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RESUMEN 

 

 

Los pacientes críticos sufren pérdida masiva de masa muscular que puede desacelerarse 

con un tratamiento nutricional adecuado y oportuno con énfasis en el aporte proteico. Sin 

embargo, las fórmulas enterales hiperproteicas y los módulos proteicos para enriquecer las 

fórmulas enterales estándar, tienen baja disponibilidad comercial y son muy caras. El objetivo 

del estudio fue evaluar la terapia nutricia enteral (TNE) administrada a los pacientes críticos en 

la Unidad de Cuidados Intensivos (UCI) del Hospital General del Estado de Sonora (HGES) y 

sustentar cambios para mejorar la TNE. Se analizaron ingresos y patologías del año previo al 

estudio, para fundamentar criterios y tamaño de la muestra de estudio. Se evaluaron todos los 

pacientes incluibles, en cuanto a severidad, composición corporal, estimación de la adecuación 

nutricia en aquellos que permanecieron ≥7 días y cuantificación de citocinas pro-inflamatorias. 

Se analizaron costos, propiedades fisicoquímicas y nutricias de ingredientes proteicos de la 

industria alimentaria, como alternativas a los módulos proteicos de uso clínico. Ingresaron a la 

UCI 190 pacientes promedio por año, principalmente por traumatismo, la mayoría en riesgo de 

desnutrición. La probabilidad de supervivencia fue menor para los de bajo peso que para los de 

sobrepeso u obesidad. Los 26 pacientes en seguimiento, con riesgo de desnutrición, presentaron 

déficit energético moderado (-400 a-800 kcal/día) pero déficit proteico crítico (> 21 g /día). Las 

citocinas IL-6, IL-8 e IL-10 aumentaron entre el día 1 y el 7 en pacientes más graves. El análisis 

de ingredientes proteicos de la industria alimentaria los encontró 6 veces menos caros que los 

módulos proteicos clínicos y un aislado de proteína sérica fue comparable a los módulos de uso 

clínico en algunas propiedades, pero con mejor solubilidad y excelente calidad sanitaria; puede 

ser una alternativa “casera” para uso en una UCI. En conclusión, los pacientes no reciben una 

adecuada nutrición enteral y presentan déficit crítico de proteínas. Hay fuentes proteicas 

alternativas asequibles y seguras para añadir a fórmulas enterales estándar, y así alcanzar los 

requerimientos proteicos, aplicando protocolos adecuados. 

 

Palabras clave: Soporte nutricio enteral, Pacientes críticos, Unidad de cuidados intensivos. 
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ABSTRACT 

 

 

 Critically ill patients lose massively muscle mass, and it could be slowed down by 

adequate nutritional treatment with an emphasis on protein intake. However, high-protein 

enteral formulas and protein modules to enrich standard enteral formulas are quite expensive 

and commercially scarce. The objective of the study was to evaluate enteral nutritional therapy 

(ENT) of critically ill patients in the Intensive Care Unit (ICU) of the General Hospital of the 

State of Sonora (HGES) and provide changes to improve ENT. The ICU patients´ admission 

and their pathologies one year before the study were analyzed to support the inclusion criteria 

and sample size. All the patients hospitalized in ICU for ≥7 days were evaluated for disease 

severity, body composition, estimation of nutritional adequacy, and pro-inflammatory 

cytokines level. Costs, physicochemical and nutritional properties of protein ingredients for the 

food industry were analyzed as alternatives to protein modules of clinical use. The ICU admitted 

190 patients per year, mainly due to trauma, most at risk of malnutrition. The probability of 

survival was lower for those with low weight than for those with overweight or obesity. The 

total followed patients were 26 at risk of malnutrition, showed moderate energy deficit but 

critical protein deficiency. Cytokines IL-6, IL-8, and IL-10 increased between days 1 and 7 in 

more severe patients. The protein ingredients of the food industry were 6 times less expensive 

than clinical protein modules and a whey protein isolate was comparable to clinical use modules 

in some properties, but with better solubility and excellent sanitary quality; it could be an 

accessible ‘home-alternative’ for use in an ICU. In conclusion, patients do not receive adequate 

enteral nutrition and suffer critical protein deficiency. There are affordable and safe alternative 

protein ingredients to add to standard enteral formulas, to reach protein requirements with 

appropriate protocols. 

 

Keywords: Enteral nutritional support, Critically ill patients, Intensive care unit. 
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SINOPSIS 

 

 

El paciente crítico sufre una patología grave que condiciona la función de uno o varios 

órganos y por lo tanto, requiere de cuidados intensivos. Los pacientes en dichas condiciones 

muestran una respuesta fisiológica marcada por un incremento en el gasto metabólico y 

adecuación en la utilización de sustratos energéticos, a expensas de las reservas de la masa 

muscular y del tejido adiposo. Su catabolismo es acelerado, con pérdidas de hasta 1 kg de masa 

muscular al día; lo que no solo compromete al músculo esquelético sino también al músculo 

visceral y con ello, estructuras vitales. En países en vías de desarrollo la prevalencia de 

desnutrición en el paciente crítico es hasta del 72% (Bucay et al., 2017). 

