Revista Espanola de
Nutricion Humana
y D I Et Etl ca // auﬁésnhl\JlagrnQﬁjlnognd Dietetics

Humana y Dietética

ks oPEN ACCESS

Revista Espanola de Nutrician




OPEN aACCESS

Revista Espanola de |
Nutricion Humanay Dietética

Spanish Journal of Human Nutrition and Dietetics

AR D,
>

» Miembro de:
P woexen , S
EMERGING %
{ SOURCES

CITATION
4 ;, INDEX , J

0 &
A “Son rev g

@ 8@ ACADEMIA

o \ov ESPANOLA bk
. %o» NUTRICION
0

AIBAN: Alianza Iberoamericana de Nutricionistas.

CIENUT: Comité internacional por la Estandarizacién de la Nutriologia.

EFAD: Federacién Europea de Asociaciones de Dietistas.

y DIETETICA

ICDA: Confederacién Internacional de Asociaciones de Dietistas.

COMITE EDITORIAL

Edna Judith Nava Gonzélez

Facultad de Salud Pablica y Nutricién, Universidad
Auténoma de Nuevo Ledn, México.

Tania Ferndndez-Villa

Departamento de Ciencias Biomédicas, Area de
Medicina Preventiva y Salud Piblica, Universidad de
Ledn, Espaia.

Laura Alvarez Alvarez

Grupo de Investigacion en Interacciones Gen-
Ambiente-Salud (GIIGAS), Instituto de Biomedicina
(IBIOMED), Universidad de Ledn, Espafia

Editor Jefe:

Macarena Lozano-Lorca

Departamento de Medicina Preventiva y Salud Pdblica,
Universidad de Granada, Espaia.

Evelia Apolinar Jiménez

Hospital Regional de Alta Especialidad del Bajio
adscrito a los Servicios de Salud del Instituto
Mexicano del Sequro Social para el Bienestar, IMSS-

Amparo Gamero Lluna

Departamento de Medicina Preventiva y Salud Piblica,
Ciencias de la Alimentacién, Toxicologia y Medicina Legal,
Facultad de Farmacia, Universitat de Valéncia, Esparia.

Patricio Pérez-Armijo
Facultad de Ciencias de la Salud, Universidad Isabel

Subdirector Editorial: 1, Burgos, Espaia.

Manuel Reig Garcia-Galbis

Departamento de Quimica Analitica, Nutricién y
Bromatologia, Facultad de Ciencias, Universidad de
Alicante, Espafia.

Editora Honoraria:

Nahyr Schinca Lecocq
Academia Espariola de Nutricion y Dietética, Esparia.

Editores/as Asociados/as:

Rafael Almendra-Pegueros

Institut de Recerca de I'Hospital de la Santa Creu i
Sant Pau, Institut d'Investigacié Biomédica Sant Pau

(1B SANT PAU), Espaiia.

Bienestar, Ledn, Guanajuato, México..

Maria Victoria Aviles

Instituto de Ciencia y Tecnologia de los Alimentos de

Entre Rios, CONICET-UNER, Argentina.

Diego A. Bonilla
Divisién de Investigacién, Dynamical Business &

Science Society — DBSS International SAS, Colombia.

Rodrigo Daga
Centro de Salud Daniel Herndndez, Red de Salud
Tayacaja, Huancavelica, Perd.

Joel Girén Hernandez

Centro de los Biomateriales e Ingenieria Tisular,
Universitat Politécnica de Valéncia, Esparia.

Ashuin Kammar Garcia

Direccién de Investigacion, Instituto Nacional de
Geriatria, Ciudad de México, México

Malak Kouiti
Departamento de Medicina Preventiva y Salud
Publica, Universidad de Granada, Espania.

Edgar Pérez Esteve

Departamento de Tecnologia de Alimentos,
Universitat Politécnica de Valéncia, Espaia.

Cristina Ruano Rodriguez

Facultad de Ciencias de la Educacién, Universidad de

Las Palmas de Gran Canaria (ULPGC), Espaia.

Claudia Troncoso-Pantoja
Facultad de Medicina, Universidad Catdlica de la
Santisima Concepcién, Chile.

CONSEJO EDITORIAL EJECUTIVO

Nutricién basica y aplicada:

Alfredo Martinez (coordinador)
Universidad de Navarra, Pamplona, Espaia.

Itziar Zazpe Garcia
Universidad de Navarra, Pamplona, Espafia.

Marta Cuervo Zapatel
Universidad de Navarra, Pamplona, Espaia.

Marta Garaulet Aza
Universidad de Murcia, Espafia.

José Luis Santos (Chile)
Pontificia Universidad Catdlica de Chile, Chile.

Nutricion clinica y hospitalaria:

Maria del Mar Ruperto Lépez (coordinadora)
Universidad Alfonso X el Sabio, Madrid, Espafia.

Violeta Moize Arcone
Grupo Hospitalario Quirén, Espafia.

Marfa Garriga Garcia
Hospital Universitario Ramén y Cajal, Espaia.

Emili Ros Rahola
Hospital Clinico de Barcelona, Esparia.

Horacio Gonzélez (Argentina)
Hospital de Nifios Sor Maria Ludovica, Argentina.

Josefina Bressan (Brasil)

Universidad Federal de Vigosa, Brasil.
Educacion alimentaria y sanitaria:
Manuel Mofino

Colegio Oficial de Dietistas-Nutricionistas de les llles

Balears, Espaia.

Edurne Simén
Universidad del Pais Vasco, Esparia.

Francisco Gdmez Pérez
Ayuntamiento de Vitoria-Gasteiz, Espaia.

Graciela Gonzalez (Argentina)

Asociacion Argentina de Dietistas y Nutricionistas,

Argentina.

Cultura alimentaria,

sociologia, antropologia de la
alimentacion y psicologia:

Elena Espeitx (coordinadora)

Universidad de Zaragoza, Espaiia.

Joy Ngo

Fundacion para la Investigacion Nutricional,
Barcelona, Espaiia.

Gemma Lépez-Guimerd

Universidad Auténoma de Barcelona, Esparia.
Pilar Ramos

Universidad de Sevilla, Espafia.

Patricia Marcela Aguirre de Tarrab (Argentina)

Instituto de Altos Estudios Sociales (IDAES),
Argentina.

Cooperacion Humanitaria y Nutricion:

José Miguel Soriano del Castillo (coordinador)
Universidad de Valencia, Espaia.

Alma Palau Ferré
Colegio Oficial de Dietistas y Nutricionistas de la
Comunitat Valenciana, Espana.

Gloria Domenech
Universidad de Alicante, Espaia.

Estefania Custodio
Instituto de Salud Carlos Ill, Espaia.

Faviola Susana Jiménez Ramos (Pert)
Red Peruana de Alimentacion y Nutricion (RPAN),
Pert.

Hilda Patricia Nufiez Rivas (Costa Rica)

Instituto Costarricense de Investigacion y Ensefianza

en Nutricion y Salud (INCIENSA), Costa Rica.

Geraldine Maurer Fossa (Per()
Alerta Nutricional, Perd.

Tecnologia culinaria y gastronomia:
Giuseppe Russolillo (coordinador)
Asociacion Espafiola de Dietistas -Nutricionistas,
Barcelona, Espaiia.

Antonio Vercet

Universidad de Zaragoza, Espana.

Alicia Bustos

Universidad de Navarra, Espana.

Yolanda Sala

Asociacién Espaiiola de Dietistas-Nutricionistas,
Espania.

Javier Garcia-Luengo Manchado

Escuela Universitaria de Artes y Espectdculos,
Universidad Rey Juan Carlos, Esparia.

Andoni Luis Aduriz
Mugaritz, Espaia.

Bromatologia, toxicologia y
seguridad alimentaria:

Iciar Astiasardn (coordinadora)
Universidad de Navarra, Espafia.
Roncesvalles Garayoa
Universidad de Navarra, Espafia.
Carmen Vidal Carou
Universidad de Barcelona, Esparia.
Diana Ansorena

Universidad de Navarra, Espana.

Maria Teresa Rodriguez Estrada (/talia)
Universidad de Bologna, Italia.

Nutricion Comunitaria y Salud Publica:

M2 del Rocio Ortiz (coordinadora)
Universidad de Alicante, Esparia.

Andreu Farran
Universidad de Barcelona, Espaiia.

Carlos Alvarez-Dardet
Universidad de Alicante, Espaia.

Jesus Vioque
Universidad Miguel Herndndez, Espaiia.

Odilia |. Bermudez (Estados Unidos)

Tufts University School of Medicine, Estados Unidos.

Dietética Aplicada y Dietoterapia:

Julia Wérnberg
Universidad de Mdlaga, Espafia.

Cleofé Pérez-Portabella Maristany
Hospital Vall d’Hebron, Espaiia.

Marina Torresani
Universidad de Buenos Aires, Argentina.

Laura Lépez
Universidad de Buenos Aires, Argentina.

Consejo Editorial consultivo:

Josep Boatella
Universidad de Barcelona, Espania.

Pilar Cervera
Asociacién Espaiiola de Dietistas-Nutricionistas,
Espania.

Margarita Jansa
Hospital Clinico de Barcelona, Espaia.

Ana Pérez-Heras
Hospital Clinico de Barcelona, Espaia.

Mercé Planas
Hospital Vall d’Hebron, Espafia.

Ramén Tormo
Grupo Hospitalario Quirén, Esparia.

https://www.renhyd.org/renhyd/



OPEN aACCESS

Revista Espanola de
Nutricion Humana y Dietetica

Spanish Journal of Human Nutrition and Dietetics

ACADEMIA y
ESPANOLA v { SR
NUTRICION CITATION

v DIETETICA

\WOEXED 1y g

LE
E:‘.\s a,,

Eg,,
Mg paatv

e
pip
3y

Miembro de:
AIBAN: Alianza Iberoamericana de Nutricionistas.
CIENUT: Comité internacional por la Estandarizacion de la Nutriologia.

EFAD: Federacién Europea de Asociaciones de Dietistas.

ICDA: Confederacién Internacional de Asociaciones de Dietistas.

COMITE DIRECTIVO DE LA ACADEMIA

Giuseppe Russolillo Femenias Martina Miserachs Blasco Yolanda Sala Vidal
Presidente Vicepresidenta Segunda y Miembro de Honor Emérita de Honor

Cleofé Pérez Portabella Maria Casadevall Moliner Antonio Valls

Emérita y Vicepresidente Primera Miembro de Honor Secretario y Miembro de Honor
Iva Marques Lopes Nahyr Schinca Lecocq Alma Palau Ferré
Miembro de Honor Emérita y Editora Honoraria de Actividad Dietética Miembro de Honor

Academia Espafiola de Nutricion y Dietética: C/ Luis Morondo, 4 « Oficina 5 « 31006 Pamplona (Espafia).

OS50

BY NC__SA

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-
SA 4.0).

Todos los contenidos publicados en la Revista Espafiola de Nutricion Humana y
Dietética se distribuyen bajo la licencia Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0).

Esto permite copiar, redistribuir, adaptar y reutilizar el material Gnicamente para fines
no comerciales, siempre que se cite adecuadamente la fuente original y cualquier obra
derivada se comparta bajo la misma licencia.

Licencia completa: https://creativecommons.org/licenses/by-nc-sa/4.0/

La Academia Espafiola de Nutricion y Dietética no tendra responsabilidad alguna por
las lesiones y/o dafios sobre personas o bienes que sean el resultado de presuntas
declaraciones difamatorias, violaciones de derechos de propiedad intelectual, industrial o
privacidad, responsabilidad por producto o negligencia. Tampoco asumirdn responsabilidad
alguna por la aplicacién o utilizacién de los métodos, productos, instrucciones o ideas
descritos en el presente material. En particular, se recomienda realizar una verificacién
independiente de los diagnésticos y de las aplicaciones terapéuticas.

Diamond Open Access

La Revista Espafiola de Nutricion Humana y Dietética sigue el modelo de Diamond Open
Access, lo que significa que todos los contenidos se publican en acceso abierto inmediato y
que no se cobran tasas de publicacién (APC) a los autores ni costes de acceso a los lectores.
La actividad editorial se sostiene gracias al trabajo voluntario del equipo editorial y de
las personas revisoras, mientras que los costes de gestion y mantenimiento de la revista
son financiados integramente por la Academia Espafola de Nutricion y Dietética. Este
modelo permite garantizar la difusién abierta del conocimiento cientifico en nutricion
humana y dietética sin barreras econémicas para autores ni lectores.

Proteccion de datos:

La Academia Espafiola de Nutricion y Dietética (la Academia) garantiza la proteccién de
todos los datos de cardcter personal que proporcione el Usuario y el cumplimiento de lo
dispuesto en el Reglamento General de Protecci6n de Datos (UE) 2016/679 de 27 de abril
de 2016, del Parlamento Europeo y del Consejo, relativo a la proteccién de las personas
fisicas en lo que respecta al tratamiento de datos personales y a la libre circulacién de
estos datos y por el que se deroga la Directiva 95/46/CE (en adelante RGPD); en la Ley
Orgdnica 15/1999, de 13 de diciembre de Proteccion de Datos de Cardcter Personal
(LOPD); en el reglamento de desarrollo de la LOPD, el RD 1720/2007 de 21 de diciembre
y/o normativa espafiola vigente que le sustituya en materia de proteccién y tratamiento
de datos de cardcter personal. Puede ver la Politica de Privacidad y Proteccién de datos
personales en la pgina web de la Academia https://www.academianutricionydietetica.
org/pro/politica-privacidad/

Correo electrénico: .manager@renhyd.org

Depésito legal: B-17288-2011

ISSN (print): 2173-1292 « ISSN (online): 2174-5145
Abreviatura: Rev Esp Nutr Hum Diet

DOI revista: 10.14306/renhyd

https://www.renhyd.org/renhyd/


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.academianutricionydietetica.org/pro/politica-privacidad/
https://www.academianutricionydietetica.org/pro/politica-privacidad/

Rev Esp Nutr Hum Diet. 2025; 29(4): e2725

doi: https://doi.org/10.14306/renhyd.29.4.2725 Freely available online ’h OPEN ACCESS

Revista Espanola de n
Nutricion Humana y Dietética

Check for
updates

Spanish Journal of Human Nutrition and Dietetics

www.renhyd.org

EDITORIAL

Impacto de los incendios en la seguridad alimentaria y el acceso a una alimentacién
saludable

) Impact of Wildfires on Food Security and Access to a Healthy Diet
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Impacto de los incendios en la seguridad alimentaria y el acceso a una alimentacion saludable

La creciente amenaza global de los incendios forestales se ha
manifestado con severidad en Iberoamérica durante su estacién
seca de 2025. Como ejemplo reciente, durante el verano de 2025,
Espafia sufrié una ola de incendios forestales sin precedentes,
con cerca de 400.000 hectdreas quemadas concentrdndose
principalmente en las provincias de Le6n, Ourense y Zamora?. Este
dafio ambiental podria convertirse en un problema de salud publica
a corto y medio plazo si no se aborda mediante politicas integrales,
ya que su impacto es multidimensional y afecta a la sostenibilidad
alimentaria, la salud publica y el bienestar psicolégico®

Frente a una emergencia de esta envergadura, la seguridad
alimentaria se ve comprometida en todos sus pilares (disponibilidad,
acceso fisico, social y econémico a alimentos en todo momento)
ya que los incendios forestales destruyen cultivos, pastos e
infraestructuras agricolas, causan mortalidad en el ganado e
interrumpen cadenas logisticas de almacenamiento y distribucion.
Ademds, el fuego altera la estructura y fertilidad del suelo, lo que
puede disminuir la productividad de la tierra durante varios afios’.
El resultado es un aumento del riesgo de malnutricién,
especialmente en comunidades rurales dependientes de la
produccion local. Estas pérdidas disminuyen la oferta local de
alimentos frescos y encarecen los precios, incrementando la
dependencia de suministros externos. A pesar de que aun faltan
estudios especificos sobre el estado nutricional de las poblaciones
afectadas tras incendios forestales, |la evidencia sobre sus efectos
negativos en la accesibilidad y sequridad alimentaria es creciente®.
Por otra parte, los incendios generan grandes cantidades de
ceniza y compuestos téxicos (particulas en suspensién que
incluyen, hidrocarburos policiclicos aromaticos (PAHs) y metales
pesados) que pueden depositarse sobre suelos, cultivos y pastos,
contaminandolos. Estas sustancias pueden alcanzar alimentos
frescos y forrajes, entrando asi en la cadena alimentaria tanto
humana como animal. Estudios recientes muestran que los
incendios aumentan la presencia de PAHs y otros compuestos
téxicos en suelos y agua, y alertan sobre riesgos para la seguridad
alimentaria y la salud. Ademds, estas sustancias pueden
desplazarse miles de kilémetros, lo que se ha relacionado con un
mayor nimero de ingresos hospitalarios, partos prematuros e
incluso bajo peso al nacer, tal y como indica la Sociedad Espafiola
de Epidemiologia (SEE)*.

Los incendios y la exposicion al humo también tienen un fuerte
impacto psicolégico. Las pérdidas materiales, las evacuaciones de
pueblos enterosy la incertidumbre sobre el futuro generan ansiedad,
insomnio y episodios depresivos®. A esta situacion se suma la
incertidumbre respecto a la sequridad y disponibilidad de alimentos
tras las catdstrofes naturales: el miedo a que los alimentos locales
estén contaminados, la preocupacion por el encarecimiento de la
cesta bdsica y la pérdida de medios de vida agrarios®.

Teniendo en cuenta la estrecha relacién entre la salud mental
y la nutricién, esta situacién de estrés puede traducirse en
alteraciones del apetito y cambios en la conducta alimentaria.
Esto conlleva un riesgo de desnutriciéon por ingesta insuficiente,

asi como un empeoramiento en la calidad de las dietas debido
a un mayor consumo de productos ultraprocesados (utilizados
como mecanismo de afrontamiento) y a la evitacién de ciertos
productos locales’. Por otra parte, los trastornos del suefio,
comunes tras catdstrofes, desajustan los ritmos circadianos y
alteran el metabolismo, lo que favorece la apariciéon de sobrepeso
y enfermedades crénicas®.

Esta situacién de insequridad alimentaria puede suponer un
mayor riesgo para ciertos grupos poblacionales como son los
nifos, mujeres embarazadas y lactantes, ancianos o personas con
enfermedades crénicas. En estos colectivos, la pérdida de acceso a
dietas variadas o la exposicion a alimentos contaminados puede
traducirse rdpidamente en déficits de micronutrientes e incluso, en
casos mds graves, en anemias®.

Ante este escenario, resulta urgente implementar medidas
integrales que incluyan: garantizar el suministro de emergencia
de alimentos frescos y agua potable; realizar una evaluacion
rdpida del territorio que incluya vigilancia alimentaria y del estado
nutricional, con el fin de detectar tanto contaminantes derivados
de los incendios (PAHs, metales pesados, etc.) como deficiencias
nutricionales que puedan ser corregidas mediante intervenciones
focalizadas, acompafiadas de apoyo econdémico; integrar el
apoyo psicosocial y la educacién nutricional;, e invertir en la
reconstruccién agricola y en una gestién forestal sostenible que
reduzca la magnitud de futuros incendios.

Los incendios del ultimo afio no solo han quemado hectdreas de
bosque en nuestro pais, sino que también han dejado huellas
menos visibles, como la alteracién de habitos alimentarios, la
malnutricién y el impacto psicolégico. Por ello, desde la Revista
Espafiola de Nutricion Humana y Dietética (RENHyD), remarcamos
la importancia de apostar por un modelo de Salud Global (One
Health), que integre la salud humana, el medio ambiente y la
produccién agroalimentaria, reconociendo que solo desde un
enfoque holistico podremos garantizar el bienestar y la resiliencia
de nuestras comunidades ante los retos climdticos del futuro cada
vez mas cercano.
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El estudio de la microbiota intestinal tiene una gran relevancia en la comprension de la salud humana

Microb.ioma. y su relacién con diversas enfermedades. La microbiota, compuesta por un complejo ecosistema de
gastrointestinal microorganismos, juega un papel crucial en funciones esenciales como la inmunomodulacién y el
Bl metabolismo. Las alteraciones en este sistema, conocidas como disbiosis, estan vinculadas a patologias

como enfermedades inflamatorias intestinales, trastornos metabdlicos y psiquiatricos. Avances recientes
Dieta mediterranea en herramientas analiticas han permitido no solo caracterizar la composicién de la microbiota sino también
entender su funcionalidad y las interacciones con el huésped. Este articulo examina las metodologias
mds recientes para el analisis de la microbiota, incluyendo la secuenciacién de ARN ribosomal 16S,
Prebiéticos metagendmica completa, y técnicas como la metabolémica y la metaprotedmica, destacando sus ventajas
y limitaciones. Ademas, se discute el impacto significativo de la dieta en la composicién y funcionalidad
de la microbiota. Se abordan las influencias de los alimentos ultraprocesados y las dietas ricas en fibra,
y como estas pueden modificar el equilibrio microbiano. Por otra parte, se explora la comercializacién de
analisis de microbiota que, pese a su popularidad y promesas de beneficios para la salud, enfrentan criticas
por la falta de regulacién y estandarizacion. Este escenario refuerza la necesidad de un marco regulatorio
mds estricto para garantizar la fiabilidad y sequridad de estos andlisis. En conclusién, mientras que los
estudios de microbiota ofrecen perspectivas prometedoras para el desarrollo de terapias personalizadas
y la mejora de la salud intestinal y general, también presentan desafios significativos que requieren un
enfoque riguroso y regulado para maximizar su potencial clinico y terapéutico. El articulo subraya la
importancia de un enfoque personalizado en el manejo de la microbiota, considerando la variabilidad
individual y los factores ambientales.
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D ABSTRACT

The study of the intestinal microbiota is highly relevant in understanding human health and its relationship
with a wide range of diseases. The microbiota, consisting of a complex ecosystem of microorganisms, plays
a crucial role in essential functions such as immunomodulation and metabolism. Alterations in this system,
known as dysbiosis, are linked to pathologies such as inflammatory bowel diseases, metabolic disorders,
and psychiatric conditions. Recent advances in analytical tools have not only allowed the characterization
of the microbiota’s composition but also an understanding of its functionality and interactions with the
host. This article examines the latest methodologies for analysing the microbiota, including 16S ribosomal
RNA sequencing, shotgun metagenomics, and techniques such as metabolomics and metaproteomics,
highlighting their advantages and limitations. Additionally, the significant impact of diet on the composition
and functionality of the microbiota is discussed. The influences of ultra-processed foods and fibre-rich diets,
and how these can modify the microbial balance, are addressed. Furthermore, the commercialization of
microbiota analysis is explored, which despite its popularity and promises of health benefits, faces criticism
for the lack of requlation and standardization. This scenario reinforces the need for a stricter regulatory
framework to ensure the reliability and safety of these analyses. In conclusion, while microbiota studies offer
promising prospects for the development of personalized therapies and the improvement of intestinal and
overall health, they also present significant challenges that require a rigorous and regulated approach to
maximize their clinical and therapeutic potential. The article emphasizes the importance of a personalized
approach in managing the microbiota, considering individual variability and environmental factors.

1. La microbiota intestinal se ha consolidado como un marcador clave de salud y enfermedad,
pero la elevada variabilidad interindividual limita todavia su uso como herramienta
diagnéstica rutinaria.

N

La dieta, especialmente la adherencia a un patrén mediterraneo y el consumo de alimentos
ultraprocesados, modula de forma profunda la composicién y funcionalidad de la
microbiota intestinal.

3. Las herramientas 6micas para el estudio del microbioma (metataxonomia, metagendmica,
metabolémica y metaprotedmica) ofrecen gran potencial para la medicina personalizada,
pero los test comerciales carecen aln de suficiente estandarizacion y regulacion.

ll-. Un abordaje personalizado que integre dieta, datos socioeconémicos, nutricién, probiéticos
y prebiéticos, junto con datos 6micos es esencial para trasladar el conocimiento sobre

microbiota a la practica clinica de forma segura y basada en la evidencia.

Baizan-Urgell M, Bernabeu M, Enriquez-Belenguer A, Flores Ventura E, Navarro-Lleé N, Rodriguez A, Samarra A, Valls-
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INTRODUCCION

La microbiota intestinal ha emergido como un elemento
clave para entender la fisiologia humana y su relacién con
diversas enfermedades. Constituye un ecosistema dindmico de
microorganismos que interacttan con el huésped, influyendo en
funciones vitales como la inmunomodulacién y el metabolismo®.
Las alteraciones en su composicion, conocidas como disbiosis,
estdn asociadas a multiples condiciones patolégicas, incluidas
enfermedades inflamatorias intestinales, trastornos metabdlicos
como la obesidad y la diabetes tipo 2, asi como trastornos
psiquidtricos como la ansiedad y la depresion?.

La investigacién del microbioma se ha expandido gracias al
desarrollo de herramientas analiticas avanzadas que permiten
caracterizar no solo la composicién, sino también la funcionalidad
de este complejo sistema®. Complementariamente, otras
metodologias nos permiten evaluar las interacciones funcionales
entre los microorganismos y su huésped, proporcionando
informacioén critica sobre las rutas metabdlicas activas y la
produccién de metabolitos relevantes .

El impacto de la dieta en la microbiota es un drea de investigacion
fundamental, ya que los patrones alimenticios pueden alterar
significativamente su composicién y funcionalidad. Los genes
bacterianos provenientes de alimentos representan hasta un
promedio del 3 % del microbioma intestinal adulto®. Los alimentos
ultraprocesados, ricos en grasas, azlcares y aditivos, se han
vinculado con una disminucién de la diversidad microbiana y
un aumento de la permeabilidad intestinal, lo que favorece la
inflamacién y el desarrollo de enfermedades no transmisibles
(ENTs)®”. Por otro lado, estrategias nutricionales enfocadas en
el consumo de fibra, prebiéticos y probidticos han mostrado ser
efectivas en la restauracién de la diversidad microbiana y en la
promocién de un equilibrio funcional en el microbioma?.

Este articulo revisa las principales metodologias disponibles para
el andlisis de la microbiota, abordando sus ventajas, limitaciones y
aplicaciones en el dmbito de la investigacién y la clinica. Asimismo,
explora las conexiones entre el microbioma y la salud, destacando
su relevancia en el contexto de la dieta, las enfermedades crénicas
y el desarrollo de terapias personalizadas.

Microbiota y dieta

Las bacterias intestinales se adaptan a la dieta, por lo que
cualquier variacién en los nutrientes, incluso a corto plazo, alteran
la composicién de la microbiota, favoreciendo selectivamente que
las bacterias puedan acceder y aprovechar mejor los nutrientes
disponibles desde las primeras etapas de la vida®.

Desde la lactancia hasta la introduccién de alimentos sélidos, los
cambios en la alimentacién modulan la diversidad microbiana,
impactando directamente en la salud. En concreto, el periodo de
lactancia estd caracterizado por una baja diversidad microbiana
(comparada con adultos) y una alta abundancia de Bifidobacterium?°,

que desempefian un papel esencial en la maduracién del sistema
inmune!!, son capaces de metabolizar los oligosacdridos de la
leche materna (HMOs, por sus siglas en inglés) y tienen una mayor
representacién de genes que codifican enzimas implicadas en
la biosintesis de folato'2La alimentacién exclusiva con leche de
formula, sin embargo, da lugar a una microbiota mds diversa
pero menos estable®®, con una mayor prevalencia de Clostridiales
y Proteobacteria en el microbioma intestinal**. Adicionalmente,
la mayoria de estos infantes tiende a una mayor concentracién
de Atopobium y Bacteroides acompafiado de un descenso de
Bifidobacterium comparado con los nifios que toman lactancia
materna®. Esta diferencia en la composicién de la microbiota se
atribuye principalmente a la ausencia de HMOs en la leche de
féormula y un mayor contenido de proteinas, junto a fructoy galacto
oligosacaridos complementarios que no son tan selectivos como
los HMOs®®. Estos oligosacdridos pueden estimular el crecimiento
de varias especies bacterianas, lo que da lugar a una composicion
de la microbiota significativamente diferente a la observada en los
bebés amamantados?’.

