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Resumen general

Esta investigacion aborda el contexto de los patrones alimentarios y la sostenibilidad
ambiental en América Latina, evaluando como las dietas urbanas de ocho paises latinoamericanos
se adhieren a la "Dieta de Salud Planetaria" propuesta por la Comision EAT-Lancet. El patron
alimentario propuesto por EAT-Lancet comprende un marco cientifico disefiado para promover la
salud humana mientras se minimiza el impacto ambiental, y se caracteriza por un alto consumo de
frutas, vegetales, granos enteros, leguminosas, nueces y semillas y aceites vegetales insaturados,
con una reduccion en el consumo de carnes rojas, azucares afiadidos y alimentos procesados.

Esta investigacion utiliza datos del Estudio Latino Americano de Nutricion y Salud (ELANS
2016), un amplio estudio multinacional que recopil6 informacion detallada sobre la dieta, el estado
nutricional y los niveles de actividad fisica de 9218 participantes en Argentina, Brasil, Chile,
Colombia, Costa Rica, Ecuador, Peri y Venezuela. Por medio del ndice de Dieta de Salud
Planetaria (IDSP), desarrollado especificamente para medir la adherencia a las recomendaciones
de EAT-Lancet, este estudio cuantifica el grado en que las dietas de estos paises cumplen con los
criterios de la Dieta de Salud Planetaria.

Los resultados del estudio muestran que la adherencia general al patron de EAT-Lancet en
América Latina es baja, con un promedio regional del 29.7%. Sin embargo, existe una variabilidad
significativa entre paises, siendo Costa Rica el pais con la mayor adherencia (32.9%) y Argentina
con la menor (25.8%). Algunos grupos demograficos, como los adultos de mayor edad, personas
con mayor nivel educativo, de nivel socioeconomico mas alto y aquellos con niveles mas altos de
actividad fisica, tienden a mostrar una mayor adherencia al patron alimentario propuesto por EAT-
Lancet.

Un hallazgo fundamental de esta investigacion es que, mientras que una mayor adherencia al

patron alimentario de EAT-Lancet se asocia con mejoras en la ingesta de nutrientes como los
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equivalentes de folato, la vitamina C, el magnesio y el zinc, también esta vinculada a un mayor
riesgo de ingesta inadecuada de micronutrientes esenciales como la vitamina D, el calcio y la
vitamina B12. Esta paradoja se debe principalmente a la reduccion en el consumo de productos
lacteos y carnes, los cuales son fuentes ricas en estos nutrientes y cuyo consumo es desincentivado
por el patrén de EAT-Lancet. Estos resultados resaltan la importancia de considerar las necesidades
nutricionales especificas de la poblacion al promover dietas basadas en principios globales de salud
y sostenibilidad.

La investigacion también aborda las limitaciones del patron alimentario de EAT-Lancet en el
contexto latinoamericano, sefialando que las recomendaciones dietéticas globales pueden no ser
facilmente aplicables en regiones con tradiciones alimentarias y realidades socioecondmicas
distintas. Por ejemplo, el costo y la disponibilidad de ciertos alimentos recomendados pueden ser
prohibitivos para amplios sectores de la poblacion, lo que dificulta la adopcidn generalizada de la
Dieta de Salud Planetaria. Se destaca la necesidad de adaptar culturalmente las recomendaciones
del patron de EAT-Lancet para que sean mas accesibles y aceptables en América Latina. Esto
incluye la consideracion de las preferencias alimentarias locales, la viabilidad econdémica y la
posibilidad de implementar programas de fortificacion de alimentos y suplementacion para
contrarrestar posibles deficiencias nutricionales.

Simultaneamente, esta investigacion realiza un andlisis detallado de la asociacion entre la
adherencia al patrén alimentario de EAT-Lancet y la prevalencia de sobrepeso y obesidad en
América Latina. Este estudio no identific una asociacion significativa entre estos factores, lo que
sugiere que seguir Unicamente las pautas de EAT-Lancet podria no ser suficiente para reducir la
alta prevalencia de exceso de peso en la region. La prevalencia elevada de esta condicion,

independientemente del nivel de adherencia al patron alimentario, indica que otros factores (como
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los habitos alimentarios, los niveles de actividad fisica, las condiciones socioecondémicas y las
predisposiciones genéticas) pueden tener un papel mas determinante en los resultados relacionados
con el exceso de peso que la simple adherencia a este patrén alimentario.

Ademas, se propone la hipotesis de que la baja adherencia promedio al patron de EAT-Lancet
observada en la muestra de este estudio probablemente contribuy6 a la falta de una asociacion
significativa. Este resultado sugiere que cualquier beneficio potencial de la dieta de EAT-Lancet
podria estar oculto o diluido en poblaciones donde la adherencia no es lo suficientemente alta. Por
lo tanto, futuras investigaciones deberian examinar estas dinamicas con mayor profundidad,
considerando intervenciones que busquen incrementar la adherencia y evaluar los resultados de
salud asociados.

Aunque el patron alimentario de EAT-Lancet proporciona un marco prometedor para una
alimentacion saludable y sostenible, su implementacion efectiva en América Latina requiere una
adaptacion cuidadosa a las practicas alimentarias locales y una comprension mas profunda de los
multiples factores que influyen en los desafios de salud publica, como el exceso de peso. Es
necesario realizar mas estudios para ajustar estas recomendaciones dietéticas y evaluar su impacto
a largo plazo en la salud de las diversas poblaciones latinoamericanas. Esta investigacion
proporciona una base solida para futuras politicas publicas en América Latina que busquen
promover un sistema alimentario mas saludable y sostenible, en linea con los Objetivos de

Desarrollo Sostenible y los compromisos internacionales en materia de cambio climatico.
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Introduccion general

1. Cambio climatico y produccion de alimentos

La alimentacion humana ha experimentado multiples transformaciones en los ultimos 50 afos,
producto de avances tecnologicos, globalizacién y cambios en los sistemas agricolas (1,2). A nivel
mundial, se estima que el aumento en el rendimiento de cultivos ha contribuido con una mejor
esperanza de vida y una disminucién general del hambre, la pobreza y las tasas de mortalidad
infantil (3).

No obstante, estos beneficios han sido acompanados de cambios hacia patrones alimentarios
poco saludables y sostenibles, caracterizados por un aumento en la produccion de alimentos con
alta densidad energética y alto grado de procesamiento. Lo anterior ha favorecido una amplia
escala de desnutricion, alin existente en varias regiones del mundo, en conjunto con un aumento
global en la prevalencia de exceso de peso y enfermedades no transmisibles (1).

La produccion de alimentos se ha convertido en una de las principales causas de
modificaciones ambientales, por su contribucion al cambio climatico. De forma reciproca, el
cambio climatico genera un impacto negativo en la productividad agricola y ganadera, lo que
representa una amenaza para la seguridad alimentaria (1). Estudios recientes sugieren que, en las
proximas décadas, los cambios en los patrones climaticos conducirdn a modificaciones en el
contenido de nutrientes en los alimentos de consumo masivo, por ejemplo el arroz, la cebada, el
trigo y las leguminosas. En algunos casos, estas modificaciones implican reduccion en los aportes
de nutrientes criticos, como la proteina, el hierro y el zinc (4-7).

Las deficiencias de hierro y zinc constituyen un problema de salud publica global,
principalmente en areas geograficas donde las poblaciones vulnerables basan su dieta en cultivos
fuente de estos nutrientes, como ocurre en el caso de mujeres y nifios (as) de paises de Africa

subsahariana (8). No obstante, en el caso de América Latina, existen programas de fortificacion de
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alimentos con estos micronutrientes (9—11), los cuales podrian ayudar a contrarrestar el potencial
efecto negativo del cambio climdtico en el contenido de micronutrientes de algunos cultivos.

A nivel global, se estima que la agricultura ocupa cerca del 40% de la tierra disponible (12) y
que la produccion de alimentos comprende aproximadamente 30% de la emision de gases de efecto
invernadero (GEI) (13,14) y 70% del uso del agua dulce del planeta (15). Existe una variedad de
indicadores que pueden ser utilizados para evaluar el impacto que tiene la produccion de alimentos
en el ambiente, siendo los GEI los utilizados con mayor frecuencia en investigacion (4,16).

Los distintos grupos de alimentos no solo difieren en su contenido nutricional, sino también
en la cantidad de tierra, agua, energia y GEI implicados en su produccion; lo que se conoce como
huella ecologica (17). Segin estimaciones basadas en la evidencia cientifica disponible, esta huella
ecologica es mayor (por porciéon de alimento producido) en los productos de origen animal,
especialmente en el caso de alimentos que provienen de rumiantes (1,18).

Araiz de estos hallazgos con respecto al impacto de la produccion de alimentos en el ambiente,
se ha establecido la necesidad de contar con objetivos cientificos claros para guiar hacia una
transformacion del sistema alimentario que promueva dietas saludables y una produccion de
alimentos sostenible (1), en concordancia con los Objetivos de Desarrollo Sostenible (ODS) de las
Naciones Unidas y el Acuerdo de Paris para el Cambio Climatico (19,20). Considerando lo
anterior, en los tltimos afios el concepto de “dieta saludable” ha sido modificado, con el propdsito
de incorporarle conceptos de salud planetaria y sostenibilidad (21). Segun la Organizacion de las
Naciones Unidas para la Alimentacion y la Agricultura (FAO) y la Organizacion Mundial de la
Salud (OMS), las dietas saludables y sostenibles son ‘“aquellas que promueven todas las
dimensiones de salud y bienestar en los individuos; tienen bajo impacto ambiental; son accesibles,

asequibles, equitativas y culturalmente aceptables” (22).
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2. Patron alimentario de EAT-Lancet

Un patrén alimentario o patrén dietético se define como las cantidades, proporciones,
variedades o combinaciones de alimentos y nutrientes presentes en la dieta, asi como la frecuencia
con la que son consumidos (13). Asociado a un modelo de produccion y consumo de alimentos
mas saludable y con menor impacto ambiental, la Comision EAT-Lancet para “Dietas Saludables
a partir de Sistemas Alimentarios Sostenibles” propuso en 2019 un patrén alimentario que busca
la salud humana y ambiental de forma simultanea bajo el principio de “una salud” (1,4,23). Este
patrén se conoce como “Dieta de Salud Planetaria” y propone los primeros objetivos cientificos
para el consumo de una dieta saludable dentro de los limites ambientales de produccion de
alimentos (1,4).

El patrén alimentario de EAT-Lancet esta basado en 2500 kcal diarias (con rangos posibles de
consumo) y favorece el consumo de alimentos identificados como beneficiosos para la salud y
cuya produccion genera un menor impacto ambiental. De manera general, este patrén alimentario
implica: 1) un alto consumo de vegetales, frutas, granos enteros, leguminosas, nueces, semillas y
aceites vegetales insaturados, 2) un consumo bajo o moderado de lacteos, mariscos, pollo y huevo
y 3) un consumo bajo o minimo de carne roja, carne procesada, azlicar afiadido, granos refinados
y vegetales harinosos (1).

2.1. Patron alimentario de EAT-Lancet y resultados de salud

El patrén alimentario de EAT-Lancet ha sido comparado con otras guias y patrones
alimentarios saludables de distintas regiones del mundo (24-27). Asimismo, diversos estudios han
encontrado resultados favorables al relacionar la adherencia al patron alimentario de EAT-Lancet

con distintos resultados de salud.
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Por ejemplo, en 2022 Xu et al. encontraron una disminucioén de 19% de riesgo de presentar
diabetes tipo 2 en personas con mayor adherencia al patron de EAT-Lancet, al compararlo con la
minima adherencia, después de ajustar por variables sociodemograficas y factores relacionados
con salud (HR: 0.81, IC 95% [0.72, 0.90]) (28). Ademas, Stubbendorff et al. (2022) encontraron
que una mayor adherencia al patron de EAT-Lancet se asoci6 con 25% menos riesgo de mortalidad
por todas las causas (HR: 0.75, IC 95% [0.67, 0.85]), 24% menos riesgo de mortalidad por cancer
(HR: 0.76, IC 95% [0.63, 0.92]) y 32% menos riesgo de mortalidad por enfermedades
cardiovasculares (ECV) (HR: 0.68, IC 95% [0.54, 0.84]), en comparacion con la adherencia mas
baja al patrén (29).

También se ha asociado la adherencia al patron alimentario de EAT-Lancet con la ingesta de
nutrientes y parametros de salud y sostenibilidad. Por ejemplo, los resultados obtenidos de la
cohorte alemana del estudio DONALD (Disefio Longitudinal Nutricional y Antropométrico de
Dortmund, por sus siglas en inglés) asociaron una mayor adherencia al patron alimentario de
referencia de EAT-Lancet (determinado mediante un indice dietético desarrollado por los
investigadores) con una menor ingesta de proteina, azicar afiadido y colesterol dietético; mayor
ingesta de fibra dietética; menor emision de GEI y del uso de suelo; y un menor indice de masa
corporal (IMC) (30).

2.2. Limitaciones del patron alimentario de EAT-Lancet

El patron alimentario de EAT-Lancet ha sido debatido con respecto a limitaciones de
accesibilidad economica (31,32). Por ejemplo, un estudio realizado con los precios de venta de los
alimentos en 159 paises indico que la forma mas accesible de patron alimentario de EAT-Lancet

tiene un costo mediano global de $2.84 por dia (RIC: 2.41-3.16), en el cual la mayor parte esta
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representada por frutas y vegetales (31.2%); leguminosas y semillas (18.7%); carne, huevos y
pescado (15.2%) y productos lacteos (13.2%) (31).

Segun Hirvonen et al. (2022) (31), a pesar de que el costo global del patron alimentario de
EAT-Lancet representa una minima fraccion del ingreso promedio en paises de mediano y alto
ingreso econdmico, no es una opcion de facil acceso en paises de bajo ingreso. Los autores
advierten que el costo estimado de este patron alimentario a nivel global sobrepasa el ingreso per
capita de 1580 millones de personas, quienes para tener acceso a los alimentos requeririan una
combinacion de estrategias como un mayor ingreso econdmico, programas de asistencia
nutricional y/o menores precios de mercado (31).

Otra de las limitaciones mencionadas es que, para algunas poblaciones, el patrén alimentario
de EAT-Lancet podria parecer extremo o con poca adaptabilidad a los habitos alimentarios locales.
No obstante, segiin Willett et al. (1), desde una perspectiva global, las caracteristicas de este patron,
las cuales incluyen dietas vegetarianas o con modestas cantidades de proteina animal, responden
a tradiciones alimentarias bien establecidas en distintas regiones del mundo. Algunos ejemplos son
la dieta mediterranea, con un bajo consumo de carnes rojas y un alto consumo de plantas y aceites
vegetales; o dietas tradicionales de Indonesia, México, India, China 'y Africa Occidental, en la que
las carnes rojas son consumidas principalmente en ocasiones especiales o como ingredientes
menores de preparaciones mixtas. Por esta razon, la flexibilidad del patron alimentario de EAT-
Lancet y las experiencias culinarias de distintas regiones del mundo podrian aportar oportunidades
para aprender nuevas formas de preparar alimentos de forma saludable (1).

Autores como Beal et al. (2023) han mencionado como una limitacioén del patron alimentario
de EAT-Lancet si la adherencia de la alimentacion a este patron permitiria un adecuado

cumplimiento de los requerimientos de micronutrientes esenciales (33). Esto es de especial
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importancia para aquellos nutrientes que, a pesar de los programas de fortificacion implementados
en América Latina, son reconocidos por su prevalencia de ingesta inadecuada en algunos estratos
de los paises de la region, como por ejemplo el hierro, el calcio y las vitaminas B12, Ay D; los
cuales podrian verse afectados al disminuir el consumo de alimentos de origen animal (34).

Otra potencial limitacion del patrén alimentario de EAT-Lancet es el reemplazo en la ingesta
de las proteinas de origen animal con otras de origen vegetal; las cuales contienen factores
antinutricionales como glucosinolatos, inhibidores de tripsina, hemaglutininas, taninos, fitatos y
gosipol, que podrian afectar la digestibilidad de la proteina (35,36). No obstante, a pesar de la
presencia de estos factores antinutricionales, el consumo de una dieta balanceada basada en
plantas, que incluya variedad en alimentos fuente de proteina vegetal, ha sido descrita por la
Academia Americana de Nutricion y Dietética como nutricionalmente adecuada, ya que
proporciona suficientes cantidades de los aminoacidos esenciales (35,37,38).

Finalmente, se ha mencionado como limitacién metodologica del patron alimentario de EAT-
Lancet que los umbrales de consumo sugeridos para cada grupo de alimentos estdn basados
principalmente en datos epidemioldgicos que provienen de distintas fuentes (estudios
transversales, de cohorte y metaanalisis) sin unificar las conclusiones de estos estudios (4). No
obstante, hasta el momento no ha sido planteada una propuesta alternativa para un patron
alimentario de referencia que contemple el componente salud y sostenibilidad, similar al planteado
por EAT-Lancet (4).

3. lindice de Dieta de Salud Planetaria (IDSP) / Planetary Health Diet Index (PHDI)

En 2021, un equipo interdisciplinario liderado por Cacau propuso la creacion y validacion de

un indice de dieta basado en las recomendaciones de la Comision EAT-Lancet para evaluar la

calidad de la alimentaciéon y su impacto en el ambiente mediante la adherencia al patrén
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alimentario de referencia: el indice de Dieta de Salud Planetaria (IDSP). Este equipo desarrolld y
valido el indice utilizando datos del Estudio Longitudinal de Salud de Adultos (ELSA-Brasil), con
una cohorte multicéntrica compuesta por 15105 hombres y mujeres entre los 35 y 74 afios (23).