La desnutrición hospitalaria se asocia con el incremento de la morbi-mortalidad, alarga la 

estancia hospitalaria e incide en los reingresos al hospital. Conforme avanzan los días de 

estancia hospitalaria, incrementa el riesgo de deterioro nutricional, especialmente por 

insuficiente aporte energético-proteico. De allí la importancia de las propuestas para mejorar la 

nutrición y así aumentar la supervivencia de los pacientes críticos, reducir sus días de estancia 

en la UCI y hasta disminuir costos de atención.  

Parte esencial del tratamiento médico es la Terapia Nutricional (TN), diseñada para proveer los 

nutrientes necesarios y preservar las reservas de masa muscular. Aunque es imposible 

compensar las pérdidas en condiciones críticas de hipercatabolismo, es viable minimizarlas 

aportando la cantidad de nutrientes óptima, específicamente los de mayor impacto en la 

reducción del catabolismo, como son las proteínas.  

El primer paso a seguir al establecer las metas de la TN, es evaluar el requerimiento energético. 

De acuerdo a Heyland et al. (2011), la cantidad óptima de energía para obtener los mayores 

beneficios es al menos el 70% del requerimiento calórico total. En cuanto a proteína, que juega 

un papel protagónico en la TN, su calidad está determinada no solo por la proporción en la 

fórmula enteral (FE), sino también por su composición de aminoácidos, indispensables o no, y 

su biodisponibilidad. Así, en gran medida la eficiencia clínica de la FE depende del tipo y 

cantidad de su proteína.  

Las guías de práctica clínica actuales marcan los lineamientos para la administración de la TN 

en los pacientes críticos. Sin embargo, no hay evidencia publicada sobre las prácticas clínicas 



11 

nutricias a nivel hospitalario, en el Estado de Sonora. En mi experiencia de 6 años trabajando 

en el Hospital General del Estado de Sonora, observé que no se cubren los gastos nutricios ni 

económicos que representa la TN de los pacientes, por lo que la gran mayoría de los que 

requieren nutrición enteral, son alimentados con FE estándar, provenientes de donaciones o 

adquiridas por el familiar a cargo. Las FE estándar aportan los nutrientes suficientes para una 

persona sana, mas no los requerimientos proteicos que presenta un paciente crítico. En el 

mercado, aunque con baja disponibilidad y muy altos costos, hay FE hiperproteicas, así como 

módulos de proteínas para enriquecer las FE estándar. Por esto, no son asequibles para la 

mayoría de pacientes o sus familiares.  

Así, se destacan varios aspectos de un problema que requiere solución. Debiera ser obligación 

de la institución hospitalaria proveer una atención nutricional oportuna y adecuada, que 

contribuiría a mejorar las prácticas intrahospitalarias y con ello brindar mejor atención a 

nuestros pacientes. Para ayudar a fundamentar peticiones de cambios en la política, respecto a 

la inclusión de fórmulas enterales estándar y módulos de proteína suplementaria, primero se 

debe cuantificar el problema, saber hasta dónde incide en la morbi-mortalidad de los pacientes 

en la UCI. También puede ser una parte del problema, el protocolo seguido en la UCI para 

administrar la nutrición enteral a los pacientes críticos; no hay evidencia que muestre las 

ventajas o desventajas de los protocolos seguidos. Por último, es también problemático el no 

contar con alternativas menos caras para suministrar la proteína adecuada a los pacientes.  

Con las premisas implícitas en la presentación del problema, se planteó la hipótesis: La 

administración convencional del soporte nutricio enteral en la UCI del Hospital General del 

Estado de Sonora, no se da acorde a las guías de práctica clínica actual y resulta insuficiente en 

el aporte energético/proteico.  

Para contrastar la hipótesis, el objetivo general fue: Evaluar el grado en que la práctica 

convencional para administrar el soporte nutricio enteral en la UCI del Hospital General del 

Estado de Sonora, cubre los requerimientos energéticos y/o proteicos, de acuerdo a las guías de 

práctica clínica actual para paciente crítico y recomendar adecuaciones para el soporte nutricio. 

Además de sustentar posibilidades para mejorar la TNE. 

Los objetivos particulares fueron: 1) Analizar las características de los pacientes en la UCI del 

Hospital General del Estado de Sonora durante un año, para considerar tamaño de muestra y 

tiempo de estudio de la adecuación nutricia practicada; 2) Evaluar la adecuación nutricia 
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energético-proteica alcanzada por la práctica convencional de administración del soporte 

nutricio enteral, así como la evolución del proceso inflamatorio; y 3) Evaluar la calidad nutricia, 

propiedades y costos de fuentes comerciales de proteína usadas en la industria alimentaria, para 

hacer recomendaciones de uso en el soporte nutricio enteral de una UCI.  