El microbioma intestinal del lactante progresa en composicién y
funcién durante la introduccion de alimentos sélidos a lo largo del
primer afo de vida. Este cambio alimentario provoca un aumento
de la diversidad microbiana, lo que impulsa una estabilizacion
progresiva hacia una estructura comunitaria similar a la del
adulto, con una disminucién de Bifidobacterium y un aumento
de las bacterias productoras de acidos grasos de cadena corta
(AGCC) como Clostridium spp y Veillonellaceae®®. Este cambio
en la abundancia, relativa a la funcionalidad y asignaciones
taxonémicas, es de gran magnitud entre los 4 y 9 meses de edad,
en comparacién con el nimero de correlaciones observadas
durante la diversificacién continua de la dieta entre los 9 y 12
meses de edad’®.

Una vez en la edad adulta, se consolidan distintos patrones
dietéticos. Un ejemplo de ello es la dieta mediterranea, la cual
se caracteriza por el alto consumo de frutas, verduras y cereales
integrales, asi como también el consumo moderado de pescado,
marisco y lacteos y por un bajo consumo de carne y derivados,
siendo las legumbres y frutos secos la principal fuente de proteina
y el aceite de oliva la principal fuente de grasa®®. Este tipo de dieta
ha demostrado tener efectos beneficiosos sobre |a salud, ayudando
al control de la diabetes y la obesidad®. Ademads, también
se ha demostrado que la adherencia a la dieta mediterrdnea
disminuye el riesgo cardiometabdlico potencialmente a través
de la microbiota, mediante la ausencia de Prevotella copri. La
adherencia a un estilo dietético mediterraneo se ha podido asociar
a efectos significativos en los perfiles microbianos intestinales,
asocidndose positivamente con varios metabolizadores de fibra
dietética y productores de AGCC, incluidos F. prausnitzii, E. eligens y
B. cellulosilyticus 2. Ademas, se han observado asociaciones inversas
con especies como R. torques, C. leptum y C. aerofaciens vinculadas
con dietas de estilo occidental y consumo de carne roja %. La
dieta mediterranea, debido al alto consumo de frutas y verduras
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frescas, es rica en fibra y polifenoles?, los cuales aumentan
significativamente la abundancia de Bacteroides, Bifidobacterium,
Enterococci y Prevotella, afectando a la produccién de AGCC?.
Ademds, la fraccién polifendlica parece tener efectos tanto
prebidticos como antimicrobianos selectivos contra las bacterias
patégenas intestinales?.

Los patrones alimenticios tipicos de las sociedades occidentales
se caracterizan por un alto consumo de grasas, azlcares, calorias
y alimentos ultraprocesados, vinculdndose con alteraciones en la
microbiota intestinal y el desarrollo de ENTs (alergias, diabetes,
obesidad, hiperactividad, etc)?. Los alimentos ultraprocesados se
definen como aquellos que contienen cinco o mas ingredientes, entre
los que se incluyen sal, aceites, azlicar, grasas y otros componentes
como proteinas hidrolizadas, almidones modificados, espesantes
y varios aditivos disefiados para mejorar el estimulo sensorial®. Se
ha demostrado en estudios preclinicos que los aditivos alimentarios
que se afaden habitualmente a los alimentos ultraprocesados,
como emulsionantes, edulcorantes, colorantes y nanoparticulas
afectan al intestino, incluido el microbioma, la permeabilidad
intestinal y la inflamacién intestinal?®. Como ejemplo se encuentran
los emulsionantes mono y diglicéridos (MDG), los cuales tienden
a provocar la colonizaciéon bacteriana de la capa interna de la
mucosidad intestinal, aumentando el potencial inflamatorio al
aumentar los niveles de lipopolisacaridos circulantes’.

Por otra parte, la “germ-organ theory”? sugiere que la disbiosis
podria ser una causa subyacente de las ENTSs, al provocar cambios
en la estructura de la comunidad microbiana de anaerobios
obligados a facultativos, lo que sugiere que el oxigeno es un
importante impulsor ecoldgico de la disfuncién en la microbiota
intestinal. La consiguiente alteracién de la homeostasis intestinal
puede conducir a ENTs porque los metabolitos derivados de la
microbiota se agotan o se generan en concentraciones nocivas?®.
La ingesta de grasas afecta la microbiota intestinal de manera
personalizada, lo que sugiere que los efectos de las grasas en la
microbiota son dependientes de factores individuales*. Algo similar
ocurre con las proteinas, especialmente las de origen animal, las
cuales aumentan la abundancia de microorganismos tolerantes
a la bilis (Alistipes, Bilophila y Bacteroides) y disminuyen los niveles
de Firmicutes que metabolizan los polisacaridos vegetales de la
dieta (Roseburia, E. rectale y R. bromii), lo que refleja compensaciones
entre la fermentacién de carbohidratos y proteinas®. En cambio,
las proteinas vegetales, en concreto las proteinas alimentarias
glicosiladas, afectan al crecimiento de bacterias comensales
intestinales beneficiosas, particularmente del género Lactobacillus
y Bifidobacterium, cuyos niveles aumentan significativamente. Esto
provoca un cambio correspondiente en los metabolitos bacterianos,
observando mayores niveles de AGCC (acetato, propionato, lactato
y butirato) con un impacto beneficioso en el entorno intestinal y
ejerciendo un efecto promotor de la salud en los seres humanos®2.
En cuanto a los carbohidratos, su impacto sobre la microbiota
depende de su tipo y cantidad, afectando selectivamente a ciertos
grupos bacterianos. Como ejemplo, la fibra dietética favorece la

proliferacion de Prevotella® mientras que Bifidobacterium, el cual
degrada arabinoxilanos presentes en cereales, se encuentra en
menor abundancia en personas que consumen dietas bajas en
gluten®. Asimismo, las dietas altas en carbohidratos no digeribles
favorecen el crecimiento de especies de Firmicutes, mientras que
dietas bajas en carbohidratos fermentables se asocian con una
disminucién de las bacterias productoras de butirato (gj. E. rectale,
R. intestinalis), lo que tiene implicaciones para la salud intestinal®”.
La relacién entre la fibra dietética y la microbiota intestinal ha sido
ampliamente documentada, evidenciando el impacto positivo de
la fibra en la composicién y funcionalidad de la microbiota. La fibra
dietética, especialmente las fracciones fermentables como los
polisacdridos no digeribles, actia como sustrato para las bacterias
comensales del colon, promoviendo la produccién de metabolitos
beneficiosos como los AGCC. Estos compuestos tienen un efecto
crucial en la modulacién de la inflamacién intestinal, la mejora
de la barrera epitelial y el mantenimiento de la homeostasis
metabdlica®®. Estudios recientes han demostrado quedietas ricasen
fibra aumentan la abundancia de géneros bacterianos beneficiosos
como Bifidobacterium y Lactobacillus y reducen las poblaciones de
microorganismos asociados a estados inflamatorios o metabdlicos
adversos (C. difficile, E. coli)¥’. Ademas, la fibra estd influenciada por
factores individuales, como la composicién inicial de la microbiota,
lo que resalta la necesidad de enfoques personalizados en la
nutricion basada en fibra®. Por tanto, la inclusién de fibra dietética
constituye una estrategia esencial para promover un equilibrio
microbiano saludable, mejorar la salud metabdlica y prevenir
enfermedades relacionadas con disbiosis intestinal.

Pese a los multiples efectos demostrados que tienen ciertos
componentes de la dieta sobre la microbiota, la relacién entre
microbiota-dieta-huésped ain no estd completamente resuelta®.
Esto destaca la necesidad de mads investigacién en este campo,
adoptando un enfoque personalizado®®.

Probicticos, prebiéticos y simbiéticos en la prdctica clinica

La variabilidad interindividual también se observa en los
tratamientos destinados a modular la microbiota intestinal,
especialmente en el uso de probidticos, cuyos efectos resultan
inconsistentes y dependen de multiples factores. Diversos estudios
han demostrado que los probidticos pueden inducir cambios
significativos en la microbiota fecal y favorecer la salud intestinal;
sin embargo, estos efectos no son uniformes en todos los
individuos, probablemente debido a diferencias en la composicién
inicial de la microbiota, factores genéticos y ambientales, o la dieta
habitual*’. Esta heterogeneidad ha llevado incluso a distinguir
entre individuos respondedores y no respondedores, reforzando la
necesidad de plantear intervenciones personalizadas en lugar de
aproximaciones universales.

En la practica clinica, uno de los ejemplos mejor establecidos
de modulacién dirigida de la microbiota es el uso de probidticos
durante tratamientos antibiéticos*?. Formulaciones especificas,
como Saccharomyces boulardii o determinadas cepas de
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Lactobacillus, han mostrado eficacia en la reduccién del riesgo de
diarrea asociada a antibidticos, ilustrando cémo la seleccién de
cepas con respaldo cientifico puede aportar beneficios concretos
en contextos bien definidos*3. Este tipo de intervenciones pone de
relieve que el impacto clinico de los probiéticos depende tanto de
la cepa empleada como del perfil basal del huésped, apoyando de
nuevo la necesidad de estrategias individualizadas.

Ademads, estudios en modelos animales han sugerido que cepas
probiéticas derivadas de especies como A. muciniphila podrian
mitigar los efectos adversos de emulsionantes dietéticos al
modular la microbiota intestinal. Los mecanismos propuestos
incluyen la estimulacién de la secrecién de moco, que mejora la
integridad de la barrera epitelial, y la activacién de respuestas
inmunes protectoras, lo que facilita el recambio de la mucosa
intestinal y mejora la proteccién contra la inflamacién“.

Entre los prebidticos, oligosacdridos como la inulina, los
fructooligosacaridos (FOS) o los galactooligosacdridos (GOS)
favorecen el crecimiento de microorganismos beneficiosos de los
géneros Bifidobacteriumy Lactobacillus*. Por su parte, los simbiéticos
combinan probiéticos con prebiéticos especificos para potenciar su
eficacia; como es el caso de combinaciones de Bifidobacterium breve
con FOS o Lactobacillus rhamnosus con inulina“®.,

En conjunto, el uso clinico de probiéticos, prebidticos y simbiéticos
se ha propuesto como herramienta clave para modular la
microbiota intestinal y, con ello, influir en la salud del huésped**”.

Ademds, revisiones sistemdticas y metaanadlisis recientes han
evaluado el uso clinico de pre-, pro- y simbiéticos en distintas
enfermedades cardiometabdlicas*® y patologias digestivas*®, como
el sindrome de intestino irritable, mostrando beneficios modestos
pero clinicamente relevantes en la mejoria global de los sintomas
y del dolor abdominal con algunas formulaciones especificas. La
evidencia sugiere que estos suplementos pueden desempefar
un papel coadyuvante en el manejo de determinados trastornos,
siempre que se seleccionen cepas y combinaciones con respaldo
cientifico y se integren en un abordaje dietético e individualizado.

Conexiones entre la microbiota y la salud durante la edad
adulta

Es fundamental considerar la variabilidad interindividual y la influencia
de factores como la genética, la dieta y el ambiente en la composicién
de la microbiota (Figura 1). Estos factores influyen en la respuesta a
intervenciones terapéuticas y en la predisposicién a enfermedades, lo
que subraya la necesidad de un enfoque personalizado en el manejoy
tratamiento basado en el microbioma .

Las conexiones entre la microbiota intestinal y diversas
enfermedades como las alergias, condiciones inflamatorias
cronicas y enfermedades autoinmunes (esclerosis mudltiple y
artritis reumatoide), reflejan un desequilibrio en la composicion
microbiana intestinal?. Los mecanismos descritos hasta ahora

Figura 1. Relacién entre la dieta, la microbiota y la salud, y métodos de andlisis microbiolégico.
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involucran en gran medida la interaccién de metabolitos
microbianos, como los AGCC?, que pueden regular la actividad de
las células inmunitarias modulando la inflamacién y fortaleciendo
la funcién de la barrera intestinal®. Asimismo, se ha visto un
efecto directo de estos metabolitos sobre la virulencia de algunos
patégenos; por ejemplo, el butirato puede disminuir la invasién
de S. typhimurium en las células epiteliales al suprimir la expresion
de genes de virulencia®. Ademds, los cambios en la diversidad
microbianay en el perfil de AGCC pueden modificar el metabolismo
energético y la sensibilidad a la insulina, lo que contribuye a la
obesidad y aumento el riesgo de diabetes tipo 2°.

Las bacterias, bajo ciertas condiciones, pueden actuar de manera
oportunista como patobiontes, desarrollando caracteristicas
patogénicas®. La proliferacion de patobiontes, junto con una
disminucién de bacterias comensales y la consecuente alteracion
del metaboloma bacteriano, puede llevar a un estado de disbiosis
persistente y un aumento de la permeabilidad intestinal, lo
que facilita la invasién de bacterias como E. coli, exacerbando
enfermedades como la enfermedad de Crohny la colitis ulcerativa®>.
Por otro lado, las conexiones entre el eje intestino-cerebro y el estado
mental de los individuos siguen siendo un drea de creciente interés. La
produccién de neurotransmisoresy lamodulacién del sistema nervioso
entérico por parte de la microbiota influyen en el comportamiento y
en el desarrollo de trastornos psiquiatricos, como la depresién y la
ansiedad®®. Cabe destacar que el 95% de la serotonina se almacena
en las células enterocromafines y las neuronas entéricas, mientras
que solo un 5% se encuentra en el sistema nervioso central®’. La
microbiota también puede influir en la sintesis de serotonina, la
barrera hematoencefdlica y la inflamacién cerebral, contribuyendo
a las manifestaciones clinicas trastornos como la obesidad®. En este
contexto, se ha sugerido que la regulacién de la serotonina periférica
podria ser una estrategia eficaz para tratar la obesidad, al aumentar
la sensibilidad a la insulina®.

Los rasgos microbianos distintivos pueden ser Utiles como
indicadores tanto a nivel individual en la practica clinica como en
estudios epidemioldgicos a nivel de poblaciéon®. La investigacion
en el campo del microbioma también contempla la necesidad
de personalizar las intervenciones a diferentes niveles, desde
el individuo hasta subgrupos, lo que requiere una seleccion
cuidadosa de grupos de estudio para garantizar decisiones
informadas, considerando la variabilidad interindividual en los
rasgos microbianos®’. Asimismo, la diversidad microbiana varia
a lo largo de la vida, con fluctuaciones circadianas, lo que indica
la complejidad de la microbiota humana y su potencial uso en
clinica. Esto sugiere que la composicién de la microbiota es un
factor importante a considerar en la prevencién y tratamiento
de enfermedades, como refuerza la importancia de estrategias
dietéticas y probidticas dirigidas a restaurar una microbiota
saludable como medio para mejorar la salud metabdlica y reducir
el riesgo de trastornos crénicos®2

Metodologias actuales para analizar la Microbiota:

Herramientas y Perspectivas

Ante la creciente evidencia de la relevancia de la microbiota intestinal,
el desarrollo de metodologias precisas para analizarla se ha vuelto
esencial tanto en la investigacién como en la practica clinica (Tabla 1).
El andlisis de la microbiota es una herramienta en auge en la dltima
década, numerosos laboratorios han incorporado a sus catalogos los
test de andlisis de microbiota, ofreciendo a los usuarios la posibilidad
de conocer la composicién microbiana de su intestino con la promesa
de mejorar o resolver algin problema de su salud digestiva. Estos
test estan dirigidos tanto a personas sanas interesadas en optimizar
su bienestar como a pacientes que sufren alteraciones digestivas
cronicas o transitorias, tales como disbiosis, dolor e hinchazén
abdominal, problemas en el trdnsito intestinal o malabsorcién de
nutrientes®. Los laboratorios suelen presentar los resultados como
una herramienta para personalizar dietas, suplementos probiéticos
o cambios en el estilo de vida, aunque la evidencia cientifica que
respalda estas recomendaciones todavia es limitada.

Métodos empleados y su alcance

Los analisis comerciales de microbiota suelen incluir herramientas
avanzadas como la secuenciacién del gen 16S ARN ribosomal
(rRNA) para identificar las especies bacterianas presentes en
las muestras fecales y evaluar su diversidad. Ademas, algunas
compafias complementan este andlisis con la cuantificacién de
metabolitos clave, como los AGCC y la medicién de biomarcadores
como la zonulina o la calprotectina®. Estas mediciones, realizadas
mediante inmunoensayos como ELISA o técnicas de reaccién
en cadena de la polimerasa en tiempo real (RT-PCR), pretenden
ofrecer una visién integral del ecosistema intestinal.

Limitaciones y controversias en su efectividad. Falta de
regulacion

El auge de los test de microbiota comercializados ha generado
inquietud debido a la posibilidad del enfoque comercial de algunos
laboratorios, ya que tienden a extrapolar resultados preliminares de
estudios cientificos para ofrecer tratamientos o recomendaciones
con una base cientifica insuficiente®. Por ejemplo, aunque algunos
estudios sugieren que la microbiota puede estar implicada en
enfermedades inflamatorias como la enfermedad de Crohn, no
existe consenso sobre cémo estos perfiles microbianos pueden
ser utilizados de manera confiable para diagnosticar o tratar estas
afecciones®. Por otra parte, relacionado con la seguridad de los
suplementos probidticos, se ha destacado la falta de garantias
sobre la calidad de estos productos, sefialando que algunos pueden
estar contaminados o contener dosis incorrectas de bacterias
beneficiosas®” 8. Ademds, los andlisis de microbiota también se
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Tabla 1 Metodologlas actuales para analizar la microbiota

..M.‘f’.?‘?!’?'.‘?ﬂ"ﬁ —

Secuenciacion del Gen
16S rRNA

Identificacion de regiones
conservadas y variables del gen 16S

rRNA, permitiendo la clasificacion

de bacterias a nivel de géneroy, en
algunos casos, de especie.

Costo relativamente bajo

: Simplicidad de los analisis.

Secuenciacion
Metagenomica
completa

Vision global de la composicion y

:funcionalidad.

Permite la identificacién de genes
relacionados con resistencia

| a antibiéticos, produccién de
metabolitos y otras funciones

criticas.
Identificacion de bacterias, arqueas,
virus y eucariotas.

Metabolémica

La identificacién y cuantificacién

de estos compuestos se realiza
mediante técnicas avanzadas

icomo la espectrometria de masas

y la resonancia magnética nuclear.

: Proporciona informacién valiosa
sobre la actividad funcional del

microbioma, crucial para entender

‘su impacto fisiolégico en el huésped.

%Evalua metabolitos producidos por

la microbiota, como los AGCC, los
cuales desempefian un papel clave

:en la modulacién de la inflamacion y

la funcién de la barrera intestinal.

Metatranscriptomica

‘Esta metodologia facilita la
‘inferencia de funciones bioldgicas
‘activas en un momento especifico,
. diferenciando la presencia de los
microorganismos y su actividad

‘Este enfoque permite evaluar cémo
‘responde la comunidad microbiana a
‘estimulos ambientales o cambios en
‘el entorno.

Metaproteémica

i funcional.

‘ La identificacién de proteinas se
‘realiza mediante cromatografia
:liquida y espectrometria de masas,
‘ proporcionando informacion sobre
: procesos metabdlicos y rutas
:funcionales.

‘ Proporciona datos directos sobre
‘las funciones proteicas y sus
iimplicaciones en la salud del
“huésped, analizando las proteinas
‘expresadas por la microbiota y
:ofreciendo una visién funcional del
“microbioma en tiempo real.

PCR Cuantitativa (RT-
PCR)

- Permiten la cuantificacién de genes
‘especificos y la deteccién precisa de
i grupos microbianos.

 Utiles en estudios de vigilancia de

: patégenos y analisis de genes de
‘resistencia a antibidticos.

:Son altamente especificas y
:adecuadas para estudios dirigidos y
de monitoreo clinico.

Biomarcadores Fecales
y Evaluacion de la
Salud Intestinal

‘ Da informacién clinica relevante
;y facil de interpretar para la
:evaluacion de la salud intestinal.

‘La calprotectina y la zonulina

‘ permite inferir la integridad de la
‘barrera intestinal y la inflamacion,
isirviendo como indicadores de
“disbiosis y permeabilidad.

Des"e"talas
La utllldad se restringe a Ia
taxonomia.

: No ofrece informacién sobre
la funcionalidad de los

microorganismos.
No permite un analisis detallado de
hongos o virus.

Mayor coste.

:Mayores recursos computacionales
‘avanzados.

Experiencia previa significativa en
bioinformatica.

La interpretacion de los resultados

puede ser compleja, ya que los
metabolitos analizados estdn

:influenciados por multiples factores

externos, como la dieta y el estado

:de salud del paciente.

El ARN es una molécula inestable
:que requiere un manejo cuidadoso,
'y los procesos de extraccion y

i secuenciacién pueden introducir
%sesgos.

‘ Alta complejidad de las muestras.

: Dificultad para diferenciar proteinas
‘homologas de distintas especies.
‘Variabilidad en las técnicas de

{ procesamiento.

:Necesidad de bases de datos

i proteémicas completas para una
.;ldentlﬁcauon precisa.

- No permiten la evaluacion de la
“diversidad completa del microbioma.

Pueden no capturar la diversidad y
;complejidad total de la microbiota.

Abreviaturas: AGCC: Audos Grasos de Cadena Corta; ARN: Acido Ribonucleico; PCR: Reaccién en Cadena de Ia Polimerasa; RT-PCR: PCR en Tiempo
Real, técnica que permite la cuantificacién del ADN generando un marcador fluorescente que se mide en tiempo real durante la reaccién; rRNA:
ARN ribosomal, utilizado para la identificacion taxonémica de bacterias.
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ven afectados por la falta de estandarizacién en la interpretacién
de los perfiles microbianos, lo que complica la identificacién de lo
que constituye una microbiota “normal” o “anémala”. Este vacio
regulatorio no sélo limita la utilidad clinica de estos test, sino que
también plantea riesgos éticos relacionados con la comercializacion
de productos basados en investigaciones cientificas emergentes®.
Algunos expertos han sefialado que estos test carecen de validez
clinica y de una estandarizaciéon adecuada, lo que dificulta la
interpretacion de los resultados.

Por estos motivos, los consumidores podrian verse engafiados
por las promesas de estos servicios, ya que las afirmaciones
sobre la mejora de la salud no estan respaldadas por pruebas
cientificas sélidas, y muchos test ofrecen recomendaciones
no reguladas, como suplementos dietéticos®”. Este escenario
subraya la necesidad urgente de que los organismos reguladores
implementen normativas que garanticen la fiabilidad y sequridad
de estos test antes de que se comercialicen al publico’, asi como
la creacion de estdndares internacionales para la metodologia de
analisis microbioldgicos y la interpretacién de resultados®”.

Hacia un futuro mas prometedor

A pesar de estas limitaciones, los test de andlisis de microbiota
tienen un gran potencial si se abordan con el rigor cientifico
necesario. Los avances en metodologias y la integraciéon de datos
émicos, junto con la generacién de bases de datos mds completasy
representativas, podrian mejorar significativamente su precisién y
utilidad clinica”™. Ademas, seria esencial implementar regulaciones
claras y fomentar la educacién tanto para los profesionales de la
salud como para los consumidores, con el fin de garantizar un uso
mds responsable y ético de estas herramientas.

CONCLUSIONES

El andlisis de la microbiota intestinal, esencial en la medicina
personalizada, contindia desvelando su potencial como biomarcador
y herramienta terapéutica. Este campo, apoyado por avances en
metataxonomia, metagendmica, metaboldémica y metaprotedmica,
permite una comprension integral de la diversidad, funcionalidad y
dindmica del microbioma. Al combinar estas tecnologias se superan
las limitaciones de métodos aislados y se mejoran las intervenciones
personalizadas mediante probiéticos y prebidticos especificos. Sin
embargo, la variabilidad entre individuos y |a falta de estandarizacion
enlosandlisis representan retos significativos para su aplicacion clinica.
La dieta tiene un rol crucial desde el nacimiento en la colonizacién y el
mantenimiento del microbioma intestinal, influenciando directamente
nuestra salud intestinal y general. La adaptacion de enfoques
nutricionales personalizados, junto con avances tecnolégicos y analisis
computacionales, promete mejorar la gestién del microbioma. Este
enfoque personalizado es vital para aprovechar plenamente los
beneficios de la nutricién humana y optimizar la salud, subrayando
la importancia de un manejo cuidadoso y basado en la evidencia del
microbioma en la biomedicina moderna.
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i Introduction: Triathlon combines swimming, cycling, and running. Performance is influenced by body
Triathlen composition, nutrition, physical activity, and biological maturation. Excess body fat has been linked to
Biological maturation reduced performance, but due to the novelty of triathlon in youth, data on body composition are limited.
During maturation, increased metabolic demands highlight the need for proper nutrition to support growth
and recovery. In children and adolescents, adherence to the Mediterranean diet is associated with healthier
Body composition habits a_nd better qu_alit_y of life. This study aim_s_ to determine whether physi_cal activity_and adherence to

the Mediterranean diet influence body composition, growth, and maturation in young triathletes.

Methodology: A six-year prospective analytical observational dynamic cohort study will be conducted with
Physical activity triathletes aged 5-17 from the ADESAVI school (San Vicente del Raspeig, Spain). Body composition and
biological maturation will be assessed using anthropometric measures. Dietary habits will be evaluated
with the KIDMED test, and physical activity level with the APALQ test. Assessments will occur twice a year:
pre-season and post-season.

Expected Results: We expect to identify associations between adherence to the Mediterranean diet,
physical activity, and outcomes like body composition, growth, and somatic maturation. Specifically, higher
adherence to the Mediterranean diet and higher physical activity levels are expected to relate to lower
fat mass, greater muscle mass, and more favorable maturation patterns. The findings may help tailor
nutritional and training strategies for young athletes and provide valuable longitudinal data to support
future interventions in youth endurance sports.

Funding: This project has no funding but falls within the research activity contract between the University
of Alicante and ADESAVI (REF: ADESAVI1-22X).

Protocol registration/publishing: ClinicalTrials.gov: NCT06534567 (August 2024).
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Introduccion: El triatléon combina natacién, ciclismo y carrera a pie. El rendimiento en este deporte estd
influido por la composicién corporal, la nutricién, la actividad fisica y la maduracién biolégica. Se ha
relacionado un exceso de grasa corporal con un menor rendimiento; sin embargo, debido a la reciente
incorporacién del triatlén en edades tempranas, existen pocos datos sobre la composicién corporal en
triatletas jovenes. Durante la maduracién, el aumento de las demandas metabdlicas resalta la necesidad de
una nutricién adecuada que apoye el crecimiento y la recuperacion. En nifios y adolescentes, la adherencia
a la dieta mediterrdnea se asocia con habitos de vida mds saludables y una mejor calidad de vida. Este
estudio tiene como objetivo determinar si la actividad fisica y la adherencia a la dieta mediterrdnea influyen
en la composicién corporal, el crecimiento y la maduracion de triatletas jévenes.

Metodologia: Se llevard a cabo un estudio de cohorte dindmico, analitico, observacional y prospectivo
con una duracién de seis afios, con triatletas de entre 5y 17 afios de la escuela ADESAVI (San Vicente
del Raspeig, Espafia). La composicién corporal y la maduracién biolégica se evaluardn mediante medidas
antropométricas. Los habitos alimentarios se valorardn con el test KIDMED y el nivel de actividad fisica con
el test APALQ. Las evaluaciones se realizardn dos veces al afio: en pretemporada y en postemporada.