El IDSP esta basado en 16 grupos de alimentos distribuidos en 4 componentes, los cuales
tienen puntaje proporcional a la energia que aportan. Los grupos de alimentos fueron propuestos
como proporciones de la ingesta energética, con una puntuacion de 0 a 150 puntos, tomando en
cuenta el patrén de EAT-Lancet. Los 16 grupos del indice incluyen (23):

e Componente de adecuacion: nueces y mani, leguminosas, frutas, total de vegetales,

cereales de grano entero.

e Componente 6ptimo: huevos, pescado y mariscos, tubérculos, lacteos, aceites vegetales.

e Componente de razon: razon de vegetales de hoja verde oscuro al total de vegetales, razon

de vegetales rojos y anaranjados al total de vegetales.

e Componente de moderacion: carnes rojas, pollo y sustitutos, grasas animales y azlcares

afiadidos.

Cada grupo de alimentos es puntuado y ponderado segiin si pertenece a la categoria de
componente de adecuacion, optimo, de razéon o de moderacion; de acuerdo con un sistema
previamente desarrollado en 2015 para el Indice de Dieta Saludable Holandesa (DHDI: Dutch
Healthy Eating Index) (4,39). Una de las principales ventajas del IDSP es que permite evaluar la
adherencia individual al patrén alimentario de EAT-Lancet, ya que los puntajes de los componentes
del indice son asignados de forma proporcional con respecto a la ingesta energética, basados en
una dieta de 2500 kcal. Esto significa que la ingesta intermedia de los grupos de alimentos si tiene

un efecto en la determinacion del puntaje del IDSP (4,40,41).
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3.1. Asociacion del IDSP con calidad de la dieta y huella ecolégica
Cacau et al. (23) validaron la capacidad del IDSP para identificar patrones alimentarios
saludables y sostenibles, identificando la asociacion del IDSP con la calidad de la dieta y la huella
ecoldgica de la siguiente manera:
e Asociacion positiva del IDSP con la calidad de la dieta: determinada mediante el Indice
de Alimentacion Brasilefia Saludable (BHEI-R: Brazilian Healthy Eating Index Revised).
Este andlisis determind que a mayor puntaje de IDSP, mayor puntaje del indice de calidad
de la dieta (B: 0.47, IC 95% [0.45, 0.49], valor-p <0.001) (23,42,43).
e Asociacion negativa del IDSP con la huella ecoldgica: calculada como la emision de GEI
(en equivalentes de dioxido de carbono - CO2eq) correspondiente al total de alimentos
consumidos por cada sujeto (44). Este analisis determin6 que a mayor puntaje del IDSP,
menor emision de GEI y menor huella ecologica (B: -1.30, IC 95% [-1.56, -1.05], valor-
p <0.001) (23).
3.2. Adherencia al IDSP y resultados de salud
Al utilizar el IDSP como instrumento para medir la adherencia al patron alimentario de EAT-
Lancet en la cohorte del ELSA-Brasil, Cacau ef al. (2021) encontraron dietas mas saludables y
sostenibles (identificadas como puntajes del IDSP significativamente mayores) en personas adultas
mayores, en los no fumadores y en aquellas personas con actividad fisica de moderada a intensa
(23,40).
Los analisis posteriores del mismo estudio determinaron que los sujetos con mayor adherencia
al IDSP (quintil 5) presentaron 24% menos probabilidad de presentar exceso de peso (OR: 0.76,
IC 95% [0.67, 0.85]) y 27% menos probabilidad de tener circunferencia de cintura aumentada

(OR: 0.73, IC 95% [0.64, 0.83]), en comparacion con individuos con baja adherencia al IDSP
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(quintil 1) (45). Estos resultados sugieren que una mayor adherencia al IDSP, y por ende mayor
adherencia al patron alimentario de EAT-Lancet, podria favorecer una disminucién en los
indicadores antropométricos de exceso de peso como el indice de masa corporal y la circunferencia
de cintura. Por otro lado, un estudio posterior, también realizado en Brasil con datos de la Encuesta
Nacional de Hogares 2017-2018 no encontr6 asociacioén entre una mayor adherencia al IDSP y el
exceso de peso (46).

4. Justificacion del estudio

El cambio climatico tiene consecuencias econdmicas que pueden favorecer un aumento de la
inseguridad alimentaria y afectar la calidad de la dieta. Actualmente mas de 820 millones de
personas a nivel mundial no cuentan con suficiente cantidad de alimentos para satisfacer sus
demandas nutricionales y una cantidad mayor presenta un patron alimentario de baja calidad, que
contribuye a un aumento de la prevalencia de obesidad y enfermedades no transmisibles (1). Una
forma de mitigar estas consecuencias del cambio climatico es modificar la forma en que se
producen y consumen los alimentos (4).

Muchos sistemas y procesos ambientales estdn sobrepasando los limites de seguridad para
cumplir con la produccion de alimentos, por lo que autores como Willett et al. (1) proponen una
urgente transformacion global del sistema alimentario, es decir, del conjunto de actividades
involucradas en la produccion, procesamiento, transporte, consumo y gestion de los residuos de
los alimentos (13,47). De esta forma se ha propuesto la adopcion de un sistema alimentario
sostenible que garantice la seguridad alimentaria y la nutricion para todos, pero que al mismo
tiempo no comprometa las bases econdmicas, sociales y ambientales para las futuras generaciones

(47).

10
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A raiz de la ausencia de objetivos cientificos claros para alcanzar dietas saludables a partir de
sistemas alimentarios sostenibles, en 2019 se crea la Comision EAT-Lancet, conformada por un
grupo de 37 cientificos de 16 paises con experiencia en salud, agricultura, ciencias politicas y
sostenibilidad ambiental (1). Esta comision tuvo como propdsito desarrollar objetivos cientificos
globales basados en la evidencia disponible, para proponer un patrén alimentario saludable dentro
de los limites ambientales de produccion de alimentos. Como producto del trabajo de esta comision
se creo el patron alimentario de EAT-Lancet, también conocido como “Dieta de Salud Planetaria”
(1,23). En general el patron de EAT-Lancet contiene recomendaciones basadas en el consumo de
vegetables, frutas y granos enteros; asi como un consumo reducido de carne, pescado, huevos,
cereales refinados y tubérculos (1).

Desde entonces han sido creados distintos indices o instrumentos para evaluar la adherencia
del consumo de alimentos al patrén alimentario de EAT-Lancet. En el 2021, Cacau et al. (23)
propusieron el Indice de Dieta de Salud Planetaria (IDSP o PHDI por sus siglas en inglés), el cual
estd basado en el consumo de 16 grupos de alimentos y su aporte a la ingesta energética total,
permitiendo evaluar de forma indirecta la calidad de la alimentaciéon y su impacto en el ambiente,
de acuerdo con el patron saludable propuesto por EAT-Lancet. Este indice fue validado en Brasil
utilizando datos del Estudio Longitudinal de Salud del Adulto (ELSA-Brasil 2010-2011),
mostrando alta validez y confiabilidad para identificar patrones alimentarios saludables y
sostenibles (23).

Hasta el momento, se han realizado pocos estudios para evaluar la adherencia de la
alimentacion de la poblacion al patron alimentario de EAT-Lancet en paises de la region
latinoamericana (23,45). Utilizando datos del Estudio Latinoamericano de Nutriciéon y Salud

(ELANS, 2016) recolectados en 8 paises (Argentina, Brasil, Chile, Peru, Colombia, Costa Rica,

11
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Ecuador y Venezuela), esta investigacion realizard un acercamiento sobre el tema. La ejecucion de
un estudio de esta indole representa un insumo oportuno para determinar el impacto potencial de
la alimentacion de la poblacion urbana latinoamericana sobre el ambiente y la calidad de la dieta.

Esta propuesta de investigacion resulta oportuna, pues permitira evidenciar si la adherencia al
patron alimentario de referencia de EAT-Lancet es una alternativa para conducir el planteamiento
de politicas de salud publica y produccion de alimentos en beneficio de un sistema alimentario
mas saludable y sostenible en los paises de América Latina, procurando la seguridad alimentaria
de laregion, de acuerdo con los ODS de las Naciones Unidas y el Acuerdo de Paris para el Cambio

Climatico (19,20).
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Abstract

The EAT-Lancet Commission proposed a dietary framework aimed at reducing the ecological
footprint of diets worldwide, but research on adherence to this diet in Latin America is limited.
This study aimed to describe the adherence of urban diets in eight Latin American countries to the
EAT-Lancet diet and its association with micronutrient intake inadequacy. This cross-sectional
study analyzed baseline data from the Latin American Study of Nutrition and Health, involving
6835 participants from Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and
Venezuela. Data collection included two 24-hour recalls, alongside socio-demographic variables.
Usual dietary intake was estimated via the Multiple Source Method and micronutrient inadequacy
was evaluated with the Nutrient Adequacy Ratio. The Planetary Health Diet Index (PHDI; which
ranged between 0 to 150) assessed adherence to the EAT-Lancet diet. Adherence was low (29.7%)
across the region, with an average PHDI score of 44.6 = 9.2 points. Costa Rica had the highest
adherence (32.9%), while Argentina had the lowest (25.8%). Older participants, those
overweight/obese, and those with higher socioeconomic status, education, and physical activity
had higher adherence. Higher adherence was associated with increased inadequacy risks for
cobalamin, vitamin D, and calcium, but decreased risks for folate, vitamin C, magnesium, and
zinc. The study suggests that low adherence may stem from a disconnect between culturally
ingrained dietary habits and the EAT-Lancet recommendations, which are primarily informed by
nutritional epidemiology and environmental considerations. Recognizing and honoring diverse
food cultures is crucial for promoting dietary practices that support human health and
environmental sustainability.
Keywords

EAT-Lancet diet, PHDI, Latin America, ELANS, sustainable diets, micronutrient inadequacy
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1. Introduction

Global food systems significantly contribute to harmful effects on the environment (1,2) and
the development of non-communicable diseases related to poor diet globally (3,4). Therefore, over
recent decades, there has been increasing recognition of the importance of a radical transformation
of food systems to ensure that nutritious, safe, affordable, and sustainable diets are available to all
(5,6,4,7). This transformation represents a crucial pathway to decreasing mortality rates associated
with the food system (3), as well as reducing greenhouse gas emissions, and water and land use
(1,8,9).

To promote a model of production and consumption of healthier food with lower
environmental impact, the EAT-Lancet Commission on "Healthy Diets from Sustainable Food
Systems" proposed in 2019 a dietary pattern that seeks human and environmental health
simultaneously under the principle of "One Health" (1,10,11). This pattern is known as the
"Planetary Health Diet" and proposes the first scientific targets for consuming a healthy diet within
the environmental limits of food production (1,10). Overall, this dietary pattern involves 1) high
consumption of vegetables, fruits, whole grains, legumes, nuts, seeds, and unsaturated vegetable
oils; 2) low to moderate consumption of dairy, seafood, chicken, and eggs; and 3) low to minimal
consumption of red meat, processed meat, added sugar, refined grains, and starchy vegetables (1).

The dietary pattern proposed by EAT-Lancet has been compared with other healthy eating
guidelines and patterns from different regions of the world (12—15). These comparisons have
shown that, depending on the country and culture, compliance with the EAT-Lancet reference diet
may require significant changes to an individual's eating habits. Furthermore, the nutritional

quality of the diet is not always guaranteed in different contexts (16).
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Various studies have found favorable results when associating adherence to the EAT-Lancet
dietary pattern with lower risks of type 2 diabetes (17,18), cardiovascular disease morbidity and
mortality (18-21), overweight/obesity (22,23), and cancer (24); as well as better global cognitive
functioning and slower cognitive decline among cognitively healthy older adults (25), among
others. Some studies (16,26), but not all (27,28), have shown a lower risk of iron, fiber, potassium,
folate equivalents, and vitamin C inadequacy in participants with higher adherence to the reference
diet. Since the EAT-Lancet diet includes large amounts of pulses, dark green leafy vegetables, and
vitamin A-rich fruits and vegetables, it has been evidenced that the estimated intakes of folate and
vitamin A are essentially adequate for adults and women of reproductive age. However, the
estimated cobalamin, calcium, iron, and zinc intakes are below the recommended nutrient intakes.
This could be because the EAT-Lancet diet involves limited consumption of dairy and meat
products, which are rich sources of these nutrients (27). In addition, iron and zinc inadequacies
and deficiencies are common among populations consuming high amounts of phytates and few
animal-sourced foods (28,29).

Limited research has been conducted to assess adherence to the EAT-Lancet dietary pattern in
Latin America thus far. The primary investigations in this area have focused on Brazil, utilizing
the Planetary Health Diet Index (PHDI) (11,30-32), and in Mexico, employing the Healthy and
Sustainable Dietary Index (HSDI) (33). Despite the utilization of distinct indexes and
methodologies to evaluate adherence to the EAT-Lancet dietary pattern, findings from both studies
suggest a low level of adherence to this dietary pattern among populations in both countries.

Latin America faces an epidemiological panorama characterized by a double burden of
communicable and non-communicable diseases (34). Adding to this challenge is the region's

vulnerability to the impacts of global warming, which puts even more pressure on health systems
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and threatens the sustainability of food production. To address these pressing issues, it is
imperative to implement strategies that strengthen resilience and sustainability within Latin
American food systems. Among these strategies, adherence to the EAT-Lancet dietary pattern
stands out. By studying adherence to the EAT-Lancet diet, valuable insights can be gained to
improve health, mitigate environmental degradation resulting from food production, and pave the
way for lasting sustainability in Latin America. However, it has been suggested that it should not
necessarily be assumed that a planet-healthy diet provides an adequate intake of nutrients,
particularly minerals such as iron, calcium, and zinc, to meet the nutritional demands of the
population over two years of age (27).

This study aimed to describe the adherence of the urban population's diet in eight Latin
American countries to the EAT-Lancet reference dietary pattern and to determine if there is an
association between this adherence and micronutrient intake inadequacy. This research introduces
a new perspective on the topic in the Latin American region, using data from the Latin American
Study of Nutrition and Health/Estudio Latinoamericano de Nutricion y Salud (ELANS) conducted

in eight countries (35).

2. Methods and Materials

2.1. Sample and setting

This cross-sectional study used the baseline data from the ELANS, whose design and
sampling are described in detail elsewhere (35-37). The ELANS is an urban representative
household-based multinational study conducted from September 2014 to August 2015; involving
9218 participants from eight Latin American countries: Argentina, Brazil, Chile, Colombia, Costa

Rica, Ecuador, Peru, and Venezuela. The ELANS was designed to assess anthropometric measures,
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nutritional intakes, and physical activity levels. It used a random complex multistage sample,
stratified by geographical region, sex, age, and socioeconomic status (37). Misreported energy
intake (EI) was previously calculated for the ELANS study by Previdelli et al. (38), following the
methodology used by McCrory et al. (39). After excluding cases of misreported EI from the overall
ELANS sample, the final plausible sample of this study comprised 6835 men and women,
including adolescents (aged 15-18 years) and adults aged 19 to 65 years.

The ELANS protocol received approval from the Western Institutional Review Board
(#20140605) and was registered on clinicaltrials.gov (#NCT02226627). Additionally, it was
approved by the local ethics committees in each respective country. Before participating in the
survey, all participants provided their informed consent/assent. Moreover, this study protocol was
approved on June 21st, 2023, by the Scientific and Ethics Committee of the Costa Rican Institute
for Research and Education on Nutrition and Health (INCIENSA) (IC-2023-02).

2.2. Data collection

2.2.1. Demographic and socioeconomic status variables

A questionnaire was used to collect data on sex, age, and years of education. A standardized
3-level system was established to classify educational levels: basic for non-formal and
complete/incomplete primary school; medium for complete/incomplete secondary school; and
high for university studies or superior (40). The socioeconomic status (SES) was evaluated through
a questionnaire utilizing a format specific to each country, designed to adhere to national legislative
standards or recognized local layouts. It was classified as low, middle, and high status, based on
the national indexes of each country (35,40).

2.2.2. Anthropometric assessment
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Height and weight measurements, conducted by trained nutritionists adhering to standardized
protocols (41), were used to calculate the body mass index (BMI). For participants under 18 years
old, the BMI was categorized based on z-score cut-off criteria for age and sex as recommended by
the World Health Organization (WHO) (42). For individuals aged 18 years and older, BMI was
categorized as follows: underweight, BMI <18.5 kg/m?; normal weight, BMI 18.5-24.9 kg/m?;
overweight, BMI 25.0-29.9 kg/m?; and obese, BMI >30.0 kg/m? (43).

2.2.3. Physical activity level assessment

The International Physical Activity Questionnaire (IPAQ) was used to assess participants'
physical activity level (PAL) (35). IPAQ data helped estimate each participant’s total energy
expenditure (TEE) from physical activities. TEE was calculated using age, height, weight, and
overall activity level, based on a predictive equation from the Institute of Medicine; and was also
required for the EI misreporters identification (37,44). PAL was determined by summing PAL
values from individual activities. Walking, moderate, and vigorous physical activities (measured
in min/week) were evaluated using [PAQ's standardized methods to classify PAL as low, moderate,
or high (37.,45).

2.2.4. Dietary assessment

The ELANS dietary assessment included two household visits, with an interval of <8 days
between visits. Trained interviewers conducted a 24-hour dietary recall (24HR) during each visit
to record all food and beverage consumption from the prior day, including both weekdays and
weekends with a proportional distribution across the sample, ensuring representation of day-to-
day intake variations. Trained nutritionists supervised the recalls and converted the recorded

measures into grams and milliliters (37).
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All locally sourced and traditional foods documented were standardized using a USDA
composition table, accounting for nutritional equivalency. Mandatory food fortification
regulations in each respective country were also considered (37,40). Energy and micronutrient
values were derived using the Nutrition Data System for Research (NDS-R) software version 2013
(46).

2.2.4.1. Usual dietary intake

The Multiple Source Method (http://mss.dife.de/tps/en) (47,48) was employed to estimate the
usual intake of the 16 components of the Planetary Health Diet Index (PHDI), energy, and various
nutrients for the plausible ELANS sample, including: carbohydrates, added sugars, dietary fiber,
protein, total fat, monounsaturated fat, polyunsaturated fat, saturated fat, trans fat, cholesterol, nine
vitamins (thiamin [vitamin B1], riboflavin [vitamin B2], niacin [vitamin B3], pyridoxine [vitamin
B6], folate equivalents [vitamin B9], cobalamin [vitamin B12], vitamin C, vitamin A, and vitamin
D), and five minerals (calcium, iron, magnesium, zinc, and sodium). Furthermore, usual nutrient
intakes were energy-adjusted using the nutrient residual model proposed by Willett et al. (49). This
adjustment aimed to mitigate bias in estimating nutrient intake due to its significant association
with energy intake.