Metodológicamente, se inició con el análisis de la información de ingresos y patologías en la 

UCI del Hospital General del Estado de Sonora durante el último año, y así establecer los 

criterios de inclusión y exclusión, y el tamaño aproximado del universo de estudio.  

Posteriormente, se realizó un estudio de cohorte prospectivo de abril a octubre del 2019, periodo 

en el que ingresaron 132 pacientes a la UCI, de los cuales 91 no fueron candidatos para ingresar 

al grupo de estudio por distintos motivos, y 46 sí cumplieron los criterios de inclusión. De esos 

42, solo a 26 se les pudo dar el seguimiento durante el periodo establecido (≥7 días). Las 

mediciones realizadas en los pacientes a su ingreso fueron: clasificación de severidad, de 

composición corporal, pruebas inmunoquímicas y metabólicas. Diariamente se evaluaron los 

parámetros bioquímicos, tolerancia a la dieta, aporte energético-proteico y estimación de 

requerimientos. A los 7 días de estancia se realizaron nuevamente pruebas de composición 

corporal, inmunoquímicas y metabólicas, y se estimó la adecuación nutricia alcanzada en el 

periodo. Asimismo, al ingreso y al día 7 se recolectaron muestras de suero para posteriormente 

cuantificar citocinas pro- y anti-inflamatorias, por citometría de flujo.  

En paralelo, se buscaron fuentes proteicas alternativas de grado alimenticio, se evaluó su 

calidad nutricia y propiedades físico-químicas, así como los costos. Lo anterior, con el objetivo 

de ofrecer una opción segura y asequible para cubrir los requerimientos proteicos. 

Los estudios para alcanzar los objetivos descritos, se encuentran distribuidos en 4 artículos que, 

junto con la sinopsis, integran esta tesis. 

 

ARTÍCULO 1: Poor nutritional status at hospital admission impacts survival of critically 

ill patients. Enviado a la revista REVMEDUAS (Revista Médica de la Universidad de 

Autónoma de Sinaloa), en noviembre del 2021. 

El contenido del artículo trata del seguimiento de los pacientes que ingresaron a la UCI del 

Hospital General del Estado de Sonora de agosto, 2017 a julio, 2018. El objetivo fue evaluar el 

estado nutricional al ingreso y su asociación con la supervivencia de pacientes críticos. La 

evaluación del estado nutricional se hizo con los valores de peso y talla, estimando el índice de 



13 

masa corporal (IMC) como parámetro para el diagnóstico nutricional; además se realizó el 

tamizaje nutricional Nutritional Risk Assessment (NRS-2002) para determinar el riesgo de 

desnutrición. Se recolectaron datos sociodemográficos, patología de ingreso, días de estancia 

en la UCI y el desenlace.  

Al evaluar desnutrición al ingreso por IMC < 18.5, se encontró más alta prevalencia, que la de 

otros estudios en América Latina. Los pacientes en riesgo de desnutrición por NRS-2002 y los 

pacientes con IMC<8.5 tienen menos probabilidad de supervivencia, al compararse con 

pacientes con diagnóstico de obesidad (IMC>30). Los pacientes con sobrepeso u obesidad, 

presentan probabilidad de supervivencia del 50 y 70%, respectivamente. 

Asimismo, los resultados de este estudio, arrojaron información para el diseño del marco teórico 

en estudios posteriores. Con estos datos se caracterizó la población blanco y con ello se 

determinó tamaño de muestras, los criterios de inclusión y exclusión; se dilucidaron las 

principales causas de ingreso y la supervivencia de los pacientes críticos ingresados a la UCI. 

 

ARTÍCULO 2: Déficit energético y proteico crítico con gran aporte de calorías 

provenientes de fármacos tras una semana en una unidad de cuidados intensivos. 

Publicado: Nutrición Hospitalaria 2022; 39(1):1-7; doi: 10.20960/nh.03734. 

En este trabajo, se evaluó la terapia nutricia enteral (TNE) tal y como se administra a los 

pacientes críticos en la UCI del Hospital General del Estado de Sonora, para ello se les dio 

seguimiento desde su ingreso y los 7 días consecutivos. El objetivo fue evaluar la adecuación 

de la TNE para los pacientes. Para lograrlo, se registró a diario el aporte de nutrientes, 

incluyendo las calorías provenientes de fármacos, que posteriormente se comparó con los 

requerimientos estimados, de acuerdo a las guías de práctica clínica.  

Se incluyeron mediciones antropométricas, de composición corporal, registro de pruebas de 

laboratorio y la recolección de muestras de sangre los días 1 y 7, para el análisis sérico de 

citocinas pro- y anti-inflamatorias.  