Resultados esperados: Se espera identificar asociaciones entre la adherencia a la dieta mediterrdnea, el
nivel de actividad fisica y variables como la composicién corporal, el crecimiento y la maduracién somatica.
En concreto, se prevé que una mayor adherencia a la dieta mediterranea y un mayor nivel de actividad
fisica se relacionen con una menor masa grasa, una mayor masa musculary patrones de maduracién mas
favorables. Los resultados podrian contribuir a personalizar estrategias nutricionales y de entrenamiento
para jovenes deportistas, ademds de aportar datos longitudinales valiosos para futuras intervenciones en
deportes de resistencia en poblacién infantil y adolescente.

Financiacion: Este proyecto no cuenta con financiacién, pero se enmarca en el contrato de actividad
investigadora entre la Universidad de Alicante y ADESAVI (REF: ADESAVI1-22X).

Registro/publicacién del protocolo: ClinicalTrials.gov: NCTO6534567 (agosto de 2024)

1. Body composition, physical activity, and the Mediterranean diet influence the performance
of young triathletes. Understanding and addressing these variables can help prevent fatigue
and injuries, improving overall performance.

2. Understanding the maturational status of triathletes aged 5 to 17 will allow for training
adaptations to develop specific skills appropriate to their stage of maturity, optimizing their
performance.

3. Assessing and working on the nutritional habits of young triathletes enables training
adjustments to optimize sports performance while reducing the risk of injuries.

ll-. The data obtained will provide scientific evidence on the interaction between nutrition,
exercise, and growth in the context of youth triathlon.

Meléndez-Oliva E, Romero-Garcia D, Martinez-Sanz JM, Cifuentes A, Hernandez-Lepe MA, Ausé E. Association of body
composition, growth, and maturation status with physical activity and adherence with mediterranean diet in youth
triathletes: research protocol Rev Esp Nutr Hum Diet. 2025; 29(4): e2456.

doi: https://doi.org/10.14306/renhyd.29.4.2456
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INTRODUCTION
Background

Triathlon is an individual, multidisciplinary endurance sport that
combines swimming, cycling, and running. Since its Olympic debut
in Sydney 2000, various race distances have emerged, such as the
Sprint (750 m swim, 7 km cycle, 2 km run), Half (1.9 km swim, 90
km cycle, 21 km run), and Full (3.8 km swim, 180 km cycle, 42 km
run), all of which impose high physiological demands on athletes®=.
In this context, achieving optimal performance in triathlon depends
on multiple interrelated factors, including body composition,
biological maturation, physical activity level, and nutritional status®.
These determinants must be assessed together, as they play a
critical role in performance and long-term athlete development.
Among these, body composition is particularly relevant. A higher
percentage of body fat is associated with poorer performance in
weight-bearing sports like triathlon, where success is often linked to
low fat mass and greater relative muscle mass’2 The ideal triathlete
typically presents with low fat levels, moderate body weight, and
a mesomorphic somatotype’®, In young populations, BMI z-scores
are often used to assess nutritional status, though they must be
interpreted cautiously given interindividual variability in growth?®.
Biological maturation, which encompasses hormonal and anatomical
changes over time, also affects athletic performance!®*2 Classifying
athletes by maturation stage (early, on-time, or late) provides valuable
insight for tailoring training and nutritional strategies>2.

Nutrition is a key component of athletic development, particularly
during childhood and adolescence®>*, The Mediterranean diet, rich
in plant-based, minimally processed foods, has been associated
with improved cardiovascular function, endurance, and recovery,
making it an appropriate model for young athletes'>8 However,
recent shifts in dietary patterns among youth raise concerns about
nutritional adequacy and long-term health risks?®.

Physical activity level is another well-established determinant of
both health and performance in young populations®. Validated
tools like the Spanish version of the Assessment of Physical Activity
Levels Questionnaire (APALQ) enable its accurate monitoring in
children and adolescents-.

Rationale

Despite the growing interest in youth triathlons, longitudinal
data are lacking on how diet and physical activity interact with
biological maturation and body composition across development.
Integrating these variables is essential to support evidence-based
strategies that promote healthy growth and optimal performance
in young athletes.

Objective

This observational study aims to examine whether adherence to
the Mediterranean diet and physical activity level influence body
composition, growth, and maturation in young triathletes. Participants
will be assessed longitudinally over 6 years, using validated measures
of diet, physical activity, and anthropometric outcomes.

METHODOLOGY
Study Design

This study follows a six-year prospective analytical observational
dynamic cohort design and adheres to the STROBE-nut guidelines
for nutritional epidemiology??, an extension of the general STROBE
recommendations for observational research. The protocol was
registered on ClinicalTrials.gov (NCT06534567) and is being
conducted under a collaboration agreement between the University
of Alicante and the ADESAVI Triathlon School (REF: ADESAVI1-22X),
with the objective of monitoring the anthropometric evolution,
body composition, and biological development of young triathletes
aged 5to 17.

Figure 1 presents the overall study design.

Settings

The study is being conducted at the ADESAVI Triathlon School,
located in San Vicente del Raspeig (Alicante, Spain), which offers
structured training programs in swimming, cycling, and running
for children and adolescents aged 5 to 17.

Data collection started in September 2022 and is expected to
conclude in June 2028, resulting in a six-year follow-up period.
Participants are being assessed twice a year—pre-season and post-
season—through standardized anthropometric measurements,
the KIDMED questionnaire to assess dietary habits®, the
APALQ questionnaire to estimate physical activity level?, and
the calculation of peak height velocity to determine somatic
maturation! (Figures 1 and 2).

To analyze the evolution of these variables and their influence on
growth and body composition, participants will be classified into
three groups according to the specific objective of each analysis:
Mediterranean diet adherence, physical activity level, or biological
maturation status. Diet adherence will be categorized as low (03
points), intermediate (4—7), or high (8-12) based on the KIDMED score;,
physical activity level as sedentary (5-10 points), moderately active
(11-16), or highly active (>17) based on the APALQ; and maturation as
early, on-time, or late based on the timing of peak height velocity. This
classification will allow the examination of longitudinal changes and
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Figure 1. Study design
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group-by-time interactions in the variables of interest once follow-up
is completed.

All assessments are conducted on-site at the school’s facilities, in a
familiar and controlled environment. To ensure participant comfort
and data standardization, anthropometric measurements are taken
in a dedicated room with stable conditions of temperature, lighting,
and privacy. Data collection is integrated into the athletes’ reqular
training schedule to minimize disruption and encourage participation.
Dietary and physical activity questionnaires are completed by legal
guardians via an online form (Google Forms) sent in advance of
each assessment round. Clear written instructions are provided
to ensure proper understanding of the questions and to reduce
potential reporting errors or bias.

This setting allows for consistent and high-quality data collection
and supports participant retention throughout the follow-up period.

Study Population

Population Sample
The study sample will be selected through non-probabilistic
convenience sampling at the ADESAVI Triathlon School, located in
San Vicente del Raspeig (Alicante), where athletes aged 5 to 17
train in triathlon. The following inclusion and exclusion criteria will
be applied for athlete eligibility:
Inclusion criteria:

« Enroliment in the ADESAVI Triathlon School.

» Age between 5 and 17 years.

« Parental acceptance of the informed consent form.

Send report to
sport club

2nd measurements
April - May

Exclusion criteria:
» Absence on the scheduled day(s) for anthropometric
measurements.
« Reporting less than 80% attendance at physical activity
sessions as recorded by the coach.
New participants who meet the eligibility criteria will be included
each year, ensuring a dynamic sample throughout the study.

Procedure

Two annual assessments will be conducted for the triathletes
participating in the study. These assessments will include
anthropometric measurements for body composition analysis,
dietary habit evaluation, physical activity level assessment, and
somatic maturation analysis. These evaluations will take place
consecutively over six years.

Before the study begins, ADESAVI triathlon club officials will be
informed about the objectives, protocol, and procedures of the project.
Parents and/or legal guardians of the triathletes must sign the
informed consent form and the patient information sheet before
data collection. Additionally, the anthropometrist will inform
each participant about the techniques to be performed and the
steps to follow, ensuring that the information is clear and fully
understood.

A few days before the anthropometric measurements, to assess
adherence to the Mediterranean diet (KIDMED test) and physical
activity level (questionnaire), participants and/or their parents or
legal guardians will receive a Google Forms link for access and
completion. Subsequently, anthropometric measurements will
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Figure 2. Participant flowchart. Dynamic cohort study
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be taken during the pre-season (October/November) and post-
season (April/May).

Once the measurements are completed, all data will be analyzed,
and a report on anthropometric, nutritional, and somatic
maturation assessments will be provided to the athletes and/
or their legal guardians. This will help optimize the sports
performance of the participants.

Several strategies will be implemented to minimize losses during
follow-up. Evaluations will be scheduled at convenient times
within the athletes’ usual training environment to encourage
participation, and flexible rescheduling will be offered in case of
absence. Regular communication with families will be maintained
throughout the study to strengthen engagement and address
any concerns. Additionally, the estimated sample size has been
increased by 10% to compensate for potential dropouts over time.

Study Variables

All information related to the study variables is available on the
data collection sheet (Supplementary Material).

Assessment of Dietary Patterns

Adherence to the Mediterranean diet among triathletes will be
assessed using the Mediterranean Diet Adherence Questionnaire for
children and adolescents (KIDMED), a widely validated instrument
commonly used in children and adolescents®. The questionnaire
consists of 16 questions with qualitative variables, with a final
score ranging from O to 12 points. Among these questions, 12
have a positive nature, adding +1 point for each affirmative
answer, while the remaining 4 have a negative nature, where an
affirmative response deducts -1 point. Negative responses do not
modify the score, regardless of whether the question is positive
or negative?. Before completing the questionnaire, specialized
professionals explained its content to family members to ensure
proper understanding of the questions.

The KIDMED index classifies adherence to the Mediterranean Diet
into three categories based on the obtained score: high (optimal)
adherence is considered with a score between 8 and 12 points;
intermediate adherence, which requires improvement in dietary
habits, ranges between 4 and 7 points; and low adherence, reflecting
a low-quality diet, corresponds to a score of O to 3 points??°.

To evaluate the internal consistency of the KIDMED questionnaire
within this study population, Cronbach’s alpha will be calculated
using baseline responses. A value of o > 0.70 will be considered
indicative of acceptable internal reliability.

Assessment of Physical Activity Level

The physical activity level was assessed using the Assessment
Physical Activity Levels Questionnaire (APALQ), validated for the
Spanish population?. This questionnaire consists of five items
with four or five response categories evaluating various aspects of
physical activity: 1) Participation in extracurricular organized sports;

2) Unstructured physical activity; 3) Weekly frequency of intense
physical activity (20 minutes); 4) Intensity of physical activity;
and 5) Competitive participation. Each item is scored on a scale
of 1 to 4 or 5 points, depending on the question. The total score
classifies participants into three categories: sedentary (5-10 points),
moderately active (11-16 points), and highly active (>17 points).

Assessment of Body Composition

Anthropometric measurements will be carried out by certified
anthropometrists accredited by the International Society for the
Advancement of Kinanthropometry (ISAK) following standardized
guidelines (ISO 7250-1:2017 and ISAK)¥. The measurements taken
will include body mass (kg), stretch stature (cm), sitting height
(cm), arm span (cm), skinfold of the triceps, thigh, and calf (cm),
girths of the arm relaxed, arm flexed and tensed, thigh middle,
calf, and waist (cm), and breadth of femur, bi-styloid, and antero-
posterior abdominal depth (cm). Using regression formulas, the
four body components (muscle mass, fat mass, bone mass, and
residual mass) will be calculated.

According to standard procedures, a mean technical error
measurement (TEM) of less than 1% will be assumed for perimeters
and diameters and 5% for skinfold?. All measurements will be
conducted under standardized conditions, in the same location, and
at room temperature, following the ISAK protocol.

The anthropometric measurement equipment will be tested and
calibrated before taking measurements. This equipment includes
a scale (accuracy: 100 g), a wall stadiometer (accuracy: 1 mm), an
AVANUTRI segmometer (accuracy: 1 mm), a CESCORF small-branch
caliper (accuracy: 1 mm), a RealmetBCN large-branch caliper
(accuracy: 1 mm), a HOLTAIN skinfold caliper (accuracy: 0.2 mm),
and a CESCORF measuring tape (accuracy: 1 mm).

The following anthropometric indices will be calculated: BMI,
fat mass index, waist-to-height ratio, cormic index (relative
sitting height), skeletal index, relative lower limb length, and
relative arm span. The BMI Z-score will also be calculated
using the WHO AnthroPlus software from the World Health
Organization (WHO, 2007). Based on the obtained values and
WHO criteria, athletes will be classified into: undernutrition
(ZS < -2), underweight (ZS < -1), normal weight (ZS = -1 to
1), overweight (ZS > 1), and obesity (ZS > 2)°.

For body composition analysis, the kilograms and percentages of
fat mass, muscle mass, and bone mass will be estimated using the
equations of Slaughter?, Poortmans?, and Von Dobelng, respectively.

Assessment of Somatic Maturation

To determine the subjects’ somatic maturation, a calculation
based on various variables such as sex, age (date of birth),
measurement date, height (cm), sitting height (cm), subischial leg
length (cm), and body mass (kg) will be used®. These variables
will estimate the age at which the peak height velocity (PHV) will
occur, the chronological moment when an individual reaches their
maximum growth velocity in height and body mass. To estimate


https://www.renhyd.org/renhyd/article/view/2456/1420

Rev Esp Nutr Hum Diet. 2025; 29(4): e2456

Assaociation of body composition, growth, and maturation status with physical activity and adherence with mediterranean diet in youth triathletes:

research protocol

this, the formula proposed by Mirwald et al. will be applied, as they
demonstrated that PHV can be accurately predicted by considering
height, sitting height, body mass, and age®. This non-invasive
technique classifies athletes into eight levels, ranging from -4 to
3, where zero corresponds to the exact moment of reaching PHV3.
The PHV calculation will allow athletes to be classified as early,
normal, or late maturers based on their sex. Additionally, proximity
to PHV will be predicted using a scale ranging from -4 to 4. On
this scale, negative values indicate the years remaining until PHV
is reached, zero represents the exact moment of PHV, and positive
values reflect the years elapsed since PHV was surpassed2.
Calculating these variables will also help estimate adult height and the
approximate age at which it will be reached using mathematical formulas.
In the sports field, this information is highly valuable for designing optimal
training programs and enhancing athletes’ performance.

Bias

To minimize potential sources of bias, several methodological
safeguards will be implemented. Selection bias will be addressed
by including all athletes from the ADESAVI School who meet
the inclusion criteria, with rolling enrolment of newly eligible
participants each year. Measurement bias will be reduced through
the application of standardized anthropometric protocols,
calibrated equipment, and assessments conducted by [ISAK-
certified anthropometrists. Evaluations will consistently occur
during the same seasonal periods to reduce temporal variability
and participant reactivity.

Dietary and physical activity data will be collected using the KIDMED
and APALQ questionnaires, completed by legal guardians via an
online platform in a familiar, low-pressure setting. Detailed written
instructions will be provided to minimize comprehension errors
and social desirability bias. Given the self-reported nature of these
instruments, potential recall bias will be mitigated by using concise
and clearly worded items and encouraging accurate responses. No
data imputation will be performed; only complete and internally
consistent questionnaires will be included in the analysis.
Participant flow will be documented throughout the study, including
numbers assessed for eligibility, enrolled, retained at follow-up,
and included in final analyses. Reasons for non-participation (e.g.,
absence or withdrawal of consent) will be recorded when available.
A flow diagram, following STROBE-nut guidelines, will illustrate
recruitment, retention, and exclusion. The number of participants
excluded due to missing or implausible questionnaire data will be
explicitly reported to ensure transparency in data handling.

Sample Size

The sample size was calculated using G*Power software, based on a
two-way mixed ANOVA design with three groups and twelve repeated

measurements, corresponding to two evaluations per year over six
years. The main interaction of interest is group x time. Assuming a
medium effect size (f = 0.25), a significance level of o« = 0.05, and a
statistical power of 80% (1 - g = 0.80), the required sample size is
approximately 54 participants (18 per group).

This calculation corresponds to the “Repeated measures, between—
within interaction” model in G*Power. To compensate for potential
dropouts during follow-up, the sample size will be increased by
10%, yielding a final estimated sample of 60 participants (20 per
group), with efforts to maintain gender balance across groups.
Participant classification into three groups will be based on
predefined categories of Mediterranean diet adherence, physical
activity level, or somatic maturation status, depending on the
specific analytical focus. This stratification will be applied in the
mixed ANOVA group X time model to examine longitudinal effects.

Statistical Analysis

Statistical analyses will be performed using SPSS v23.0 for
Windows (SPSS Inc., Chicago, IL, USA). The number of participants
with missing data for each variable will be reported transparently,
and no data imputation will be performed. Follow-up time will be
summarized as both the average and total duration per participant,
consistent with STROBE recommendations for cohort studies.
Quantitative variables will be presented as mean and standard
deviation or as median and interquartile range (P25-P75),
depending on the distribution of the data, which will be assessed
using the Shapiro-Wilk test. Categorical variables will be expressed
as absolute and relative frequencies. Statistical significance will be
set at p < 0.05 (two-tailed).

The primary analysis will involve a two-way mixed ANOVA (group
X time) to assess the effects of Mediterranean diet adherence and
physical activity level on body composition and somatic maturation
over six years. When the sphericity assumption is violated, robust
corrections such as Greenhouse—Geisser or Huynh—Feldt will be
applied. If normality assumptions are not met, non-parametric
alternatives such as the Mann-Whitney U test or the Friedman test
(for repeated measures) will be used. Bonferroni correction will be
applied for multiple comparisons.

To complement null hypothesis significance testing and enhance
robustness, effect sizes will be calculated using Cohen’s d or partial
eta squared, depending on the statistical test applied. Correlations
will be examined using Pearson’s or Spearman’s coefficients
according to data distribution. For categorical variables, the Chi-
square test will be used, along with post hoc residual analysis and
Cramér’'s V to assess effect strength.

Subgroup and interaction analyses will be conducted to explore
differential effects based on sex, biological maturation, or other
relevant factors. Additionally, sensitivity analyses will be performed
by excluding statistical outliers to verify the stability of the findings.
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Ethical Considerations

The project has been approved by the Ethics Committee of the
University of Alicante (File UA-2021-11-17; verification code:
XJ+CQBRTRPVUA4LCE6ZWDR) and complies with the ethical
standards outlined in the World Medical Association codes and the
Declaration of Helsinki.

Informed consent will be obtained from all participants after
providing them with a detailed explanation of the study objectives,
procedures, potential benefits, and risks. Additionally, participants
will be informed about their right to withdraw at any time without
suffering negative consequences.

Confidentiality and privacy of participants will be ensured through
strict data protection measures, in compliance with the General
Data Protection Regulation (GDPR) and applicable national
legislation. To protect participant identity, all personal information
and collected data will be anonymized before analysis. This data will
be securely stored, with restricted access exclusively for authorized
research personnel, and will be retained only for the duration
necessary for study purposes. After this period, any identifiable
data will be deleted following the data protection policies of the
University of Alicante and applicable regulations.

Expected Results

Based on literature and study design, we expect to observe
significant associations between adherence to the Mediterranean
diet, physical activity levels, and the body composition, growth,
and somatic maturation of youth triathletes. Specifically, higher
adherence to the Mediterranean diet and greater physical activity
levels are anticipated to correlate with more favorable body
composition parameters (lower fat mass and higher muscle
mass) and with patterns of growth and maturation consistent
with optimal athletic development. These findings are expected to
differ by sex and age group and may vary across different stages of
biological maturation.

The longitudinal design will allow us to analyze trends over time
and better understand how nutritional and physical activity habits
influence athletic development during critical stages of growth.
The results may contribute to improved training and nutritional
strategies for youth athletes, supporting their health, performance,
and long-term development.

DISCUSSION
Key Results

This study addresses a gap in longitudinal evidence regarding
how body composition, physical activity, and adherence to the
Mediterranean diet interact in youth triathletes. Beyond identifying
cross-sectional associations, the cohort design will allow us to explore
change trajectories across different stages of growth and biological

maturation. The added value of this research lies in its capacity
to integrate multiple dimensions of child and adolescent athletic
development, providing information that can inform decision-
making in training, prevention, and health promotion contexts.

Limitations

Although the study began in 2022, this protocol is published after
the completion of the initial recruitment and methodological
consolidation phase. We consider its dissemination at this stage to
be timely and valuable, as follow-up will continue until 2028. This
publication strengthens methodological transparency, enables
the sharing of instruments and procedures used, and aligns with
international recommendations for best practices in observational
studies, such as those outlined in the STROBE-nut extension.
Furthermore, it will support the replicability of the study design and
facilitate future comparisons with other youth athletic populations.
Among the inherent limitations of study design is the risk
of participant dropout over time, particularly in a child and
adolescent cohort exposed to multiple personal, academic, and
athletic transitions. To mitigate this, retention strategies and
ongoing contact with families have been planned. Additionally, the
use of self-administered questionnaires—although validated and
adapted to the target population—may introduce recall or social
desirability bias. These potential sources of bias will be addressed
through standardized instructions, supervised completion, and
appropriate statistical analyses.

Interpretation

The results should be interpreted within the broader context of
holistic development in young athletes, taking into account the
complexity of growth and maturation processes. Adherence to
the Mediterranean diet, in combination with adequate levels of
physical activity, may have synergistic effects on body composition,
athletic performance, and overall well-being. These interactions—
modulated by factors such as sex, chronological age, and biological
maturation stage—highlight the relevance of the longitudinal
approach adopted. Moreover, the study is expected to provide
applicable evidence to guide the design of integrated training and
nutritional education strategies tailored to the developmental
needs of youth triathletes.

Generalizability

Although the study is conducted among triathletes from a
single sports school in southeastern Spain, its findings may
be extrapolated to other youth sports settings with similar
characteristics, particularly those focused on endurance disciplines.
The use of validated instruments, the structured follow-up, and
stratified analyses by age and maturation stage enhance its
applicability to comparable contexts. However, caution should be
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exercised when generalizing the results to non-athletic populations
or to settings with different sociocultural profiles, as factors such
as family environment, socioeconomic status, access to healthy
food, and training structure may influence the observed outcomes.
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Introduction: Type 2 diabetes (T2DM) is a chronic disease associated with alterations in muscle quantity

Type 2 diabetes and quality. The aim of this study was to evaluate metabolic and muscular health indicators in adults with
Muscl T2DM.

uscie mass Methods: Cross-sectional study conducted in outpatients of a primary care health center diagnosed with
Handgrip strength T2DM. The muscle health indicators were muscle mass (MM) and handgrip strength (HGS). MM was assessed

through calf circumference (CC) corrected by body mass index (BMI); low muscle MM was determined
with values <34 cm for men and <33 cm for women. HGS was assessed with a digital dynamometer and
Cardiometabolic risk dynapenia was identified with values below the 10th percentile of HGS for age and sex. The cardiometabolic
health indicators were waist-to-height ratio (WHtR) and neck circumference (NC). Cardiometabolic risk was
identified as an WHtR > 0.5 and/or a NC of 39.0 and 32.9 cm for men and women, respectively.

Results: A total of 60 participants with a mean age of 50.98 + 11.86 years were evaluated. 67% (n=40) were
female. 98.33% (n=59) and 65% (n=39) presented high cardiometabolic risk according to WHtR and NC,
respectively. 73.33% (n=44) presented low MM and 28.33% (n=17) had dynapenia. A positive and significant
correlation was found between NC and BMI (r=0.342; p < 0.001) and between NC and waist circumference
(r=0.486; p<0.001).

Conclusion: A high cardiometabolic risk profile according to the NC and the WHtR, as well as a high
prevalence of low MM and dynapenia was found in this studied population.

Dynapenia
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) RESUMEN

Introduccién: La diabetes tipo 2 (DM2) es una enfermedad crénica asociada a alteraciones en la cantidad
y calidad muscular. El objetivo de este estudio fue evaluar indicadores de salud metabdlica y muscular en
adultos con DM2.

Metodologia: Estudio transversal realizado en pacientes ambulatorios de un centro de salud de primer
nivel de atencién en salud con diagndstico de DM2. Los indicadores de salud muscular fueron la masa
muscular (MM) y la fuerza de prensién manual (FPM). La MM se valord a través de la circunferencia de
pantorrilla (CP) corregida por indice de masa corporal (IMC); la baja MM muscular se determiné con valores
<34 ¢cm para hombres y £33 cm para mujeres. La FPM se valoré con un dinamémetro digital y se identifico
dinapenia con valores menores al percentil 10 de la FPM para la edad y el sexo. Los indicadores de salud
cardiometabélica fueron el indice cintura-altura (ICA) y la circunferencia de cuello (CCu). Se identific6 como
riesgo cardiometabodlico un ICA> 0,5y/o una CCu 39,0y 32,9 cm para hombres y mujeres, respectivamente.

Resultados: Se evalud a un total de 60 participantes con edad media de 50,98 + 11,86 aiios. El 67% (n=40)
fueron de sexo femenino. El 98,33% (n=59) y el 65% (n=39) presentd alto riesgo cardiometabdlico segln
el ICAy la CCu, respectivamente. El 73,33% (n=44) presentd baja MMy el 28,33% (n=17) tuvo dinapenia. Se
encontré una correlacién positiva y significativa entre la CCu y el IMC (r=0,342; p = < 0,001) y entre la CCu
y la circunferencia de cintura (r = 0,486; p = < 0,001).

Conclusiones: La poblacién estudiada presenta un perfil de riesgo cardiometabdlico elevado segun la CCu
y el ICA, asi como una alta prevalencia de baja MMy dinapenia.

Financiacion: Este proyecto fue autofinanciado por los autores.

1. Subjects with type 2 diabetes mellitus (T2DM) present metabolic alterations that may affect
cardiometabolic health and muscular.

2. More than half of the subjects were living with obesity according to the body mass index
(BMI) and 98.33% showed cardiometabolic risk according to the waist-to-height ratio (WHtR).

3. 73.33% of participants had low muscle mass and 28.33% showed dynapenia.

ll-. Neck circumference was positively correlated with BMI and waist circumference.

Espinoza Ribadenera A, Galvez-Celi J, Arteaga-Pazmino C, Frias-Toral E. Muscle and cardiometabolic health in community-
living adults with type 2 diabetes. Rev Esp Nutr Hum Diet. 2025; 29(4): e2457.
doi: https://doi.org/10.14306/renhyd.29.4.2457
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INTRODUCTION

Type 2 dibetes mellitus (T2DM) is a chronic disease that accounts
for 90% of all diabetes cases worldwide®. The World Health
Organization (WHO) estimates that currently 422 million people
are diagnosed with T2DM in worldwide, and projections indicate
that by 2040, this number is expected to rise to 109 million cases?
T2DM is distinguished by a series of metabolic alterations that
include insulin resistance, inflammation, advanced accumulation
of insulin end products advanced glycation, unbalanced protein
turnover and increased oxidative stress®. These abnormalities
adversely affect musculoskeletal health, reducing muscle mass
and function®. Additionally, poorer glycemic control, as well as
inadequate diet, aging, and excess ectopic fat could promote
the deterioration of muscle health, which may contribute to the
development and progression of T2DM>.

Thus, the coexistence of T2DM and the loss of muscle tissue and
weakness have become increasingly frequent phenomena®. The
progressive and generalized loss of muscle mass is known as
presarcopenia, while low muscle strength is called dynapenia’. The
coexistence of both conditions, low muscle mass and low muscle
strength is defined as sarcopenia, and have been associated with
increased hospitalization, cardiovascular events, and mortality in
subjects with T2DMg,

On the other hand, excessive accumulation of fat in the body is a
risk factor for the development of cardiometabolic diseases such
as T2DM. In this sense, anthropometric indicators such as waist
circumference (WC) and body mass index (BMI) have generally been
used to assess cardiometabolic risk. However, the waist-to-height
ratio (WHtR) and neck circumference (NC) have been proposed as
simple and useful indicators for assessing cardiometabolic risk in
individuals with non-communicable chronic diseases®.