2.2.4.2.  Nutrient adequacy

The Nutrient Adequacy Ratio (NAR) was computed for protein and 13 micronutrients based
on the individual’s usual intake compared to the Estimated Average Requirement (EAR) for their
corresponding sex and age group, following guidelines from the National Academy of Medicine
of the United States (50). Nutritional adequacy for a specific nutrient was determined as adequacy,
NAR value >1; inadequacy, NAR value <1. The EAR served as the appropriate reference intake

for evaluating group adequacy since all the criteria outlined by the Institute of Medicine (IOM) to
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assess nutrient adequacy by the cut-point method were met (51). Therefore the equation (1) was

applied (52):

Usual dietary intake i
Yy nutrtent) % 100 (1)
EARnutrient

NAR = (

2.3. Planetary Health Diet Index assessment

The Planetary Health Diet Index (PHDI) was used to assess adherence to the EAT-Lancet
dietary recommendations. This diet index includes all EAT-Lancet food groups and employs a
gradual scoring system, assessing components based on consumption quantity (11,31). Scores in
the PHDI are derived from a caloric intake ratio, computed by dividing the sum of calories from
all foods within a PHDI component by the total calories from all foods (except alcoholic beverages,
given their exclusion in the reference diet) (1,11).

The PHDI includes 16 components into four categories: adequacy (nuts and peanuts, fruits,
legumes, vegetables, whole grain cereals), optimum (eggs, dairy products, fish and seafood, tubers
and potatoes, vegetable oils), ratio (dark green vegetables/total vegetables, red-orange
vegetables/total vegetables), and moderation (red meat, poultry, animal fats, added sugars).
Adequacy, optimum, and moderation categories score from 0 to 10 points, while components in
the ratio category score from 0 to 5 (11). The score for each component is determined based on the
relative energy intake provided by that component according to the EAT-Lancet dietary pattern
and the PHDI index (11).

To illustrate the relative contribution of each component, we used the following criteria to
classify them: high relative contribution, >50% of available points by component; intermediate
relative contribution, 20 — 49% of available points by component; low relative contribution, <20%
of available points by component. Total PHDI score ranges from 0 to 150, with higher scores

indicating greater adherence to the EAT-Lancet dietary pattern (11,53), and adherence to the
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reference diet can be estimated from the PHDI score divided by the total possible PHDI points
(32). Detailed information on PHDI development, scoring criteria, cutoff points, validity, and
reliability can be found elsewhere (11).

All foods consumed by the ELANS plausible sample were initially disaggregated to their
ingredient level, before classifying the ingredients into the 16 PHDI components, following the
methodology outlined by Cacau et al. for extracting PHDI components from food consumption
data (11). Furthermore, highly processed foods underwent careful disaggregation to estimate their
content of added sugar, vegetable oils, and animal (saturated) fat using the USDA composition
table. This ensures that each of these components was accurately placed within the corresponding
categories of the PHDI, thus avoiding under or overestimation. This process underwent review by
four trained nutritionists.

2.4. Statistical analyses

Continuous variables were presented as means + standard deviations (SD) with 95%
confidence intervals (95% CI), while categorical variables were expressed as frequencies (%). The
Shapiro-Wilk test was employed to assess the normal distribution of continuous variables.
Comparisons of PHDI scores among groups based on sex, age group, country, SES, educational
level, PAL, and weight status were conducted using the Mann-Whitney test or Kruskal-Wallis test,
followed by the Bonferroni procedure for multiple-comparison correction.

Generalized linear regression models (GLM) with gamma distribution and Log link function
were utilized to evaluate the association between relative adherence to the PHDI and usual energy
and nutrient intakes. The gamma distribution with the Log link function was preferred since energy
and nutrient intakes can only take positive values (54). Furthermore, multivariate Poisson

regression models with robust variance were employed to examine the association between relative
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adherence to the PHDI and intake inadequacy of protein and 13 micronutrients with EAR. This
choice was made over logistic regression to avoid the usual overestimation of the risk product of
the logistic regression's odds ratio, particularly in cross-sectional studies and high-prevalence
events (=10%) (55-58).

GLM and Poisson models were adjusted for sex, age, total energy intake, SES, and country.
The association trend was evaluated using orthogonal polynomial contrast for linear trend among
PHDI quintiles within each model. Non-multicollinearity within each model was assessed using
the variance inflation factor. Additionally, over-dispersion was evaluated in the Poisson models.

All tests were conducted with a two-tailed approach, and p-values < 0.05 were considered
statistically significant. Data analysis was performed using Stata software version 14.1 (2015,

College Station, TX, USA) (59) and IBM SPSS® (version 27, IBM Corp) (60).

3. Results

3.1. General characteristics and Planetary Health Diet Index (PHDI) score of the study

participants

The average age of the sample was 36.0 + 14.1 y (data not shown). The majority of the study
sample was 51.8% female, 83.0% aged 19-59 y, 52.2% with low SES, 60.6% with a basic
education level, 58.9% with low PAL, and 60.0% of the participants were classified as
overweight/obese (Table 1).

The average PHDI score of the sample was 44.6 + 9.2 points (out of 150), and the distribution
of the PHDI can be found in the Supplementary materials (Figure S1). The PHDI score was
significantly higher in the 19-59 y and the 60-65 y age groups compared to the adolescents' group

(44.7 £ 9.2 and 45.6 = 9.4 vs 43.7 = 9.4 points, respectively, p=0.006). There were significant
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differences in PHDI scores among countries (p<0.001). Costa Rica had the highest score (49.3 +
9.0), followed by Brazil (47.6 £9.1), Ecuador (46.5 + 8.2), and Venezuela (45.1 + 8.6). Chile (44.0
+ 8.8) and Peru (43.9 + 8.4) had similar scores (p>0.05) and both ranked fifth place. Colombia
came sixth (42.0 £ 8.6), while Argentina had the lowest score (38.7 & 8.6) (Table 1, Figure S2).
Regarding SES and educational level, participants with high SES (45.9 + 8.9 points) and with
medium (45.2 = 9.2 points) and high (45.3 = 9.0 points) educational levels had significantly
slightly higher PHDI scores (p<0.001), compared to participants with middle (44.9 + 9.6 points)
and low (44.2 £ 9.0 points) SES and with basic education (44.3 + 9.3 points) (Table 1). Participants
with high PAL had significantly higher PHDI scores than participants with low or moderate PAL
(45.4 £ 9.8 vs 44.4 + 9.1 and 44.45+ 9.1 points, respectively; p=0.037). Also, participants with
overweight/obesity showed a significantly higher PHDI score than those non-overweight/obese
(44.9 £ 9.1 vs 44.2 £ 9.4 points, respectively; p=0.005). There were no significant differences in

the PHDI between men and women (p=0.558) (Table 1).
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Table 1. Planetary Health Diet Index (PHDI) among subgroups of participants in the Latin
American Study of Nutrition and Health (ELANS, 2016) (n=6835).

Ch L. Total PHDI score
aracteristic n % Mean SD 95% CI p-value!
Overall 6835 100.0 44.6 9.2 444 —-44.8 -
Sex
Men 3294 48.2 44.7 9.5 44.4-45.0 0.558
Women 3541 51.8 44.6 9.0 443 -449
Age group
15-18y 698 10.2 43.7* 9.4 43.0-44.4 0.006
19-59y 5675 83.0 44.7° 9.2 444 -449
60-65y 462 6.8 45.6° 9.4 44.7-43.4
Country
Argentina 896 13.1 38.7 8.6 38.2-393 <0.001
Brazil 1471 21.5 47.6° 9.1 47.1 -48.1
Chile 629 9.2 44.0¢ 8.8 43.3-44.7
Colombia 901 13.2 42.04 8.6 41.4-425
Costa Rica 570 8.3 49.3¢ 9.0 48.6 —50.1
Ecuador 582 8.5 46.5" 8.2 459-47.2
Peru 890 13.0 43.9¢ 8.4 434-445
Venezuela 896 13.1 45.1# 8.6 44.6 —45.7
Socioeconomic status
Low 3565 52.2 44.2° 9.0 43.9-445 <0.001
Middle 2597 38.0 44.9° 9.6 44.5-452
High 673 9.8 45.9¢ 8.9 452 -46.6
Educational level
Basic 4145 60.6 44,32 9.3 44,0 —44.5 <0.001
Medium 2041 29.9 45.2° 9.2 448 —45.6
High 649 9.5 45.3° 9.0 44.6 —45.9
Physical activity level
Not reported 152 2.2 45.4 10.2 43.7-47.0 -
Low 4024 58.9 44.5° 9.1 442 —44.8 0.037
Moderate 1832 26.8 44.5° 9.1 44.1-44.9
High 827 12.1 45.4° 9.8 44,7 —-46.1
Weight status?
Non-overweight/obese 2731 40.0 44.2 9.4 43.9-44.6 0.005
Overweight/obese 4104 60.0 449 9.1 44,6 —45.2

p-value corresponds to the Mann-Whitney or Kruskal-Wallis tests comparing groups. Labeled mean values within the
same variable and without a common letter differ (p<0.05). 2Weight status according to BMI categories. SD: standard
deviation.
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The average adherence to the EAT-Lancet dietary pattern in the urban population of the 8 Latin
American countries was 29.7%, and the adherence by country ranged from 32.9% in Costa Rica
to 25.8% in Argentina (Figure 1).

Figure 1. Adherence! to the EAT-Lancet dietary pattern in the urban population of eight Latin
American countries. Latin American Study of Nutrition and Health (ELANS, 2016) (n=6835).

Adherence (%)

|
25.8% 329%

Country  Adherence (%)

Costa Rica 32.9% Argentina
Brazil 31.7%

Ecuador 31.0% Chile
Venezuela 30.1%

Chile 29.4%

Peru 29.3%

Colombia 28.0% y

Argentina 25.8% ) %3._

'Adherence is expressed by the percentage of maximum achievable in the
Planetary Health Diet Index (PHDI) score. Map created with ©2024
Datawrapper.

3.2. Planetary Health Diet Index (PHDI) components score

The overall descriptive analysis of the PHDI components score showed the average
contribution of each component to the EAT-Lancet dietary pattern adherence (Table 2). While there
were components with high relative contribution (>50% of available points by component) to the

adherence, as ReV/total ratio (74.6%), fruits (72.0%), vegetable oils (64.0%), and vegetables
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(57.8%); other components showed low relative contribution (<20% of available points by
component) to the adherence, as nuts and peanuts (3.1%), whole cereals (3.4%), and DGV/total
ratio (9.6%), among others. Most PHDI components had an intermediate relative contribution (20

—49% of available points by component) to adherence (Table 2).

Table 2. Descriptive analysis of the Planetary Health Diet Index (PHDI) components score
among participants in the Latin American Study of Nutrition and Health (ELANS, 2016)

(n=6835).
. . Score Relative contribution

PHDI Components Maximum points Mean ) by component (%)
Adequacy components

Nuts and peanuts 10 0.31 1.04 3.1

Legumes 10 2.39 2.32 23.9

Fruits 10 7.20 3.00 72.0

Vegetables 10 5.78 2.60 57.8

Whole cereals 10 0.34 0.68 34
Optimum components

Eggs 10 2.28 3.36 22.8

Fish and seafood 10 3.67 2.08 36.7

Tubers and potatoes 10 3.02 3.56 30.2

Dairy 10 4.88 3.14 48.8

Vegetable oils 10 6.40 1.71 64.0
Ratio components

DGV / Total ratio! 5 0.48 0.80 9.6

ReV / Total ratio? 5 3.73 1.01 74.6
Moderation components

Red meat 10 0.02 0.21 0.2

Chicken and substitutes 10 211 2.50 21.1

Animal fats 10 1.82 2.71 18.2

Added sugars 10 0.19 0.96 1.9
Total score 0-150 44.62 9.24 29.7

'DGV/total ratio: dark green vegetables/total ratio multiplied by 100. 2ReV/total ratio: red and orange
vegetables/total ratio multiplied by 100. SD: standard deviation.

Additional details regarding the descriptive analysis of the average PHDI component scores
by country are available in the Supplementary materials (Table S1). All 16 PHDI components

showed significant score differences among countries, with some components exhibiting higher
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variability. For instance, in the adequacy components Costa Rica had the highest score for legumes
(4.76 £ 2.84), while Argentina had the lowest (0.78 # 0.80). All countries scored less than 80% of
available points for fruits and vegetables. Chile and Colombia had the highest fruit scores (7.91 +
2.76 and 7.73 £ 2.86, respectively), while Argentina had the lowest (6.14 + 3.12). For vegetables,
scores ranged from 7.52 £+ 2.20 in Ecuador to 4.62 + 2.50 in Brazil. Regarding the moderation
components, all countries showed low scores for red meat, chicken and substitutes, animal fats,
and added sugars; indicating that typical consumption of these food groups highly exceeds the

EAT-Lancet dietary pattern recommendations (Table S1).

3.3. Association between adherence to the Planetary Health Diet Index (PHDI) and usual
energy/nutrient intakes

Overall, after for sex, age, SES, and country, the high adherence to the PHDI (5th PHDI
quintile) showed a positive and significant association with the intake of carbohydrates, dietary
fiber, polyunsaturated fat, thiamin, pyridoxine, folate equivalents, vitamin C, vitamin A, iron,
magnesium, and zinc (p-trend<0.05) (Table 3). On the other hand, it had a negative and significant
association with protein, total fat, saturated fat, trans fat, cholesterol, riboflavin, niacin, cobalamin,
vitamin D, and calcium intakes (p-trend<0.05). There were no significant associations between the
high adherence to the PHDI and the intake of energy, added sugars, monounsaturated fat, and
sodium intakes (p-trend>0.05) (Table 3). Additional graphs, illustrating the association between
the high adherence to the PHDI and the intake of energy and some nutrients, are shown in the

Supplementary materials (Figure S3 and S4).
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Table 3. Association between high adherence to the Planetary Health Diet Index (PHDI) and

usual energy/nutrient intakes among participants in the Latin American Study of Nutrition and

Health (ELANS, 2016) (n=6835).

Nutrient Bl 95% ClI p-value? p-trend®
Energy (kcal) -0.0158  -0.0318 —0.0003 0.054 0.087
Macronutrients
Carbohydrates (g) 0.0313 0.0213-0.0414  <0.001  <0.001
Added sugars (%TEI) -0.0014  -0.0031 - 0.0004 0.124 0.177
Dietary fiber (g) 0.2495 0.2273-0.2717 <0.001  <0.001
Protein (g) -0.0279  -0.0403 --0.0156 <0.001  <0.001
Total fat (g) -0.0203  -0.0331--0.0076  0.002 0.011
Saturated fat (g) -0.0989 -0.1161--0.0818 <0.001  <0.001

Monounsaturated fat (g) -0.0081  -0.0234 —0.0073 0.304 0.689
Polyunsaturated fat (g) 0.0691 0.0516 -0.0866  <0.001  <0.001

Trans fat () -0.0324  -0.0610--0.0039  0.026 0.008
Cholesterol (mg) -0.2025 -0.2247--0.1809 <0.001  <0.001
Micronutrients

Vitamins
Thiamin (mg) 0.0530 0.0398 -0.0661  <0.001  <0.001
Riboflavin (mg) -0.0634 -0.0798 —-0.0470 <0.001  <0.001
Niacin (mg) -0.0133  -0.0273 --0.0007  0.041 0.039
Pyridoxine (mg) 0.0434 0.0268 -0.0601  <0.001  <0.001
Folate equivalents (jQ) 0.1100 0.0937 -0.1264  <0.001  <0.001
Cobalamin (pg) -0.0364 -0.0682 --0.0046  0.025 0.010
Vitamin C (mQ) 0.4308 0.3731-0.4885 <0.001 <0.001
Vitamin A (ug) 0.0481 0.0094 - 0.0869 0.015 0.036
Vitamin D (ug) -0.2205 -0.2623--0.1788 <0.001  <0.001

Minerals
Calcium (mg) -0.1092 -0.1355--0.0829 <0.001 <0.001
Iron (mg) 0.0781 0.0634 -0.0929  <0.001 <0.001
Magnesium (mg) 0.1249 0.1119-0.1378 <0.001  <0.001
Zinc (mg) 0.0547 0.0139 - 0.0954 0.009 0.027
Sodium (mg) 0.0154  -0.0052 - 0.0360 0.144 0.106

Generalized linear regression model: Coefficient of energy/nutrient intake for the 5% PHDI
quintile vs the 1% PHDI quintile (baseline); adjusted for sex, age, socioeconomic status, and
country (gamma distribution with Log link function). 2p-value corresponds to the Wald test for
the 5" PHDI quintile as a category of the PHDI within each model. 3p-value for trend corresponds
to the linear trend among PHDI quintiles within each model.

PHDI quintiles: min—max score / 1% 13.4-36.7; 2" 36.8-42.0; 3': 42.1-46.8; 4™: 46.9-52.3; 5™:
52.4-82.8. Usual nutrient intakes were energy-adjusted by the nutrient residual model. %TEI:
Percentage of Total Energy Intake.
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3.4. Association between adherence to the Planetary Health Diet Index (PHDI) and
nutrient inadequacy

Regarding nutrient inadequacy, after adjusting for sex, age, total energy intake, SES, and
country, individuals in the 5th PHDI quintile (with high adherence to the EAT-Lancet dietary
pattern) had 95.9%, 1.0%, and 11.6% significantly higher risks of nutrient inadequacy of
cobalamin, vitamin D, and calcium, respectively (p-trend<0.05); compared to those participants in
the 1st PHDI quintile (with low adherence). At the same time, individuals in the 5th PHDI quintile
also had 56.9%, 52.1%, 12.0%, and 17.4% significantly lower risks of nutrient inadequacy of folate
equivalents, vitamin C, magnesium, and zinc, respectively (p-trend<0.05); compared to those
participants in the 1st PHDI quintile. There was no significant association between the high relative
adherence to the PHDI and the nutrient inadequacy of protein, thiamin, riboflavin, niacin,

pyridoxine, vitamin A, and iron (Table 4).
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Table 4. Association between high adherence to the Planetary Health Diet Index (PHDI) and
nutrient inadequacy of protein and 13 micronutrients among participants in the Latin American
Study of Nutrition and Health (ELANS, 2016) (n=6835).