Así, se pudo describir la población de una UCI en un país en vías de desarrollo, igual que sus 

prácticas de terapia nutricia enteral, complementando la información recolectada en el estudio 

del ARTÍCULO 1. Entre los principales hallazgos, se encontró un déficit crítico de proteínas 

en los pacientes estudiados, mucho mayor a lo publicado en otros estudios. Esta evidencia, 

muestra una ventana de oportunidades en el tratamiento nutricional de los pacientes críticos que 

http://dx.doi.org/10.20960/nh.03734
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ingresan a esta UCI. Se pueden plantear futuros estudios para mejorar las prácticas, trabajando 

en conjunto y desde distintos ángulos la terapia nutricional. 

 

ARTÍCULO 3: Cytokine profile measurement by flow cytometry in critically ill patients. 

Enviado a la Revista Biomédica del Instituto Nacional de Salud de Colombia, en enero 2022.  

Este artículo corto, muestra el comportamiento de citocinas pro- y anti-inflamatorias en 

distintas condiciones patológicas de pacientes en condiciones críticas. En su mayoría, los 

pacientes críticos presentan importantes alteraciones en el sistema inmune, que se caracteriza 

por una respuesta pro-inflamatoria agresiva en combinación con una respuesta anti-inflamatoria 

insuficiente, lo que lleva a la pérdida de homeostasis de la respuesta inmunitaria, que puede 

conducir a falla multi-orgánica.  

En este estudio, la cuantificación de citocinas se realizó por citometría de flujo, una técnica 

poco utilizada en la práctica clínica, pero que presenta múltiples ventajas sobre las técnicas 

comunes. En el artículo, se muestran los valores de citocinas al día 1 y al día 7 en 26 pacientes 

críticos, con lo que se corroboró su heterogeneidad. Específicamente, Interleucina-1 (IL-1) y el 

Factor de Necrosis Tumoral-alfa (TNFα) son citocinas pro-inflamatorias que se presentan en la 

fase temprana, entre las primeras horas de la lesión, por lo que no se detectaron en nuestros 

pacientes. Por su parte, IL-6 reconocida como uno de los principales mediadores de la respuesta 

de fase aguda, aumenta su concentración en forma directa con la gravedad de la enfermedad y 

la disfunción en diferentes órganos. Las concentraciones más altas de Interleucina-6 (IL-6) en 

nuestro estudio, fueron las de los días 1 y 7. 

De los hallazgos más importantes, fue lo encontrado en los valores de las citocinas IL-6, 

Interleucina-8 (IL-8) e Interleucina-10 (IL-10), mismas que aumentaron entre el día 1 y el 7 en 

pacientes gran quemados, politraumatizados, con neumonía o traumatismo cráneo-encefálico 

severo. 

 

ARTÍCULO 4: Are the protein sources for food industrialization suitable for enrichment 

of medical enteral formulas? En revisión interna, ya en formato para enviarse a la revista antes 

del 21 de enero del 2022.  

Nuestro interés por analizar distintas fuentes proteicas fuera de las que se emplean en la 

práctica clínica, nace de la necesidad de contar con más opciones seguras y asequibles. Como 
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parte de nuestra investigación, observamos que el mercado local es muy limitado, solo ofrece 

3 módulos de proteína suplementaria (MPS) de uso clínico y 6 fórmulas enterales 

hiperproteicas. En cualquiera de los casos, las opciones representan un elevado costo para la 

población estudiada. Así, el objetivo fue analizar las propiedades de ingredientes proteicos 

utilizados en la industria alimentaria, en comparación con los suplementos para uso clínico más 

comunes en la región de estudio.  

Se analizaron 3 MPS conteniendo caseína, 3 fuentes de proteína de suero de leche y 3 

ingredientes proteicos de origen vegetal: de soya, de chícharo y de amaranto. Se evaluaron 

costos, contenido de proteína, perfil de aminoácidos, reología, digestibilidad in vitro, 

solubilidad y calidad sanitaria de los productos, además de perfil electroforético y contenido de 

lactosa de las fuentes de proteínas de leche de vaca. En general las fuentes analizadas, tanto 

concentrados como aislados, contenían más de 80% de proteína, excepto la de amaranto con 

<30%. La solubilidad de las fuentes de proteína de suero fue mejor que la de las MPS 

conteniendo caseína y un aislado de soya, en pH 5.5-7.5; los concentrados de amaranto y 

chícharo, presentaron muy baja solubilidad. Las fuentes de proteínas lácteas estaban 

electroforéticamente puras, con excelente digestibilidad y calificación de aminoácidos, 

mientras que las de origen vegetal, fueron limitadas. 

Un aislado de proteína de suero comercial fue comparable a los MPS de uso clínico en 

diferentes propiedades, pero con mejor solubilidad, <1% de lactosa y excelente calidad 

sanitaria; puede ser una alternativa accesible por su costo moderado, para uso en una UCI con 

pocos recursos. 

  



16 

CONCLUSIONES 

 

 

La hipótesis planteada en la tesis pudo contrastarse por completo, la administración del 

soporte nutricio enteral en la UCI del Hospital General del Estado de Sonora, no se da acorde a 

las guías de práctica clínica actual y resulta insuficiente en el aporte energético/proteico, con 

déficit crítico de proteínas. La forma en que se llegó a la contrastación, se detalla en los párrafos 

subsecuentes. 