Despite the impact of T2DM on muscle mass and cardiometabolic
risk, its assessment and management are still scarce at the
primary level of healthcare. This gap in care may hinder the
effective prevention and management of this condition in adults,
highlighting a clear need for addressing this issue in medical care.
The aim of this study was to assess muscle and cardiometabolic
health indicators in community-dwelling adults with T2DM.

METHODOLOGY

Study design

A cross-sectional observational study was conducted.

Context

Data collection was carried out at the Centro de Salud 29 de

Noviembre, located in the province of El Oro, Ecuador, between the
months of April and June 2024.

Population and sample

The population consisted of subjects diagnosed with T2DM who
regularly attended outpatient consultations for the control of their
underlying pathology. Individuals between the ages of 18 and 64
who agreed to participate in the study were included. Subjects
undergoing cancer treatment, with degenerative disorders related
to cognitive or motor function that could affect the outcome of the
study, such as Alzheimer’s disease, multiple sclerosis, advanced
dementia, pregnant or breastfeeding women, cardiac, respiratory,
or renal failure, or those who could not undergo anthropometric
evaluations or could not perform the muscle strength test were
excluded. The subjects who took part in the study signed an
informed consent form prior to the assessment of their variables.

Study variables

Sociodemographic variables

The sociodemographic variables included age (years), marital
status (married, in a free union, separated, divorced, widowed,
single), educational level (none, basic education, middle or high
school, higher education), residential area (urban, rural), and
ethnicity (indigenous, Afro-Ecuadorian, Montubia, other).

Anthropometric variables

Weight (kg), height (cm), WC (cm), and CC (cm) were assessed.
The WC was obtained by measuring from the midpoint between
the lower costal margin and the iliac crest. From the weight and
height, the BMI was calculated and classified according to the cut-
off points of the WHO: <18.5 kg/m? = underweight, between 18.5
and 24.9 kg/m? = normal range, 25.0 — 29.9 kg/m? = overweight,
30.00 - 349 kg/m? class | obesity, 35.0 — 39.9 kg/m? = class |l
obesity, and 240 kg/m?class Il obesity.

Cardiometabolic health indicators

Waist-to-Height Ratio (WHtR): The WHtR was obtained by
dividing the waist circumference in centimeters by the height in
centimeters, and classified as no cardiometabolic risk < 0.50 and
cardiometabolic risk with a value > 0.50%,

Neck circumference (NC): The NC was measured with the individual
seated, using a metal tape measure immediately above the cricoid
cartilage and perpendicular to the long axis of the neck. A value of
39.0 and 32.9 cm was considered an indicator of cardiometabolic
risk for men and women, respectively.

Muscle health indicators

Muscle mass: Muscle mass was assessed through CC adjusted
for BMI, for which 3, 7, or 12 cm (BMI 25-29, 30-39, and 240,
respectively) were subtracted from the initial calf circumference
measurement. In subjects with a BMI <18.5 kg/m?, this adjustment
was not made because it is not applicable in cases of underweight
or suspected weight loss or muscle atrophy. Based on the corrected
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CC, low muscle mass was determined with values <34 cm for men
and <33 c¢m for women?2,

Muscle function: Muscle function was assessed using the HGS with
a Camry® digital dynamometer model EH101 with a grip capacity
of up to 90 kg®. Each participant was asked to sit with their
arm extended and their elbow close to the trunk at a 902 angle,
with their forearm, wrist, and shoulders in a neutral position.
Subsequently, they were asked to hold the dynamometer in their
dominant hand, exerting maximum effort against the device
to accurately determine muscle strength with a minimum grip
duration of 3 seconds. Three measurements were taken for each
participant, and the average of the measurements was obtained.
Dynapenia was determined when the HGS value was below the
10th percentile of the sex- and age-specific mean according to the
cohort points of the Colombian population®.

Sarcopenia was diagnosis with low muscle mass (CC <34 cm
for men and <33 c¢cm for women) and low HGS (below the 10th
percentile of the sex- and age-specific mean).

Sarcopenic obesity was identified with the coexistence of sarcopenia
and obesity according of BMI.

Data sources/measurements

The data were obtained through the assessment of
sociodemographic, anthropometric, and muscle function variables
in the participants.

Biases

The possible biases of this study include sample selection and the use
of international cut-off points to identify low muscle mass and function.

Sample size
The sample was selected through non-probabilistic sampling and
consisted of a total of 60 participants. Figure 1 shows the flowchart

of the sample selection.

Figure 1. Sample selection flowchart

69 subjects
diagnosed with
T2DM

Population

Subjects

Eligible (n=64)

Statistical analysis

The statistical package SPSS version 25 was used for data analysis.
Numerical variables are represented as mean * standard deviation
(SD). Numerical variables are presented as mean and standard
deviation if their distribution was normal and as median and
interquartile range if the distribution was skewed. Categorical
variables are presented as absolute frequencies and percentages.
The relationship between categorical variables was analyzed using
Pearson’s Chi-square test, while the correlation between numerical
variables was tested through Pearson’s correlation coefficient. A
p-value < 0.05 was considered statistically significant.

Ethical aspects

The research topic was approved by the Research Council,
Management of the Knowledge and Postgraduate Studies of the
Faculty of Medical Sciences of the Universidad de Guayaquil (No
UG-CIGCP-02-08-2024-R). For this research, the ethical principles
of the 1964 Declaration of Helsinki were followed.

RESULTS

Sociodemographic variables

A total of 60 subjects were evaluated, of which 66.7% (n=40) were
female and 333% (n=20) were male. The average age of the
population was 50.97 + 11.84 years. 88.3% (n=53) resided in the urban
area, 75% (n=45) were mestizo, 23.3% (n=14) were single and 43.3%
(n=26) had middle-high school education level. Table 1 summarizes
the sociodemographic characteristics of the study population.

Anthropometric indicators

The average body weight of the participants was 50.97 + 11.84 kg,
and the height was 157.61 + 11.99 cm. The average BMI was 30.26
* 4.64 kg/m?, from which it was identified that 53% (n=32) had
obesity. On the other hand, the WC was 102.40 + 11.01cm.

Excluded:
* Subjects with renal impairment (n=4).
» Subjects with cognitive impairment (n=1)

A 4

Excluded:
» Subjects who were unable to complete
muscle strength assessments (n=4)

Sample Subjects (n=60)
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Cardiometabolic health indicators

The mean of the WHtR was 0.67 + 0.07. Based on the WHItR, it
was identified that 98.33% (n=59) of the participants presented
cardiometabolic risk. On the other hand, the mean NC was 36.51
+ 527 cm, reflecting a prevalence of cardiometabolic risk in 65%
(n=39) of the study subjects.

Indicators of muscle health

Regarding muscle health indicators, the mean CC was 30.46
+ 389 cm, reflecting low muscle mass in 73.33% (n=44) of
the participants. Handgrip strength was 24.50 + 9.45 kg, and
dynapenia was identified in 28.33% (n=17) of the population. The
HGS was significantly higher in men than in women (p = 0.00).
Sarcopenia was identified in 21.66% (n=13) and sarcopenic obesity
in 13.33% (n=8) of the participants.

Table 2 summarizes the anthropometric and functional health
indicators cardiometabolic and muscular according to sex.

A statistically significant moderate positive correlation (r = 0.342;
p < 0.001) was found between NC and BMI (Figure 2), and between
NC and WC (r = 0.486; p < 0.001) (Figure 3).

Table 1. Sociodemographic characteristics of the study population

DISCUSSION

In this study, anthropometric and functional indicators of
cardiometabolic and muscular health were evaluated in
community-dwelling adults with T2DM. WC and BMI reflected
cardiometabolic risk in more than half of the population, while
low muscle mass was a prevalent condition in most participants,
although dynapenia was less frequent.

In the study population, a slight difference in CC was found
between men and women, which could be related to a difference in
the function and distribution of body fat between the sexes, given
that women tend to accumulate more subcutaneous fat in the
lower extremities and hips, while men usually accumulate more
visceral fat at the abdominal level®.

The relationship between WC and height has been proposed as
an alternative measure to BMI because it considers the central
distribution of weight and is strongly associated with a higher
cardiometabolic risk in people with diabetes'®. In this study, 98.33%
of the participants presented cardiometabolic risk according to
the WHtR. Similar results were described in a population study

Variable Total Female Male ol
""""""""""" (n=60) (n=40) (n=20) .

Age (years) 50,97 + 11,84 52,60 +12,38 47,70 +10,29 ~ 0110

Residential area, n (%)

Urban 53 (88,33) 37(92,5) 16 (80) 0155

Rupal 7 (11,66) 3(7,5) 4 (20)

Ethnicity, n (%)

Indigenrouys 1(1,6) 0 (0) 1(5)

Afro-Ecuadorign 9 (15) 6 (15) 3(15) g

Montubig 5(8,33) 3(7,5) 2 (10) '

Mestigg 45 (75) 31 (77,5) 14 (70)

Marital status,n (%)

Married 20 (33,33) 12 (30) 8 (40)

Freeupion 12 (20) 7 (17,5) 5 (25)

Divorced 9 (15) 7 (17,5) 2 (10) 0,541

Widower 5(8,33) 5(12,5) 0 (0)

Singe 14 (23,33) 9 (22,5) 5 (25)

Educational level,n (%)

None 1(1,66) 1(2,5) 0 (0)

Basic 24 (40) 1742,2) 733) 0,751

Middle-High school 26 (43,33) 17 (42,5) 9 (45)

Superior 9 (15) 5(12,5) 4 (20)

Age is presented as mean and * standard deviation.
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Table 2. Anthropometric and functional indicators of cardiometabolic and muscular health

Variable

Weight (kg)

157,61 +11.99

Heigh (cm) 15761+1199 15195932  16895:811  0000*
BMI (kg /) 3026+464  3050:541  2980%252 0586
BMICategOries, N )
Overweight 22(3666)  12(30)  10(50) 0105
Obesity 263 26 d0E0)
WC (em) 10240+1101 101571210 10405:847 0362
WHR 065£007  061:005  084:001 0012
CMR according to WHIR,n (%) 59(9833)  39(975) 20(100) - 0476
NC (em) 3651$527 355431 39555579 0001
CMRaccordingtoNC,n (%) 39(65)  24(40) 155 0390
cC (cm) 3046$389 2997406 3145%342 0147
Low muscle mass, n (%) 440333 29(65)  15(5) 0847
HGS, (ko) 250%945 1977594 3396£799  0000%
Dynapenia, n (%) 17083y  13(25)  4(Q0) 02
Sarcopenia, n (% 13(166) 10Q8) 3@s) 0001
Sarcopenic obesity, n (%) 8 (13.33) 7 (17.50) 1(2.50) 0.000*

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; CMR, cardiometabolic risk; NC, neck circumference, HGS, handgrip

strength. *p < 0,05

Figure 2. Correlation between neck circumference and body

mass index.
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in Mexico, in which more than 90% of the subjects had a WHtR 2
0.50%. However, in a Chinese cohort of 3108 subjects with T2DM,
it was reported that the prevalence of cardiovascular events was
21.3% in the highest quartile of WHtR.

The NC is a simple anthropometric parameter that reflects the
subcutaneous fat content of the human trunk. A recent systematic
review and meta-analysis that included 30,923 subjects reported
that NC is significantly associated with the risk of T2DM™. In Latin
America, it has been reported that NC is associated with various
cardiometabolic risk factors such as insulin resistance, elevated
cholesterol, triglycerides, LDL cholesterol, and obesity®. In our
study, the mean NC was 36.51 + 5.27 cm, and it was identified that
65% of the subjects presented cardiometabolic risk. Similar results
were reported by a study at the Latin American level that included
Ecuador, in which the mean NC was 35.1 + 3.7 cm in our country*™.
The marked difference in the prevalence of cardiometabolic risk
detected according to the WHtR and the NC may be related to the
sensitivity of each of these to specific cardiometabolic risks. Thus,
the WHtR is a more sensitive marker of central adiposity, closely
associated with cardiovascular risk and insulin resistance, while
the NC has been proposed as a more practical and less invasive
measure, with some correlation with subcutaneous and visceral
adipose tissue, but also with cervical muscle mass.

The CC corrected by BMI has been described as one of the indicators
of muscle mass quantity in the diagnosis of diabetic sarcopenia®.
In our sample, the mean CCwas 30.46 +3.89 cm and 73.33% of the
subjects presented low muscle mass according to this indicator.
However, an average of 37.2 + 31 cm has been reported in a
cohort of Spanish adults with T2DM %, while Yoon et al. reported an
average of 34.7 + 2.9 cm in Asian adults with the same pathology?.
The differences between these studies could be explained by the
lack of correction of WC for BMI in previous research.

Patients with T2DM tend to have lower HGS values compared to
those without this condition?. In the present study, the mean HGS
was 24.50 + 9.45 kg, similar to that reported by Hamasaki and
Yanai® an Asian population with T2DM with values of 239 + 9.7
kg. On the other hand, dynapenia was prevalent in 28.33% of our
sample, a value significantly higher than that reported by Suda et
al., who reported a prevalence of 17.9% in a Japanese cohort of 268
subjects with T2DM?>.

On the other hand, HGS exhibited a notable difference between
women and men, with the latter presenting higher values. These
findings could be explained by the physiological differences
between the sexes, as men, on average, have a greater muscle
mass and a higher density of fast-twitch muscle fibers, which
enhances strength?.

The moderate positive correlations found between NC and BMI and
WC in this study suggest that NC could be a useful indicator in the
assessment of cardiometabolic risks in individuals with T2DM at
the community level, as reported by other authors?. In a cohort
of 464 adults aged 18 to 65 with T2DM, it was found that NC

correlated positively with anthropometric indicators such as BMI
and WC?. These results highlight the use of NC as a simple and
useful marker of cardiometabolic risk.

The coexistence of obesity and low muscle mass was identified as
sarcopenia in our population, with a prevalence of 21.66%, and
sarcopenic obesity with 13.33%. Those are common problems in
T2DM patients, with a reported prevalence of sarcopenia of 18%°
and 27% of sarcopenic obesity™.

This study presents strengths such as the evaluation and
interpretation of metabolic and muscular health indicators that
are easy to apply and low-cost at the community level, which
could have practical implications in primary health care services.
Additionally, it provides statistics on the status of metabolic and
muscular health indicators specifically in patients with T2DM at the
local level, which highlights its relevance and contribution in this
field of interest in nutrition.

However, limitations such as the cross-sectional design of the
study, the limited sample size, the convenience sampling method,
which makes it difficult to follow up with patients, as well as the
extrapolation of the results to other population were found in
this study. On the other hand, it is important to highlight that
the participants voluntarily attended outpatient consultations,
which could represent a bias in the selection of individuals more
committed to their health and reflect limited information from
those who do not regularly attend check-ups. Considering these
limitations is essential for accurately interpreting the findings and
designing future research on the topic.

Our findings highlight the need to implement strategies aimed at
improving cardiometabolic and muscular health in patients with
T2DM living in the community. Longitudinal studies are necessary
to analyze the evolution of muscle mass and cardiometabolic risk
in patients with T2DM.

CONCLUSIONS

The studied population with T2DM living in community presented
a high cardiometabolic risk according to WHtR and NC, as well as
a significant prevalence of obesity and low muscle mass, reflecting
both metabolic and muscular health issues. On the other hand,
positive correlations were found between neck circumference
and BMI, as well as with waist circumference, suggesting their
usefulness as risk indicators. According to these findings, and
supported in previous studies, WHtR and NC are effective tools
for assessing cardiometabolic risk. These findings underscore the
need for interventions focused on reducing cardiometabolic risks
and improving muscle health in individuals with T2DM.
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Introduccién: El Servicio de Alimentacién y Nutricién (SAN) tiene como funcién principal la elaboracién y
Servicios de distribucién de alimentos en instituciones hospitalarias, siguiendo lineamientos nutricionales establecidos,
alimentacion influyendo directamente en la cadena de suministro alimentario. En este contexto, organismos
internacionales como ONU y FAO, promueven la adopcién de prdcticas sostenibles orientadas a minimizar
el uso de recursos naturales y la generacién de desperdicios en SAN.

o Objetivo: Describir las prdcticas sustentables, segln tipos de Servicios de Alimentacién y Nutricién en
Nutricionista Hospitales de Chile.

Metodologia: Se desarrollé un estudio analitico transversal, mediante la aplicacion de una encuesta de 43
preguntas previamente validada por expertos, distribuida de forma online y dirigida a nutricionistas con
experiencia en el drea de SAN.

Pérdida y desperdicios
alimentarios

Resultados: De un total de 66 SAN evaluados, el 62,1% se concentra en la Regién Metropolitana y el
80,3% corresponde a servicios de maxima complejidad. Solo el 36,4% cumple con prdcticas sustentables
segun los criterios establecidos. Con respecto al uso del agua, solo un 48,5% cumple, mientras que para la
eliminacion de residuos liquidos hay un mayor cumplimiento, no asi en las mantenciones preventivas del
equipamiento y el uso de la energia eléctrica, donde los resultados son mas preocupantes, el 97% utiliza
desechables de cartén y plastico de un solo uso y observamos un bajo nivel de recuperacion de las mermas
generadas en el proceso de productivo. Las principales barreras identificadas para la implementacion de
practicas sustentables incluyen la falta de tiempo del profesional nutricionista para monitorear procesos
(45,5%) y la baja concientizacién de los manipuladores de alimentos (43,9%).

Conclusion: Los SAN de hospitales en Chile requieren mejorar la gestion ambiental mediante formacion,
monitoreo y compromiso institucional. Los nutricionistas juegan un rol clave en alcanzar los Objetivos de
Desarrollo Sostenible en este contexto.

Financiacion: Autofinanciado
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D ABSTRACT

Introduction: The main function of the Food and Nutrition Service (FNS) is to prepare and distribute food in
hospitals, following established nutritional guidelines, which directly influence the food supply chain. In this
context, international organizations such as the UN and FAO promote the adoption of sustainable practices
aimed at minimizing the use of natural resources and the generation of waste in FNS.

Objective: To describe sustainable practices according to types of Food and Nutrition Services in Chilean
hospitals.

Methodology: A cross-sectional analytical study was conducted using a 43-question survey previously
validated by experts, distributed online and aimed at nutritionists with experience in FNS.

Results: Of a total of 66 FNS evaluated, 62.1% are concentrated in the Metropolitan Region and 80.3%
correspond to services of maximum complexity. Only 36.4% comply with sustainable practices according
to the established criteria. Regarding water use, only 48.5% comply, while for liquid waste disposal there is
greater compliance, but not so for preventive maintenance of equipment and the use of electricity, where
the results are more worrying. Ninety-seven percent use single-use cardboard and plastic disposables,
and we observed a low level of recovery of waste generated in the production process. The main barriers
identified to the implementation of sustainable practices include the lack of time for nutritionists to monitor
processes (45.5%) and low awareness among food handlers (43.9%).

Conclusion: Hospital food service units in Chile need to improve environmental management through
training, monitoring, and institutional commitment. Nutritionists play a key role in achieving the Sustainable
Development Goals in this context.

Funding: Self-funded

1. Solo el 36,4% de los Servicios de Alimentacién y Nutricion (SAN) en hospitales de Chile
cumplen con prdcticas sustentables.

2. El 97% de los SAN utilizan desechables de cartén y plastico de un solo uso.

« Las principales barreras para la sostenibilidad incluyen la falta de tiempo para monitoreary
la baja concientizacién de los manipuladores de alimentos.

ll-. Es esencial mejorar la gestién ambiental en los SAN mediante formacién, monitoreo y

compromiso institucional.

Garrote C, Duran-AgiieroS, Silva P, MaraboliD, Vilches M, Voisier A, Rivera M. Caracterizacion de las practicas sustentables
en servicios de alimentacion y nutricion en hospitales. Rev Esp Nutr Hum Diet. 2025; 29(4): e2484.
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INTRODUCCION

El “Servicio de Alimentacion y Nutricion” (SAN) se define como
la organizacién, que tiene como finalidad elaborar y/o distribuir
alimentaciéon cientificamente planificada de acuerdo con
recomendaciones nutricionales nacionales e internacionales, a
través de platos preparados u otras preparaciones culinarias,
de acuerdo con estdndares técnicos y sanitarios; destinados a
pacientes hospitalizados, ambulatorios y otros?.

Actualmente, existe un creciente interés en temas relacionados
con practicas sustentables en las empresas?, con énfasis en los
hospitales, ya que son considerados como un gran contaminante
del medio ambiente En este sentido, los SAN pueden impactar en
todas las etapas de la cadena de suministro de alimentos: desde
la produccién hasta la eliminacién de residuos“*, debido a que en
el proceso ,utilizan recursos naturales como el agua, esenciales en
inocuidad alimentaria®, electricidad, uso de envases desechables
y por ser productores de residuos sélidos y desperdicios de
alimentos, lo que se relaciona con los insumos o su inspeccién
ademas, a técnicas de manipulacién inadecuadas y la planificacion
del nimero de raciones’.

Desde esta perspectiva, la Organizacién de las Naciones Unidas
para la Alimentacién y la Agricultura (FAO) considera que el uso
excesivo de recursos y el desperdicio de alimentos son indicadores
claves de sostenibilidad®, cuyo control, esta alineado con los
Objetivos de Desarrollo Sostenible (ODS) de la Organizacién de las
Naciones Unidas (ONU) que promueven la produccién sostenible y
practicas responsables®.

En Chile, la ONU trabaja con el Estadoy la sociedad civil, para cumplir
con la Agenda de Desarrollo Sostenible™. Existiendo, en este sentido,
iniciativas como los Acuerdos de Produccién Limpia, (APL) que son
un convenio voluntario entre empresas y el gobierno para mejorar
la sostenibilidad a través de medidas como la eficiencia energética
y la gestion de residuos, entre otras', ademas, recientemente ha
sido oficializada desde el ministerio de salud la orientacién técnica
para servicios de alimentacién y nutricion 2025%, la cual integra
los aspectos que se van a analizar en este estudio, cuyo objetivo
es describir las practicas sustentables segin tipos de Servicios de
Alimentacion y Nutricién en Hospitales de Chile.

METODOLOGIA

Se realiz6 un estudio analitico transversal mediante una encuesta
online dirigida a nutricionistas con al menos seis meses de
experiencia en SAN a nivel nacional.

El cuestionario, anénimo y autoaplicado a través de la plataforma
QuestionPro (Universidad San Sebastidn, USS), constd de 43 preguntas
distribuidas en dos secciones: caracteristicas generales y score de
prdcticas sustentables. Las preguntas y el proceso de validacién se
presentan en la Tabla suplementaria 1. La difusién se efectué mediante
afiches con cédigo QR y enlaces alternativos en redes sociales.

Consideraciones éticas

El estudio siguid los principios de la Declaracién de Helsinki. Al inicio
de la encuesta se solicitd consentimiento informado y el protocolo
fue aprobado por el Comité de Etica de la USS (codigo 109-24).

Estadistica

Los valores cualitativos se expresaron como frecuencia absoluta (n)
y porcentaje (%). Para evaluar las asociaciones entre las variables
de interés, se utilizd la prueba de Chi-cuadrado (x?). Todos los
analisis se realizaron con el programa Stata 16.

RESULTADOS

Del total de hospitales (n = 66), la mayor proporcion de SAN se
concentra en la Regidén Metropolitana (62,1%), sequida de Biobio
(12,1%). Respecto al nivel de complejidad establecido por la Norma
de Servicios de Alimentacién y Nutricion considerando la produccion
de almuerzos como criterio organizacional, el 80,3% corresponde
a maxima complejidad, 12,1% mediana complejidad y sélo un
7,6% a minima complejidad. En cuanto al tipo de administracién,
66,7% corresponde a gestion externa, frente a un 33,3% que
son autogestionados. En cuanto al cumplimiento de practicas
sustentables, se observa que 36,4% cumple con los puntajes que
establecen su compromiso con practicas sustentables, mientras

que 63,6% no los alcanza (Figura 1).

Asimismo, no se encontraron diferencias significativas entre el nivel
de complejidad (p = 0,640) ni el tipo de administracion (p = 0,278)
respecto al cumplimiento de practicas sustentables (Tabla 1).

Con relacion a las practicas sustentables en clinicas y hospitales,
en cuanto al uso racional del agua, si se toman medidas en el
48,5% de los establecimientos, mientras que en el 51,5% no se
toman medidas. Dentro de las practicas evaluadas, se observa
que el monitoreo y reparaciéon oportuna de sifones es realizado
solo por el 34,8%, y el lavado de manos con sensor de corte de
agua se reporta Unicamente en el 9,1% de los casos. Respecto a la
optimizacién del uso de energia, el 36,4% de los establecimientos
aplica medidas en este ambito, mientras que el 63,6% no lo realiza.
Entre las practicas evaluadas, el 27,3% realiza mantenciones
preventivas de equipos y apaga las luces en dreas no utilizadas
durante la jornada. Sin embargo, solo el 16,7% cuenta con equipos
eléctricos de bajo consumo (Figura 2).

Del total de establecimientos, el 86,4% reportaron un cumplimiento
adecuado de un procedimiento de manejo de residuos liquidos,
especificamente, el 78,8% de los servicios realizan limpieza de
rejillas/desaglies de manera diaria. En cuanto a la disposicion final
del aceite utilizado para cocinar, el 62,1% lo realiza en recipientes
separados. En relacion con el manejo de residuos solidos, el 77,3%
delos servicios indicaron cumplir con un procedimiento establecido.
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Figura 1. Caracterizacién de los SAN en Hospitales
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Tabla 1. Nivel de cumplimiento de practicas sustentables segln el tipo de SAN en Hospitales

NIVEL DE CUMPLIMIENTO DE PRACTICAS SUSTENTABLES

NIVEL DE COMPLEJIDAD

Cumple con puntaje de prdcticas sustentable : No cumple con puntaje de prdcticas sustentables : Chi2
MAXIMA COMPLEJIDAD 20 (37.7%) 33 (62.3%) G
MEDIANA Y MINIMA COMPLEJIDAD : 4 (30.8%) 9 (69.2%) '

. NIVEL DE CUMPLIMIENTO DE PRACTICAS SUSTENTABLES

TIPO DE ADMINISTRACION ; ) : ;

Cumple con puntaje de practicas sustentable | No cumple con puntaje de practicas sustentables : Chi2
EXTERNALIZADO 18 (40.9%) 26 (59.1%) 078
AUTOGESTIONADO 6 (27.3%) 16 (72.7%) '
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Figura 2. Practicas sustentables relacionadas con el uso racional del agua y optimizacién de energia en los SAN en Hospitales
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Figura 3. Practicas sustentables relacionadas con el manejo de residuos liquidos y sélidos en SAN en Hospitales
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El 68,2% de los servicios tienen desaglies con rejillas para evitar el
paso de residuos orgdnicos, mientras que solo el 34,8% dispone de
camaras desengrasadoras en los lavaderos (Figura 3).

Por otro lado, en cuanto al uso de desechables en el 97% de los
establecimientos los utilizan, de los cudles segin frecuencia el
66,7 % corresponde a cartén y 60,3% plastico.

En cuanto a las causas principales de mermas, el 43,9% indicaron
que el vencimiento de productos es la causa mas frecuente y el
43,9% sefialé que los comensales dejan comida en sus bandejas.
En lo que se refiere a la disposicion final de mermas, el 89,4% de
los SAN indicaron que estas son eliminadas directamente. Solo un
pequefio porcentaje implementa practicas de compostaje (7,6%) o
realiza donaciones a instituciones (1,5%) (Tabla 2).