Nutrient PR? 95% ClI p-value?  p-trend®
Protein 1.000 0.638 —1.567 1.000 0.813
Vitamins
Thiamin 0.833 0.316 — 2.193 0.712 0.823
Riboflavin 1.394 0.969 — 2.005 0.074 0.059
Niacin 0.255 0.047 -1.374 0.112 0.054
Pyridoxine 0.758 0.552 -1.040 0.086 0.040
Folate equivalents 0.431 0.254 -0.730 0.002 <0.001
Cobalamin 1.959 1.327 - 2.894 0.001 0.002
Vitamin C 0.479 0.434 -0.528 <0.001 <0.001
Vitamin A 0.982 0.914 - 1.056 0.624 0.459
Vitamin D 1.010 1.001 -1.019 0.030 0.023
Minerals
Calcium 1.116 1.087 —1.146 <0.001 <0.001
Iron 0.441 0.159-1.224 0.116 0.189
Magnesium 0.880 0.856 — 0.906 <0.001 <0.001
Zinc 0.826 0.695 —-0.983 0.031 0.013

Multivariate Poisson regression with robust variance analysis: *Prevalence ratio of nutrient
inadequacy for the 5™ PHDI quintile vs the 15t PHDI quintile (baseline); adjusted for sex, age,
total energy intake, socioeconomic status, and country. ?p-value corresponds to the Wald test
for the 5" PHDI quintile as a category of the PHDI within each model. p-value for trend
corresponds to the linear trend among PHDI quintiles within each model.

PHDI quintiles: min—max score / 1%: 13.4-36.7; 2" 36.8-42.0; 3'%: 42.1-46.8; 4": 46.9-52.3;
5t: 52.4-82.8. Nutrient inadequacy was defined as a Nutrient Adequacy Ratio (NAR) <1.

4. Discussion

This study aimed to assess the adherence of urban populations in eight Latin American
countries to the EAT-Lancet dietary pattern and the association between this adherence and the
inadequacy of micronutrient intake. As a result, we observed a low average adherence to the EAT-
Lancet reference pattern in urban areas of Latin America, which aligns with the evidence found in
previous studies in the Latin American region, specifically in Brazil (32) and Mexico (33); as well
as studies in the United States (26), Europe (16,17,19,61,62), and Africa (63). Despite the variation

in tools used to determine adherence in most studies (except those conducted in Brazil, which also
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used the PHDI), the evidence consistently shows low adherence to the EAT-Lancet reference diet.
This information provides valuable insights into adherence to healthy and sustainable dietary
patterns in the Latin American region.

In our study, higher adherence to the EAT-Lancet dietary pattern, defined as higher PHDI
scores, was observed in individuals of older age, higher education, better socioeconomic status,
and greater physical activity, as well as in participants who were overweight or obese. Some of
these findings are consistent with the first study conducted by Cacau ef al. in Brazil, which also
used the PHDI on data from the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) (11).
This study found that participants with higher adherence to the reference diet were older, more
physically active, and without excess weight (30). However, another subsequent study involving
a representative sample from all Brazilian regions found a lower average adherence (30.6%) than
the previous study (32). The authors suggested that this discrepancy could be attributed to the
initial study's sample having higher income, educational level, and overall living conditions (32).

In contrast to our results, a study in Mexico using data from the National Health and Nutrition
Survey (ENSANUT 2018-2019) found that men had lower adherence to the EAT-Lancet dietary
pattern than women (33). However, the methodology used to evaluate adherence in the Mexican
study (HDSI) differs notably from the one used in this study (PHDI).

The low adherence to the EAT-Lancet dietary pattern in the urban population of the Latin
American region could be associated with economic limitations. Analyses indicate that the daily
cost of this diet surpasses the income of at least 1.58 billion people globally, rendering it
unaffordable (10,64—66). In Latin America, urban poverty is increasingly prevalent in developing

countries, exceeding 50% (67). This phenomenon is more pronounced in urban areas due to
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accelerated urbanization and rural-to-urban migration, potentially limiting access to certain food
groups essential for higher adherence to the EAT-Lancet pattern.

On the other hand, the low adherence to the EAT-Lancet reference diet likely stems from the
region's dietary habits diverging significantly from the EAT-Lancet recommendations. Even
countries with higher adherence, like Costa Rica, Brazil, Ecuador, and Venezuela, fall short in
many PHDI components. The ELANS group has highlighted insufficient daily consumption of
health-beneficial, low-environmental-impact foods, which are adequacy components in the PHDI,
such as nuts and seeds (1.6 £ 12.9 g/d), legumes (41.6 = 65.3 g/d), fruits (75.3 + 25.2 g/d),
vegetables (86.7 = 87.3 g/d), and whole grains (13.1 + 31.3 g/d) (68). Conversely, moderation
components of the PHDI, which negatively impact health and the environment, are consumed
excessively, including red meat (61.3 + 68.0 g/d) (68), animal-origin saturated fats (9.7 = 2.6
%TEl/d) (69), and added sugars (13.2 £ 5.8 %TEI/d) (70).

When examining the consumption of both adequacy and moderation components of the PHDI,
it becomes clear that a significant gap exists between real-world dietary practices and the
theoretical reference model proposed by EAT-Lancet. Prioritizing foods with established
epidemiological benefits and health advantages is highly desirable (10), especially when
formulating dietary guidelines and food public policies. However, global directives that emphasize
specific food categories based solely on nutritional epidemiology, without considering the diverse
food cultures at national and regional levels, can result in a clash of cultural identities and create
challenges for their adoption. Implementing such recommendations becomes complex and
requires significant adjustments (71). Therefore, it is essential to move beyond a narrow focus
solely on nutrition and embrace a more anthropological perspective, recognizing the pivotal role

of food culture in human development (72).
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Future adaptations of the dietary pattern should include food groups that guarantee the intake
of nutrients of public health interest. Our results show that higher adherence to the EAT-Lancet
dietary pattern is associated with a higher risk of inadequate intakes of cobalamin, vitamin D, and
calcium—nutrients primarily found in animal-based foods. Dairy products, important sources of
these nutrients (73), obtained an intermediate relative contribution in their PHDI component score
(4.88 £ 3.14 points, out of 10). This is particularly important considering the high prevalence of
inadequate calcium and vitamin D intake in the ELANS participating countries, at 85.7% and
98.2%, respectively (40).

According to a United Nations report, the restrictive nature of the EAT-Lancet dietary pattern
concerning several food groups may lead to nutritional deficiencies and could be harmful to human
health in the long term, especially for populations with increased nutritional requirements (10,74).
Alexandropoulou ef al. (10) suggest that the nutritional inadequacy of this pattern might require
increased use of dietary supplements or the fortification of staple foods. The latter is already widely
practiced in Latin America, a region with a strong history of food fortification policies and
programs aimed at eradicating nutritional deficiencies (75,76).

The fortification of wheat flour with thiamine, riboflavin, niacin, and folate is mandatory in
all eight ELANS participating countries (77). Additionally, some countries fortify other staple
foods with these nutrients, such as corn flour in Costa Rica and rice in Costa Rica, Peru, and
Venezuela (40). This could explain why low adherence to the EAT-Lancet dietary pattern does not
currently reflect a risk of inadequate intake of thiamine, riboflavin, niacin, and folate in the
participating countries, as the intake of these nutrients might be primarily supplied by refined

flours (73), despite not being part of the reference pattern.
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While the authors of the EAT-Lancet reference diet suggest adjustments to suit sociocultural
contexts, the current dietary pattern does not include the option to replace the consumption of
whole grains with refined grains. However, some refined grains, like rice, have an equivalent
environmental footprint between their white and whole versions (78) and are widely consumed in
its fortified refined version in Latin America. Additionally, as has been observed in Costa Rica,
including white rice alongside beans in the reference pattern in specific proportions could reduce
the risk of diabetes while it is part of the country’s dietary pattern (79).

This study has several strengths and limitations to consider when interpreting its results.
Strengths include: 1) The 24-hour dietary recall method for food intake data collection is more
accurate than the food frequency questionnaire used in similar studies. 2) Micronutrient intake
adequacy was evaluated using usual intake from two complete days, reducing methodological bias
from intrapersonal variability. 3) The large plausible sample size provided precise mean values,
identified outliers, and reduced the margin of error, allowing better micronutrient intake
estimations in Latin American urban areas. 4) The PHDI scores proportionally and accounts for
intermediate intakes of the EAT-Lancet dietary pattern more precisely than other reference diet-
based indices (31). 5) The methodology used to assess the association between adherence to the
dietary pattern and the risk of nutrient inadequacy is robust. It has been previously used by several
authors (55-58). On the other hand, limitations include the following: 1) The study only included
urban areas in 8 Latin American countries, excluding rural areas and other countries in the region,
so the data cannot be generalized to all of Latin America. 2) These results should be interpreted
within the context of the study design (cross-sectional analysis), and it can assess associations but
cannot determine causality. 3) The disaggregation of the ultra-processed foods to include their

content of added sugar, vegetable oils, and animal (saturated) fat in the PHDI calculation might be
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subject to bias. Therefore, this process underwent review by four trained nutritionists to minimize

€rrors.

5. Conclusion

The low adherence to the EAT-Lancet dietary pattern observed is due to the general dietary
pattern of Latin America being significantly different from the one proposed by EAT-Lancet.
Adaptations are required to enable the population of Latin America to achieve greater adherence
to this dietary pattern, which is considered healthy and sustainable. These adaptations should
include the consumption of foods that are part of the region's food culture and provide nutrients of
interest for public health, such as fortified staple foods. Modifications to the pattern for the Latin
American region should consider the possibility of increasing the recommendation for the
consumption of foods that are sources of cobalamin, calcium, and vitamin D, which were found to

be at risk in those with higher adherence to the reference pattern.

References

1. Willett W, Rockstrom J, Loken B, Springmann M, Lang T, Vermeulen S, et al. Food in the
Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food systems.
The Lancet [Internet]. 2019 Feb [cited 2024 Apr 18];393(10170):447-92. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0140673618317884

2. Tilman D, Clark M. Global diets link environmental sustainability and human health. Nature
[Internet]. 2014 Nov [cited 2024 May 14];515(7528):518-22. Available from:

https://www.nature.com/articles/nature13959

45



Articulo 1

3. Afshin A, Sur PJ, Fay KA, Cornaby L, Ferrara G, Salama JS, et al. Health effects of dietary
risks in 195 countries, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017. The Lancet [Internet]. 2019 May [cited 2024 May 14];393(10184):1958-72.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S0140673619300418

4. Branca F, Lartey A, Oenema S, Aguayo V, Stordalen GA, Richardson R, et al. Transforming
the food system to fight non-communicable diseases. BMJ [Internet]. 2019 Jan 28 [cited 2024

May 21];1296. Available from: https://www.bmj.com/lookup/doi/10.1136/bmj.1296

5. Clemente-Suarez VJ, Beltran-Velasco Al, Redondo-Florez L, Martin-Rodriguez A, Tornero-
Aguilera JF. Global Impacts of Western Diet and Its Effects on Metabolism and Health: A
Narrative Review. Nutrients [Internet]. 2023 Jun 14 [cited 2024 May 16];15(12):2749.

Available from: https://www.mdpi.com/2072-6643/15/12/2749

6. Fanzo J, Bellows AL, Spiker ML, Thorne-Lyman AL, Bloem MW. The importance of food
systems and the environment for nutrition. Am J Clin Nutr [Internet]. 2021 Jan [cited 2024
May 16];113(1):7-16. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916522005536

7. Fanzo J, Rudie C, Sigman I, Grinspoon S, Benton TG, Brown ME, et al. Sustainable food
systems and nutrition in the 21st century: a report from the 22nd annual Harvard Nutrition
Obesity Symposium. Am J Clin Nutr [Internet]. 2022 Jan [cited 2024 May 21];115(1):18-33.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S0002916522001071

8. Springmann M, Spajic L, Clark MA, Poore J, Herforth A, Webb P, et al. The healthiness and

sustainability of national and global food based dietary guidelines: modelling study. BMJ

46



Articulo 1

10.

I1.

12.

13.

[Internet]. 2020 Jul 15 [cited 2024 May 14];m2322. Available from:

https://www.bmj.com/lookup/doi/10.1136/bmj.m2322

Springmann M, Wiebe K, Mason-D’Croz D, Sulser TB, Rayner M, Scarborough P. Health and
nutritional aspects of sustainable diet strategies and their association with environmental
impacts: a global modelling analysis with country-level detail. Lancet Planet Health [Internet].
2018 Oct [cited 2024 May 14];2(10):e451-61. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S2542519618302067

Alexandropoulou I, Goulis DG, Merou T, Vassilakou T, Bogdanos DP, Grammatikopoulou
MQG. Basics of Sustainable Diets and Tools for Assessing Dietary Sustainability: A Primer for
Researchers and Policy Actors. Healthcare [Internet]. 2022 Aug 31 [cited 2024 May

14];10(9):1668. Available from: https://www.mdpi.com/2227-9032/10/9/1668

Cacau LT, De Carli E, de Carvalho AM, Lotufo PA, Moreno LA, Bensenor IM, et al.
Development and Validation of an Index Based on EAT-Lancet Recommendations: The
Planetary Health Diet Index. Nutrients [Internet]. 2021 May 17 [cited 2024 Apr

18];13(5):1698. Available from: https://www.mdpi.com/2072-6643/13/5/1698

Blackstone NT, Conrad Z. Comparing the Recommended Eating Patterns of the EAT-Lancet
Commission and Dietary Guidelines for Americans: Implications for Sustainable Nutrition.
Curr Dev Nutr [Internet]. 2020 Mar [cited 2024 May 14];4(3):nzaa015. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S2475299122119840

Tucci M, Martini D, Del Bo’ C, Marino M, Battezzati A, Bertoli S, et al. An Italian-

Mediterranean Dietary Pattern Developed Based on the EAT-Lancet Reference Diet (EAT-IT):

47



Articulo 1

14.

15.

16.

17.

18.

A Nutritional Evaluation. Foods [Internet]. 2021 Mar 8 [cited 2024 May 14];10(3):558.

Available from: https://www.mdpi.com/2304-8158/10/3/558

Lassen AD, Christensen LM, Trolle E. Development of a Danish Adapted Healthy Plant-Based
Diet Based on the EAT-Lancet Reference Diet. Nutrients [Internet]. 2020 Mar 11 [cited 2024

May 14];12(3):738. Available from: https://www.mdpi.com/2072-6643/12/3/738

Cambeses-Franco C, Feijoo G, Moreira MT, Gonzalez-Garcia S. Co-benefits of the EAT-
Lancet diet for environmental protection in the framework of the Spanish dietary pattern. Sci
Total Environ [Internet]. 2022 Aug [cited 2024 May 14];836:155683. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0048969722027796

Berthy F, Brunin J, Alles B, Reuzé A, Touvier M, Hercberg S, et al. Higher adherence to the
EAT-Lancet reference diet is associated with higher nutrient adequacy in the NutriNet-Santé
cohort: a cross-sectional study. Am J Clin Nutr [Internet]. 2023 Jun [cited 2024 May
14];117(6):1174-85. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916523463198

Xu C, Cao Z, Yang H, Hou Y, Wang X, Wang Y. Association Between the EAT-Lancet Diet
Pattern and Risk of Type 2 Diabetes: A Prospective Cohort Study. Front Nutr [Internet]. 2022
Jan 14 [cited 2024 May 14];8:784018. Available from:

https://www.frontiersin.org/articles/10.3389/fnut.2021.784018/full

Knuppel A, Papier K, Key TJ, Travis RC. EAT-Lancet score and major health outcomes: the
EPIC-Oxford study. The Lancet [Internet]. 2019 Jul [cited 2024 May 21];394(10194):213-4.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S014067361931236X

48



Articulo 1

19.

20.

21.

22.

23.

Stubbendorff A, Sonestedt E, Ramne S, Drake I, Hallstrom E, Ericson U. Development of an
EAT-Lancet index and its relation to mortality in a Swedish population. Am J Clin Nutr
[Internet]. 2022 Mar [cited 2024 May 14];115(3):705-16. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916522001885

Ye YX, Geng TT, Zhou YF, He P, Zhang JJ, Liu G, et al. Adherence to a Planetary Health Diet,
Environmental Impacts, and Mortality in Chinese Adults. JAMA Netw Open [Internet]. 2023
Oct 24 [cited 2024 May 14];6(10):¢2339468. Available from:

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/28 10988

Zhang S, Dukuzimana J, Stubbendorff A, Ericson U, Borné Y, Sonestedt E. Adherence to the
EAT-Lancet diet and risk of coronary events in the Malmd Diet and Cancer cohort study. Am
J Clin Nutr [Internet]. 2023 May [cited 2024 May 14];117(5):903-9. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S000291652330193X

Montejano Vallejo R, Schulz CA, Van De Locht K, Oluwagbemigun K, Alexy U, Nothlings
U. Associations of Adherence to a Dietary Index Based on the EAT-Lancet Reference Diet
with Nutritional, Anthropometric, and Ecological Sustainability Parameters: Results from the
German DONALD Cohort Study. J Nutr [Internet]. 2022 Jul [cited 2024 May
141;152(7):1763-72. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0022316622006782

Cacau LT, Bensefior IM, Goulart AC, Cardoso LDO, Santos IDS, Lotufo PA, et al. Adherence
to the EAT-Lancet sustainable reference diet and cardiometabolic risk profile: cross-sectional
results from the ELSA-Brasil cohort study. Eur J Nutr [Internet]. 2022 Oct 21 [cited 2024 Mar

4]; Available from: https://link.springer.com/10.1007/s00394-022-03032-5

49



Articulo 1

24.