Previo al COVID-19 cuando se gestó el presente estudio, se encontró que ingresaban a la UCI 

del Hospital General del Estado de Sonora, 190 pacientes promedio por año. La causa principal 

del ingreso era traumatismo y un 6.8% ingresaba con desnutrición, lo que disminuyó sus 

probabilidades de supervivencia a 10 días, comparando con los pacientes con sobrepeso u 

obesidad. Esta información, sustentó la propuesta de investigación sobre la necesidad de evaluar 

el efecto del soporte nutricio enteral en los pacientes críticos, de por si en hipercatabolismo. 

Además, sustentó el cálculo del tamaño de muestra y el periodo máximo de estancia, de los 

pacientes que se podían incluir en la terapia de nutrición enteral.  

Durante varios meses se evaluó la adecuación de la terapia nutricia enteral, incluyendo a todos 

los pacientes ingresados a la UCI, a quienes se administró este tipo de alimentación. De todos 

los incluidos, 26 permanecieron en la UCI por al menos 7 días; fue una población en su mayoría 

de hombres, de 42 años promedio, con riesgo de desnutrición al ingreso. La mitad de los 

pacientes cubrió el requerimiento óptimo de energía al día 4 de estancia en la UCI; no obstante, 

el aporte de proteínas fue críticamente deficiente en todos los casos, con desbalance de 

macronutrientes y proceso inflamatorio grave. Éste, se vio reflejado en el incremento de las 

citocinas IL-6, IL-8 e IL-10 entre el día 1 y 7 en pacientes gran quemados, politraumatizados, 

con neumonía o traumatismo craneoencefálico. 

Debido al bajo contenido proteico de las fórmulas enterales estándar, se buscaron en la industria 

alimentaria, alternativas asequibles a los módulos de proteína de uso clínico, para enriquecerlas. 

Esto porque tanto las fórmulas hiperproteicas como los módulos proteicos de uso clínico, son 

excesivamente caros. Se analizaron concentrados y/o aislados de proteínas de leche, así como 

vegetales. Así, se encontró que en la industria alimentaria hay ingredientes proteicos que 

podrían ser ventajosos en costo y beneficios, para una nutrición enteral adecuada, de los 

pacientes críticos.   
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ABSTRACT 

Objective. To examine the impact of nutritional status and nutritional risk at admission on 

survival of critically ill patients. Methods. A follow-up study was conducted for one year 

including the patients admitted to an intensive care unit. Anthropometric measurements, 

nutritional screening at admission, type of nutritional therapy, days of hospital stay and outcome 

were registered. Results. 191 patients were admitted. According to body mass index, 6.8% fell 

in underweight category, 33% normal weight, 39.2% overweight and 21% obese. Cox 

regression showed a relationship between NRS-2002 score and survival (HR: 1.25, 95% CI: 

1.03-1.52). The survival probability was less than 10 days for underweight patients. 

Conclusion. Underweight critically ill patients have a greater risk of suffering negative 

outcomes. In addition, the malnutrition risk is a hazard factor for mortality.  

Keywords: Body Mass Index, Nutritional Risk, Alieving, Critical Illness, Intensive Care Unit. 
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RESUMEN 

Objetivo. Evaluar el impacto del estado nutricional y el riesgo de desnutrición al ingreso en la 

supervivencia de pacientes críticos. Material y métodos. Se diseñó un estudio de seguimiento 

durante un año que incluyó a los pacientes ingresados a una unidad de cuidados intensivos. A 

su ingreso, se realizaron mediciones antropométricas y un tamizaje nutricional; posteriormente 

se registró el tipo de terapia nutricional, días de estancia hospitalaria y el desenlace del paciente. 

Resultados. Ingresaron 191 pacientes duran-te el seguimiento. De acuerdo al índice de masa 

corporal, 6.8% presentaron bajo peso, 33% normopeso, 39.2% sobrepeso y 21% fueron obesos. 

La regresión de Cox mostró una relación entre el tamizaje NRS-2002 y la supervivencia de los 

pacientes (HR: 1.25, 95% CI: 1.03-1.52). La probabilidad de supervivencia fue menor a los 10 

días en los pacientes con bajo peso. Asimismo, las mujeres mostraron mayor probabilidad de 

supervivencia que los hombres. Conclusión. Pacientes críticos con peso bajo a su ingreso 

presentan mayor riesgo de desenlaces negativos y paradójicamente, la obesidad parece ser 

factor protector. Además, presentar riesgo de desnutrición al ingreso es un factor de riesgo para 

un desenlace negativo. 

 

Palabras clave: Estado nutricional; Riesgo nutricional; Supervivencia; Unidad de cuidados 

intensivos. 
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INTRODUCTION 

Mexican public hospitals attend 49.9% of the population1, the most vulnerable people without 

health insurance. Although the government attempts to fulfill all the hospital needs, there is a 

shortage of medications and instruments in these medical units. For instance, nutritional therapy 

is not included in the subsidized product catalog for general or intensive care units (ICU) 

treatments. 