Por dltimo, en cuanto a las barreras para aplicar practicas
sustentables en SAN, el 455% indica que se debe al escaso
tiempo para monitorear su cumplimiento, sequido del 43,9% que
corresponde a la no concientizacién de parte de los manipuladores
de alimentos en relacién con el tema y el 39,4%refiere que es un alto
riesgo realizar donaciones de alimentos (Figura Suplementaria 1).

DISCUSION

Uno de los principales resultados de este estudio es que los SAN en
Chile no cumplen con practicas sustentables, (63,6% no cumple), esto
es coherente con revisién sistemadtica, en donde la mayoria de los
estudios encontraron resultados insatisfactorios en el sector de servicios
alimentarios a través de los indicadores de sostenibilidad utilizados,
especialmente aquellos que involucran la cuantificacion de desechos,
ademads de la falta o escasez de medidas de desarrollo sostenible®,

En cuanto al uso racional del agua, en Chile en los APL se
implementaron medidas para el uso eficiente del agua, las que
implicaron, en promedio, ahorros estimados de un 10% en su
consumo, sin embargo, en el presente estudio el 51.5% indica que no
se toman medidas en los SAN. En este sentido, un estudio muestra
que un grifo que gotea puede desperdiciar hasta 46 litros de agua
por dia, lo que al final de un mes resulta en 1.380 litros de agua
desperdiciada, demostrando la importancia del mantenimiento de
las instalaciones y la concientizacién correspondiente. Asimismo,
en relacién con la optimizacion del uso de energia el 63,6% declara
que no se toman medidas, a pesar de los APL donde se realizaron
importantes esfuerzos en disminuir los consumos de energia.

Por otra parte, del total de establecimientos, el 86,4% reportaron
un cumplimiento adecuado en el manejo de residuos liquidos, lo
que se relaciona con uno de los principales logros declarados en
los APL que corresponde al reciclaje permanente del 100% de los
aceites y grasas en los SAN, a través de empresas con autorizacion
sanitaria. En concordancia con lo anterior, el aceite de cocina es
uno de los elementos de mayor preocupaciéon ambiental, de hecho,
una revision muestra, que en la mayoria de las unidades evaluadas
los aceites y grasas se eliminan correctamente, es decir, se
recolectan y se utilizan para la produccién de jabén, generalmente
en asociacién con empresas de la region, lo que contribuye ademds
a la economia local®.

En lo que se refiere a los desechos alimentarios, la evidencia
indica que los servicios de alimentacién en hospitales son el
tipo de servicio con la tasa mds alta de desperdicio de comida
en plato® lo que es consistente con el hallazgo del presente
estudio en que se identificé como una de las principales causas de

Tabla 2. Principales causas y disposicién de mermas en los SAN en Hospitales

NO

Sobreproduccién por cumplimiento de bases técnicas (todas las alternativas hasta el término

del servicio)

B 29 (639%) 3766150
13 (19.7%) 53 (80.3%)

""""""" 22 (333%) L4 (667%)

"""""""""""" 27 (40.9%) 39(591%)

Deterioro de alimentos por almacenamiento inadecuado, ej. Productos que requieren

refrigeracién a temperatura ambiente)

53(80.3%)

37(561%) ..

NO

D24%) .

(
(98.5%) ...

61
65
64 (96.8%) ...
62(934%) ...

7(106%) ...
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la generacion de mermas que los “comensales dejan comida en
sus bandejas”, lo que contribuye a la generacion de desperdicios.
Estos resultados son esperables ya que, los consumidores de los
hospitales generalmente se ven afectados por su condicién clinica
o el tratamiento médico, factores que pueden estar asociados a
nauseas, xerostomia, odinofagia , y anorexia por disgeusia®®. A su
vez, la percepcién del paciente de una mala calidad de los alimentos,
tamafios de porcién inadecuados, opciones de menu limitada
y factores ambientales como horarios de comida inadecuados,
interrupciones y un entorno desagradable en la habitacién, son
otros factores asociados al desperdicio en hospitales. Y en este
contexto, las estrategias para minimizar el desperdicio incluyen
medidas tales como: considerar porciones mds pequefas
aumentando la densidad energética de las comidas, establecer
horarios de comidas protegidos, entre otros'>%.

En cuanto a la disposicion de mermas el 89,4 % de los
establecimientos declara que no se toman medidas, es decir,
se eliminan en el Servicio de Alimentacion. Las estrategias de
recuperacion de alimentos, por ejemplo, a los bancos de alimentos
se ven cuestionadas por las normas de seguridad alimentaria®
por tanto, existe la oportunidad de presentar los resultados de
los diversos estudios a diferentes autoridades con el fin de sugerir
cambios en la legislacién nacional, asi como también, se debe
considerar la capacitacién oportuna a las diferentes instituciones
que actuarian como receptoras de la recuperacién de alimentos.
Todas las formas de reduccién y recuperacién de desperdicios de
alimentos presentan oportunidades para que los Nutricionistas-
Dietistas colaboren entre sectores para innovar en soluciones
de desarrollo sostenible, por ejemplo, medir y monitorear el
desperdicio de alimentos se identific6 como una forma importante
no solo de reducir el desperdicio, sino también de aumentar la
conciencia entre las partes interesadas®. A su vez, se encuentra
dentrode sus funciones controlar todos los procesos que se realizan
en cada etapa de produccién de alimentos, como la planificacion
del men(, la compra de materias primas, almacenamiento, pre-
elaboracién y preparacion, buscando estrategias para reducir el
uso de recursos naturales y la produccién de residuos, con el fin de
preservar el medio ambiente, incluyendo también la formacién de
manipuladores y concientizacién de los usuarios®, sin embargo,
dentro de las principales barreras declaradas en el presente
estudio es precisamente el escaso tiempo para monitorear el
cumplimiento de las prdcticas sustentables por el profesional
Nutricionista-Dietista, lo que hace necesario elaborar planes
estratégicos que permitan que el profesional pueda contribuir
al cumplimiento de los objetivos de desarrollo sostenible en los
SAN asi como también el rol en capacitacién a los manipuladores
de alimentos con la finalidad de generar concientizacién. Sin
perjuicio de lo anterior, para que su actuar se relacione de forma
manifiesta con la sustentabilidad, se requiere fortalecer el enlace
e integracién de los ODS a las competencias técnicas y genéricas
de su perfil, incluyendo la formacién para la sustentabilidad en los
planes de estudios en las Instituciones de Educacién Superior?.

Otra prdctica no sustentable identificada en los SAN es el uso de
envases desechables, y durante los Gltimos afios, el uso excesivo
del pladstico ha generado un gran impacto en el medio ambiente, ya
que son desechados de manera abrupta por la industria de comida
rapida y demas sectores, sin considerar el dafio que causan®.
En Chile, se promulga la Ley 21368 vigente desde el afio 2021%
que tiene como objeto la regulacién de la entrega de productos
plasticos de un solo uso, asi como de las botellas pldsticas. Esta ley
toma gran relevancia ya que, en el presente estudio el 97% de los
establecimientos hospitalarios declara que se utilizan desechables,
dentro de los cudles segln frecuencia el 60,3% corresponderia a
plastico, lo que hace urgente aplicar lo establecido por la ley y con
ello mitigar el impacto ambiental.

La no concientizacién de parte de los manipuladores de alimentos
como barrera identificada en este estudio, en relacién con la aplicacién
de prdcticas sustentables en los SAN, hace que tome relevancia la
educacién ambiental, la cual es una herramienta clave para fomentar
la conciencia y accién hacia un desarrollo sostenible?. Este enfoque
busca promover conocimientos, valores y prdcticas que permitan a las
personas comprender la interdependencia entre el medio ambiente y
las actividades humanas, con el objetivo de impulsar un cambio en los
comportamientos individuales y colectivos.

Otra de las barreras hace referencia al alto riesgo realizar
donaciones de alimentos desde los SAN, con relacién a ello, en
Chile, la mayoria de las normas de seguridad alimentaria estdn
estipuladas en el Reglamento Sanitario de los Alimentos (RSA)%,
Sin embargo, no incluye una seccién especifica sobre donaciones
ni hace referencia explicita a la donacién de alimentos entre sus
muchas disposiciones. En consecuencia, los donantes de alimentos
y las organizaciones de recuperacién de alimentos pueden no estar
seguros de qué disposiciones del RSA se aplican a los alimentos
donados. Por tanto, no es una practica habitual.

Como fortaleza del presente estudio podemos mencionar que se
utilizé una encuesta validada y como debilidad que corresponde a
un estudio trasversal y es necesario estudios longitudinales para
corroborar la informacién obtenida en este estudio, ademas, el
sesgo por autoseleccién de participantes a través de redes sociales
podria limitar la representatividad.

CONCLUSION

Es necesario que los Servicios de Alimentacién y Nutricién en
Hospitales en Chile adopten un enfoque mds proactivo y sistematico
hacia la sostenibilidad, implementando medidas que reduzcan
el desperdicio de recursos y mejoren la gestién ambiental (tabla
suplementaria 3) La capacitacién continua y la concientizacién de
los profesionales y manipuladores de alimentos son esenciales para
alcanzar estos objetivos y contribuir al bienestar ambiental y social.
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Introduction: Liver cancer is among the most prevalent cancers globally and in Colombia. Key modifiable
risk factors include overweight/obesity, excessive alcohol consumption, tobacco use, and hepatitis B virus
(HBV) infection. This study aimed to estimate the potential impact of reducing exposure to these modifiable
risk factors on liver cancer incidence in Colombia from 2016 to 2050.

Methods: A population-based microsimulation model was implemented using the Prevent V3.1 software.
The model integrates age- and sex-specific liver cancer incidence rates, latency and lag times, risk factor
prevalence (with and without interventions), relative risks, and national demographic projections.

Results: A 10% reduction in the prevalence of risk factors could prevent up to 728 liver cancer cases.
Complete elimination of exposure could avert up to 8,648 new cases during the study period. The population
attributable fractions (PAF) were 1.09% for HBV infection, 1.90% for alcohol consumption, 6.14% for tobacco
use, and 14.52% for overweight/obesity.

Conclusions: Reducing population-level exposure to overweight/obesity, alcohol consumption, tobacco,
and HBV infection could substantially decrease the future burden of liver cancer incidence in Colombia.
These projections support prioritizing risk factor reduction in national cancer prevention and public health
strategies.
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Introduccion: El cancer de higado es uno de los cdnceres mas prevalentes a nivel mundial y en Colombia.
Entre los principales factores de riesgo modificables se encuentran el sobrepeso/obesidad, el consumo
excesivo de alcohol, el tabaquismo y la infecciéon por el virus de la hepatitis B (VHB). Este estudio tuvo
como objetivo estimar el impacto potencial de la reduccién de la exposicion a estos factores de riesgo
modificables en la incidencia de cancer de higado en Colombia entre 2016 y 2050.

Métodos: Se implement6 un modelo de microsimulacién poblacional utilizando el software Prevent V3.1.
El modelo integra las tasas de incidencia especificas por edad y sexo, los tiempos de latencia y retardo,
la prevalencia de factores de riesgo (con y sin intervenciones), los riesgos relativos y las proyecciones
demogrdficas.

Resultados: Una reduccién del 10 % en la prevalencia de factores de riesgo podria prevenir hasta 728
casos de cancer de higado. La eliminacién completa de la exposicion podria evitar hasta 8648 nuevos casos
durante el periodo de estudio. Las fracciones atribuibles poblacionales fueron del 1,09 % para la hepatitis
B, del 1,90 % para el alcohol, del 6,14 % para el tabaco y del 14,52 % para el sobrepeso/obesidad.

Conclusiones: Reducir la exposicién poblacional al tabaco, el sobrepeso/obesidad, la hepatitis By el alcohol
podria reducir sustancialmente la incidencia futura de cancer de higado en Colombia. Estos hallazgos
constituyen una valiosa fuente de informacién para priorizar las estrategias de prevencion en las politicas
nacionales de salud publica.

1. Microsimulation modeling projects over 59,000 new liver cancer cases in Colombia by 2050
if current exposure to key risk factors remains unchanged.

2. The four main modifiable risk factors for liver cancer in Colombia are high BMI (PAF:
14.52%), tobacco use (PAF: 6.14%), alcohol consumption (PAF: 1.9%), and hepatitis B
infection (PAF: 1.09%).

3. A 10% reduction in the prevalence of these risk factors could prevent up to 728 cases, while
their complete elimination could avoid up to 8,648 new cases by 2050.

ll-. This study supports prioritizing evidence-based public health interventions targeting these
four risk factors as part of Colombia’s national liver cancer prevention strategy.

Diaz G, Torres M, de Vries E, Perdomo S, Rojas M, Herran O, Rugeles MP, Ballesteros F, Belalcazar MP. Preventable
liver cancer cases through reduced exposure to overweight/obesity, alcohol consumption, tobacco use, and hepatitis B
infection. Rev Esp Nutr Hum Diet. 2025; 29(4): e2488.
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INTRODUCTION

In 2022, an estimated 865,269 new cases of liver cancer were
reported globally. Liver cancer ranks as the sixth most frequently
diagnosed and the third leading cause of cancer-related mortality
worldwide!. Between 2010 and 2021, incident cases increased
by 26%, with the highest prevalence observed in the America
continent (51%). The crude global mortality rate reached 6.13
per 100.000 population, disproportionately affecting men and
underscoring a high case- fatality rate?. Temporal trends indicate a
continuous rise in both incidence and mortality rates worldwide?3.
In Colombia, the age-standardized rate was 3.5 cases per 100.000
person-years, with projections suggesting a potential increase of
up 55% annually between 2020 and 20403

Liver cancer development is influenced by both non-modifiable and
modifiable risk factors. Non-modifiable factors include hepatitis
C virus infection, age, sex, and rare genetic conditions such as
hemochromatosis, primary cirrhosis of the bile ducts, Nonalcoholic
fatty liver disease, and alpha 1 antitrypsin deficiency*>. Modifiable
factors encompass hepatitis B virus infection, obesity, physical
inactivity, tobacco use, diabetes mellitus, drug use, metabolic
syndrome, hypercaloric diets, alcoholism, and exposure to
foodborne mycotoxins such as aflatoxin B1®.

The evidence suggest that healthy lifestyle practices can
reduce the incidence of liver cancer’. As a result, public health
recommendations have emphasized mitigating modifiable risk
factors, particularly alcohol intake, overweight, obesity, and
high cholesterol, have been formulated®. Furthermore, modeling
studies have demonstrated a beneficial impact of reducing these
risk factors on the occurrence of various chronic diseases”®.
Simulation modelling is a valuable tool for informing public health
decision-making, enabling policymakers and territorial health
entities to evaluated alternative scenarios based on scientific
evidence. These simulations can support efforts to enhance patient
safety and improve population health outcomes. This study aimed
to estimate the potential impact of reducing four key modifiable
risk factors -tobacco use, overweight/obesity, hepatitis B infection,
and alcohol consumption- on the incidence of liver cancer in
Colombia from 2016 to 2050.

MATERIAL & METHODS

This was a static microsimulation modeling study conducted using
Prevent software V3.1, a tool previously applied in Europe and
Colombia’®. The specific data inputs used in the microsimulation
are detailed below.

Baseline prevalence and risk functions

The four modifiable risk factors analyzed were tobacco use,
overweight/obesity, hepatitis B virus infection, and alcohol intake.

These factors were selected based on the availability of national
data. Prevent software requires population-based, age- and sex-
specific prevalence data for each risk factor, along with incidence
rates, as essential model inputs. Table 1 shows international
recommendations for the four risk factors studied, their operational
definitions, and the relative risks for exposure to these risk factors
in terms of liver cancer risk.

Prevalence and mean values for each risk factors were derived
from national population survey (Table 2 and 3). In the absence
of data, the last prevalence/mean value was repeated in the
remaining categories.

As no national studies have evaluated the association between
these risk factors and liver cancer in Colombia, the relative risks
used in the model were extracted from a literature review. Eligible
studies included those with exposure categories comparable to
those reported in Colombian population surveys. Two researchers
independently assessed study quality using an adapted AMSTAR
tool for meta-analyses. Final inclusion was based on quality scores,
with additional weighting given to studies with larger sample sizes
and those including Colombian or Latin American populations.
Ultimately, relative risk estimates from four meta-analyses were
selected (Table 1).

Age- and sex-specific incidence rates and population
projections

National liver cancer incidence rates, stratified by age and sex,
were estimated using data extrapolated from four high-quality,
population-based cancer registries in Colombia (Cali, Bucaramanga
Metropolitan Area, Manizales, and Pasto), as published in Volumes
X and XlI of Cancer Incidence in Five Continents, along with
departmental-level mortality data. Age-standardized incidence
rates, adjusted using the SEGI world standard population, were
12.1 per 100,000 for males and 12.4 per 100,000 for females’

The latency and lag times

Latency (LAT) refers to the period following a change in exposure
prevalence during which no measurable change in relative risk
(RR) is observed. Lag time (LAG) is defined as the interval from the
end of the LAT period until the full effect of the exposure change
is reflected in the RR. These parameters were incorporated into
the model as follows: for alcohol consumption, a LAT of 2 years
and a LAG of 10 years were assumed; for BMI, 3 and 20 years,
respectively; and for tobacco use, 5 and 10 years.

The baseline population structure for 2016 was obtained from
the Colombian National Statistics Department. Demographic
projections, including population growth and aging through 2050,
were based on estimates from the Economic Commission for Latin
America and the Caribbean?®,
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Table 1. Summary of the reference values and relative risks (RRs) used in the microsimulation models

Exposure

Risks for liver cancer analyzed in

Prevent

Dichotomous (infected/not
‘infected)

Hepatitis B

RR 1,36 1C95% 1,171,587

Alcohol §Consumptions during the past

month. Dichotomous (Yes/no)

'Males: RR 1,03 C195% 1,01-1,05

Female: RR 1,19 CI95%1,04—
1,351

The current smoker. Dichotomous
(Yes/no)

Tobacco consumption

:Males: RR 1,61 CI95% 1,38-1,89

Females: RR 1,86 C195%1,33—
2,612

BMI

: Overweight (point estimate 25
 kg/m?): RR 1,02 C195% 1,02-1,03
: Obesity (point estimate 30 kg/

' m?2: RR 1,35 CI95% 1,24-1,47

BMI: Body mass index; Cl: confidence interval; Kg: kilograms; RR: Relative risk.

Table 2. Summary of the prevalence and averages used in the microsimulation models

Prevalence
; of Tobacco :
¢ consumption

Prevalence of alcohol

- Prevalence of hepatitis B'
consumption

Mean BMI (kg/m? (provide SD)

.Men  Women Men Women
1597 - 1576 1644 1609
17,58 - 1837 1774 1826
2190 2277 2246 22,9
2385 2382 2429 2441
2461 2504 2550 2582
2545 2597 2583 2641
2581 2681 2622 2683
2601 27,56 2598 27,70
2567 2803 2562 27,82

UNDOC 201315§ ENSIN2015 1990 2005 UNDOC 2013"
Age Men : Women Men Women : Men :Women: Men : Women : Men : Women: Age
04 000 000 - 0 0 005 004 005 005 000 000 0%
59 . 000 000 O 0 005 004 005 005 000 000 517
10-14
0,00
0,00
o 0 :005: 004 :002: 001 :18-22
1519 044 : 0,28 0,26 0,04: 0,04 ¢ 016 : 0,04 & 23-27
20-24 0,62 i 0,37 0,35 0,04 : 0,04 : 0,27 : 0,07 :28-32
25-29 0,62 : 0,38 0,32 0,04: 0,04 :026: 010 :33-37
30-34 0,54 ¢ 0,29 0,36 0,04 : 0,04 : 0,22 : 0,07 3842
35-39 049 ¢ 0,31 0,26 004: 0,03 017 : 0,07 :43-49
LO-LL 0,48 i 0,25 0,31 004: 0,03 : 016 : 008 :50-64
45-49 0,46 | 0,24 0,24 004: 003 :017: 010 &
50-54 040 { 018 0,18 004: 003 020 : 012 &
55-59 039 : 0,15 0,09 003: 003 :020: 010 &
60-64 029 : 011 0,12 003: 003 :018: 007 &
65-69 0,56 | 0,49 0,12 003: 003 :018: 007 &
70-74 0,56 | 0,49 0,12 003: 003 :018: 007 &
75-79 0,56 | 0,49 0,12 003: 003 :018: 007 &
80-mds 0,56 | 0,49 0,12 003: 003 :018: 007 &
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Table 3. Summary of liver cancer incidence used in the
microsimulation’

Incidence!

Age i N
male female
0-14 03 i 00 ...
15-44 03 i 04 ..
4554 21 i 24 o
55-64 77 28
65+ 244 LL2AS

1 Rates — 100000 inhabitants
Modeled scenarios

Following approaches used in previous modeling studies’®, three

scenarios were simulated:

+ Model 1 (reference scenario): The prevalence of each risk
factor followed the observed trends without intervention.

+ Model 2 (intervention scenario): A gradual 10% reduction in
the prevalence of all four risk factors was modeled over a 10-
year period starting in 2017. This reduction was considered
a realistic public health target, reflecting the likely impact of
feasible interventions’®. Age- and sex-specific adjustments were
applied annually. Prevent then estimated the change in disease
occurrence, assuming demographic trends remained constant.

« Model 3 (counterfactual scenario): A theoretical scenario in
which exposure to all four risk factors was entirely eliminated
(i.e., no HBV infection, no tobacco or alcohol use, and normal
BMI across the population). This scenario was used to estimate
the population attributable fraction (PAF) of each risk factor
for liver cancer in Colombia.

RESULTS

If the prevalence of the four modifiable risk factors -tobacco use,
overweight/obesity, hepatitis Binfection, and alcohol consumption-
remain unchanged (Model 1), approximately 59000 new cases of
liver cancer are projected to occur in Colombia between 2016 and
2050, with a disproportionately higher burden observed among
women (Table 4).

In a scenario assuming a 10% reduction in the prevalence of each
risk factor over a 10-year period (Model 2), between 66 and 728
incident cases of liver cancer could be prevented, depending on
the specific risk factor (Table 4). As expected, gradual reductions
in exposure prevalence led to corresponding gradual decreases
in incidence rates. Under this model, the projected incidence rate
among men decreases modestly from 2.54 to 2.39 per 100,000
inhabitants, while a slight reduction is observed among women,
from 2.45 to 2.38 per 100,000 inhabitants (Figure 1).

In the hypothetical scenario of complete elimination of exposure
to all four risk factors (Model 3), up to 8,648 new cases of liver

cancer could be prevented. The PAF for liver cancer in Colombia
is estimated at 1.09% for hepatitis B infection, 1.9% for alcohol
consumption, 6.14% for tobacco use, and 14.52% for overweight/
obesity (Table 4). Eliminating exposure to tobacco and elevated BMI
notably reduces projected incidence rates: from 2.54 to 2.05 per
100,000 inhabitants in men, and from 2.45 to 1.83 per 100,000
inhabitants in women (Figure 1).

DISCUSSION

Our microsimulation modeling highlights a potentially alarming
increase in new cases of liver cancer in Colombia if current trends
in modifiable risk factors (hepatitis B infection, alcohol and
tobacco consumption, and high body mass index) persist (Model
1). Conversely, even modest reductions (Model 2) or complete
elimination (Model 3) of these exposures can significantly reduce
liver cancer incidence, with marked differences by sex.

Our results reveal a higher burden of liver cancer among women,
and a more pronounced impact of reducing smoking and BMI in
females compared to males. These sex-specific differences are
consistent with international findings and may be attributed to
hormonal influences, body composition, genetic predisposition,
cellular metabolism, gut microbiota, underlying comorbidities,
sociodemographic variables, and unmeasured risk factors®.

The PAF estimates in Model 3 suggest that hepatitis B (1.09%),
alcohol (1.9%), and tobacco (6.14%) contribute to fewer liver
cancer cases in Colombia than global averages. For instance, the
global PAF for hepatitis B exceeds Colombian values, likely due to
effective national prevention and control strategies?. While the
worldwide PAF for alcohol is 17.3%, Colombia’s lower estimate
reflects different patterns of alcohol use—less frequent but more
harmful binge drinking during weekends and holidays®#2,
Similarly, the relatively low smoking prevalence explains the
modest PAF for tobacco (6.14% vs. 23.24% globally)?. In contrast,
the PAF for overweight/obesity (14.52%) aligns with global trends
and reinforces BMI as a key target for cancer prevention®.

This modeling underscores the urgent need to curb the rise of
these risk factors. For example, by 2030, 64% of adults in Colombia
are projected to have a high BMI, representing over 27.9 million
people’®. Alarming increases in alcohol and tobacco use have also
been reported®.,

Although a 10% reduction in exposure appears modest, it presents
considerable challenges for public health, requiring coordinated,
multisectoral efforts’. Effective, evidence-based interventions
include: smoking bans, tax policies, anti-smoking campaigns,
health warnings, and nicotine replacement?; for alcohol, taxation,
limited availability, and marketing restrictions?; and for obesity,
sugar taxes, food labeling, healthy eating campaigns, physical
activity promotion, and restrictions on ultra-processed food
advertising?. Each intervention has variable cost-effectiveness
depending on the context?#%,
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Table 4. Modeling of baselin

e tendency and reduction in liver cancer 2016-2050.

reduction of 10% on risk

RNt L without intervention factors
................................................................. n %
Male 28,598 33 012
Hepatitis B Female 30,977 33 011
Total 59,575 66 011
Male 28,569 32 011
Alcohol Female 30,196 72 0.24
Total 58,765 104 0.18
Male 27,999 172 0.61
Tobacco Female 30,534 123 0.40
Total 58533 295 0.50
Male 28,598 288 101
i%‘g(mass  Female. 30,977 440 142
Total 59,575 728 122

reduction of

: Model 2: avoidable cases by Model 3: avoidable cases by
: Model 1: number of cases

100% on risk

factors
%
323 113
328 1.06
651 1.09
329 115
789 2.61
1118 1.90
2056 7.34
1538 5.04
3594 6.14
3488 12.20
5160 16.66
8648 14.52

Figure 1A. Males. The potential effect of lowering the exposures
to the risk factors in the expected rates of liver cancer incidence,
period 2016-2050 under the reference (model 1), and intervention
situations (model 2: reduction of -10% in solid line; model 3:
-100% in dashed line).

Figure 1B. Female. The potential effect of lowering the exposures
to the risk factors in the expected rates of liver cancer occurrence,
time 2016-2050 under the reference (model 1), and intervention
situations (model 2: reduction of -10% in solid line; model 3:
-100% in dashed line).
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These results provide valuable insights for policymakers, showing
the relative contribution of each risk factor to liver cancer
and supporting evidence-informed prioritization. Importantly,
interventions targeting these four factors may also reduce the
burden of other cancers and chronic diseases. For instance, a
10% reduction in alcohol consumption, tobacco use, and physical
inactivity could prevent approximately 26 to 149 cases of colorectal
cancer annually’. Achieving healthy BMI levels could further reduce
the incidence of breast cancer by 4,009 cases, colorectal cancer by
2,086 cases, and liver cancer by 728 cases’#, as well as other related
chronic diseases such as cardiovascular disease, diabetes, etc.

Strengths and limitations

This study has several strengths. First, it focuses on four key
modifiable risk factors—tobacco use, alcohol consumption,
hepatitis B infection, and overweight/obesity—with clear
implications for cancer prevention strategies. Second, the use
of the validated Prevent V3.1 microsimulation model allows for
robust projections using age- and sex-specific data, with proven
applicability in Latin America and Europe. Third, the simulation
of three scenarios—status quo, 10% reduction, and complete
elimination—offers policymakers evidence to support planning
and resource allocation for liver cancer control.

There are limitations that should be acknowledged. First, not all
relevant risk factors for liver cancer could be included due to the
limited availability of population-based data in Colombia, such as
dietary composition, diabetes, or aflatoxin B1 exposure*®. Including
these factors in future microsimulation studies could enhance the
accuracy and comprehensiveness of the model.

