se elabo-
raron intervenciones y actividades acordes con un fundamento
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cientifico para evitar complicaciones con la nutricién parenteral y
lograr la recuperacion del paciente (3).

El estado nutricional es concluyente en pacientes con CO-
VID-19, debido a que es una parte del sistema inmunoldgico
y que afecta la recuperacion del paciente, la supervivencia, las
secuelas posteriores al alta, debido a un alto catabolismo, lo que
causara desnutricion. Como resultado, al tiempo necesario para
intervenir con el paciente, el personal de enfermeria debe estar
involucrado en la evaluacion nutricional y 1a practica efectiva (3).

El profesional de enfermeria propone intervenciones y acti-
vidades para brindar el cuidado al paciente con COVID-19 en
estado critico con nutricion parenteral total al elaborar el proceso
de cuidado enfermero, destacando la importancia de evaluar al
paciente utilizando los patrones funcionales de Marjory Gordon
e intervenir con un buen juicio clinico para evitar mas complica-
ciones con la nutricion parenteral y contribuir a una recuperacion
exitosa del paciente (3).

Es importante destacar que la nutricion enteral debe ser
temprana en pacientes criticos con COVID-19, debido a que
se asocia a una menor mortalidad por todas las causas, siendo
estadisticamente significativa. La nutricion enteral no solo pro-
porciona macronutrientes y micronutrientes, sino que también
mantiene la integridad del intestino, a través del flujo sanguineo
a nivel intraepitelial, la integridad de las vellosidades intestinales
y la interaccion con las células de mucosa y el tejido linfoide
asociado al intestino en sus funciones inmunitarias (4).

La terapia nutricional logra recuperar y mejorar el estado nutri-
cional del paciente, devolviéndole su autonomia y calidad de vida.

Manica ZUfiiga Gonzalez

Escuela de Enfermeria y Técnicos de Nivel Superior en Enfermeria.
Facultad de Salud y Ciencias Sociales. Universidad de las Américas.
Santiago, Chile
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Nuestro buen amigo, editor y colaborador habitual en Nutricion
Hospitalaria, el profesor Daniel de Luis, Catedratico de Endocri-
nologia y Nutricion en la Universidad de Valladolid, vuelve a ilus-
trarnos con un nuevo libro que tiene como objeto ayudar a que
sigamos una dieta mas saludable. En esta ocasion lo hace re-
pasando las propiedades nutricionales y la composicion de 200
alimentos presentes de forma habitual en nuestra mesa.

A'lo largo de sus 367 paginas desgrana los principales pro-
ductos de cada grupo de alimentos: verduras, legumbres, carnes
y embutidos, pescados, crustaceos y moluscos, frutas, frutos se-
cos, lacteos, bebidas y un grupo final de otros alimentos entre
los que no podia faltar el aceite de oliva, “oro liquido de nuestra
dieta” como lo subtitula es el capitulo correspondiente o el pan,
“el cereal hecho arte”. La estructura de cada apartado es similar:
un breve parrafo inicial sefiala el aspecto mas destacado del ali-
mento (p. ej “el peregjil es un condimento habitual de nuestra die-
ta y un companiero inseparable de nuestra dieta mediterranea’),
seguido de un breve comentario sobre la riqueza en nutrientes
del alimento en cuestion y sus principales propiedades desde el
punto de vista nutricional y de la salud (p. ej. para la zanahoria:
“presenta importantes beneficios a nivel cutaneo, cardiovascular
y visual, por su contenido en betacarotenos, con un aporte ca-
Idrico bajo y un aporte elevado de fibra saludable para nuestro
intestino”). Con ese estilo directo del autor, presente también en
sus libros precedentes (707 alimentos saludables para tener en
tu casay 21 consejos nutricionales para vivir sano), muy propio
del escritor castellano, el titulo de cada alimento se acomparia
de una frase de presentacion. “Castafia: poca grasa y mucha
fibra” 0 “Vino: in vino veritas” son un buen ejemplo de esta forma

de hacer. Después de analizar los doscientos alimentos (no me
quedaré con la duda de preguntar al autor por qué en cada uno
de sus libros de divulgacion siempre aparece un nimero, quiza
como un guifio al sentir que la buena alimentacion es solo parte,
y no la Unica, de los buenos habitos saludables), el libro se enri-
quece con un anexo en el que se detalla la composicion nutricio-
nal de cada uno de esos alimentos, extraida de la calculadora de
dietas de la pagina del Centro de Investigacion www.ienva.org,
de la Universidad de Valladolid.

Un buen libro tiene siempre un buen colofon. En este caso
un capitulo en que, de forma sencilla, muestra un ejemplo de
dieta equilibrada con los alimentos que han formado parte del
desarrollo del libro. Pero también se valora por quien lo prologa,
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en esta ocasion el Prof. Juan Luis Arsuaga, catedratico de Pa-
leontologia y Director del Yacimiento de la Sierra de Atapuerca.
El profesor Arsuaga nos recuerda que para conocer la historia de
los pueblos es necesario conocer como y de qué se alimenta-
ban sus gentes. Desde su vision apunta a la gran tarea, siempre
pendiente, de ajustar los conflictos entre genes y costumbres, i
queremos no solo vivir mas sino vivir mejor.

Valga también este volumen para reconocer la riqueza de
nuestra cocina y de nuestra dieta. Repasando el listado de ali-
mentos podemos ver que junto a aquellos que desde la prehis-
toria se encontraban en nuestros campos 0 en nuestros mares,
el devenir histérico de Espafia permitié incorporar otros proce-
dentes del periodo de la invasion arabe (alcachofa, berenjena) y,
mas recientemente, de aquellos que el comercio trajo del lejano
Oriente (azafran, canela, rabano) o del Nuevo Mundo (aguaca-
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te, patata, maiz). No es posible encontrar una mesa con tanta
riqueza y variedad de alimentos como la nuestra. Por ende, no
solo la variedad la confieren los alimentos, sino su combinacion,
su receta, su forma de cocinado. El reconocimiento constante
de nuestros maestros de cocina, pero, sobre todo, la variedad y
riqueza de la comida cada hogar es la mejor muestra del buen
aprecio que por la alimentacion se tienen Espafia. No tengo nin-
guna duda de que, a ese buen hacer de siglos, el libro del pro-
fesor de Luis aporta la ciencia que 1o sustenta. jBuen provecho
con su lectural.

José Manuel Moreno Villares
Director de Nutricion Hospitalaria
Clinica Universidad de Navarra. Madrid
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