During critical illness, metabolic expenditure increases at expense of muscle mass and adipose 

tissue, to meet immune and neuroendocrine responses for survival 2. Patients are unable to use 

oral route, and their intake is conditioned due to intestinal dysfunction, procedural fasting or 

poor medical practices. Therefore, the critically ill patients are prone to malnutrition and 

comorbidities, indicators of poor hospital attention, increasing the length of hospital stay (LOS), 

health cost and mortality 3-4. 

In developing countries, at least one-third of the patients arrive malnourished at the ICU 4, and 

malnutrition worsens during hospitalization. Thus, an early diagnosis of the nutritional status is 

advisable for an effective management 5, but nutritionists are frequently missing in these 

medical units.  

Therefore, nutritional interventions delay, and the standard protocols do not consider nutritional 

status or individual requirements at admission 6. Unnoticed nutritional status at the time of 

admission leads critically ill patients to an even more vulnerable condition3. 

As an example of the stated problem at the ICUs, we present the case of the Public General 

Hospital of Sonora, Mexico, by examining the impact of nutritional status and nutritional risk 

at admission, on survival of critically ill patients during their stay.  
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MATERIAL AND METHODS 

 

The General Hospital of the State of Sonora "Dr. Ernesto Ramos Bours", is the most important 

public hospital in northwestern Mexico, located in a desert region, with low population density 

(16 inhabitants/km2), according to the National Institute of Statistics and Geography. This 

secondary hospital attends vulnerable population without health insurance, providing care to 

18,000 people per year. 

A follow-up study was carried out from August 2017 to July 2018, and included all the patients 

admitted at the ICU who had at least 24 h of stay.  

The patients, or the person responsible for them, signed an informed consent upon admission 

to the hospital. Nutritional evaluations were performed just after admission to hospitalization 

areas. The study protocol was approved by the Hospital Ethics Committee (SSS-HGE-CI-2017-

002). 

At admission, anthropometric measurements and nutritional screening NRS-2002 (Nutritional 

Risk Assessment) 7 were recorded. Also, the severity of the disease by the Acute Physiology 

and Chronic Health Evaluation (APACHE II) 8 was included. Subsequently, type of nutritional 

therapy, LOS in the ICU and survival were registered. 

Students of the School of Nutrition of the University of Sonora evaluated the NRS-2002 and 

performed the anthropometric measurements. The NRS-2002 was achieved within the first 48 

h of admission to the ICU, by direct or indirect questioning, as well as by physical examination. 

Since only one of the ICU beds has a scale, weight was estimated using body circumferences, 

according to Rabito et al., 2008 9. Height was estimated by knee-heel length 10, with the patient 

in dorsal decubitus position. Body mass index (BMI) was calculated with weight and height by 

kg/m2, and classified according to the World Health Organization (WHO) as underweight 
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(<18.5 kg/m2), normal weight (18.5 - 24.9 kg/m2), overweight (25 - 29.9 kg/m2) or obese (> 30 

kg/m2). 

 

Data analysis 

Statistical analyses were done by the software STATA version 12 (StataCorp, Texas, E.U.A.). 

To compare some characteristics of the patients according to their nutritional status, a one-way 

Analysis of Variance (ANOVA) was used. Survival analyses were applied to look for 

relationship between nutritional status, nutritional risk, and gender with survival. A Cox 

proportional hazard regression model was used to evaluate nutritional risk at admission as a 

possible indicator for survival, once adjusted by age, gender and illness. The assumption of 

proportionality in the Hazard Ratios (HR) was tested. A Kaplan Meier test was performed for 

graphic description, and the LogRank test was used to compare survival probability across BMI 

categories at admission. From this information, we plotted survival curves, using survival or 

death as censored data. 
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RESULTS 

Over the year, 191 patients (122 male) were enrolled; their average age was 45.2 ± 17.1 years. 

The most frequent reason for admission was cardiovascular diseases (19.3%), followed by other 

pathologies (14.1%), post-operated patients (12.5%), and trauma (10.9%). The mean of the LOS 

in the ICU was 6.6 days, ranging from 1 to 84 days of hospitalization, and was significantly 

higher (p<0.05) in patients with obesity, compared to underweight patients (10.2 vs. 4.5 days 

respectively). BMI was 26.6 ± 6.2, and according to this indicator, 6.8% of the patients were 

underweight, 32.9% had adequate weight, 39.2% were overweight, and 20.9% were obese. The 

mean for NRS-2002 was 4.3 ± 1.9. APACHE II was used to analyze the severity of the disease 

in only 47 of the 191 patients. Since the ICU medical staff does not routinely evaluate this 

criterion, the mean does not represent the population in this unit. 