Second, the absence of data on co-exposures in national health
surveys limited our ability to model the potential interactions
between risk factors, such as the combined effects of tobacco
use and alcohol consumption. Given that co-exposures may exert
synergistic effects on liver cancer risk, future research could
address this gap by incorporating joint exposure prevalence
data and using interaction terms within the simulation model to
estimate the combined attributable risk. This approach would allow
for the quantification of the potential increase in preventable liver
cancer cases under scenarios that consider the synergistic effects
of multiple exposures. Despite these limitations, the modeling of
each risk factor individually aligns with the operational design of
most public health interventions, which typically target specific
lifestyle behaviors’.

Additionally, part of the prevalence data used in the model was
derived from national surveys. Although these sources were the most
robust data available, they may not fully reflect recent population
trends, potentially affecting the validity of long-term projections.
Future modeling studies should consider adjusting prevalence
estimates using updated survey data or incorporating correction
factors that align with recent demographic and epidemiological
patterns to enhance the accuracy of projections. Additionally, in

an ideal scenario one would incorporate models representing sub-
regions with different exposure patterns within the country.

CONCLUSION

This modeling study shows that interventions aimed at reducing
exposure to high BMI, alcohol and tobacco consumption, and
hepatitis B infection could significantly reduce the future incidence
and rate of liver cancer in Colombia. Notably, high BMI and tobacco
use are projected to have the greatest impact on liver cancer
burden, with additional benefits for the prevention of other chronic
diseases. Even a modest 10% reduction in the occurrence of each
risk factor could lead to a meaningful decline in liver cancer cases,
emphasizing the value of gradual, sustained public health efforts.
These findings support the development of comprehensive
national strategies that target multiple risk factors simultaneously.
Implementing population-level interventions—such as prevention
and vaccination programs, regulatory and fiscal policies, and
health promotion campaigns—can guide Colombia toward a
measurable reduction in liver cancer incidence and contribute to
improved population health.
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Introduccion: La ley de etiquetado frontal fue reglamentada en Argentina en 2022 y luego de su vigencia

Le'gislacié.n plena es una prioridad investigar su cumplimiento. Este trabajo tuvo por objetivo evaluar el cumplimiento

Alimentaria de la Ley 27.642 de Promocién de la Alimentacion Saludable en productos alimenticios en supermercados

Marketing del Area Metropolitana de Buenos Aires.

. Metodologia: Estudio descriptivo transversal. Entre abril y mayo de 2024 se evalué la presencia de sellos en

Sl Pl etiquetas de productos de acuerdo con la ley y la exhibicion de los mismos en la géndola de supermercados.

Vigilancia de Se incluyeron galletitas y amasados de pasteleria; bebidas analcohdlicas; productos de copetin (snacks

Productos salados); cereales y barritas; panes envasados; dulces, postres y golosinas; yogures y postres de leche.

Comercializados Resultados: De los 926 productos evaluados, el 88% debia llevar sello en la cara frontal. De los cuales,

Argentina el 13,5% incumplia por la falta de al menos un sello y el 11,3% no declaraba los azlcares afiadidos en la
informacion nutricional. El sello de “exceso en calorias” fue el que mayor incumplimiento presenté (7,7%) y
el grupo de panes envasados el con mayores incumplimientos. En cuanto a la presentacién en la géndola
de los productos con sello (n=725), el 42,5% ocultaban la cara frontal. Ademas, el 1,1% de los productos
con sello presenté algun claim y el 1,4% marketing dirigido a poblacién infantil y adolescentes.
Conclusiones: A dos meses de haberse cumplido los plazos de adecuacién a la norma, se advierten
incumplimientos en la presencia de sellos e incorrecta disposicién en géndola de los productos con sellos
lo cual puede diluir el impacto de la ley. Los resultados obtenidos son un insumo para la evaluacién del
cumplimiento de la industria y los puntos de venta.
Financiacion: Esta investigacion no recibié ninguna subvencién especifica de ninguna agencia de
financiacion, ni del sector comercial o sin fines de lucro. Fue financiada por el Centro de Estudios sobre
Nutricién Infantil Dr. Alejandro O'Donnell.
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D ABSTRACT

Introduction: The front-of-package labeling law was regulated in Argentina in 2022, and once it is fully in
force, investigating its compliance is a priority. This work aimed to evaluate compliance with Law 27,642 on
the Promotion of Healthy Eating in food products in supermarkets of the Metropolitan Area of Buenos Aires.

Methods: Cross-sectional study. Between April and May 2024, the presence of warning label in food
packaging, in accordance with the law and the display of the products on supermarket shelves were
evaluated. Included were cookies and pastry products; non-alcoholic beverages; salty snacks; cereals and
bars; packaged breads; sweets, desserts and candies; yogurts and milk desserts.

Results: Of the 926 products evaluated, 88% had to have a warning label on the front. Of which, 13.5% did
not comply due to the lack of at least one warning label and 11.3% did not declare added sugars in the
nutritional information. The highest non-compliance was in packaged breads. The “excess calorie” warning
label was the one with the highest non-compliance rate (7.7%) and the packaged bread had the highest
non-compliance rate. Regarding the presentation of products with a warning label on the shelf (h=725),
42.5% hid on the front side. In addition, 1.1% of the products with a seal presented a claim and 1.4% had
marketing aimed at children and adolescents.

Conclusions: Two months after the deadlines for compliance with the law, non-compliances are noted in
the presence of warning level and incorrect arrangement of products with a warning level on the shelf,
which may dilute the impact of the law. The results obtained are an input for the evaluation of compliance
by the industry and the points of sale.

Funding: This research did not receive any specific grant from any funding agency, either in the commercial
or non-profit sectors. It was supported by the Dr. Alejandro O'Donnell Center for Studies on Child Nutrition.

1. De los productos 926 evaluados el 88% deberian tener al menos un sello de acuerdo con lo
establecido por la ley 27.642 de Promocién de la Alimentacién Saludable.

2. Un 15% de los productos evaluados presenté algin incumplimiento. El 13,5% incumple con
la ley por falta de al menos 1 selloy el 11,3% no declara de azlcares afiadidos.

3. El mayor incumplimiento correspondié a la omision de declaracion del sello: “exceso en
calorias”.

ll-. Por su ubicacién en la géndola los sellos no estaban claramente visibles en casi la mitad de
los alimentos y bebidas (42,5%).

5. Se necesita reforzar los mecanismos de monitoreo, fiscalizacién y sancién por parte del

Ministerio de Salud de Nacién para asegurar el cumplimiento efectivo de la normativa.

Casco J, Costabella V, Rovirosa A, Nessier MC, Zapata ME. Evaluaciéon del cumplimiento de la Ley 27.642 de Promocion de
la Alimentacidn Saludable en supermercados de Argentina. Rev Esp Nutr Hum Diet. 2025; 29(4): e2497.
doi: https://doi.org/10.14306/renhyd.29.4.2497
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INTRODUCCION

Los alimentos y bebidas envasados han surgido alternativa en la
alimentacién, peroen los Gltimos afios numerosos estudios cientificos
asocian el consumo habitual de productos ultraprocesados (PUP)
con efectos negativos en la salud de las personas como el riesgo de
desarrollar diversas enfermedades crénicas no transmisibles (ECNT)™.
Los PUP suelen ser productos alimenticios y bebidas listos para
consumir, hiperpalatables, comercializados en porciones grandes,
con una fuerte estrategia de marketing mayormente orientada a
poblacién infantil?, en general, son energéticamente densos, tienen
alto contenido de sodio, azlcares libres y grasas de baja calidad®. En
Argentina, entre un cuarto y un tercio de la energia consumida por
nifos, adolescentes y adultos es aportada por los PUP, y el 75-80%
de la misma corresponde a 4 subgrupos de productos: galletitas,
amasados y bolleria industrial; bebidas azucaradas; productos de
confiteria y crackers, golosinas y dulces’>.

En noviembre de 2021 en Argentina se promulg6 la Ley 27.642,
denominada “Ley de Promocién de la Alimentacién Saludable”,
que modificé la normativa de rotulacién de alimentos incorporando
un sistema de sellos de advertencia sobre el contenido excesivo
de nutrientes criticos (calorias, azlcares, grasas, sodio, cafeina
y edulcorantes) en el rétulo de alimentos y bebidas analcohélicas
envasados en ausencia del cliente, y también establecié pautas
de marketing y publicidad en medios y en entornos escolares. La
ley fue reglamentada el 22 de marzo de 2022%7; para la aplicacién
del etiquetado frontal de alimentos la industria tuvo un plazo para
adecuar sus productos. En simultdneo, también se brind6 tiempo
al consumidor para adaptarse a los cambios de los atributos
sensoriales de los alimentos y no perjudicar su demanda® La
implementacion de la ley en Argentina se plante6 en un esquema
de dos etapas. La primera tuvo valores intermedios para el Iimite
maximo de nutrientes definido para la incorporacion de los sellos
de advertencia y fue de nueve meses desde la entrada en vigor
de la Ley y de 15 meses para las pequefias y medianas empresas
(PYMES). En tanto que, la segunda etapa establecié plazo maximo
de 18 meses, y 24 meses respectivamente. Dado que se trata de una
novedosa medida regulatoria implementada por primera vez en el
pais, la evaluacion de su aplicacion efectiva resulta critica para el
logro de los obijetivos fijados por la reglamentacion. por lo que este
trabajo tuvo por objetivo evaluar el cumplimiento de la Ley 27.642 de
Promocion de la Alimentacién Saludable en productos alimenticios
en los principales supermercados del Area Metropolitana de Buenos
Aires (AMBA) (Argentina) entre abril y mayo de 2024.

METODOLOGIA

Tipo de estudio, muestra y obtencion de datos

Se realizd un estudio descriptivo transversal. Se seleccionaron
grupos de alimentos y bebidas que representan entre el 78 y 80%

de los alimentos ultraprocesados consumidos por la poblacion
argentina*®: galletitas y amasados de pasteleria; bebidas
analcohdlicas; productos de copetin (snacks salados); cereales para
desayuno y barritas; panes envasados; dulces, postres y golosinas;
yogures y postres de leche.

La recoleccién de datos se llevo a cabo en 17 supermercados de
la Ciudad Auténoma de Buenos Aires (CABA) y del Gran Buenos
Aires durante los meses de abril y mayo del 2024. La elegibilidad
de los supermercados fue por criterios de conveniencia. Se visitaron
sucursales de las cadenas de mayor penetracion nacional®: Carrefour,
Dia, Coto, Vea, Disco, Jumbo y Makro. Se obtuvo autorizacién
con antelacién para la toma de fotografias de los productos. El
relevamiento se realiz6 en cada uno de los supermercados durante
2 dias laborables completos por semana, en promedio (08:00 a
17:00 horas). Se evitaron los lunes, viernes y fin de semana dado
que son los dias de mayor actividad de estos.

Dos nutricionistas entrenadas fotografiaron todos los productos de
las categorias seleccionadas disponibles en los supermercados al
momento de la recoleccién, considerando diferentes marcas y forma
de presentacién. En los casos de multiples sabores con misma
composicién nutricional, se seleccioné aleatoriamente un sélo sabor.
Segln el formato del envase, se tomaron entre 4 y 7 fotografias
para cada producto: frente, dorso y laterales del paquete, lista de
ingredientes, informacién nutricional y tapa (sélo para el grupo de
lacteos). Ademds, se fotografio el posicionamiento de los productos
con sello en la géndola. Las fotografias se descargaron y archivaron
en carpetas segln categoria y subcategoria de cada producto.
Como el propésito del estudio es un monitoreo inmediato de la
aplicacion de la norma, se incluyé a todos los productos de cada grupo
disponibles en los supermercados al momento del relevamiento.

Procesamiento de los datos y variables

Para la extraccién de informacién se elaboré una planilla disefiada
en Microsoft Excel y un instructivo con estandarizacién del
proceso. Se extrajo informacién sobre identificacion del producto
(marca, nombre comercial, denominacién de venta, grupo y
subgrupo); sellos de advertencia y leyendas dispuestos por la
ley; claims o Informacién Nutricional Complementaria (INC);
marketing dirigido a poblacién infantil y adolescentes; estrategias
de marketing nutricional (declaraciones o afirmaciones sobre
vitaminas, minerales, valor calérico, grasas, proteinas, lactosa,
sodio, probidticos e imagen de la grafica d las guias alimentarias),
estrategias de marketing no nutricional (declaraciones o
afirmaciones sobre sustentabilidad, posicionamiento de la marca
en la goéndola, promociones econémicas, formas de consumo,
estrategias digitales, calidad del producto, caracteristicas
organolépticas y mensajes sobre salud y alimentacion) y contenido
de nutrientes. La informacién cuantitativa de los nutrientes
criticos se obtuvo por porcién de la tabla nutricional declarada
en los envases de los productos analizados. En los productos
concentrados o para preparar, se evalud por porcion lista para
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el consumo. En los casos donde no se declaraban los azlcares
anadidos en la tabla de nutrientes se buscé la existencia de la
declaracién jurada en el portal del Sistema de Sellos y Advertencias
Nutricionales del Sistema de Informacién Federal para la Gestién
del Control de los Alimentos (SIFEGA), con la presentacion de los
nuevos rétulos armonizados con la ley. Cuando no se encontré la
declaracién jurada, pero el producto informaba azlcares totales se
sigui6 la metodologia de OPS (perfil de nutrientes)?, y en ausencia
de datos se consider6 el dato promedio de azlcares afiadidos de
los alimentos similares de esa misma subcategoria en la base de
datos. A partir del contenido de nutrientes por porcién se evalué si
el producto debia presentar sello de advertencia de cada nutriente
critico, de acuerdo con los limites establecidos por la norma*
Para la identificacién y verificacién de la leyenda precautoria
de productos con edulcorantes no nutritivos (ENN) y cafeina, se
revisé el listado de ingredientes tanto la presencia de su nombre
completo, o su nimero INS (Sistema Internacional de Numeracién,
CODEX ALIMENTARIOS FAO/OMS)*.

Analisis de los datos

A partir de los datos cargados se realizé el analisis para identificar
las siguientes variables: incumplimiento general; incumplimiento
de al menos un sello; incumplimiento de la declaracién de
azucares afiadidos (AA); presencia de declaracion jurada, posicion
en goéndola; presencia de claims o Informacién Nutricional
Complementaria (INC); marketing dirigido a poblacién infantil
y adolescentes y estrategias de marketing nutricional y no
nutricional presentes en los rétulos de los productos analizados.
Se defini6 como incumplimiento general a aquellos productos
que por su composicién nutricional correspondia que tengan sello
y no estaba presente en su etiqueta frontal y/o la ausencia de
declaracién de azlcares afiadidos en la informacién nutricional.
Esta evaluacién no consideré el andlisis de las dimensiones del
sello y/o leyenda. Se determind incumplimiento en la declaracion
de AA, cuando el producto no declaraba el contenido de “azdcares
afiadidos” en la informacién nutricional, tal como establece el
Capitulo V del Cédigo Alimentario Argentino (CAA).

Se definié6 como incorrecto posicionamiento de los productos con
sello en la géndola, cuando mas de la cuarta parte de los productos
se presentaban de forma que no los exhibian correctamente.

Se analizé el nivel de incumplimiento en virtud de la cantidad de
sellos que debia contener el producto.

Los datos se analizaron en Microsoft Excel. Se calcularon frecuencias y
porcentajes, para el total de los productos y por subgrupos de alimentos.

RESULTADOS

La muestra quedd conformada por 926 productos alimenticios,
como se visualiza en la Tabla 1. El grupo con mayor cantidad de

productos son las galletitas y amasados de pasteleria, con casi
un tercio de la muestra (35,9%), sequidos por dulces, postres y
golosinas (16,2%) y yogures y postres de leche (13,9%).

Del total de productos que debian llevar sellos (h=815), el 15,0%
presentd incumplimiento general, el 13,5% incumplian con al
menos un sello y el 11,3% (n=99) no declaraban los azlcares
afadidos en la informacién nutricional. El grupo con mas casos
de incumplimientos fueron los panes envasados (Tabla 2y Figura
1). Se observé similar nivel de incumplimiento en los productos
que debian llevar diferente nimero de sellos (Tabla 3).

En relacién con el nivel de cumplimiento de la normativa vigente,
de los 926 productos analizados, el 88,0% (815 productos)
debian llevar algln sello en la cara frontal. Del total de los
productos analizados, el 78,0% cumplia con inclusién de los
sellos correspondientes a su formulacién, el 12,0% no debia
tener sellos y el 11,0% no tenian sellos en el envase, pero debian
declararlos (Tabla 2). Los productos que prevalecieron dentro
del incumplimiento fueron los panes envasados (16,0%), los
dulces postres y golosinas (16,0%), sequido por las bebidas
analcohdlicas (11,0%) (Tabla 2).

Alanalizar por tipo de sello entre los productos que debian llevar sello
(n=815), se evidencié que el mayor incumplimiento correspondié
al sello de “exceso en calorias”, con un 7,7%, seguido por “exceso
en azlcar y sodio” con un 5,9%, como se muestra en la Tabla 4.
Asimismo, se observo que el incumplimiento segun sello varia segun
el grupo de alimentos. En los panes envasados, el sello con mayor
incumplimiento fue el de “Exceso en sodio” (34%) (Tabla 4).

Dentro de la categoria de bebidas analcohdlicas, se encontraron
6 amargos con edulcorantes en el listado de ingredientes, sin la
leyenda precautoria. Asimismo, no se hallaron las declaraciones
juradas en el buscador oficial del SIFEGA.

Otra variable estudiada fue el ndmero de sellos no declarados
por producto. De los 129 productos que presentaron este
incumplimiento, se identifico la ausencia de hasta 5 sellos en un
mismo producto perteneciente al grupo de galletitas y amasados
de pasteleria, de los cuales s6lo 2 casos no tuvieron declaraciones
juradas en el buscador de SIFEGA. Asimismo, dos tercios de los
alimentos y bebidas envasados presentaron incumplimiento en 1
0 2 sellos (32,5% en un sello y 28,6% en 2 sellos).

De los 815 productos que debian llevar sello, 99 no declaraban
los azlcares afiadidos en la informacion nutricional. Al verificar las
declaraciones juradas de esos productos, se constaté que el 59,1%
no la presentaba. Los dulces, postres y golosinas, a pesar de ser
el segundo grupo con menor declaracién de azlcares afadidos,
registraron la mayor cantidad de declaraciones juradas.

En cuanto a la presentacién en géndola de los productos con
sello (n=725), el 42,5% estaban posicionados de forma que no
exhibian correctamente los sellos de advertencia, situacién que
fue mas frecuente en yogures y postres de leche (68,1%) y bebidas
analcoholicas (54,4%) (Figura 2 y Material Suplementario).
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Productos de
copetin

Cereales de Barrltas de cereal
Cereales de desayuno """""""""""""""""""""""""""
desayunoy
. Sy barritas ‘Granola y Cereales de desayuno
barritas : :

Panes

envasados """"""""""""""""""""""""

Total
Nota: Datos obtenidos en supermercados del Argentina durante abril y mayo 2024,

Tabla 2. Situacién de cumplimiento deI rotulado frontal, total y por grupo de alimentos (n=926)

INCUMPLE

CUMPLE CON LA INCLUSION DE CUMPLE .
GRUPO DE ALIMENTOS LOS SELLOS (NO DEBE TENER SELLOS) - (NOTIENE _SI_E:L:;) Y DEBERIA
"""""""""""" n % i % %
Dulces, Postres y golosinas 126 8,0 00 16,0
Panesenvasados 33 30,8 """""""" 57 533 17 15,9
Bebidas analcohdlicas 79 888 00 10 11,2
Cereales de desayunoy barritas 61 78,2 """""""" 11,5 10,3
Galletitas y amasados de pasteleria 268 80,5 """""""" 35 05 ¢+ 30 9,0
Productos de copetin 39 975 : 0 A T 2,5
Yogures y postres de leche 119 92,2 10 78 o 0,0
Total 725 78,3 111 12,0 : 10,8

Nota: Datos obtenidos en supermercados deI Argentina durante abril y mayo 2024



Rev Esp Nutr Hum Diet. 2025; 29(4): 2497

Evaluacidn del cumplimiento de la Ley 27.642 de Promocion de la Alimentacion Saludable en supermercados de Argentina

Figura 1. Porcentaje de productos con incumplimiento de sellos y declaracién de azlcares afiadidos en productos que deben llevar sello,

por grupo de alimentos (n=815).

mINCUMPLE ALMENOS 1 SELLO

100%
80%
80%
70%
80%
50%
40% 34.0%5 go;
0% I 18,7949,3% .
20% I 125%s0%  134%) 0 124%
o 5,6% 0:5,0%
il i o on =
Panes Dulces, Cerealesde Galletitasy Bebidas
Postresy desayunoy amasados de analcohdlicas  copetin
golosinas barritas pasteleria

Nota: Datos obtenidos en supermercados del Argentina durante abril y mayo 2024.

Tabla 3. Cumplimiento del rotulado frontal segiin nimero de sellos que deberia tener el producto (n=926)

= NO DECLARA AZUCARES ANADIDOS

1'?%0.09'6

Productos de  Yogures y
postres de

leche

CUMPLE CON LA INCLUSION DE INCUMPLE
CANTIDAD DE SELLOS QUE DEBERIA TENER EL PRODUCTO SELLOS CON AL MENOS 1 SELLO
................ %
BT SO SN S .21 S L S 00 ...
L OSSOSO .1 AN S-S 187 .
B S S - SN S-/: S S S 130 ...
NS SO coo S .S S 109 ...
LS S - SN SN -4 S S o S 132 ..
B S S AN S S S 1000 ...
LS S - - N S/ S SIS . - S 119 ...
Nota: Datos obtenidos en supermercados del Argentina durante abril y mayo 2024.
Tabla 4. Porcentaje de productos por tipo de sello con incumplimiento (n=815)
Contiene .
Contiene
Exceso en Exceso en Edulcorantes .
Exceso en Exceso en Exceso en Cafeina
GRUPO DE ALIMENTOS . Grasas Grasas . . no .
Calorias Azucares Sodio evitar en
Totales Saturadas recomendable .
- nifios/as
..... en nifios/as
_Bebidas analcohdlicas 1,0% 0,0 0,0 1,0 2,0 10,0
Cereales de desayuno y barritas 12,0% 4,0 4,0 13,0 1,0 0,0
Dulces, Postres y golosinas 15,0% 3,0 5,0 15,0 0,0 3,0
Galletitas y amasados de
, 9,0% 6,0 6,0 5,0 8,0 0,0
_pasteleria
Panes 6,0% 6,0 0,0 0,0 34,0 2,0
_Productos de copetin 3,0 3,0 0,0 0,0 3,0 0,0
Yogures y postres de leche 0,0 0,0 0,0 0,0 2,0 0,0
Total 8,0 3,0 3,0 6,0 6,0 2,0

Nota: Datos obtenidos en supermercados del Argentina durante abril y mayo 2024.
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Figura 2. Porcentaje de productos con sello segtn su disposicién en géndola, total y por grupo de alimento (n=725). Nota: Datos obtenidos

en supermercados del Argentina durante abril y mayo 2024.

VISUALIZACION DE SELLOS

Total general

m NO VISUALIZACION DE SELLOS

57,5% 42 5%

Yoguresy postres de leche 31,9%
Productos de copetin 387 2% 12 8%

Panes Envasados 84.8%

Galletitas y amasados de pasteleria 56,7%

Dulces, Postres y golosinas 70,6%

Cereales de desayuno y barritas 65,6%

Bebidas analcohdlicas 45 6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

En cuanto a la presencia de informacién nutricional
complementaria, dentro de los productos con sello (n=725), se
observé que el 1,1% presenté algln claim. Los panes envasados
fueron los que mas la utilizaron. A su vez, dentro de los productos
con incumplimiento general (n=129), el 21,7% presentaron algin
claim, siendo nuevamente los panes envasados el grupo mds
incumplidor.

En relacion al marketing dirigido a la infancia, dentro de los
productos con sellos, el 1,4% lo presentd. Tanto los yogures y
postres de leche (3,5%) como los productos de copetin (5,0%)
fueron los grupos que mas utilizaron estas estrategias. Sin
embargo, de los que incumplieron (n=129), el 4% presentaban
marketing dirigido a poblacién infantil y adolescentes siendo los
dulces, postres y golosinas (9,0%) y cereales de desayuno (8,0%)
los que mas la utilizaron. Se identificaron 5 productos que no
declaraban los aztcares afiadidos y carecian de sello, pero incluian
marketing dirigido a infancias. De estos, en 2 alimentos no se
encontraron las declaraciones juradas, lo cual se interpreté como
falta de armonizacién con la ley.

En cuanto a las otras estrategias de marketing no nutricional
empleadas por la industria, el 54,6% de los productos con sello
presentaron alguna de estas estrategias. De entre ellas, la mas
comun estuvo relacionada con la sustentabilidad, destacandose
como la principal tactica utilizada para promover los productos. Esta

estrategia incluia declaraciones en las etiquetas de los alimentos
que promovian el reciclaje, destacaban su eco-amigabilidad,
su impacto positivo en el medio ambiente o su reduccién de la
huella de carbono. Por ejemplo, se evalud la presencia de frases
como ‘reciclame’ o "100% reciclable’. De los productos analizados
que llevaban algun tipo de sello (n=725), el 18,3% adopt6 esta
estrategia de marketing. Entre los grupos de alimentos, las bebidas
analcohélicas (45,6%) y los panes envasados (45,5%) fueron los
que mds frecuentemente emplearon esta tactica.

El 12,1% de los productos con sello (n=725) incluian estrategias
de marketing digital, como por ejemplo la menci6n en la etiqueta
de medios de comunicacién como Instagram, Facebook, sitios
web y/o codigos QR para vincular con la empresa. Al analizar por
grupo de alimentos, se observo que las galletitas y amasados de
pasteleria (21,3%) y los yogures y postres de leche (19,3%) fueron
los que mds frecuentemente la utilizaron.

El 10,9% de los productos con sello (n=725) utilizaban estrategia
de marketing de promocién de la alimentaciéon saludable, la
cual consistia en el uso de frases o palabras que destacaban
beneficios para el bienestar y la salud, sin hacer referencia
explicita a nutrientes, a diferencia del marketing nutricional y los
claims. Los panes fueron los productos con mayor frecuencia de
esta estrategia (30,3%). Se analizaron, asimismo, las estrategias
de marketing nutricional (distintas de los claims o informacion
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nutricional complementaria). De los 725 productos con sellos,
el 9,7% (n=72) mostraron utilizar alguna forma de marketing
nutricional. La estrategia de marketing nutricional mds utilizada
fue la declaracién de adicién de probidticos, que incluia productos
con simbolos o frases destacando su contenido o mezclas de
probidticos en sus nombres o etiquetas. Los datos indicaron
que el 4,3% de los productos con sellos (n=725) empleaban esta
estrategia. Al examinar por categoria de alimentos, los yogures
y postres lacteos fueron el Unico grupo que utilizd esta tdctica
de marketing nutricional en un 26%. Este estudio no incluy6 las
promociones econémicas ofrecidas por los supermercados en las
géndolas, pero consideré las promociones proporcionadas por
las marcas en las etiquetas de los productos. Solo el 0,7% de los
productos con sello mencionaban esta estrategia.