25.

26.

27.

28.

Karavasiloglou N, Thompson AS, Pestoni G, Knuppel A, Papier K, Cassidy A, et al. Adherence
to the EAT-Lancet reference diet is associated with a reduced risk of incident cancer and all-
cause mortality in UK adults. One Earth [Internet]. 2023 Dec [cited 2024 May 21];6(12):1726—

34. Available from: https://linkinghub.elsevier.com/retrieve/pii/S2590332223005055

Van Soest APM, Van De Rest O, Witkamp RF, De Groot LCPGM. The association between
adherence to the EAT-Lancet diet and cognitive ageing. Age Ageing [Internet]. 2024 May 11
[cited 2024 May 211;53(Supplement_2):1139-46. Available from:

https://academic.oup.com/ageing/article/53/Supplement 2/1139/7668913

Frank SM, Jaacks LM, Adair LS, Avery CL, Meyer K, Rose D, et al. Adherence to the
Planetary Health Diet Index and correlation with nutrients of public health concern: an analysis
of NHANES 2003-2018. Am J Clin Nutr [Internet]. 2024 Feb [cited 2024 May
14];119(2):384-92. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916523662227

Beal T, Ortenzi F, Fanzo J. Estimated micronutrient shortfalls of the EAT-Lancet planetary
health diet. Lancet Planet Health [Internet]. 2023 Mar [cited 2024 May 15];7(3):e233-7.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S2542519623000062

Beal T, Ortenzi F. Eating a nutritionally adequate diet is possible without wrecking long-term
health, the planet, or the pocket — Authors’ reply. Lancet Planet Health [Internet]. 2023 Jul
[cited 2024 May 211;7(7):e545. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S2542519623001304

50



Articulo 1

29.

30.

31.

32.

33.

European Food Safety Authority (EFSA). Dietary Reference Values for nutrients Summary
report. EFSA Support Publ [Internet]. 2017 Dec [cited 2024 May 21];14(12). Available from:

https://data.europa.eu/doi/10.2903/sp.efsa.2017.e15121

Cacau LT, Benseior IM, Goulart AC, Cardoso LO, Lotufo PA, Moreno LA, et al. Adherence
to the Planetary Health Diet Index and Obesity Indicators in the Brazilian Longitudinal Study
of Adult Health (ELSA-Brasil). Nutrients [Internet]. 2021 Oct 20 [cited 2024 May

14];13(11):3691. Available from: https://www.mdpi.com/2072-6643/13/11/3691

Cacau LT, Marchioni DM. The Planetary Health Diet Index scores proportionally and
considers the intermediate values of the EAT-Lancet reference diet. Am J Clin Nutr [Internet].
2022 Apr [cited 2024 Apr 18];115(4):1237. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916522002386

Marchioni DM, Cacau LT, De Carli E, Carvalho AMD, Rulli MC. Low Adherence to the EAT-
Lancet Sustainable Reference Diet in the Brazilian Population: Findings from the National
Dietary Survey 2017-2018. Nutrients [Internet]. 2022 Mar 11 [cited 2024 May 15];14(6):1187.

Available from: https://www.mdpi.com/2072-6643/14/6/1187

Shamah-Levy T, Gaona-Pineda EB, Mundo-Rosas V, Méndez Gomez-Humaran I, Rodriguez-
Ramirez S. Asociacioén de un indice de dieta saludable y sostenible con sobrepeso y obesidad
en adultos mexicanos. Salud Publica México [Internet]. 2020 Nov 24 [cited 2024 May
15];62(6, Nov-Dic):745-53. Available from:

https://www.saludpublica.mx/index.php/spm/article/view/11829

51



Articulo 1

34.

35.

36.

37.

38.

Hernandez-Ruiz A, Madrigal C, Soto-Méndez MJ, Gil A. Challenges and perspectives of the
double burden of malnutrition in Latin America. Clinica E Investig En Arterioscler [Internet].
2022 Jun [cited 2024 May 21];34:S3-16. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0214916821001595

the ELANS Study Group, Fisberg M, Kovalskys I, Gomez G, Rigotti A, Cortés LY, et al. Latin
American Study of Nutrition and Health (ELANS): rationale and study design. BMC Public
Health [Internet]. 2015 Dec [cited 2024 Apr 16];16(1):93. Available from:

http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-2765-y

Fisberg M, Kovalskys I, Salas GG, Pareja Torres RG, Yépez Garcia MC, Cortés Sanabria LY,
et al. Developing a cooperative multicenter study in Latin America: Lessons learned from the
Latin American Study of Nutrition and Health Project. Rev Panam Salud Publica [Internet].
2017 Dec 19 [cited 2023 Mar 81;41:1. Available from:

http://iris.paho.org/xmlui/handle/123456789/34571

Kovalskys I, Fisberg M, Gomez G, Pareja RG, Yépez Garcia MC, Cortés Sanabria LY, et al.
Energy intake and food sources of eight Latin American countries: results from the Latin
American Study of Nutrition and Health (ELANS). Public Health Nutr [Internet]. 2018 Oct
[cited 2024 Apr 16];21(14):2535-47. Available from:

https://www.cambridge.org/core/product/identifier/S1368980018001222/type/journal article

Previdelli AN, Gémez G, Kovalskys I, Fisberg M, Cortés LY, Pareja RG, et al. Prevalence and
determinants of misreporting of energy intake among Latin American populations: results from
ELANS study. Nutr Res [Internet]. 2019 Aug [cited 2024 Apr 16];68:9—18. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0271531718310054

52



Articulo 1

39.

40.

41.

42.

43.

44,

McCrory MA, Hajduk CL, Roberts SB. Procedures for screening out inaccurate reports of
dietary energy intake. Public Health Nutr [Internet]. 2002 Dec [cited 2024 Apr 16];5(6a):873—
82. Available from:

https://www.cambridge.org/core/product/identifier/S1368980002001167/type/journal article

Monge-Rojas R, Vargas-Quesada R, Previdelli AN, Kovalskys I, Herrera-Cuenca M, Cortés
LY, et al. A Landscape of Micronutrient Dietary Intake by 15- to 65-Years-Old Urban
Population in 8 Latin American Countries: Results From the Latin American Study of Health
and Nutrition. Food Nutr Bull [Internet]. 2023 Dec 19 [cited 2024 Jan 4];03795721231215267.

Available from: http://journals.sagepub.com/doi/10.1177/03795721231215267

Weiner JS, Lourie JA. Human biology: a guide to field methods. Oxford, Edinburgh: Published
for the International Biological Programme by Blackwell Scientific; 1969. 621 p. (IBP

handbook, no. 9).

De Onis M. Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ [Internet]. 2007 Sep 1 [cited 2024 Mar 1];85(09):660—
7. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2636412/pdf/07-

043497.pdf/

World Health Organization. Obesity: preventing and managing the global epidemic. Report of
a WHO consultation [Internet]. 2000 p. i-xii, 1-253. Available from:

https://apps.who.int/iris/handle/10665/63854

Gerrior S, Juan W, Basiotis P. An easy approach to calculating estimated energy requirements.

Prev Chronic Dis. 2006 Oct;3(4):A129.

53



Articulo 1

45.

46.

47.

48.

49.

50.

IPAQ. Guidelines for Data Processing and Analysis of the International Physical Activity
Questionnaire  [Internet]. 2005  [cited 2024 May 21]. Available from:
https://www.researchgate.net/file.PostFileLoader.html?id=5641f4c36143250eac8b45b7&ass

etKey=AS%3A294237418606593%401447163075131

University of Minnesota. Nutrition Data System for Research (NDSR) [Internet]. Minnesota,
USA: Nutrition Coordinator Center; 2013 [cited 2022 Dec 1]. Available from:
https://license.umn.edu/product/nutrition-data-system-for-research--nutritional-analysis-

software

German Institute of Human Nutrition Potsdam-Rehbriicke. Multiple Source Method (MSM)
for estimating usual dietary intake from short-term measurement data: User Guide [Internet].

2011 [cited 2023 Sep 25]. Available from: https://msm.dife.de/static/MSM_UserGuide.pdf

Harttig U, Haubrock J, Kniippel S, Boeing H, on behalf of the EFCOVAL Consortium. The
MSM program: web-based statistics package for estimating usual dietary intake using the
Multiple Source Method. Eur J Clin Nutr [Internet]. 2011 Jul [cited 2024 Mar 18];65(S1):S87—

91. Available from: https://www.nature.com/articles/ejcn201192

Willett W, Howe G, Kushi L. Adjustment for total energy intake in epidemiologic studies. Am
J Clin Nutr [Internet]. 1997 Apr [cited 2024 Apr 18];65(4):1220S-1228S. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916523177410

Institute of Medicine. Dietary Reference Intakes: The Essential Guide to Nutrient
Requirements [Internet]. Washington, D.C.: National Academies Press; 2006 [cited 2024 Feb

10]. Available from: http://www.nap.edu/catalog/11537

54



Articulo 1

51.

52.

53.

54.

55.

Barr SI. Applications of Dietary Reference Intakes in dietary assessment and planning. Appl
Physiol Nutr Metab [Internet]. 2006 Feb 1 [cited 2024 Mar 12];31(1):66—73. Available from:

http://www.nrcresearchpress.com/doi/10.1139/h05-020

Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary Reference
Intakes. Dietary Reference Intakes: Applications in Dietary Assessment [Internet].
Washington, D.C.: National Academies Press; 2000 [cited 2024 Feb 10]. Available from:

http://www.nap.edu/catalog/9956

Cacau LT, Hanley-Cook GT, Huybrechts I, De Henauw S, Kersting M, Gonzalez-Gross M, et
al. Relative validity of the Planetary Health Diet Index by comparison with usual nutrient
intakes, plasma food consumption biomarkers, and adherence to the Mediterranean diet among
European adolescents: the HELENA study. Eur J Nutr [Internet]. 2023 Sep [cited 2024 Mar

41;62(6):2527-39. Available from: https://link.springer.com/10.1007/s00394-023-03171-3

Theodoridis S. Probability and Stochastic Processes. In: Machine Learning [Internet].
Elsevier; 2020  [cited 2024 Apr 18]. p. 19-65.  Available  from:

https://linkinghub.elsevier.com/retrieve/pii/B9780128188033000118

Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an
empirical comparison of models that directly estimate the prevalence ratio. BMC Med Res
Methodol [Internet]. 2003 Dec [cited 2024 Apr 18];3(1):21. Available from:

http://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-3-21

55



Articulo 1

56.

57.

58.

59.

60.

61.

62.

Petersen MR, Deddens JA. A comparison of two methods for estimating prevalence ratios.
BMC Med Res Methodol [Internet]. 2008 Dec [cited 2024 Apr 18];8(1):9. Available from:

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-8-9

McNutt LA. Estimating the Relative Risk in Cohort Studies and Clinical Trials of Common
Outcomes. Am J Epidemiol [Internet]. 2003 May 15 [cited 2024 Apr 18];157(10):940-3.

Available from: https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwg074

Zou G. A Modified Poisson Regression Approach to Prospective Studies with Binary Data.
Am J Epidemiol [Internet]. 2004 Apr 1 [cited 2024 Jun 6];159(7):702—-6. Available from:

https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwh090

StataCorp. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP; 2015.

IBM Corp. IBM SPSS Statistics for Windows (Version 27.0). IBM Corp.; 2020.

Suikki T, Maukonen M, Kaartinen NE, Harald K, Back S, Sares-Jaske L, et al. Associations of
EAT-Lancet Planetary Health Diet or Finnish Nutrition Recommendations with changes in
obesity measures: a follow-up study in adults. Food Nutr Res [Internet]. 2023 Dec 1 [cited
2024 Jun 6];67. Available from:

https://foodandnutritionresearch.net/index.php/fnr/article/view/9107

Colizzi C, Harbers MC, Vellinga RE, Verschuren WMM, Boer JMA, Biesbroek S, et al.
Adherence to the EAT-Lancet Healthy Reference Diet in Relation to Risk of Cardiovascular
Events and Environmental Impact: Results From the EPIC-NL Cohort. ] Am Heart Assoc
[Internet]. 2023 Apr 18 [cited 2024 Jun 6];12(8):e026318. Available from:

https://www.ahajournals.org/doi/10.1161/JAHA.122.026318

56



Articulo 1

63.

64.

65.

66.

67.

68.

69.

Ali Z, Scheelbeek PFD, Felix J, Jallow B, Palazzo A, Segnon AC, et al. Adherence to EAT-
Lancet dietary recommendations for health and sustainability in the Gambia. Environ Res Lett
[Internet]. 2022 Oct 1 [cited 2024 Jun 6];17(10):104043. Available from:

https://iopscience.iop.org/article/10.1088/1748-9326/ac9326

Hirvonen K, Bai Y, Headey D, Masters WA. Affordability of the EAT—Lancet reference diet:
a global analysis. Lancet Glob Health [Internet]. 2020 Jan [cited 2024 Jun 7];8(1):e59-66.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S2214109X19304474

Drewnowski A. Analysing the affordability of the EAT-Lancet diet. Lancet Glob Health
[Internet]. 2020  Jan  [cited 2024  Jun  7];8(1):e6—7.  Available from:

https://linkinghub.elsevier.com/retrieve/pii/S2214109X19305029

Kousta S. The cost of a healthy diet. Nat Hum Behav [Internet]. 2020 Jan 10 [cited 2024 Jun

71;4(1):9-9. Available from: https://www.nature.com/articles/s41562-019-0817-x

Sanghee J. La pobreza urbana de América Latina y los desafios en la era del desarrollo sustent.
Portes Rev Mex Estud Sobre Cuenca Pacifico [Internet]. 2017 [cited 2024 Jun 5];11(21):27—-

48. Available from: http://www.portesasiapacifico.com.mx/revistas/epocaiii/numero21/2.pdf

Kovalskys I, Rigotti A, Koletzko B, Fisberg M, Gémez G, Herrera-Cuenca M, et al. Latin
American consumption of major food groups: Results from the ELANS study. Vellakkal S,
editor. PLOS ONE [Internet]. 2019 Dec 26 [cited 2024 Jun 6];14(12):e0225101. Available

from: https://dx.plos.org/10.1371/journal.pone.0225101

Gomez G, Fisberg R, Nogueira Previdelli A, Hermes Sales C, Kovalskys I, Fisberg M, et al.

Diet Quality and Diet Diversity in Eight Latin American Countries: Results from the Latin

57



Articulo 1

70.

71.

72.

73.

74.

75.

American Study of Nutrition and Health (ELANS). Nutrients [Internet]. 2019 Jul 15 [cited

2024 Jun 6];11(7):1605. Available from: https://www.mdpi.com/2072-6643/11/7/1605

Fisberg M, Kovalskys I, Gomez G, Rigotti A, Sanabria L, Garcia M, et al. Total and Added
Sugar Intake: Assessment in Eight Latin American Countries. Nutrients [Internet]. 2018 Mar

22 [cited 2024 Jun 6];10(4):389. Available from: http://www.mdpi.com/2072-6643/10/4/389

Thorkildsen T, Reksnes DH. The Proof is Not in the EAT ing. EuroChoices [Internet]. 2020
Apr [cited 2024 Jun 71;19(1):11-6. Available from:

https://onlinelibrary.wiley.com/doi/10.1111/1746-692X.12253

Poulain JP. Sociologies de I’alimentation: les mangeurs et 1’espace social alimentaire. 2e éd.

Paris: PUF; 2011. (Quadrige).

Barco Leme AC, Fisberg RM, Veroneze De Mello A, Sales CH, Ferrari G, Haines J, et al. Food
Sources of Shortfall Nutrients among Latin Americans: Results from the Latin American Study
of Health and Nutrition (ELANS). Int J Environ Res Public Health [Internet]. 2021 May 7

[cited 2024 Jun 7];18(9):4967. Available from: https://www.mdpi.com/1660-4601/18/9/4967

Rappresentanza Permanente d’Italia ONU. Press release on the launch of the EAT-Lancet
Commission Report on Healthy Diets from Sustainable Food Systems (Geneva, 28 March
2019) [Internet]. 2019 [cited 2024 Jun 6]. Available from:
https://italiarappginevra.esteri.it/en/news/dalla_rappresentanza/2019/03/comunicato-stampa-

sul-lancio-del-2/

Martorell R, De Romana DL. Components of Successful Staple Food Fortification Programs:

Lessons From Latin America. Food Nutr Bull [Internet]. 2017 Sep [cited 2024 Jun

58



Articulo 1

76.

77.

78.

79.

71;38(3):384-404. Available from:

http://journals.sagepub.com/doi/10.1177/0379572117707890

Ruz M, Solomons NW. A Vision for Nutritional Research for the Latin American Region. Food
Nutr Bull [Internet]. 2019 Mar [cited 2024 Jun 7];40(1):14-25. Available from:

http://journals.sagepub.com/doi/10.1177/0379572119832780

Food Fortification Initiative, Enhancing. Grains for Healthier Lives: Country profiles

[Internet]. [cited 2024 Jun 7]. Available from: https://www.ffinetwork.org/country-profiles

Universidade de Sao Paulo. Faculdade de Saude Publica, Garzillo JMF, Machado PP,
Universidade de Sao Paulo. Faculdade de Saude Publica, Louzada ML da C, Universidade
Federal de Sao Paulo, et al. Footprints of foods and culinary preparations consumed in Brazil
[Internet]. Universidade de Sao Paulo. Faculdade de Saude Publica; 2020 [cited 2024 Jun 10].