According to the medical condition, renal patients presented the highest prevalence of 

underweight (3 from 16 patients); meanwhile, those with respiratory diseases, showed the 

highest prevalence of obesity (8 from 19 patients). The highest mortality occurred in subjects 

with trauma diagnosis, representing 8 deaths from 12 patients.  

NRS-2002 was performed in 181 patients, from which 85.08% presented nutritional risk at 

admission, which was significantly higher (p <0.05) in underweight patients (6.15 ± 2.4), 

compared to the overweight group (4.3 ± 1.96). 

Figure 1 shows the Kaplan Meir survival estimates by BMI at admission to the ICU. 

Malnourished patients had a lower probability of survival, with less than 10 days in the ICU, 

regardless of the pathology suffered. Meanwhile, patients with overweight or obesity had higher 

survival probability, 50%, and 70% respectively.  

Figure 2 shows a survival curve according to the results of NRS-2002, where values ≥3 indicate 
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risk of malnutrition and values <3 are not associated with the risk of malnutrition. Patients with 

mean NRS-2002 values of 4.3 had higher survival than patients with mean values of 5.07, and 

probability of survival fell to 45%, after 20 days in the ICU. This result matches with the data 

obtained in a Cox regression analysis, since we found a significant relationship between the 

NRS-2002 score and survival (HR: 1.25, 95% CI 1.03 - 1.52) once adjusted by gender, age and 

condition. Also, the probability of survival of patients in the ICU according to gender was 

higher in women; their probability of discharge alive was 70%, and the mortality rate was 10% 

in the first 5 days, without major losses until 15 days of stay (Data not shown).  

Table 1 shows a Cox regression analysis evaluating the relationship between mortality and 

nutritional status. The HR described relative risk of mortality by BMI at admission. Higher BMI 

compared to the reference group (underweight) had lower although non-significant HR for 

hospital mortality. The obesity group tended to have better outcomes (HR 0.43, 95% CI) 

compared to the rest of the groups. After adjusting, the results were similar (HR 0.36, 95% CI). 
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DISCUSSION 

We assessed nutritional status of critically ill patients upon admission to the ICU, using the 

BMI cut off, and found higher prevalence of underweight (6.8%) compared to a population in 

Germany (1.8%) 11. In contrast, the proportion of underweight patients in our study is similar 

to that of patients from the ICU of tertiary level hospitals in 8 developing countries of Latin 

America, including Mexico (6.6%) 12.  

Some patients at ICU admission already suffer from chronic diseases, leading to underweight. 

In this study, 19% of patients found in the group of renal diseases were underweight. The 

prevalence of underweight patients in this ICU was double than in open population in the area, 

and the majority of patients (74%) are classified as overweight or obese 13. 

An adequate nutritional assessment is decisive to provide a nutritional therapy suitable to 

decrease, as much as possible, the muscle waste. However, no biochemical indicator that 

evaluates body reserves under acute conditions. Although anthropometric measurements are 

inexpensive and practical, they are not always feasible for critically ill patients. For instance, 

weight is the best anthropometric indicator of body mass, but in critically ill patients, it varies 

due to redistribution of body fluids, as edema. Therefore, body weight does not represent the 

real body mass. Moreover, the patient weight measurement is difficult due to the mechanical 

ventilation and sedation specially if there are no bed-integrated scales. In these circumstances, 

weight is estimated by equations, with doubtful precision 14. 

The American and the European Associations of Parenteral and Enteral Nutrition (ASPEN and 

ESPEN) have recommendations for the assessment of nutritional status. It should be done by 

socio-demographic, anthropometric, weight loss, body composition, muscle mass, biochemical, 

clinical and dietary parameters, evaluated before the first 48 h of admission at the ICU and daily 
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followed throughout LOS. Nonetheless, there is a gap between the guidelines recommendations 

and the current procedure at the bedside. Additionally, there is a lack of consensus of a validated 

screening tool to evaluate nutritional status in critically ill patients 15. 

Catabolism occurs in both ends of nutritional status even if not easily noticeable in obese 

subjects 16. The survival curves showed different patterns in our population according to BMI 

(Log-Rank test: p=0.06). This seems to indicate that our findings confirm the paradox of obesity 

in the ICU, illustrated graphically in Figure 1, since overweight or obese patients had better 

opportunity to survive than those underweight or with normal weight did 11,12. However, BMI 

<18.5 kg/m2, once adjusted for age, sex, and pathological condition, showed no association with 

the outcome, due to small sample size. 

Our results show an independent, although non-significant association among being obese and 

a lower risk of mortality (HR 0.36, 95% CI 0.08-1.5) in comparison to being underweight, 

adjusting for age, sex or illness. Therefore, although the overall mortality among BMI groups 

was not significant, it shows a tendency of higher risk for hospital mortality on underweight 

patients, compared to patients with normal weight, overweight or obesity. Looking for the most 

frequent complications in a study of 12,938 critically ill patients, respiratory failure was higher 

in obese compared to normal weight11. However, there were no differences in overall organ 

failure among BMI groups, concluding that obesity decreases mortality risk in 60 days of LOS 

(HR 0.83, 95% CI 0.69-0.99). The association between BMI and the risk of mortality 

corresponds with the rates of mortality in our population, where BMI <18.5 had a greater rate 

(30%), followed by the group of normal weight (23.8%), overweight (16.1%) and the obesity 

group (15%). 