DISCUSION

A dos meses de la vigencia plena de la Ley 27.642 en Argentina,
el nivel de incumplimiento hallado fue del 15%, tanto por
ausencia de sellos como por la falta de declaracién de azlcares
afnadidos. Esta cifra es algo menor a la observada en otros paises
latinoamericanos con normativas similares, como Perd (22%)*y
Chile (20% de incumplimiento en 2019)*, en tanto que en 2020
se han observado valores menores (6,4%)**. En Ecuador, después
de seis afios de la implementacion de la ley de etiquetado bajo el
sistema de semaforo, se encontr6 que el 27,1% de los alimentos
analizados presentaban inconsistencias®®. Aunque el nivel de
incumplimiento general en Ecuador fue superior al observado en
este trabajo (27,1 % frente al 15,0 %), los productos de panaderia
fueron el grupo mds incumplidor en ambos estudios, con un 37,5%
y un 36 % de inconsistencias respectivamente’®. En tanto que, en
México, los resultados fueron contradictorios, ya que un estudio
de 2021 sefalé una implementacion exitosa de la ley, pero una
inspeccién posterior en 2022 revel6 incumplimientos graves en
productos de una conocida marca de cereales. Esta variabilidad
resalta la importancia de realizar evaluaciones periédicas para
garantizar el cumplimiento efectivo de las normativas®.

En este estudio, se observé mas del 50% de los productos que
incumplian no incluian la advertencia de “Exceso en calorias”
en su etiquetado frontal, destacandose como el sello con mayor
incumplimiento. Esta cifra coincide con los resultados obtenidos
en estudios realizados en otros paises, como Ecuador y Per(,
donde también se detectaron inconsistencias u omisiones en las
advertencias. En estos paises, sin embargo, el exceso de azlcary las
grasas trans fueron los factores mds cominmente identificados®>2°.
Un patrén similar al de Ecuador se observo en cuanto a bebidas
analcohdlicas (4,6%), que fue el grupo mas incumplidor en la
declaraciéon de edulcorantes, por no incluirlos en el etiquetado
a pesar de contenerlos en la lista de ingredientes'. En esta
investigacion, se observo que el 10% de las bebidas no declaraban
la leyenda “Contiene edulcorantes no recomendables para nifios/

as” a pesar de estar mencionados en la lista de ingredientes.
Esto se identifico en el presente estudio, principalmente, en la
subcategoria de “Amargos”.

Muchos productos sin los sellos correspondientes no presentaron
la Declaracién Jurada de azlcares afiadidos en el sistema SIFEGA,
lo que podria deberse a envases antiguos o la falta de adecuacién
a la normativa.

Uno de los principales objetivos de la Ley 27.642 fue incentivar
la reformulacién de productos hacia opciones mas saludables®.
Sin embargo, los estudios en Chile y Argentina muestran que
en las etapas tempranas de implementacién los cambios en
la composicién de los alimentos fueron minimos, con pocos
productos que han eliminado los sellos de advertencia a partir de
su reformulacion’® ?°, Los estudios realizados hasta el momento
en Argentina no han encontrado un cambio significativo en la
utilizacion de edulcorantes no nutritivos®. En tanto que, en Chile,
estudios recientes que comparan datos de 2015y 2017 muestran
que hubo una disminucién significativa en la cantidad de azdcares
y sodio en varios grupos de alimentos y bebidas envasados® #
Aunque la mayoria de los productos declaran los sellos en su
etiquetado frontal, la mitad no se visualizan en las géndolas,
especialmente en bebidas analcohdlicas y yogures. La industria
ha recurrido al uso de empaques con etiquetas de doble cara,
ocultando la informacién relevanteV, lo cual alerta sobre la
importancia de controlar estos aspectos, ademds de los propios
del etiquetado. En Latinoamérica, solo Chile y Argentina han
implementado politicas integrales para regular el marketing
de alimentos no saludables dirigido a nifios y adolescentes?, en
tanto que otros paises han avanzado con regulaciones parciales.
En Chile, la ley ha logrado reducir significativamente el marketing
de productos con altos niveles de calorias, azucares, sodio o
grasas, especialmente en los envases de cereales?. Sin embargo,
en México, a pesar de las restricciones, algunas empresas han
encontrado métodos alternativos para promocionar productos
dirigidos a este grupo etario, como el uso de personajes animados
en redes sociales y envasest. En cuanto al marketing digital,
muchas marcas utilizan plataformas como Tik-Tok, Instagram y
Facebook, y estrategias como cédigos QR, lo que facilita el acceso
a promociones y contenidos dirigidos a infancias'” % 2>, Ademas,
el marketing no nutricional, en especial el relacionado con la
sustentabilidad, estd cobrando fuerza, con adopcién de practicas
mds eco-amigables para mejorar la imagen de la marca y fidelizar
a los consumidores? #. Con la normativa vigente, se encontraron
pocos productos con sello que emplearan marketing nutricional
en la etiqueta, siendo los yogures el principal grupo en emplear
dicha estrategia. En linea con lo observado en otro estudio local, la
industria apelé al fortalecimiento de otras estrategias de marketing
nutricional y no nutricional, en las que futuras investigaciones
deberian profundizar su monitoreo®.

Una de las fortalezas destacadas de este estudio es el amplio
nimero de bebidas y alimentos envasados analizados, alcanzando
casi los 1.000 productos alimenticios, asi como la vigencia de



Rev Esp Nutr Hum Diet. 2025; 29(4): e2497

Evaluacién del cumplimiento de la Ley 27.642 de Promocion de la Alimentacion Saludable en supermercados de Argentina

la informacién recopilada, obtenida poco después de su plena
implementacién de la ley. Entre las limitaciones de este trabajo hay
que considerar la ausencia de validacién formal del instrumento
utilizado en la recoleccién de datos, la selecciéon de la muestra por
conveniencia, restringida a supermercados del AMBA y priorizando
las sucursales mds grandes para alcanzar una mayor oferta de
productos. En cuanto a la muestra, si bien el mercado de alimentos
envasados es similar en todo el pais, no es posible generalizar los
resultados a nivel nacional por la presencia de marcas propias que se
comercializan sélo en algunas regiones y de marcas propias de cada
supermercado, quedando excluidas las marcas de supermercados
de otras cadenas y de industrias sin trdfico nacional.

En un contexto donde es incipiente la informacion oficial sobre Ia
implementacion de la Ley 27.642 de Promocién de la Alimentacién
Saludable, los hallazgos de este estudio son fundamentales para
establecer un precedente en la evaluaciéon del cumplimiento,
proporcionan informacién clave para orientar la implementacién
actual de la ley, identificando sus deficiencias, sugiriendo posibles
reformulaciones y la adaptacién por parte de la industria y de los
comercios de venta de alimentos. Como por ejemplo, la necesidad
de implementar capacitaciones a todos el personal involucrado en
la colocacién de productos en géndola en puntos de venta para
adecuar la visibilidad de los sellos y mejorar los mecanismos de
fiscalizacién para asegurar un cumplimiento efectivo de la ley.
Esta linea de trabajoincita al fortalecimiento de los mecanismos de
monitoreo, fiscalizacién y sancién para asegurar el cumplimiento
efectivo de la normativa, lo cual mejora el grado de aplicacién y el
impacto de las politicas publicas destinadas a reducir malnutricién
en todas sus formas, asi como a garantizar el derecho a la salud y
a una alimentacién adecuada.

CONCLUSIONES

En general, aunque el nivel de incumplimiento en Argentina (15%)
es similar al de otros paises latinoamericanos, los productos
siguen presentando excesos de nutrientes criticos, lo que refleja
una exposicion continua de la poblacién a alimentos poco
saludables. Por otro lado, la escasa visibilidad de los sellos en los
puntos de venta, denota deficiencias en la normativa que podria
dificultar la eficacia de la ley para reducir el consumo de alimentos
no saludables. Estos hallazgos refuerzan la necesidad de articular
mecanismos de control y fiscalizacién efectivos por parte de la
autoridad de aplicacién (Ministerio de Salud de la Nacién).
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Introduction: Central obesity is associated with diverse complications, including autonomic symptoms;

Abdominal obesity however, there are several diagnostic criteria for defining central obesity. This study aimed to examine
) the association between central obesity, using two different definitions, and the presence of autonomic

Dysautonomia dysfunction symptoms in adults.

Autonomic nervous Methods: Secondary data analysis using information from an observational, cross-sectional study

system conducted in the North of Peru, between 2016 and 2017. Autonomic symptoms were assessed using the

Survey of Autonomic Symptoms, whereas central obesity was defined based on waist circumference, using
two different criteria (International Diabetes Federation [IDF] and the Adult Treatment Panel Il [ATP Ill]).
Crude and adjusted (for age, sex, education level, and socioeconomic status) Poisson regression models
were created to evaluate the association of interest. Prevalence ratios (PR) and 95% confidence intervals
(95% CI) were reported.

Results: A total of 1,609 participants were analyzed, with a mean age of 48.2 years (SD: 10.6) and 810 (50.3%)
were women. The prevalence of central obesity was 79.4% (95% Cl: 77.3%-81.3%) according to IDF criterion,
and 45.5% (95% Cl: 43.1%—48.0%) based on ATP lll criterion. In multivariable model, central obesity as defined
by IDF was significantly associated with urinary leakage (PR = 212; 95% Cl: 1.22-3.69). A significant but
weaker association was observed when applying ATP Ill criteria (PR = 1.47; 95% Cl: 1.10-1.97).

Conclusion: Central obesity, as defined by both IDF and ATP Il criteria, was significantly associated with
autonomic dysfunction symptoms, particularly urinary leakage.
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Introduccion: La obesidad central se asocia con diversas complicaciones, incluyendo sintomas autonémicos;
sin embargo, existen varios criterios diagndsticos para definir obesidad abdominal. Este estudio tuvo
como objetivo examinar la asociacién entre la obesidad central, utilizando dos definiciones diferentes, y la
presencia de sintomas de disfuncién autonémica en adultos.

Metodologia: Andlisis de datos secundarios a partir de informacién de un estudio observacional transversal
realizado en el norte del Perd entre 2016 y 2017. Los sintomas autondmicos se evaluaron mediante la
Encuesta de Sintomas Autonémicos, mientras que la obesidad central se definié segln la circunferencia
de la cintura, utilizando dos criterios diferentes (Federacion Internacional de Diabetes [IDF] y el Panel de
Tratamiento de Adultos Ill [ATP Ill]). Se crearon modelos de regresion de Poisson crudos y ajustados (por
edad, sexo, nivel educativo y nivel socioeconémico) para evaluar la asociacién de interés. Se reportaron
razones de prevalencia (RP) e intervalos de confianza del 95% (IC 95%).

Resultados: Se analizaron 1609 participantes, con una edad media de 48,2 afios (DE: 10,6), de los cuales
810 (50,3%) eran mujeres. La prevalencia de obesidad central fue del 79,4% (IC del 95%: 77,3%-81,3%)
segun los criterios de la IDF y del 45,5% (IC del 95%: 43,1%-48,0%) segun los criterios del ATP IIl. En un
modelo multivariable, la obesidad central, definida por la IDF, se asoci6 significativamente con la pérdida
urinaria (RP = 2,12; IC del 95%: 1,22-3,69). Se observd una asociacién significativa, aunque mas débil, al
aplicar los criterios del ATP Ill (RP = 1,47; IC del 95%: 1,10-1,97).

Conclusion: La obesidad central, definida tanto por los criterios de la IDF como por los del ATP IlI, se asoci6
significativamente con sintomas de disfuncién autonémica, en particular con la pérdida urinaria.

1. The prevalence of central obesity by the IDF was 79.4%, whereas it was 45.5% by the ATP-IlI
definition.

2. Obesity was more frequent in females, mid-aged subjects, those with low education,
unemployed, low physical activity levels, hypertension and type 2 diabetes.

3. Central obesity was associated with a greater prevalence of dizziness, pale skin, colder feet
compared to the rest of the body, nausea, vomiting, abdominal distension after a small
meal, persistent diarrhea, persistent constipation, and urinary leakage.

Carballo-Tello 1A, Magallanes-HornalL, Bernabé-Ortiz A. Association between central obesity and symptoms of autonomic
dysfunction: a cross-sectional study. Rev Esp Nutr Hum Diet. 2025; 29(4): e2508.
doi: https://doi.org/10.14306/renhyd.29.4.2508
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INTRODUCTION

Autonomicdysfunctionisamalfunctioningoftheautonomicnervous
system, leading to a diverse group of clinical manifestations®:
orthostatic symptoms (e.g., dizziness), non-orthostatic symptoms
(e.g., excessive sweating), and diffuse symptoms (e.g., fatigue)’.
Nevertheless, this condition remains unrecognized due to the
symptom’s heterogeneity?.

Although several tests are available to detect dysautonomia,
many are costly or require specialized equipment®. The use of
questionnaires or scales may be an economic alternative for
identifying dysautonomia symptoms. The Survey of Autonomic
Symptoms (SAS),validatedin English*,isbriefand hasdemonstrated
high performance when compared to other tools?, and has
been used in Spanish in a previous manuscript®. The presence
of autonomic symptoms is strongly linked to cardiovascular and
neurodegenerative disorders, including Parkinson’s disease?, and
metabolic syndrome and obesity®.

Obesity affected 968 million individuals globally in 2020, with
projections indicating that 1.9 billion individuals will be affected by
2035’. Obesity is associated with different complications, but waist
circumference is a more effective measure of cardiovascular risk®.
There are several diagnostic criteria for defining abdominal obesity:
the Adult Treatment Panel Il (ATP Ill) defines central obesity with
different cutoffs® than those reported by the International Diabetes
Federation (IDF) whose cutoff values depending on ethnicity?°.
Excess adipose tissue may contribute to autonomic dysfunction
through alterations in both the cardiovascular and endocrine
systems®l. For example, two systematic reviews reported
the association between obesity and urinary symptoms (ie,
incontinence) among children, adults and elderly subject'?®,
Similarly, a different review reported an association between obesity
and cardiac autonomic symptoms (i.e, heart rate variability) among
children and adolescents'. The accumulation of adipose tissue
prompts the body to increase cardiac output to meet the metabolic
demands of the excess tissue. This adiposity facilitates vascular
remodeling, resulting in heightened vascular resistance, leading to
the development of arterial hypertension®. These changes can impair
the delivery of oxygen and nutrients to the nerves precipitating
dysfunction within the ANS. Moreover, obesity is strongly linked
to insulin resistance and hyperglycemic states?, both of which can
cause damage to the autonomic system through oxidative stress
and the accumulation of advanced glycation end products®™.

Given that more than a quarter of the adult population in Peru
is affected by obesity?®, it is crucial to expand research on related
pathologies, including autonomic dysfunction. Therefore, the
present study aimed to investigate the association between
central obesity, defined according to two different criteria, and
the presence of autonomic dysfunction symptoms, especially
those related to gastrointestinal, urinary, sexual disturbances, and
vasomotor and sudomotor function.

METHODS
Study design

A secondary data analysis was performed utilizing data from a
population-based observational study. The general objective of
the original study was to assess the diagnostic accuracy of various
strategies for detecting type 2 diabetes in the general population,
and it was conducted between 2016 and 2017Y".

Study setting and population

Data collection was conducted in Tumbes, a semi-urban region
in northern Peru with 225,000 inhabitants. Participants were
randomly selected from the study area, using information of
the most updated census of the region, conducted in 2014. The
inclusion criteria of the original study were adults aged 30 to 69
years, full-time residents in the study area (26 months), and able
to understand study procedures. Women who were pregnant at
the moment of the study, or those bedridden or with physical
disabilities preventing anthropometric measurements were
excluded from the studyY’.

For the current analysis, participants with complete data (full
responses on the SAS and those with waist circumference
measurements) were included in the analysis.

Definition of outcomes and covariates

The outcome variable was the presence of autonomic symptoms,
according to results of the SAS. This scale assesses the presence
and severity of autonomic dysfunction symptoms (gastrointestinal,
urinary, sexual disturbances, and vasomotor and sudomotor
function)*, and comprises 11 items for women and 12 for men.
Each item is assessed independently with a binary response option
of “yes” (1) or “no” (0). Severity is measured using a Likert scale
ranging from 1 (least severe) to 5 (most severe). For analysis
purposes, each symptom and the total sum of symptoms were
assessed independently.

The exposure of interest was central obesity, assessed through waist
circumference (in cm). We utilized the criteria established by IDF and
ATP 1Il. Central obesity by IDF was defined as waist circumference
>90 ¢cm in men and >80 cm in women®®, In contrast, the ATP llI
defines used other cutoffs: 2102 cm in men and 288 cm in women®.
The covariates included in this study were: sex (male or female),
age (<40, 40-49, 50-59, and 60+ years), education level (primary,
secondary, or higher education), socioeconomic status (based on
a wealth index, a composite measure of a household’s cumulative
living standard, and then split into tertiles: low, middle, and
high), current employment status (yes or no), daily tobacco
use (consumption of at least one cigarette per day), alcohol
consumption (intake of 6 or more bottles of beer or the equivalent
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in the past month, categorized as <1 time or >1 time per month),
physical activity levels (assessed using the International Physical
Activity Questionnaire [IPAQ] and classified as moderate/high
versus low) and consumption of at least one vegetable or fruit
per day (yes or no). For descriptive purposes, hypertension, self-
reported diagnosis or treatment, or if systolic blood pressure was
2140 mmHg or 290 mmHg for diastolic blood pressure, and type
2 diabetes, defined as fasting glucose 2126 mg/dL, postprandial
glucose 2200 mg/dL, or a prior diagnosis or self-reported specific
treatment?®, were also described.

Data Collection

Participants were selected using a sex-stratified sampling method"”.
Fieldworkers visited participants’ households to assess their
eligibility. Eligible individuals were invited to participate, provided
written informed consent, and scheduled for an appointment at
the local health center. On the scheduled day, fasting status (8 to
12 hours) was verified, and once confirmed, a venous blood sample
(7.5 mL) was collected. According to international guidelines, an
oral glucose tolerance test was started by the oral administration
of 75g of anhydrous glucose in 300 mL of water. As a postprandial
blood sample was required two hours later, the participants
completed the questionnaire and underwent anthropometric
measurements during this waiting period. Blood testing was carried
out by a certified Peruvian laboratory located in Lima. Laboratory
staff were blinded to results of questionnaires and measurements.
Glucose was measured in serum using a Cobas Modular Platform
auto-mated analyzer and reagents supplied by Roche Diagnostics
Data collection was conducted using tablets operated by trained
personnel and equipped with an application built with Open Data
Kit. The questionnaire comprised different sections including
demographics, lifestyle behaviors, as well as risk factors. After the
application of the questions, anthropometric measurements were
taken using a stadiometer for standing height and a bioimpedance
device for weight and body composition. Waist circumference
was measured three times using a standardized and validated
technique as recommended by the WHO®, with a measuring tape
at the midpoint between the costal margin and the iliac crest.
Blood pressure and heart rate were also measured in triplicate
using a validated OMRON HEM-780 monitor.

Statistical analysis

For this analysis, with a sample of 1600 subjects and assuming a
prevalence of autonomic symptoms in non-obese people of 11.4%
and among obese people of 22.2%, a ratio between sample sizes of
1to 2 and a level 95% confidence, there was a power over 90% to
detect these differences.

Statistical analysis was performed using STATA 16.0 for Windows,
and we followed the STROBE guideline for cross-sectional studies

to report results. Descriptive statistics were presented using means
and standard deviations (SD) for continuous variables, and absolute
and relative frequencies for categorical variables. Normality of
numerical variables were evaluated using the Shapiro-Wilk test.
For variables of interest, prevalence and their corresponding 95%
confidence intervals (95%Cl) were reported.

To examine the associations of interest, crude and adjusted
Poisson regression models were built. Confounders were selected
a priori based on their role in the association of interest: age,
sex, education level, and socioeconomic status were included in
adjusted models. These variables were included directly in the final
model without using stepwise approaches. Prevalence ratios (PR)
and their respective 95%Cl were reported.

Finally, linear regression models were utilized to assess the
relationship between central obesity and the total score on
the SAS utilizing a similar approach as the Poisson regression
models. Both crude and adjusted (by age, sex, education level, and
socioeconomic status) models were developed, and coefficients ()
with 95%Cl were reported.

Ethical statement

The original protocol and informed consent were approved by the
Ethics Committees of the London School of Hygiene and Tropical
Medicine, UK, and Universidad Peruana Cayetano Heredia, Peru. The
current study was reviewed and approved by the Ethics Committee
of Universidad Cientifica del Sur (code: PRE-15-2023-00884%).

RESULTS
Study population

In the original study, a total of 2,114 individuals were invited to the
study, 486 (22.9%) declined the invitation, 16 (0.8%) were excluded
due to pregnancy, and three participants did not complete blood
samples. As a result, a total of 1,609 participants were included
in the analysis as none was excluded for having incomplete data,
mean age of 48.2 (+10.6) years, and 810 (50.3%) women.

Prevalence of central obesity and associated factors

The prevalence of central obesity by IDF was 794% (95%Cl:
77.3%-81.3%), whereas it was 45.5% (95%Cl: 43.1%-48.0%) by ATP
[l definition. Obesity, using both definitions, was more frequent
among females, mid-aged subjects, those with low education, those
unemployed, those without tobacco and alcohol consumption,
those with low physical activity levels, those consuming vegetable
or fruits, those with hypertension and those with type 2 diabetes
(see details in Table 1).
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Characteristics

ATP Il

No obesity Obesity value No obesity Obesity
N =332 N =1277 P N = 876 : N =733

Sex

Male

260 (32.5%) 539 (67.5%) 629 (78.7%) 170 (21.3%)

Female

<0.001

Age

<40 years

275 (62.4%) 166 (37.6%)

122 (27.7%) 319 (72.3%)

40 -49 years

91 (19.0%) 389 (81.0%) 239 (49.8%) 241 (50.2%)

50-59 years

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, <0001 <0001
69 (16.9%) : 205 (50.1%) 204 (49.9%)

60 +years

e

Educatiqp

Primaryw

91 (17.5%) 428 (82.5%)

247 (L7.6%) 272 (52.4%)

Secondaﬂr'y

176 (23.5%) 573 (76.5%) 445 (59.4%) 304 (40.6%)

Higher education

65 (19.1%) 276 (80.9%) 184 (54.0%) 157 (46.0%)

Socioeconomic status

114 (20.7% 284 (51.6%

0.25

94 (18.1%)

293 (56.5%)

226 (43.5%)

425 (81.9%)

49 (9.5%) 469 (90.5%)

174 (33.6%) 344 (66.4%)

Low 124
Medium

High

Employment status

No

Yes

283 (25.9%) 808 (74.1%) 702 (64.3%) 389 (35.7%)

Daily tobacco consumption

No

300 (19.8%) 1217 (80.2%)

799 (52.7%) 718 (47.3%)

Yes

32 (34.8%) 60 (65.2%) 77 (83.7%) 15 (16.3%)

Alcohol consumption

<1 time/month

279 (19.2%) 1177 (80.8%) 755 (51.9%) 701 (48.2%)

+1 time/month

Physical activity

>3

Moderatg‘/high

259(258%) | . 745 74.2%) 621 (61.9%) 383 (38.1%)

Low

73 (12.1%) 532 (87.9%) 255 (42.2%) 350 (57.8%)

At least one vegetablg or fruit/dk‘a‘y

No

177 (23.1%) 591 (76.9%) 440 (57.3%) 328 (42.7%)

Yes

0.02 0.03

Hypertension

No

281 (23.6%) 911 (76.4%) 505 (42.4%)

Yes

51 (12.2%) 366 (87.8%) 228 (54.7%)

Type 2 diabetes

No

312

Yes

0.001

Proportions were estimated and shown in rows. P-values were calculated using the Chi-squared test.



Rev Esp Nutr Hum Diet. 2025; 29(4): e2508

Association between central obesity and symptoms of autonomic dysfunction: a cross-sectional study

Association between central obesity and the presence of
autonomic symptoms

The most prevalent autonomic symptom was dizziness (30.2%)
whereas the least common was reduced body sweating (1.4%). In crude
model, central obesity, by IDF or ATP Ill, was associated with greater
prevalence of dizziness, pale skin, colder feet compared to the rest of
the body, nausea, vomiting, abdominal distension after a small meal,
persistent diarrhea, persistent constipation, and urinary leakage.
However, in multivariable model, obesity by IDF was associated with
urinary leakage (PR=212; 95%Cl: 1.22-3.69, Table 2).

When using the ATP Il definition, central obesity was associated
with greater prevalence of urinary leakage in adjusted model
(PR=1.47; 95%Cl: 1.10-1.97, Table 3).

Association between central obesity and the autonomic
symptoms scale

When using ATP lll, but not IDF definition, a significant association between
central obesity and severity of symptoms was observed in the crude model
(Table 4). However, in multivariable model, no significant association was
found between any definition of central obesity and the SAS total score.

Table 2. Association between central obesity according to the IDF definition and the presence of autonom|c dysfunct|on symptoms

Crude model Adjusted model*

Autonomic dysfunction symptoms PR (95%Cl) PR (95%Cl)
Dizziness .. 147(118;183) = 132(0.90,142)
Dry mouth and eyes 124(099,154)  :  102(0.81;128)

Pale skin 4) ...167(C o
Feet colder than the rest of the body . ~156(1.10;221) 099 (O 69, 143)
Reduce sweating in feet 2 21% . .....175(062,498) - 111(037,330)
Reduce sweating in the body 0.6% 1.6% 259(061;11.07) : 13 )

Increase sweating in hands

137 (0.26;7.11
(C

)
Nausea, vomiting or abdominal after a small meal ~176(1.09;285) : 121(0.72;72 2 03)
Persistent diarrhea . L 193(116;3.21) ©  151(0.89;255
Persistent constipation ) 166% o 233% . 140(1.08;182) = 093(071;121)
Urinary leakage 3% 164% . ..418(242,7.22)  212(122;369)
Difficulty achieving an erection (only males) 7% T78% 1.01 (0.61; 1.69) 0.76 (046, 1.27)

PR = Prevalence ratio; 95%Cl: 95% confidence intervals. Bolded values are statistically significant. *Adjusted for sex, age, education level, and
socioeconomic status.

Table 3. Assouatlon between central obe5|ty accordlng to the ATP III deﬁnltlon and the presence of autonomic dysfunction symptoms

. % of autonomic symptoms

Crude model Adjusted model*

Autonomic dysfunction symptoms ~ Noobesity  : Obesity PR (95%CI) PR (95%Cl)
................................. BT T R
pr;zmess T 24 4 % 1 371% 1.52 (1.31; 1.76) 1.12(0.95; 1.32)
Drymouthandeyes LIS BB
FELE SIS % TR S
Feet colder than the rest of the body i B L s
| B0l SRRy I UL i WED i 22
| RECUEe S Tlg IV BB B0 LR T .

Increase SWeRtINGIMMANAS i = T

6.6 %

..P?TS'Stent darhea ... 88% 10

T O e e BB iR 08
| DT IBEDEIER | IR
Difficulty achieving an erection (only in males) ........ 72% 10.0 %

PR = Prevalence ratio; 95%Cl: 95% confidence intervals. Bolded values are statisticaily significant.
socioeconomic status.

*Adjusted for sex, age, education level, and
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Table 4. Association between central obesity and total scale score
and severity

..Crude model Adjusted model*
Coefficient Coefficient
(95%C) (95%C1)

..0:51 (0:34; 0.68)
0.56 (040; 072)

149 (0.93; 2.04)

SAS = Survey of autonomic symptoms. Boided values are statistically
significant. *Adjusted for sex, age, education level, and socioeconomic status.