Available from: http://www.livrosabertos.sibi.usp.br/portaldeliviosUSP/catalog/book/442

Mattei J, Hu FB, Campos H. A higher ratio of beans to white rice is associated with lower
cardiometabolic risk factors in Costa Rican adults. Am J Clin Nutr [Internet]. 2011 Sep [cited
2024 Jun 101;94(3):869-72. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0002916523024498

59



Articulo 1

Supplementary materials

Adherence to the EAT-Lancet Diet and its Association with Micronutrient Inadequacy in
the Urban Population of Eight Latin American Countries: Results from the Latin

American Study of Nutrition and Health

Figure S1. Distribution of the Planetary Health Diet Index (PHDI) among participants in the
Latin American Study of Nutrition and Health (ELANS, 2016) (n=6835).
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Figure S2. Planetary Health Diet Index (PHDI) by country'. Latin American Study of Nutrition
and Health (ELANS, 2016) (n=6835).
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Table S1. Descriptive analysis of the Planetary Health Diet Index (PHDI) components by country. Latin American Study of Nutrition
and Health (ELANS, 2016) (n=6835).

Argentina Brazil Chile Colombia Costa Rica Ecuador Peru Venezuela
PHDI Components (n=896) (n=1471) (n=629) (n=901) (n=570) (n=582) (n=890) (n=896)
X SD X SD X SD X SD X SD X SD X SD X SD  p-value®

Adequacy components

Nuts and peanuts 0.21®®  0.85 0.27°¢ 087 0.22° 076 0.35% 127 0.38 1.32 0.48° 145 058¢ 1.23 0.082 0.39  <0.001

Legumes 0.78% 0.80 3.71° 209 152¢ 183 2.31° 2.39 476" 2.84 2.289 191 178 173 1.74¢ 2.12  <0.001

Fruits 6.142 3.12 7.16° 305 7.91° 276 7.73¢ 2.86 6.477  3.05 7.55P 280 7.42> 286 7.28° 297 <0.001

Vegetables 5.15% 238  4.62° 250 6.69° 252 5.292 2.66 6.99° 2.05 7.52¢ 220 6.39¢ 230 5.66f 251 <0.001

Whole cereals 0.37% 076 0.21* 055 0222 0.62 0.332 069 030° 069 037* 077 057° 0.75 0.35° 0.64  <0.001
Optimum components

Eggs 1.08? 2.41 3.07° 360 2.63° 3.49 1.56¢ 3.00 2.35¢ 347 2.47° 339 203¢ 321 2.73° 3.53  <0.001

Fish and seafood 3.372 1.76 3.542 197 373 187 3.518 196  4.34° 259 415 258 3.79® 216 3.478 1.82 <0.001

Tubers and potatoes 3.552 355 424> 360 2.89° 352 1.704 299  3.79% 359 1.604 289 155¢ 299 3.832 3.73  <0.001

Dairy 4.38° 3.37 5,08 3.06 4.68° 311 497* 315 532° 278 5.18° 310 5649 268 3.89¢ 3.35  <0.001

Vegetable oils 6.082 1.90  7.00° 164 6.05% 159 5.992 1.60  6.67¢ 1.46 6.95° 152 573 145 6.50¢ 1.83  <0.001
Ratio components

DGV / Total ratio' 0.66° 1.09 0.56* 0.92 0.39* 0.71 0.34P 058 0259 0.0 0.692 087 058 0.73 0.26° 0.44  <0.001

ReV / Total ratio? 3.732 0.88  3.49° 1.15 3.61® 0.99 3.79¢ 1.08 366*° 1.05 381 091 3.83% 0.95 4.05° 0.79  <0.001
Moderation components

Red meat 0.01*  0.19 0.00*  0.10 0.00® 0.05 0.01® 022 0.03* 031 0.02° 020 0.05° 038 0.00® 0.08 <0.001

Chicken and 2.582 2.59 2.15P 247  2.74% 266 2.48% 2.57 251 253 1.54¢ 225 1.05° 192 1.94¢ 249  <0.001

substitutes

Animal fats 0.522 1.67 2.17° 286 047 151 1.39¢ 2.41 1.37¢ 239 1.82° 260 2.86° 3.06 3.21f 290 <0.001

Added sugars 0.14¢ 080 0.34° 126  0.29" 1.19 0.21% 094 0.14* 0.82 0.10? 058 0.08* 057 0.142 091 <0.001
Total score 38.74% 856 47.61° 9.07 44.03° 8.84 4195 8.63 49.33°* 9.03 46.52° 824 4393° 837 45149 860 <0.001

!DGV/total ratio: dark green vegetables/total ratio multiplied by 100. 2ReV/total ratio: red and orange vegetables/total ratio multiplied by 100. 3p-value corresponds to the Kruskal-Wallis test
comparing among groups (p-values <0.05 denote statistically significant differences). Labeled mean values in the total score row without a common letter differ (p<0.05). X: mean. SD: standard

deviation.
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Figure S3. PHDI quintile predictive margins for the adjusted mean of energy and 5 usual
nutrient intakes' among participants in the Latin American Study of Nutrition and Health
(ELANS, 2016) (n=6835).
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Figure S4. PHDI quintile predictive margins for the adjusted mean of 6 usual nutrient intakes?
among participants in the Latin American Study of Nutrition and Health (ELANS, 2016)
(n=6835).
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Abstract

The high prevalence of overweight/obesity and the effects of climate change in Latin America
underscores the potential benefits of adopting a healthy and sustainable diet to address the region's
burden of diet-related non-communicable diseases. However, research on adherence to the EAT-
Lancet dietary pattern in Latin America and its association with overweight/obesity is limited. This
study explores the association between adherence to the EAT-Lancet dietary pattern and
overweight/obesity in a cross-sectional, urban multicentric study involving 6683 participants aged
15-65. Adherence to the EAT-Lancet diet was assessed using the Planetary Health Diet Index
(PHDI). The findings indicate that high adherence to the EAT-Lancet dietary pattern is not
significantly associated with overweight/obesity (5th PHDI quintile vs. 1st PHDI quintile, PR:
1.057, CI: 0.993 — 1.125, p-trend=0.137) after adjusting for sex, age, total energy intake, country,
socioeconomic status, and physical activity level. Similar findings were observed when using the
EAT-Lancet Index (ELDI), the World Index for Sustainability and Health (WISH), and the
Mexican Healthy and Sustainable Diet Index (HSDI) to assess adherence to the EAT-Lancet dietary
pattern, after adjusting for the same variables. The persistently high levels of overweight/obesity
across different levels of adherence to the EAT-Lancet pattern, combined with the study’s design,
do not seem to be the primary factors contributing to the lack of association between these
variables. Instead, the notably low average adherence to the EAT-Lancet diet in the study sample
appears to be the main factor contributing to the lack of observed association. However, further
research is needed to verify this conclusion.
Keywords
EAT-Lancet diet, PHDI, Latin America, ELANS, sustainable diets, weight status, overweight,

obesity
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1. Introduction

Non-communicable diseases (NCDs) are the leading cause of morbidity and mortality
globally, with high body mass index (BMI) and overweight/obesity being significant risk factors
(1-3). Currently, the average consumption of healthy foods is substantially below recommended
levels, while the intake of unhealthy foods continues to rise, contributing to the growing prevalence
of overweight/obesity. This trend not only increases the burden of obesity and diet-related NCDs
but also leads to environmental degradation (4).

In response, the EAT-Lancet Commission proposed a universal, healthy, and sustainable
reference diet to reform global food systems, enhance environmental sustainability, and improve
human health. The EAT-Lancet dietary pattern is primarily plant-based, which has been associated
with a reduced risk of obesity and diet-related diseases compared to non-vegetarian diets (5,6).
Based on epidemiological evidence, the proposed diet focuses on the predominant consumption of
fruits, vegetables, legumes, whole grains, nuts and seeds, and unsaturated oils. It also recommends
low to moderate consumption of dairy, fish and seafood, and poultry, and low to no consumption
of red and processed meat, animal fats, and added sugars (4,7,8).

The EAT-Lancet Commission estimates that adopting this reference diet could potentially
prevent 10.9 to 11.6 million (19.0-23.6%) deaths annually worldwide by reducing the incidence
of diet-related NCDs, such as cardiovascular disease, stroke, and diabetes, while also decreasing
environmental impacts (4). This raises the question of whether BMI differs between individuals
who closely follow the EAT-Lancet diet and those who do not. This is particularly pertinent as
various studies suggest that the beneficial effects of the EAT-Lancet diet on mortality and the risk
of certain NCDs are largely mediated by BMI (9-11). Even though higher BMI and

overweight/obesity are considered significant risk factors for diet-related NCDs (2), research on

67



Articulo 2

the association between adherence to the EAT-Lancet dietary pattern and overweight/obesity is
limited and presents mixed findings.

Results from the Brazilian Longitudinal Study of Adult Health (ELSA-Brazil 2010) (8), the
Danish Diet, Cancer and Health Cohort study (12), the National Health and Nutrition Survey of
Mexico (ENSANUT 2018-19) (13), and the Multiethnic Cohort Study in Hawaii and Los Angeles,
USA (14) have indicated that adherence to the reference diet is associated with a lower prevalence
or risk of overweight/obesity, elevated BMI, and waist circumference. In contrast, studies from the
Finnish Institute of Health and Welfare (15), the Brazilian National Dietary Survey 2017-2018
(16), and the Canadian Community Health Survey (CCHS)-Nutrition (cycles 2004 and 2015) (17)
found no significant association between adherence to the EAT-Lancet diet and
overweight/obesity. Furthermore, despite a lower average total energy intake compared to the EAT-
Lancet reference diet, obesity rates in India continue to rise (18). Additionally, a Swedish study
even reported a slight increase in BMI among men who adhered more closely to the EAT-Lancet
diet (10).

Given the high prevalence of diet related NCDs in Latina America (19), adopting a healthy
and sustainable dietary pattern could significantly reduce the costs associated with the region's
burden of these diseases and climate change effects (20). However, research on adherence to the
EAT-Lancet dietary pattern in Latin America and its association with overweight/obesity is limited,
with most studies conducted in populations from the Global North, such as Canada (17), the USA
(14), and Europe (12,15). A more comprehensive understanding of this issue is essential for public
health stakeholders to make informed decisions that could transform food systems and reduce the
prevalence of overweight/obesity in Latin America. This study, using data from the Latin American

Study of Nutrition and Health (ELANS), a multicentric study conducted in eight Latin American
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countries, aimed to assess the association between adherence to the EAT-Lancet dietary pattern

and the prevalence of overweight/obesity among the urban population in the region.

2. Methods and Materials

2.1. Sample and Setting

This cross-sectional study used baseline data from the ELANS, with its design and sampling
methods detailed in previous publications (21-23). Conducted between September 2014 and
August 2015, the ELANS surveyed a representative sample of urban households in eight Latin
American countries: Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and
Venezuela. The study included 9218 participants and aimed to assess their anthropometric
measurements, dietary habits, and physical activity levels.

The study employed a complex, multistage random sampling method, stratified by region,
sex, age, and socioeconomic status (23). Misreported energy intake (EI) was previously calculated
for the ELANS study by Previdelli et al. (24), following the methodology used by McCrory et al.
(25). After excluding participants with misreported EI and those without reported physical activity
levels, the final valid sample for this study comprised 6683 participants. This group consisted of
both men and women, encompassing adolescents aged 15-18 years and adults aged 19-65 years
(24).

The ELANS protocol was approved by the Western Institutional Review Board (approval
#20140605) and registered on ClinicalTrials.gov (registration #NCT02226627). Additionally, it
received approval from the local ethics committees in each participating country. All participants

provided informed consent or assent before participating in the survey. Furthermore, on June 21,
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2023, the Scientific and Ethics Committee of the Costa Rican Institute for Research and Education
in Nutrition and Health (INCIENSA) approved this study protocol (approval #1C-2023-02).

2.2. Data collection

2.2.1. Demographic and socioeconomic status variables

A questionnaire was used to collect data on sex and age (26). Socioeconomic status (SES) was
assessed using a questionnaire tailored to each country, ensuring compliance with national
legislative standards or established local formats. SES was categorized into low, middle, and high
status according to the national indices of each country (21,26).

2.2.2. Anthropometric assessment

Height and weight were measured by trained nutritionists. Height was obtained to the nearest
0.1 cm using a stadiometer, and weight was measured to the nearest 0.1 kg, using a digital weight
scale, following standardized protocols (27). Body mass index (BMI) values were calculated from
measured height and weight values using the standard equation: weight (kg) / height (m)?. For
participants under 18 years old, BMI was classified using z-score cut-off criteria for age and sex
as recommended by the World Health Organization (WHO) (28). For individuals aged 18 years
and older, BMI was categorized as follows: underweight, BMI <18.5 kg/m?; normal weight, BMI
18.5-24.9 kg/m?; overweight, BMI 25.0-29.9 kg/m?; and obese, BMI >30.0 kg/m? (29).

2.2.3. Physical activity level assessment

The participant's physical activity level (PAL) was evaluated using a Spanish version of the
long form "last 7 days" self-administered International Physical Activity Questionnaire (IPAQ)
(21). This questionnaire measured walking, moderate, and vigorous physical activities in minutes

per week. The collected data were then converted to Metabolic Equivalent minutes per week
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(MET-min/week) using the methodology outlined by Ainsworth et al. (30). PAL was categorized
as low, moderate, or high, based on the IPAQ guidelines (23,31).

2.2.4. Dietary assessment

The ELANS dietary assessment involved two household visits scheduled no more than eight
days apart. During each visit, trained interviewers conducted a 24-hour dietary recall (24HR) to
record all food and beverage consumption from the previous day, including both weekdays and
weekends. The sample was proportionally distributed to ensure day-to-day intake variations were
represented. Trained nutritionists supervised these recalls and converted the recorded measures
into grams and milliliters (23).

Energy intake and diet composition values were calculated using the 2013 version of the
Nutrition Data System for Research (NDS-R) software (32). All documented locally sourced and
traditional foods were standardized using a USDA composition table to ensure nutritional
equivalency and local food fortification (23,26). The Multiple Source Method
(http://mss.dife.de/tps/en) (33,34) was used to estimate the usual intake of energy and the 16
components of the Planetary Health Diet Index for the study sample.

2.3. Adherence to the EAT-Lancet dietary pattern

2.3.1. Planetary Health Diet Index assessment

The Planetary Health Diet Index (PHDI) was used to evaluate adherence to the EAT-Lancet
dietary pattern. This index encompasses all EAT-Lancet food groups and uses a gradual scoring
system to assess components based on the amount consumed of each food group (7,35). Scores in
the PHDI are calculated using a caloric intake ratio, which is determined by dividing the total
calories from all foods within a PHDI component by the total calories from all foods consumed,

excluding alcoholic beverages, as they are not part of the reference diet (4,7).
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The PHDI consists of 16 components divided into four categories: adequacy (nuts, fruits,
legumes, vegetables, whole grains), optimum (eggs, dairy, fish, potatoes, vegetable oils), ratio
(dark green to total vegetables, red-orange to total vegetables), and moderation (red meat, poultry,
animal fats, added sugars). Adequacy, optimum, and moderation are scored from 0 to 10 points,
while ratio is scored from 0 to 5 points. Each score reflects the relative energy intake based on the
EAT-Lancet dietary pattern and the PHDI index (7).

All foods consumed by the ELANS plausible sample were first disaggregated to their
ingredient level. Then, the ingredients were classified into 16 PHDI components using the
methodology by Cacau et al. for extracting PHDI components from food consumption data (7).
Highly processed foods were meticulously disaggregated to estimate their content of added sugar,
vegetable oils, and animal (saturated) fat using the USDA composition table, ensuring accurate
categorization within the PHDI components and avoiding under or overestimation. This process
was reviewed by four trained nutritionists.

The total PHDI score ranges from 0 to 150, with higher scores indicating greater adherence to
the EAT-Lancet dietary pattern (7,36). Adherence can be estimated by dividing the PHDI score by
the total possible points (16). For detailed information on PHDI development, scoring criteria,
cutoff points, validity, and reliability, refer to the sources (7).

2.3.2. Alternative EAT-Lancet diet indices

This study utilized the PHDI to assess adherence to the EAT-Lancet dietary pattern. To validate
the results, analyses were also conducted using other indices designed to evaluate adherence to the
EAT-Lancet pattern: the EAT-Lancet Diet Index (ELDI) (10), the World Index for Sustainability
and Health (WISH) (37), and the Mexican Healthy and Sustainable Diet Index (HSDI) (13). The

methodologies for calculating each index differ slightly from that of the PHDI (7); however, these
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indices are comparable as their main objective is to evaluate how well diets adhere to the EAT-
Lancet dietary pattern.

The ELDI developed by Stubbendorftf ez al. (10), consists of 14 components grouped into two
categories: those that should be prioritized (whole grains, vegetables, fruits, legumes, nuts, fish,
and unsaturated oils) and those that should be restricted (potatoes, dairy, beef and lamb, pork,
poultry, eggs, and added sugars). Each component is scored on a scale from 0 to 3 points,
depending on how well one follows the recommended daily intake for each food group. For the
emphasized components, a score of 0 represents the lowest adherence, while a score of 3 indicates
the highest adherence. In contrast, the scoring for the limited components is reversed. As a result,
the overall score can range from 0 to 42 points.

Similarly, the WISH developed by Trijsburg et al. (37), comprises 13 components: whole
grains, vegetables, fruits, dairy products, red meat, fish, eggs, poultry, legumes, nuts, unsaturated
oils, saturated oils, and added sugars. Each component is scored on a scale of 0 to 10 points, with
0 indicating no adherence and 10 representing full adherence to the EAT-Lancet recommendations
in terms of daily gram intake. The total WISH index score can range from 0 to 130 points.

The Mexican HSDI developed by Shamah-Levy ef al. (13), uses 13 food groups: whole grains,
tubers and starchy vegetables, non-starchy vegetables, fruits, milk and dairy products, red meat,
poultry, eggs, fish and seafood, legumes, soy and nuts, saturated fats, unsaturated oils, and added
sugars. The proportional energy contribution of each food group is compared with its
recommended intake. A binary system is then used to assign 1 point to a food group if the energy
contribution recommendation is met, and 0 points if it is not. The total HSDI score can range from

0 to 13 points.
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2.4. Statistical analyses

Continuous variables were presented as means + standard deviations (SD) with 95%
confidence intervals (CI), and categorical variables as frequencies (%). The Shapiro-Wilk test was
used to assess the normal distribution of continuous variables. Multivariate linear regression
models were employed to estimate total energy intake (TEI) and PHDI-adjusted means (95% CI)
across strata of categorical variables. In separate models, both TEI and PHDI were used as
response variables, adjusting for sex, age group, country, SES, PAL, and weight status.
Multivariate model assumptions were assessed (38), and adjusted means for TEI and PHDI are
presented as marginals within each multivariate model. Therefore, for each stratum of categorical
variables, the effect of that same variable is not included in the adjusted mean.

Comparisons of adjusted TEI and PHDI scores among groups based on sex, age group,
country, SES, PAL, and weight status were conducted using the Mann-Whitney or Kruskal-Wallis
tests, followed by the Bonferroni procedure for multiple-comparison correction. Additionally,
comparisons of participant frequencies by categorical variables among PHDI quintiles were
conducted using the Chi-square test.

Multivariate Poisson regression models with robust variance were used to examine the
association between relative adherence to the EAT-Lancet dietary pattern (PHDI quintiles) and the
prevalence of overweight/obesity. This method was chosen over logistic regression to avoid
overestimating the risk, which is common with logistic regression's odds ratio, especially in cross-
sectional studies and events with high prevalence (>10%) (39-43). As a complementary analysis
and given that the other EAT-Lancet indices have different scoring magnitudes compared to the
PHDI, the same modeling logic used with the PHDI quintiles was applied to each of the EAT-

Lancet indices (PHDI, ELDI, WISH, and HDSI), this time treating each index as a continuous
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variable within each model to enable comparison between indices with significantly different score
magnitudes.

Poisson models were adjusted for sex, age, total energy intake, SES, PAL, and country. The
association trend was evaluated using orthogonal polynomial contrast for linear trend among PHDI
quintiles within each model. Non-multicollinearity within each model was assessed using the
variance inflation factor, and over-dispersion was evaluated using negative binomial models.

All tests were two-tailed, with p-values < 0.05 considered statistically significant. Data
analysis was performed using Stata software version 14.1 (2015, College Station, TX, USA) (44),

IBM SPSS® (version 27, IBM Corp) (45), and Jamovi version 2.3.28 (46).

3. Results

3.1. General characteristics, energy intake, and Planetary Health Diet Index (PHDI) score

of the study participants

The average age of the sample was 36.0 + 14.1 y (data not shown). The majority of the study
sample was 51.8% female, 83.0% aged 19-59 y, 52.0% with low SES, 58.9% with low physical
activity level, and 60.0% of the participants were classified as overweight/obese (Table 1).

After adjusting for categorical variables, the average total TEI and PHDI score of the sample
were 1917 kcal/d (95% CI: 1908 — 1927) and 44.6 points (95% CI: 44.4 — 44.8) out of 150,
respectively; comprising an average relative adherence to the EAT-Lancet dietary pattern in the
urban population of the 8 Latin American countries of 29.7% (Table 1). The adjusted TEI was
significantly higher in men, the adolescents group, participants with high SES and PAL; and
slightly higher in those who had overweight/obesity. In contrast, adjusted TEI was lower in

women, participants aged 60-65, individuals with low SES and PAL, and those who were not

75



Articulo 2

overweight or obese (p<0.001). Regarding country, adjusted TEI ranged from 1804 kcal/d (95%
CI: 1774 — 1835) in Chile to 1996 kcal/d (95% CI: 1971 — 2022) in Argentina, with significant
differences among countries (p<0.001) (Table 1).

The adjusted PHDI score was significantly slightly higher in the 60-65 y age group,
participants with high SES and PAL, and those who were overweight or obese. In contrast, the
adjusted PHDI score was lower in adolescents, individuals with low SES and PAL, and those who
were overweight/obese (p<0.001). There were significant differences in PHDI scores among
countries (p<0.001) and ranged from 49.3 points (95% CI: 48.6 — 50.0) in Costa Rica to 38.7
points (95% CI: 38.2 — 39.3) in Argentina (p<0.001) (Table 1). There were no significant

differences in the PHDI between men and women (p=0.052) (Table 1).
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Table 1. Total energy intake and Planetary Health Diet Index (PHDI) among subgroups of
participants in the Latin American Study of Nutrition and Health (ELANS, 2016) (n=6683).

Characteristic Total Total energy intake (kcal) PHDI score
n (%)’ Mean? 95% CI p-value® Mean? 95% CI  p-value®
Overall 6683 (100) 1917 1908 — 1927 - 44.6 444 -4438 -
Sex
Men 3223 (48.2) 2109 2096 —2123 <0.001 44.6 443 -44.9 0.052
Women 3460 (51.8) 1738 1725 - 1751 44.6 443 -449
Age group
15-18y 683 (10.2) 1986* 1956 -2016  <0.001 43.6° 429-443  <0.001
19-59y 5544 (83.0) 1922° 1912 -1932 44.6° 44.4-449
60—-65y 456 (6.8) 1755¢ 1719 - 1791 45.9¢ 45.1 -46.7
Country
Argentina 885 (13.2) 1996* 1971 -2022  <0.001 38.7¢ 38.2-393  <0.001
Brazil 1444 (21.6) 1857° 1837 - 1877 47.6° 47.1 -48.0
Chile 611 (9.1) 1804¢ 1774 — 1835 44.0¢ 433 -44.7
Colombia 879 (13.2) 19684 1942 — 1994 42.09 41.5-42.6
Costa Rica 564 (8.4) 1853¢ 1821 — 1885 49.3¢ 48.6 —50.0
Ecuador 557 (8.3) 1992f 1958 — 2025 46.3f 45.6-47.0
Peru 877 (13.1) 1989* 1963 — 2015 43.9¢ 433-444
Venezuela 866 (13.0) 1885¢ 1858 — 1911 45.3¢ 447 -45.9
Socioeconomic status
Low 3479 (52.0) 1911° 1861 — 1885 <0.001 44 .4 44.1-447  <0.001
Middle 2546 (38.1) 1924° 1916 — 1952 44.7° 443 -45.0
High 658 (9.9) 2094¢ 2067 - 2122 45.4¢ 45.7-46.0
Physical activity level
Low 4024 (60.2) 1873¢% 1861 — 1885 <0.001 44 .4° 44.1-44.7  <0.001
Moderate 1832 (27.4) 1934° 1916 — 1952 447 443 -45.1
High 827 (12.4) 2094¢ 2067 —2122 45.4° 44.8 -46.0
Weight status*
Non-overweight/obese 2664 (39.9) 1900 1885 —-1915 <0.001 443 44.0-44.7  <0.001
Overweight/obese 4019 (60.1) 1928 1916 — 1941 44.8 44.5-45.0

'Values are frequencies (%). *Multivariate linear regression model used to obtain adjusted means (95% CI) across strata of categorical
variables. Total energy intake and PHDI score were included as the response variables in separate models; adjusted for sex, age group,
country, socioeconomic status, physical activity level, and weight status. 3p-value corresponds to the Mann-Whitney or Kruskal-Wallis tests
comparing groups. Labeled adjusted mean values within the same variable and without a common letter differ (p<0.05). *Weight status
according to BMI categories.

3.2. Body mass index and Planetary Health Diet Index (PHDI) distribution

The average BMI did not differ among PHDI quintiles (p=0.144) (Table 2). However, the

frequency of participants with overweight/obesity according to the PHDI quintile showed a trend
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of higher accumulation in the 2nd to 5th PHDI quintiles (60.7% - 61.5%), compared to the 1st
quintile (56.3%) (p=0.035). The opposite was true for the participants who did not have
overweight/obesity. As expected, the adjusted PHDI score among PHDI quintiles followed a
logically increasing trend (»<0.001).

Table 2. Frequency of participants by weight status and adjusted Planetary Health Diet Index
(PHDI) score according to PHDI quintile in the Latin American Study of Nutrition and Health
(ELANS, 2016) (n=6683).

s
Characteristics® Total E o PRDI ;Lduntne 2 o pevalue
Overall, n (%) 6683 (100.0) 1337 (20.0) 1340 (20.0) 1334 (20.0) 1336 (20.0) 1336 (20.0) ;
Body mass index (kg/m?) 26.9+5.5 274457 271455  269+55  269+53  27.0+56 0.144
Weight status*, n (%)
Non-overweight/obese 2664 (39.9) 584 (43.7) 526(39.3)° 517(38.8)° 523(39.1)> 514(385)°  0.035
Overweight/obese 4019 (60.1) 753 (56.3)* 814 (60.7)°> 817 (61.2)> 813 (60.9)° 822 (61.5)°
Adjusted PHDI (points) 44.6+3.2 429+32%  441+£32° 447+£3.0° 453+28%  46.0+2.7° <0.001

values are frequencies (%) or adjusted means + SD otherwise indicated. 2PHDI quintiles: min—max score / 1% 13.4-36.7; 2": 36.8-42.0; 3™
42.1-46.8; 4™ 46.9-52.3; 5™ 52.4-82.8. 3p-value corresponds either to the Chi-square test comparing frequencies or adjusted means among
PHDI quintiles. Labeled values in a row without a common letter differ (p<0.05). *Weight status according to BMI categories.

The distribution of both unadjusted variables, BMI by PHDI score, among participants with
overweight/obesity, showed that the BMI values are widely distributed across all PHDI quintiles
(Figure 1). This widespread distribution of BMI values limits the ability to establish a clear trend
in the association between adherence to the EAT-Lancet dietary pattern (PHDI score) and
overweight/obesity, evidenced in similar values for BMI medians among PHDI quintiles (right-

side box plot, Figure 1).
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Figure 1. Distribution of body mass index (BMI) by Planetary Health Diet Index (PHDI) score
among participants with overweight/obesity in the Latin American Study of Nutrition and
Health (ELANS, 2016) (n=4019).
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BMI: body mass index. PHDI: Planetary Health Diet Index. PHDI quintiles for participants
with overweight/obesity: min—max score / 1% 17.1-37.1; 2": 37.2-42.3; 3": 42.4-46.9; 4':
47.0-52.4; 5": 52.5-82.8. Graph created with Jamovi 2.3.28.

3.3. Models assessing the association between adherence to the Planetary Health Diet Index
(PHDI) and overweight/obesity prevalence
Regarding overweight/obesity prevalence, the unadjusted model indicated a 9.2%
significantly higher prevalence of overweight/obesity in individuals in the 5th PHDI quintile (with
high adherence to the EAT-Lancet dietary pattern), compared to those in the 1st PHDI quintile
(with low adherence) (p-trend=0.013). However, after adjusting for sex and age (Model Al),
participants with high adherence to the EAT-Lancet dietary pattern (5th PHDI quintile) did not
have a significantly higher prevalence of overweight/obesity compared to those with low

adherence (1st PHDI quintile) (p-trend=0.110). Similarly, in the fully adjusted model (Model B1:
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adjusted for sex, age, TEI, country, SES, and PAL); participants with high adherence to the EAT-
Lancet dietary pattern (5th PHDI quintile) neither had a significantly higher prevalence of
overweight/obesity compared to those with low adherence (1st PHDI quintile) (p-trend=0.137)
(Table 3). Additional graphs illustrating the non-association between high adherence to the PHDI
and overweight/obesity prevalence, after adjusting for different variables, are shown in the
Supplementary materials (Figure S1).

Table 3. Association between high adherence to the Planetary Health Diet Index (PHDI) and
overweight/obesity status among participants in the Latin American Study of Nutrition and
Health (ELANS, 2016) (n=6683).

Models PHDI Overweight/obesity
quintile PR! 95% ClI p-value?>  p-trend®
Unadjusted 0.046 0.013
1t ref ref -
2nd 1.079 1.012 -1.150 0.020
3 1.087 1.020 - 1.159 0.010
4 1.080 1.013-1.152 0.018
5 1.092 1.025-1.164 0.006
Model A1* <0.001 0.110
1t ref ref -
2nd 1.051 0.989-1.116 0.110
3 1.049 0.988-1.114 0.118
4t 1.051 0.989 - 1.116 0.108
5 1.059 0.994-1.121 0.075
Model B1° <0.001 0.137
1t ref ref -
2nd 1.050 0.989-1.116 0.111
3 1.046 0.985-1.112 0.142
4t 1.046 0.983-1.112 0.155
5 1.057 0.993-1.125 0.083

Bivariate and multivariate Poisson regression with robust variance analysis: Prevalence ratio of
overweight/obesity for the 5th PHDI quintile vs the 1st PHDI quintile (baseline). 2p-value
corresponds either to the global test of the model or to the Wald test for the 5™ PHDI quintile as a
category of the PHDI within each model. 3p-value for trend corresponds to the linear trend among
PHDI quintiles within each model. PHDI quintiles: min—max score / 1% 13.4-36.7; 2"%: 36.8-42.0;
3 42.1-46.8; 41: 46.9-52.3; 5™: 52.4-82.8.

“Model A1: adjusted for sex and age. *Model B1: adjusted for sex, age, total energy intake, country,
socioeconomic status, and physical activity level.
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As a confirmation of the previously determined lack of association between the PHDI and
overweight/obesity status, the other three indices used to assess adherence to the EAT-Lancet
dietary pattern (ELI, WISH, and HSDI) also did not show an association between adherence to the
reference pattern and the prevalence of overweight/obesity after adjusting for sex and age (Model
A2), and for sex, age, total energy intake, country, socioeconomic status, and physical activity
level (Model B2) (Table 4). Correlation analyses among indices used to assess adherence to the
reference diet showed significantly positive correlations between the PHDI and each additional
index (ELI: rs=0.62; WISH: rs=0.55; HSDI: rs=0.50; p<0.001) (data not shown).

Table 4. Association between adherence to different EAT-Lancet dietary indices and
overweight/obesity status among participants in the Latin American Study of Nutrition and
Health (ELANS, 2016) (n=6683).

Overweight/obesity Global test

Model Index PR!? 95% ClI p-value? p-value®
Unadjusted PHDI 1.003  1.001-1.005 0.008 0.008
ELDI 1.005  0.999-1.011 0.115 0.115
WISH 1.000  0.999 - 1.002 0.731 0.731
HSDI 1.009  0.994 -1.025 0.246 0.246

Model A2* PHDI 1.001  0.999 -1.003 0.181 <0.001
ELDI 0.999  0.993-1.005 0.741 <0.001

WISH 0.999  0.998 - 1.007 0.283 <0.001

HSDI 0.989  0.974-1.004 0.136 <0.001

Model B2° PHDI 1.001  0.999 -1.004 0.210 <0.001
ELDI 1.000  0.994 -1.006 0.909 <0.001

WISH 1.000  0.998 -1.001 0.808 <0.001

HSDI 1.002  0.986-1.017 0.846 <0.001

Bivariate and multivariate Poisson regression with robust variance analysis: *Prevalence ratio
of overweight/obesity for each EAT-Lancet index. ?p-value corresponds Wald test for each
index as a continuous variable with each model. 3p-value corresponds to the global test of the
model. PHDI: Planetary Health Diet Index; ELDI: EAT-Lancet Diet Index; WISH: World
Index for Sustainability and Health; HSDI: Mexican Healthy and Sustainable Diet Index.

“Model A2: adjusted for sex and age. Model B2: adjusted for sex, age, total energy intake,
country, socioeconomic status, and physical activity level.
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4. Discussion

This is the first study aimed to assess the association between adherence to the EAT-Lancet
dietary pattern, as measured by the PHDI, and the prevalence of overweight/obesity among urban
populations in eight Latin American countries. Our results showed that high adherence to the EAT-
Lancet diet was not significantly associated to a lower prevalence of overweight/obesity. This
finding contrasts with those observed in the Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil 2008-2010) (8) and the Multiethnic Cohort Study in Hawaii and Los Angeles (14), which
reported positive associations between adherence to the EAT-Lancet diet and a lower prevalence
or risk of overweight/obesity. However, results from the Finnish Institute of Health and Welfare
(15) and the Brazilian National Dietary Survey 2017-2018 (16) align with our findings. The lack
of association was confirmed in this study by applying other indices (ELDI, WISH, and HSDI)
designed to evaluate adherence to the EAT-Lancet diet to the same sample, confirming that the
results were consistent regardless of the index used to assess adherence to the reference diet.

Another factor that could explain why high adherence to the EAT-Lancet diet did not correlate
with overweight/obesity in our study is the high prevalence of overweight/obesity within the
ELANS sample, which is uniformly distributed across all PHDI quintiles (Table 1, Figure 1). This
uniformity makes it challenging to identify a higher prevalence of overweight/obesity among
participants based on their adherence to the EAT-Lancet dietary pattern. However, the Multiethnic
Cohort Study in Hawaii and Los Angeles found an association between adherence to the EAT-
Lancet dietary pattern and overweight/obesity, despite a similar prevalence of overweight/obesity
(58.7%) compared to our study (60.1%) (14). This suggests that obesity prevalence may not be a
significant factor influencing the relationship between adherence to the EAT-Lancet diet and the

prevalence or risk of overweight/obesity.
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The level of adherence to the EAT-Lancet dietary pattern appears to be a critical factor in its
association with overweight/obesity. Studies with different designs (cross-sectional or
longitudinal), such as those conducted by Cacau et al. (7,8) and Klapp et al. (14), which reported
higher average adherence to the EAT-Lancet dietary pattern (40.2% and 52.1%, respectively),
found a significant negative association between adherence and overweight/obesity. Additionally,
in the study conducted by Klapp et al. (14), the highest percentage of individuals with weight
excess was concentrated in the lower adherence groups to the EAT-Lancet dietary pattern, rather
than being evenly distributed across all adherence levels as observed in our study.