DISCUSSION

According to our results, in multivariable model adjusting for age,
sex, education level, and socioeconomic status, an association
between central obesity, using two different definitions, and
autonomic dysfunction, particularly urinary leakage, has been
observed. Additionally, the most common autonomic dysfunction
symptoms were dizziness, dry mouth and eyes, and persistent
constipation. Finally, based on the IDF definition, nearly 80% of
the population exhibited abdominal obesity, whereas the ATP Il|
criteria identified central obesity in about 50% of participants.
Abdominal obesity, by the ATP Ill and IDF criteria, is associated with
urinary leakage, as previously documented. Two different systematic
reviews have reported results regarding the association between
obesity and urinary symptoms. In the first one?®, 16 reports were
meta-analyzed to show that obesity was associated with urgent
urinary incontinence but not with stress urinary incontinence
among middle-aged and older women. In the second one'?, 11
manuscripts were included in the review, and found association
between obesity and enuresis, daytime urinary incontinence and
overactive bladders among children and adolescents. In addition,
a prospective study involving 840 women reported that general
obesity (BMI 230 kg/m?) was an independent risk factor for both
overactive bladder and detrusor overactivity”®. Furthermore, an
analysis of data from 920 men and women enrolled in the Lower
Urinary Tract Dysfunction Symptom Research Network Cohort
Study?* reported that greater abdominal circumference was
positively correlated with an increased risk of urinary incontinence
in both sexes, while overactive bladder was observed exclusively
in women. Excess visceral adiposity may increase intra-abdominal
pressure, imposing direct mechanical strain on the bladder,
stretching the pelvic floor, or altering detrusor muscle function,
contributing to pelvic organ prolapse, overactive bladder, or
urethral hypermobility in women®2%. In men, obesity has been
implicated in systemic hyperinsulinemia, which may promote
prostatic hypertrophy, resulting in urinary discomfort2.

Although the adjusted model did not reveal a significant
association between central obesity and gastrointestinal
symptoms, a correlation was observed in the crude model. In a
cross-sectional study of 3,866 Saudi participants, obesity was
found to be associated with symptoms such as heartburn, nausea,
and diarrhea®, explained by impaired gastric motility, delayed
gastric emptying, and increased gastric volume, which have
been implicated in the pathogenesis of functional dyspepsia®.
Furthermore, obesity has been associated with bile acid
malabsorption, accelerated intestinal transit, and gut microbiota
dysbiosis?>, which may contribute to diarrhea. However, impaired
gastric motility has also been suggested as a potential mechanism
underlying obesity-related constipation?.

Whereas we found no significant association between central
obesity and sudomotor system symptoms, prior research has
documented sudomotor dysfunction in individuals with obesity,
particularly reduced sweat production?®. Although the present
research did not consider cardiovascular symptoms, literature has
reported that association?. Thus, a study enrolling 1,409 subjects
reported an inverse association between waist-to-hip ratio, an
obesity marker, and heart rate variability, suggesting autonomic
dysregulation of cardiac function?.

Obesity initially affects blood pressure and heart rate regulation,
leading to symptoms such as orthostatic hypotension, postural
tachycardia, and exercise intolerance. Over time, these cardiovascular
disturbances may extend to involve additional systems?. The hyper-
insulinemic state associated with obesity activates proinflammatory
pathways, promoting reactive oxygen species and inflammatory
mediators. These mechanisms result in neuronal damage within the
autonomic nervous system, initially impacting the parasympathetic
branch and later extending to the sympathetic branch?>?. Besides,
the adipose tissue distribution in central obesity results in an
increase in intra-abdominal pressure, which contributes to a rise in
bladder pressure through mechanical forces?.

The current study also revealed a significant variation in the
prevalence of central obesity based on the definition applied,
highlighting the importance of establishing appropriate
parameters and cut-off points specific to Peruvian population. This
can have a huge impact on the clinical management of obesity in
our context. In Peru, several obesity intervention strategies have
been implemented®, but the efficacy of such protocols have not
been completely evaluated. Moreover, unlike other international
guidelines, these strategies do not encompass the detection and
management of obesity-related complications and comorbidities.
A pertinent example is the Spanish Guidelines for the Integrated
and Multidisciplinary Management of Obesity in Adults (GIRO,
for its Spanish acronym), which underscore the critical need for
early intervention in individuals with central obesity to prevent
cardiovascular and metabolic complications3.

This study has certain limitations. As a cross-sectional study, only
association and not causality can be established. Moreover, reverse
causality can be present as some symptoms may predispose to
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obesity. Then, the reliance on questionnaires rather than diagnostic
tools for autonomic dysfunction may lead to an underestimation
of the presence of dysautonomia. Thus, an under-estimation of
the prevalence of autonomic symptoms, due to misclassification,
may be present. Furthermore, the questionnaire does not assess
cardiovascular abnormalities, which represent the most common
form of neuropathy associated with obesity. Similarly, obesity was
evaluated using a traditional anthropometric measure (i.e., waist
circumference), which remain widely applied but are less precise
than more modern approaches such as body fat percentage, bio-
impedance analysis, dual-energy X-ray absorptiometry (DEXA),
etc. These latter methods could provide greater accuracy and
should be considered in future research. Representativeness can
be also a concern as more than 20% of eligible individuals rejected
participation. Finally, only some confounders were used in the
multivariable model as many of the other potential confounders
are in the causal pathway of obesity.

The study, however, benefits from the use of a representative
sample from a semi-urban region, allowing the extrapolation of
findings to similar populations. The application of two definitions
of central obesity provides a broader perspective on excess weight,
enabling a comprehensive understanding of its prevalence and its
association with autonomic dysfunction.

CONCLUSIONS

Consistent with literature, our study confirms the association
between central obesity, using two different definition and urinary
leakage. These results emphasize the need for research using more
advanced and precise diagnostic techniques for dysautonomia.
From the clinical perspective, there is a need to implement
strategies to prevent central obesity.
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Introduction: The growing emphasis on healthy eating has led to orthorexia nervosa, a pathological
Orthorexia Nervosa obsession with food quality, particularly affecting women. Breastfeeding mothers, concerned with optimal
infant nutrition, may be especially at risk. This study aimed to translate the Orthorexia Nervosa Revised

BireeiREing M e Scale (ORTO-R) into Turkish, evaluate its validity and reliability, and determine orthorexic tendencies

ORTO-R Scale among breastfeeding mothers.

Validity Methods: A cross-sectional study was conducted from January to December 2023 in five family health
centres in Afyonkarahisar, Turkey, with 388 breastfeeding mothers recruited via simple random sampling.

Reliability Data were collected using the Turkish ORTO-R, EAT-26, and EDE-Q Short Form. Psychometric evaluation

included pilot testing, content validity, EFA, CFA, and reliability via Cronbach’s alpha and split-half methods.
Analyses were performed in SPSS 27.0 (p<0.05).

Results: Mean ORTO-R score was 16.36 (4.77). EFA retained all items and revealed a two-factor structure;
CFA indicated good fit (x>/df = 0.93, RMSEA = 0.00). Cronbach’s alpha was 0.724; Spearman-Brown and
Guttman split-half coefficients were 0.703 and 0.692, confirming internal consistency. Mean EAT-26 and
EDE-Q Short Form scores were 11.07 (10.22) and 1.66 (1.11), respectively. Significant positive correlations
were observed between ORTO-R, EAT-26, and EDE-Q Short Form scores (p<0.05).

Conclusions: The Turkish ORTO-R scale is valid and reliable for assessing orthorexic tendencies in
breastfeeding mothers.
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) RESUMEN

Introduccion: El creciente énfasis en la alimentacion saludable ha dado lugar a la ortorexia nerviosa, una
obsesion patoldgica por la calidad de los alimentos que afecta especialmente a las mujeres. Las madres
lactantes, preocupadas por la nutricién éptima de sus bebés, pueden correr un riesgo especial. El objetivo
de este estudio fue traducir la Escala Revisada de Ortorexia Nerviosa (ORTO-R) al turco, evaluar su validez
y fiabilidad, y determinar las tendencias ortoréxicas entre las madres lactantes.

Metodologia: Se llevd a cabo un estudio transversal entre enero y diciembre de 2023 en cinco centros
de salud familiar de Afyonkarahisar (Turquia), con 388 madres lactantes reclutadas mediante muestreo
aleatorio simple. Los datos se recopilaron utilizando la ORTO-R turca, la EAT-26 y la EDE-Q Short Form. La
evaluacién psicométrica incluyd pruebas piloto, validez de contenido, EFA, CFA y fiabilidad mediante los
métodos alfa de Cronbach y split-half. Los andlisis se realizaron en SPSS 27.0 (p < 0,05).

Resultados: La puntuacién media del ORTO-R fue de 16,36 (4,77). El EFA conservé todos los items y revel
una estructura de dos factores; el CFA indicé un buen ajuste (x2/df = 0,93, RMSEA = 0,00). El alfa de
Cronbach fue de 0,724; los coeficientes de Spearman-Brown y Guttman de mitad dividida fueron de 0,703y
0,692, lo que confirma la consistencia interna. Las puntuaciones medias del EAT-26 y del EDE-Q Short Form
fueron de 11,07 (10,22) y 1,66 (1,11), respectivamente. Se observaron correlaciones positivas significativas
entre las puntuaciones de ORTO-R, EAT-26 y EDE-Q Short Form (p < 0,05).

Conclusion: La escala ORTO-R turca es vdlida y fiable para evaluar las tendencias ortoréxicas en madres
lactantes.

1. The ORTO-R scale was successfully adapted into Turkish and demonstrated good validity
and reliability among breastfeeding women.

2. The two-factor structure of ORTO-R was confirmed by exploratory and confirmatory factor
analyses with strong model fit indicators.

3. Breastfeeding mothers showed orthorexic tendencies, with significant links to marital
status, education, and occupation.

ll-. ORTO-R scores positively correlated with both EAT-26 and EDE-Q scores, indicating shared

disordered eating patterns.

Irem M, Arusoglu G. Investigation of Orthorexia in Breastfeeding Mothers, Adaptation of Orthorexia Nervosa Revised
Scale into Turkish. Rev Esp Nutr Hum Diet. 2025; 29(4): e2527.
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INTRODUCTION

In recent years, awareness of the importance of healthy eating has
steadily increased in modern societies. This growing awareness
influences people’s eating habits and shapes their perception of
body image. For some individuals, however, the pursuit of healthy
eating can lead to obsessive thoughts and behaviours. As a result,
various eating disorders, such as anorexia nervosa, bulimia
nervosa, and orthorexia nervosa (an obsession with healthy
eating), can occur?.

Orthorexia nervosa is characterised by restrictive and compulsive
behaviours related to healthy eating?. In other words, it involves
pathological attitudes towards healthy food choices?. Individuals
with orthorexic tendencies are primarily concerned with the quality
rather than the quantity of food “. Although the exact prevalence of
orthorexia nervosa remains unclear, global studies suggest that it
ranges from 6.9% to 75.2%, depending on factors such as gender
and occupation®. Some studies have found that women are at a
higher risk than men®”.

Women, particularly those of childbearing age, may be at an
increased risk of developing orthorexia nervosa due to the
emphasis placed on healthy eating, concerns about weight, and the
physiological changes that occur during this period. Postpartum
psychological and physiological changes can also elevate orthorexic
tendencies, with breastfeeding mothers being at a higher risk
than non-breastfeeding mothers, likely due to concerns about
producing high-quality milk®°. Restrictive diets focused on ‘healthy
eating’ can lead to nutritional deficiencies in children, suggesting
that the offspring of mothers with orthorexia nervosa may adopt
similar restrictive behaviours, thereby increasing their risk of
developing an eating disorder in the future'®, Early intervention
and maternal awareness are therefore critical for public health.
However, research on orthorexic tendencies in breastfeeding
mothers is very limited. Accurate assessment of this phenomenon
across populations requires the linguistic and cultural adaptation
of measurement instruments. Psychometric analyses demonstrate
that a scale can consistently and appropriately measure the
intended construct, thereby ensuring the comparability and
generalisability of findings. Accordingly, this study aimed to
translate the Revised Orthorexia Nervosa Scale (ORTO-R), a revision
of the ORTO-15, into Turkish, and to evaluate its validity and
reliability among breastfeeding mothers. The study also examined
whether the scale’s linguistic and cultural adaptation enables
reliable identification of orthorexic tendencies in this population.

METHODS
Study Design
This cross-sectional study was conducted between January and

December 2023 in five family health centres in the city center of
Afyonkarahisar, Turkey. A two-phase observational design was

applied. The study aimed to evaluate the descriptive characteristics
of breastfeeding mothers and to assess the validity and reliability
of the Revised Orthorexia Nervosa Scale (ORTO-R) in Turkish.

Participants and Sampling

The study included 27,115 women aged 18 years and older
who gave birth between 2019 and 2021. A priori power analysis
using G*Power 3.1.9.2 (effect size f = 0.3, a = 0.05, power = 0.80)
indicated a required sample of 379 participants, providing statistical
justification for the study sample. However, the survey was ultimately
administered to 388 breastfeeding mothers in the study 2 (main
study). Inclusion criteria were: having a child aged 0-3 vyears,
being 18 years or older, residing in Afyonkarahisar, and being
literate. Exclusion criteria included having stopped breastfeeding,
being under 18 years old, or submitting incomplete or incorrectly
completed surveys.

Instruments and Procedures

ORTO-R Scale Translation and Adaptation

The ORTO-R is a revised form of ORTO-15 developed by Radoslaw
Rogoza and Lorenzo M. Donini 2 The Turkish adaptation of ORTO-15 was
previously conducted by Arusoglu, who created the ORTO-11 version®.
The revision addressed the unstable factorial structure observed in earlier
adaptations. ORTO-R includes six best-performing items from ORTO-15,
rated on a five-point Likert scale (1 = never, 5 = always), with higher scores
indicating greater orthorexic tendencies. Unlike ORTO-15, no reverse
scoring is applied.

The six ORTO-R items were first translated into Turkish by a
student and then independently by three academic translators (a
dietitian, an English specialist, and a medical doctor). The versions
were tested with 24 participants to determine clarity, and the
most comprehensible translation was finalized. Two independent
translators then performed back-translation into English. Finally,
three experts evaluated each item for clarity on a three-point
scale (“appropriate,” “appropriate but should be modified,” “not
appropriate”). Based on this process, the final Turkish version of
ORTO-R was established.

Eating Attitudes Test-26 (EAT-26):

The EAT-26 was adapted to Turkish by Ergiiney Okumus & Sertel
Berk. The test includes three sections: A (demographic data), B
(26 items on eating habits), and C (five items on behaviors during
the past six months). Only section B is scored (0-3 scale), with
item 26 reverse-coded. Sections A and C are descriptive and not
included in scoring.

Eating Disorder Examination Questionnaire — Short Form (EDE-Q Short
Form):

The EDE-Q Short Form was adapted to Turkish by Esin & Ayyildiz*.
The Turkish EDE-Q Short Form comprises 13 items and five
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subscales, and scores range from O to 6. Higher scores indicate
greater eating-related psychopathology.

Study 1. Pilot Study

The finalized Turkish ORTO-R scale was tested on 30 participants
in family health centres. Reliability analyses were conducted,
including calculation of Cronbach’s alpha and item-total correlation
coefficients. Following the pilot study, no modifications were made
to the scale prior to administration in the main survey.

Reliability Analysis:

Internal consistency was assessed with Cronbach’s alpha and split-
half reliability. In the main study, alpha coefficients were calculated
for the entire scale and with each item removed. For the split-half
method, items (2, 3, 5) and (1, 4, 6) were analyzed separately, and
Spearman-Brown and Guttman coefficients were computed.

Validity Analysis:

Construct validity was evaluated using Kaiser-Meyer-Olkin
(KMO) and Bartlett’s tests, confirming data suitability for factor
analysis. EFA (Varimax rotation) and CFA were performed, with
Scree plot, fit indices, and path diagrams used for interpretation.
Content validity was assessed by five experts using Lawshe's
method. Items were rated for appropriateness, and Content
Validity Ratio (CVR) and Index (CVI) were calculated accordingly.

Variables

The dependent variable in this study was the ORTO-R score, which
reflects orthorexic tendencies. The independent variables were
age, body mass index (BMI), marital status, educational level,
occupation, number of children and duration of breastfeeding.
Sociodemographic and clinical covariates, such as height and
weight, were also recorded.

Statistical Analysis

Data were analyzed using SPSS for Windows version 27.0. Descriptive
statistics of participants and scores on the ORTO-R, EAT-26, and
EDE-Q short form were presented as frequencies and percentages.
The normality of the data distribution was first assessed using
the Shapiro-Wilk test. Since the data were found to be normally
distributed, relationships between ORTO-R scores and descriptive
variables were analyzed using one-way ANOVA with Tukey HSD post
hoc tests, independent samples t-tests, and Pearson correlation
coefficients. Statistical significance was set at p<0.05.

Ethical Considerations
Ethical approval was obtained from the Non-Interventional
Research Ethics Committee of Kirklareli University (29.12.2022;
approval number: E-69456409-199-73137), and necessary
permissions were obtained from the Afyonkarahisar Provincial
Health Directorate.

RESULTS
Study 1. Pilot Study

The reliability of the ORTO-R scale was initially tested in a pilot
study with 30 breastfeeding mothers. During the pilot, participants
were presented with three independent Turkish translation
versions of the scale, and feedback was collected to determine
the most understandable version. Following this, no modifications
were made to the scale before administration in the study 2(main
study). The Cronbach’s alpha coefficient for the pilot study was
0.52. All items showed item-total correlations above 0.30, and no
items were excluded.

Study 2. Main Study

Descriptive Statistics

Descriptive information about the breastfeeding mothers who
participated in the study is shown in Table 1. The mean age of the
participants was 33.92(5.93) years; 51.8% were aged 31-36 years.
Of the participants, 95.9% were married, while 2.8% were divorced
and 1.3% were single. In terms of educational background, 40.9%
were 2bachelor’s degree and 23.1% had completed high school or
equivalent. The majority of women were housewives (52.8%) and
had 2 children (51.8%).

Validity

The suitability of factor analysis was confirmed by a KMO value of
0.728 and a significant Bartlett’s test (p < 0.005). The construct
validity of the ORTO-R scale was supported by both EFA and CFA.
Items contributed 43.9-78% to the total variance. Eigenvalues
greater than 1 indicated a two-factor structure. Factor 1 (items
1, 4,5 and 6) explained 42.48%, while Factor 2 (items 2 and 3)
explained 18.04%. Together, these factors explained 60.5% of the
total variance. All factor loadings exceeded 0.40 and no cross-
loading or redundant items were identified (Table 2).

CFA was applied to test the structure identified by EFA. The
correlation coefficient between the two factors was 0.15, which
is within the acceptable reference value (<0.85). The CFA results
for the two-factor structure established according to the EFA,
indicating that all values fall within the desired reference range and
the model demonstrates a good fit. (x?/df = 0.93, RMSEA = 0.000,
CFl =1.00, TLI =1.00, IFlI = 1.00, NFI = 0.957, RFI = 0.90).

Content validity was assessed by submitting the scale to five
academic experts. Using the Lawshe technique, all items were
rated as ‘adequate’ (A), resulting in content validity ratios (CVR)
and content validity indices (CVI) of +1. This indicates that the scale
achieved content validity.
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Reliability

The study included 388 participants. The ORTO-R demonstrated
good internal consistency (Cronbach’s a = 0.724; factors 1 and 2
0.686 and 0.665, respectively). ltem-total correlations ranged from
0.662 to 0.713, indicating that no items needed to be removed.
Split-half reliability (« = 0.56-0.61), as well as the Spearman-
Brown (0.703) and Guttman (0.692) coefficients, confirmed that
the internal consistency was sufficient (Table 3).

Correlation Data of All Scales

Table 4 shows the mean, minimum and maximum scores for the
ORTO-R, EAT-26 and EDE-Q short form. The EDE-Q evaluates the
severity and scope of eating disorder symptoms, including restraint,
eating habits, and concerns about body shape and weight. Higher
scores suggest a greater degree of psychopathology. The EAT-26
is a screening tool for identifying individuals at risk of disordered
eating behaviours and attitudes, with higher scores reflecting more
pronounced symptoms.
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Table 3. Reliability of the ORTO-R Scale and Factor Structure
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The study found that higher ORTO-R scores were associated with
increased orthorexic behaviors. ORTO-R showed a moderate,
positive correlation with EAT-26 and EDE-Q, and weak but
significant correlations with BMI and body weight. A positive
relationship between EAT-26 and EDE-Q indicated that abnormal
eating attitudes rise with eating disorder severity. While EDE-Q
correlated positively with age, BMI, and weight, EAT-26 showed
no such associations. Overall, orthorexic tendencies and eating
disorders were interrelated and linked to body size (Table 5).

DISCUSSION

This study aimed to validate and confirm the reliability of the
ORTO-R scale for use with breastfeeding mothers. This is the first
study to examine the validity and reliability of the Turkish version
of the scale in this target group.

A total of 388 breastfeeding women with children aged 0-3 years
took part in the study, achieving an average ORTO-R score of 16.36
(4.77). There are limited studies on the ORTO-R in the literature.
One Turkish study reported a mean score of 17.09 (2.70)*, while
another Turkish study reported a lower mean score of 13.2 (3.3)Y".
Participants’ mean age was 33.92 (5.93) years, compared to 30.6
(4.24) years in a study that compared breastfeeding and non-
breastfeeding mothers®. In our study, no significant association
was found between age and mean orthorexia scores. Similarly,

one study of breastfeeding mothers reported no significant
relationship, while another study found a negative association,
with orthorexic tendencies decreasing with increasing age®.

The participants’ mean BMI was 25.16(5.36). A significant positive
correlation was found between BMI and mean orthorexia scores,
suggesting that participants with a higher BMI exhibited higher
orthorexic tendencies. Postpartum women often experience
increased body dissatisfaction due to physical changes, which
can impact eating behaviours and lead to disordered eating.
While one study found no significant relationship between BMI
and orthorexia in pregnant and breastfeeding/non-breastfeeding
women??, another study reported that a higher BMI was associated
with increased orthorexic tendencies®.

Our study has proposed a two-factor structure instead of a single-
factor structure, while maintaining the original number of items.
The two factors identified in our study explain 60.5% of the variance.
The KMO value was found to be 0.728, and the Bartlett’s sphericity
test was statistically significant, indicating that the data are
suitable for factor analysis. Our results are consistent with previous
studies conducted in Lebanon and Turkey. In one study, the ORTO-R
scale was evaluated with a KMO value of 0.57, a Bartlett’s p-value
of <0.05 and an explained variance of 50.07%"°. In another study,
the ORTO-R scale was assessed, showing a KMO value of 0.718, a
Bartlett’s p-value of less than 0.001 and an explained variance of
68.21%%. Another study evaluated the ORTO-R scale, showing a
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Table 5. Pearson Correlation Between Participants’ ORTO-R, EAT-26, EDE-Q Short Form Scores, Age, BMI, and Body Weigh
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eyl 0,003 0,085 <0,001 <0,001
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KMO value of 0.62, a Bartlett’s p-value of less than 0.001, and an
explained variance of 63.13%".

Structural validity was evaluated using both EFA and CFA. The CFA
goodness-of-fit indices indicated an acceptable model fit, with the
following values: x?/df = 0.93, RMSEA = 0.00, NFI = 0.957, RFl = 0.90,
IFI =1.00, TLI = 1.00 and CFl = 1.00. There was a correlation of 0.15
between the two factors. These results are consistent with those of
previous studies, in which the original English version of the ORTO-R
showed a CFl of 0.976 and an RMSEA of 0.057, while the Arabic version
showed a CFl of 0.96 and an RMSEA of 0.077%9%,

Content validity was assessed using the Lawshe technique with
five experts (three nutrition and dietetics specialists and two food
technology academics), yielding a content validity index (CVI)
of 1.00. Reliability analysis showed a Cronbach’s alpha of 0.72
for the entire scale, 0.68 for Factor 1 and 0.66 for Factor 2. This
indicates good overall reliability and is consistent with the Arabic
adaptation (a = 0.78)%

In the Greek adaptation, omega coefficients ranged from 0.65 to
0.75, with values of 0.70 and 0.65 for the ORTO-15 and ORTO-R,
respectively?®. A Turkish study, however, reported a lower value
of 0.64 for Cronbach’s alpha 7. In our study, Cronbach’s alpha
remained stable after items were removed, confirming the
reliability of the original scale. Split-half reliability yielded alpha
coefficients of 0.61 and 0.56, with Spearman—-Brown and Guttman
coefficients of 0.703 and 0.69, respectively, which also support
internal consistency. Pearson correlation analysis revealed a
significant positive correlation between ORTO-R and both the EAT-
26 and the EDE-Q short form (r = 0462, p < 0.001), indicating
that individuals exhibiting disordered eating behaviours are more
likely to exhibit orthorexic tendencies. While previous studies have
reported an increase in orthorexic tendencies with higher EAT-26
scores, some findings suggest that individuals with lower EAT-26
scores exhibit higher orthorexic tendencies®2>.

Pearson’s correlation analysis revealed a significant positive
correlation between the EDE-Q short form total and subscale
scores and the ORTO-R (r = 0.398, p < 0.001), suggesting a
growing correlation between the two measures. Significant
positive correlations were observed between the ORTO-R and
the ‘restrained eating’, ‘body shape and weight concerns’, ‘binge
eating’ and ‘purging’ subscales. However, the relationship with
‘body dissatisfaction” was positive, yet not significant. Previous
research has also reported a significant positive correlation
between the EDE-Q and the ORTO-R (r = 0.620, p < 0.001)%.

Correlation analysis between the EDE-Q and the EAT-26 revealed a
significant positive relationship (r = 0.392, p < 0.001), with positive
correlations observed for the ‘restrained eating’ and ‘body shape
and weight concerns’ subscales. Non-significant negative and
positive relationships were observed for the ‘body dissatisfaction’,
‘binge eating’, and ‘purging’ subscales. Earlier studies have also
reported positive and significant correlations between the EAT-
26 and the EDE-Q, for the total score and for the restriction, body
concern and weight concern subscales (r = 0.31-0.512, p < 0.01)%.

Strengths

This study has several strengths. A large sample of 388
breastfeeding mothers improved generalisability. The Turkish
ORTO-R scale was developed through a two-phase design,
including a pilot study. Multiple validated instruments enabled
comprehensive assessment, while structural validity was tested
with factor analyses and reliability with internal consistency and
split-half methods. Content validity was ensured through expert
evaluation and the Lawshe technique. Together, these methods
confirm the scale’s validity and reliability in this population.
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Limitations

Despite its contributions, this study has several limitations.
Firstly, the cross-sectional design prevents any conclusions
about causality being drawn. Secondly, conducting face-to-face
surveys in family health centres may have introduced response
biases, including social desirability bias. Thirdly, while this is
the first study to examine the Turkish ORTO-R in breastfeeding
mothers, the sample size is limited to one city, which may affect
how generalisable the findings are. Finally, self-reported data on
eating behaviours and anthropometric measures may be subject
to reporting errors. Further studies using longitudinal designs and
more diverse populations are needed to confirm these findings.

CONCLUSIONS

This study is the first to assess the validity and reliability of the
Turkish ORTO-R scale in breastfeeding mothers. Unlike the original
single-factor structure, the Turkish version revealed two factors.
EFA indicated KMO = 0.728, Bartlett's x* = 169.134, p < 0.001,
Z = 2812, with cumulative variance of 60.5% (Factor 1: 42.48%,
Factor 2:18.04%) and factor loadings of 0.61-0.75 and 0.79-0.88,
confirmed by Varimax rotation. CFA demonstrated excellent fit
(x2/df = 0.93, RMSEA = 0.000, NFI = 0.957, IFI =1.00, TLI = 1.00,
CFl =1.00), and content validity was high (KGI = 1.00).

Reliability analyses showed Cronbach’s alpha of 0.724 (Factor 1:
0.686, Factor 2: 0.665), item-deleted alphas 0.662-0.713, and split-
half reliability with Spearman-Brown = 0.703 and Guttman = 0.692.
ORTO-R correlated positively with EAT-26 (r = 0462, p < 0.001),
indicating higher orthorexic tendencies in participants with disordered
eating behaviours.

Overall, the Turkish ORTO-R is a valid and reliable tool for assessing
orthorexic tendencies in breastfeeding mothers, supporting early
identification and intervention in clinical and public health settings.
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