In our study, the average adherence to the EAT-Lancet dietary pattern was relatively low, at
29.7%, ranging from 25.8% in Argentina to 32.9% in Costa Rica. Similarly, other studies with
different designs, such as those by Marchioni et al. (16) and Suikki et al. (15), which reported
lower relative adherence (30.6% and 27.7%, respectively), also did not find an association between
adherence to the dietary pattern and overweight/obesity. This suggests that, more important than
the study design, the lower adherence to the EAT-Lancet dietary pattern, combined with the narrow
range of variation in PHDI score values observed across the study sample, could explain the
difficulty in distinguishing the higher prevalence of overweight/obesity among participants
according to their degree of adherence to the dietary pattern, as previously suggested by Suikki et
al. (15). This evidence is supported by two cross-sectional studies conducted in Brazil (8,16), both
of which reported similar prevalence of overweight/obesity: 58.4% for ELSA-Brazil 2008-2010
(47) and 52.9% for the Brazilian National Dietary Survey 2017-2018 (16). An association between
adherence to the EAT-Lancet dietary pattern and overweight/obesity was identified only in the

study with relatively higher adherence to the EAT-Lancet dietary pattern (>40%) (8); in contrast,
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no association was found in the other study, where adherence was lower (30.6%) (16). Despite this
evidence, further studies are required to validate our explanation for the results of this study.

This study has several strengths and limitations. The strengths include: 1) The use of the 24-
hour dietary recall method for collecting food intake data, which is more accurate than the food
frequency questionnaire used in similar studies. 2) The PHDI scores proportionally and more
precisely account for intermediate intakes of the EAT-Lancet dietary pattern compared to other
reference diet-based indices composed of binary food components (35). 3) The large plausible
sample size, comprised only by plausible reporters of energy intake, provided precise mean values,
identified outliers, and reduced the margin of error when assessing adherence to the reference
pattern. 4) The methodology (multivariate Poisson regression models with robust variance) used
to assess the association between adherence to the dietary pattern and the prevalence of
overweight/obesity is robust, has been previously applied (12), and is preferred over logistic
regression to avoid overestimating risk, particularly in cross-sectional studies and when dealing
with events of high prevalence (39-43). However, there are limitations: 1) The study was limited
to urban areas in eight Latin American countries, excluding rural regions and other nations in the
area, so the findings cannot be generalized to the entire Latin American region. 2) These results
should be interpreted in the context of the study design, which is a cross-sectional analysis and
only assesses association but not causality. 3) The disaggregation of ultra-processed foods to
include their content of added sugar, vegetable oils, and animal (saturated) fat in the PHDI
calculation might be subject to bias. To minimize errors, this process was reviewed by four trained
nutritionists. While the study has robust methodologies and provides valuable insights, the

limitations should be considered when interpreting the results.
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5. Conclusion

Our study did not identify a significant association between adherence to the EAT-Lancet
dietary pattern and the prevalence of overweight/obesity in a Latin American multicentric study.
The consistently high prevalence of overweight/obesity across all levels of adherence to the EAT-
Lancet pattern and the study’s design do not appear to be key factors in explaining this lack of
association. Instead, the relatively low average adherence to the reference pattern within the study
sample seems to be the primary reason for the absence of a significant association. However, future

studies are needed to confirm this conclusion.
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Supplementary materials

Adherence to the EAT-Lancet Diet is not Associated with Weight Status in a Latin

American Urban Multicentric Study

Figure S1. PHDI quintile predictive margins for overweight/obesity® status among participants
in the Latin American Study of Nutrition and Health (ELANS, 2016) (n=6683).
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"Bivariate and multivariate Poisson regression with robust variance analysis. Model 1: adjusted for sex and age. Model
2: adjusted for sex, age, total energy intake, country, socioeconomic status, and physical activity level. PHDI quintiles:
min-max score / 15 13.4-36.7; 2": 36.8-42.0; 3™ 42.1-46.8; 4™ 46.9-52.3; 5%: 52.4-82.8. Overweight/obesity
according to participants’ body mass index classification.
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Discusion general

Esta investigacion en ocho paises de América Latina proporciona conocimientos
fundamentales sobre los desafios e implicaciones de adherirse al patron alimentario de EAT-Lancet
dentro de poblaciones urbanas de la region. Estos hallazgos son relevantes ya que abordan tanto la
insuficiencia de la ingesta de micronutrientes asociada a este patron alimentario como su
asociacion con la prevalencia de sobrepeso y obesidad en la region.

Adherencia al patron alimentario de EAT-Lancet: Desafios e implicaciones

Los andlisis revelaron de forma consistente una baja adherencia relativa al patron alimentario
de EAT-Lancet en el area urbana de la region latinoamericana. Esta observacion coincide con
estudios similares realizados a nivel global, incluyendo Brasil (1), México (2), Estados Unidos (3),
Europa (4-8) y Africa (9). La baja adherencia consistente en diversas regiones sugiere que el
patron alimentario de EAT-Lancet puede no alinearse facilmente con los hébitos dietéticos y las
practicas culturales de las poblaciones, particularmente en los paises en desarrollo.

En América Latina, varios factores contribuyen a esta baja adherencia, incluyendo las
limitaciones econdmicas que juegan un papel fundamental. El costo de adherirse al patron
alimentario de EAT-Lancet es prohibitivamente alto para muchas personas en estas poblaciones
urbanas (10-13), donde las tasas de pobreza son significativas y estan aumentando debido a la
urbanizacion acelerada (14). Los estudios destacan que el costo de la dieta de EAT-Lancet excede
los ingresos diarios de una gran parte de la poblacion, haciéndola inaccesible para muchos (10—
13). Esta barrera econdmica es particularmente pronunciada en las areas urbanas, donde la
inseguridad alimentaria y el acceso limitado a grupos diversos de alimentos son prevalentes (14),
lo que limita atin mas la capacidad de las personas para adherirse a este patron alimentario.

Ademas, los habitos dietéticos en América Latina divergen significativamente de las

recomendaciones de EAT-Lancet. Incluso en paises con una adherencia relativamente mayor, como
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Costa Rica y Brasil, sigue existiendo una brecha sustancial entre las practicas dietéticas reales y el
modelo ideal de EAT-Lancet. Los estudios sefialan que, aunque el consumo de alimentos
beneficiosos para la salud como nueces, semillas, leguminosas, frutas y vegetales es generalmente
bajo (15), existe un consumo excesivo de alimentos que la dieta EAT-Lancet recomienda limitar,
como las carnes rojas (16), las grasas saturadas de origen animal y los azticares anadidos (17). Esta
discrepancia entre la dieta tradicional de la region y las directrices de EAT-Lancet subraya los
desafios de implementar un patrén alimentario global sin considerar las culturas alimentarias y
preferencias locales (18,19).
Riesgos nutricionales asociados con una mayor adherencia al patrén alimentario

Un hallazgo fundamental de esta investigacion es la asociacion entre una mayor adherencia al
patron alimentario de EAT-Lancet y un mayor riesgo de ingestas inadecuadas de ciertos
micronutrientes, como cobalamina, vitamina D y calcio. Estos nutrientes se encuentran
predominantemente en alimentos de origen animal, que son limitados en el modelo dietético EAT-
Lancet. Esto plantea preocupaciones sobre la adecuacion nutricional de la dieta, particularmente
en poblaciones con mayores necesidades nutricionales o acceso limitado a un suministro
alimentario diverso.

La naturaleza restrictiva de la dieta EAT-Lancet, que enfatiza los alimentos de origen vegetal
a expensas de los productos animales, podria llevar inadvertidamente a deficiencias nutricionales.
Esto es particularmente preocupante en regiones como América Latina, donde la prevalencia de
ingesta inadecuada de calcio y vitamina D ya es alta (20). Los estudios sugieren que, para que la
dieta EAT-Lancet sea mas aplicable y beneficiosa, podria requerir adaptaciones significativas,
como la inclusioén de alimentos fortificados o suplementos dietéticos para abordar estas posibles

deficiencias. América Latina tiene una sélida historia de programas de fortificacion de alimentos
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destinados a erradicar las deficiencias nutricionales (21,22), y el tomar estos alimentos en cuenta
dentro del patron alimentario podria desempefiar un papel crucial para garantizar que la dieta
cumpla con las necesidades nutricionales de la poblacion.

Relacion entre la adherencia al patron alimentario y el sobrepeso/obesidad

El segundo enfoque de esta investigacion fue evaluar la asociacion entre la adherencia al
patron alimentario de EAT-Lancet y la prevalencia de sobrepeso y obesidad. Contrariamente a
algunas investigaciones realizadas en Brasil (23), México (2), Estados Unidos (24) y Dinamarca
(25), esta investigacion no encontr6 una asociacion significativa entre una alta adherencia a la dieta
EAT-Lancet y menor prevalencia de sobrepeso/obesidad. Este hallazgo es particularmente notable
dado las altas tasas de sobrepeso y obesidad observadas en las poblaciones estudiadas.

Se ofrecen varias explicaciones para esta falta de asociacion. Una posibilidad es la alta
prevalencia de sobrepeso y obesidad de manera uniforme en todos los niveles de adherencia dentro
de la muestra de estudio, lo que podria haber dificultado evidenciar cualquier efecto protector
potencial de la dieta. Ademas, la relativamente baja adherencia al patron alimentario de EAT-
Lancet observada en las poblaciones estudiadas podria ser insuficiente para producir un impacto
medible en la prevalencia de exceso de peso (sobrepeso y obesidad). Otros estudios con niveles de
adherencia mas altos han reportado una asociacion negativa entre la adherencia a la dieta EAT-
Lancet y el exceso de peso (23,24), lo que sugiere que podria ser necesario un umbral de adherencia
mayor para poder observar una asociacion entre la adherencia al patron alimentario de EAT-Lancet
y la prevalencia de sobrepeso/obesidad (7).

Esto plantea preguntas importantes sobre la practicidad y efectividad del patrén alimentario
de EAT-Lancet para reducir la obesidad en poblaciones con habitos dietéticos arraigados y alta

prevalencia de sobrepeso y obesidad. Los estudios sugieren que, aunque la dieta EAT-Lancet puede
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tener un potencial tedrico, su aplicacion en el mundo real en contextos culturales y econémicos
diversos requiere una investigacion adicional y, potencialmente, adaptaciones significativas.
Fortalezas, limitaciones y direcciones futuras

Esta investigacion utilizo una metodologia robusta, tanto para la recoleccion de datos como
para el analisis de estos. El uso de dos recordatorios de 24 horas, la determinacién del consumo
usual de micronutrientes y componentes del IDSP y la desagregacion de alimentos ultraprocesados
para el célculo del IDSP verificada por personal entrenado en analisis de consumo de alimentos
brinda alta confiabilidad a los resultados obtenidos. Adicionalmente, el uso de modelos lineales
generalizados y modelos de regresion de Poisson multivariante con varianza robusta (en lugar de
modelos de regresion logistica) les dan alta credibilidad a los hallazgos. El uso de los modelos de
Poisson con varianza robusta evita la sobreestimacion del riesgo caracteristica de la razon de
momios de la regresion logistica, especialmente en estudios transversales y cuando se trata de
eventos de alta prevalencia (>10%) (26-30).

Por otro lado, los estudios derivados de esta investigacion también presentan limitaciones. El
enfoque solo en areas urbanas excluye a las poblaciones rurales y el disefio transversal permite
estudiar asociaciones pero limita la capacidad de establecer relaciones causales.

Este estudio subraya la necesidad de realizar mas investigaciones en el futuro para validar
hallazgos reportados en los manuscritos y sugiere la necesidad de explorar como el patrén
alimentario de EAT-Lancet puede adaptarse efectivamente a los contextos locales. Esto incluye
considerar la viabilidad econdmica, las preferencias culturales y las necesidades nutricionales para
mejorar la adherencia y lograr los resultados de salud previstos.

Los hallazgos de estos estudios destacan los desafios significativos de implementar el patron

alimentario de EAT-Lancet en América Latina. La baja adherencia relativa, los posibles riesgos
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nutricionales y la falta de asociacion con la reduccion de la exceso de peso subrayan la necesidad

de adaptaciones regionales importantes de la dieta latinoamericana. Estas adaptaciones deben ser

culturalmente sensibles, econdémicamente viables y nutricionalmente adecuadas para apoyar tanto

la salud como la sostenibilidad en la region. A medida que la conversacion global sobre dietas

sostenibles continua, estos conocimientos provenientes de América Latina proporcionan lecciones

valiosas sobre las complejidades de traducir las directrices dietéticas globales en practicas locales.
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La investigacion actual sobre la aplicabilidad del patrén alimentario de EAT-Lancet en el
contexto latinoamericano ha destacado varias consideraciones criticas que deben abordarse para
mejorar su efectividad y adherencia en la regién. La baja adherencia observada al patron
alimentario de EAT-Lancet puede atribuirse en gran medida a la significativa divergencia entre las
practicas dietéticas tradicionales de las poblaciones latinoamericanas y el modelo global
propuesto. Esta discrepancia subraya la necesidad de realizar adaptaciones culturales y
nutricionales sustanciales al patron EAT-Lancet para que sea mas relevante y alcanzable para los
latinoamericanos.

Un aspecto clave de estas adaptaciones implica la integracion de alimentos que estian
profundamente arraigados en las tradiciones culinarias de la region y que contribuyen a la nutricion
en salud publica. Por ejemplo, se debe enfatizar en los alimentos bésicos fortificados, asi como
otros que sean fuente de nutrientes esenciales como la cobalamina, el calcio y la vitamina D,
especialmente dado que estos nutrientes fueron identificados con ingesta inadecuada entre quienes
tienen una alimentacion que se adhiere mas el patréon de EAT-Lancet. Al ajustar las
recomendaciones dietéticas para incluir alimentos culturalmente significativos y nutricionalmente
fundamentales, podria ser posible fomentar una mayor adherencia a una dieta que sea tanto
sostenible como alineada con los objetivos de salud publica.

Paralelamente, la relacion entre la adherencia al patron alimentario de EAT-Lancet y la
prevalencia de sobrepeso y obesidad en América Latina merece un analisis mas profundo. Este
estudio no encontrd una asociacién significativa entre estos factores, lo que sugiere que
simplemente seguir las pautas de EAT-Lancet puede no ser suficiente para abordar la alta
prevalencia de sobrepeso y obesidad observadas en la region. La prevalencia consistentemente

elevada de estas condiciones en todos los niveles de adherencia indica que otros factores

109



Conclusion general

(posiblemente incluyendo los habitos dietéticos generales, los niveles de actividad fisica, las
condiciones socioeconomicas y las predisposiciones genéticas) pueden jugar un papel mas
influyente en la determinacion de los resultados de exceso de peso que la adherencia a este patron
alimentario en particular.

Ademas, la relativamente baja adherencia promedio al patron de EAT-Lancet dentro de la
muestra de estudio probablemente contribuy¢ a la ausencia de una asociacion significativa. Este
hallazgo sugiere que cualquier beneficio potencial de la dieta EAT-Lancet puede estar enmascarado
o diluido en poblaciones donde la adherencia no es lo suficientemente elevada. Por lo tanto, futuras
investigaciones deberian explorar estas dindmicas con mayor profundidad, incorporando
potencialmente intervenciones disefiadas para aumentar la adherencia y examinando los resultados
de salud subsecuentes.

En conclusion, aunque el patron alimentario de EAT-Lancet ofrece un marco prometedor para
una alimentacion saludable y sostenible, su implementacion exitosa en América Latina requiere
una cuidadosa adaptacion a las practicas dietéticas locales y una comprension mas profunda de los
multiples factores que contribuyen a los desafios de salud publica como el exceso de peso. Son
esenciales mas estudios para refinar estas recomendaciones dietéticas y evaluar su impacto a largo

plazo en los resultados de salud dentro de las diversas poblaciones latinoamericanas.
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Adaptacion cultural y nutricional del patréon alimentario de EAT-Lancet

Es fundamental adaptar el patron alimentario de EAT-Lancet para que sea mas compatible con
las tradiciones culinarias y las preferencias culturales de las poblaciones latinoamericanas. Esto
podria incluir la integracion de alimentos tipicos de la regidon que sean fuentes importantes de
nutrientes criticos como la cobalamina, el calcio y la vitamina D, los cuales se han identificado
como deficientes en dietas que siguen este patron.
Viabilidad econémica y accesibilidad

Se recomienda llevar a cabo estudios adicionales que evaltien la viabilidad econémica de
adherirse al patron EAT-Lancet en diferentes contextos socioecondémicos dentro de América
Latina. Esto incluiria el anélisis del costo de los alimentos propuestos y el desarrollo de estrategias
para hacer que estos alimentos sean mas accesibles para las poblaciones urbanas, especialmente
en areas con altas tasas de pobreza e inseguridad alimentaria.
Fortificacion de alimentos y suplementacion

Dada la identificacion de posibles ingestas inadecuadas de micronutrientes asociados con una
mayor adherencia al patron alimentario de EAT-Lancet, se recomienda considerar la inclusion en
el patron de alimentos de consumo masivo fortificados como estrategia complementaria. Esta
medida podria ayudar a garantizar que la dieta no solo sea sostenible, sino también
nutricionalmente adecuada para la poblacion.
Investigaciones futuras en relacion con el sobrepeso y obesidad

Es necesario realizar investigaciones adicionales que exploren la relacion entre la adherencia
al patron alimentario de EAT-Lancet y la prevalencia de sobrepeso y obesidad en América Latina.

Dado que este estudio no encontrdé una asociacion significativa, futuras investigaciones podrian
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centrarse en identificar otros factores que influyen en el exceso de peso, como los habitos dietéticos
generales, los niveles de actividad fisica, y las condiciones socioecondmicas.
Promocion de la adherencia al patréon alimentario

Para maximizar los beneficios potenciales del patron alimentario de EAT-Lancet, se
recomienda valorar la necesidad de realizar intervenciones educativas y politicas publicas que
fomenten una mayor adherencia a este modelo. Estas intervenciones deberan ser culturalmente
sensibles y estar disefiadas para superar las barreras econdomicas y sociales que actualmente limitan
la adopcion de la dieta en la region.
Evaluacion continua y ajustes del patron alimentario

Dado que la aplicabilidad y los efectos del patron alimentario de EAT-Lancet pueden variar
significativamente en diferentes contextos, se recomienda una evaluaciéon continua de su
implementacion en América Latina. Esto permitiré realizar los ajustes necesarios para garantizar

que la dieta sea efectiva en mejorar los resultados de salud publica a largo plazo.
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