ESPEN guidelines recommend that upon 48 h of admission, every ICU patient should be 

considered at risk of malnutrition15. Nevertheless, there is evidence that some patients require 
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more attention in terms of nutritional needs. Several studies have shown negative outcomes in 

underweight or normal weight patients admitted at the ICU when compared with those 

overweight or obese16. Although, the precise molecular pathway underlying these phenomena 

is partially understood, it describes that in obese patients, the rate of fat oxidation is significantly 

lower than in lean subjects (61% and 39% respectively) 17.  

Hospital malnutrition is associated to increase LOS, which is shorter in overweight and obese 

than in normal weight and underweight patients 11. We noticed a different behavior in our 

population; the LOS was lower in the underweight group (4.5 days) and exhibit an increment 

as BMI increased: normal weight (5.7 days), overweight (6.16 days) and obese (9.7 days). 

Differences could be due to a lower probability of survival in our underweight patients, 

regardless of the pathology suffered. Similar behavior was previously found in 6518 critically 

ill patients, where the underweight group had the shorter stay (14.5 days), followed by the 

normal weight (18.4 days), overweight (18.8 days) and obesity groups (20 days)16.  

In Mexico, by law, all hospitalized patients must have a nutritional screening in the first 48 h 

of admission, followed by a nutritional assessment in those at risk (IMSS, Mexican Institute of 

Social Security). For this purpose, we applied the NRS-2002, which has specificity and 

sensitivity > 80% for hospitalized elder patients. As is common in this type of instruments, it 

considers the nutritional status as BMI and/or weight loss in the last 6 months; as well as the 

decrease in food ingestion, the severity of the disease and age7.  

NRS-2002 was not designed for acute care patients, however the ASPEN14 and ESPEN15 point 

out that, while there is no validated tool for ICU patients it is a good predictor of nutritional risk 

with sensitivity of 70% and specificity of 85% on this population.  

Our results show that the risk of malnutrition upon admission to the ICU was very high (85.1%). 

In Europeans, the nutritional risk at admission to an ICU was 32.6%, using the same assessment 
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tool18 while in Portuguese patients the risk was 48.6%, with a different instrument 19.  

The information described in the previous paragraph is complemented by the nutritional risk 

survival curve. Fig. 2 shows that on the tenth day of stay at the ICU, there is an intersection in 

the survival probability of 80%. Therefore, nutritional status is recognized as a modifiable risk 

factor, with negative results in critically ill patients 6. The key to successful therapy seems to 

be the early identification of malnutrition, since evidence supports the benefits of early adequate 

nutritional intervention. Proceedings in patients at risk have been widely described and 

nutritional strategies include oral supplementation, enteral and/or parenteral support. 

To achieve an adequate nutritional intervention at the ICU, a multidisciplinary team is 

necessary. In Mexico, it is unclear how many nutritionists are actually working at ICUs and 

what their activities are. Currently, our ICU team does not include the active participation of a 

nutritionist, and the protocol for the administration of enteral nutritional support, operates under 

a standard procedure, without considering the energy-protein requirements or the nutritional 

status of the patient. In the present study, 69 of the 118 patients with NRS-2002 ≥3 received 

enteral nutritional support. This type of nutritional treatment was used mainly in patients with 

conditioned oral route by the dependence on mechanical ventilation and analgesia. No 

parenteral support or oral supplementation was used in any patient. Along with these lines, 

several studies indicate multidisciplinary protocols for nutritional intervention, designed 

according to the characteristics, condition, and needs of each patient. The cost of nutritional 

interventions is, by far, less than the complications associated with malnutrition, in addition to 

improving hospital quality indexes 20. 

In conclusion, patients admitted to the ICU with overweight or obesity, seem to have better 

opportunity to survive than underweight ones (BMI <18.5). Risk of malnutrition measured by 

the NRS-2002 score >3 is a risk factor for survival in our population. The findings of this study 
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highlight the need to involve each member of the multidisciplinary team to implement processes 

that allow the identification, follow-up, and treatment of patients with malnutrition in the ICU. 

Despite the time over, we can reaffirm the classic "Skeleton in the Closet of the Hospital” by 

Butterworth (1974), where evidence of overlooked and prevalent health problem with fatal 

complications, must be urgently addressed. 
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Figure 1. Kaplan Meir survival estimates graph by BMI at admission in the ICU  

 

(Log-rank test: p=0.060) 
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Figure 2. Kaplan Meir survival estimates graph by nutritional risk assessment score (NRS-

2002>3) at admission  

 

 

 

 

 

 

 

 

(Log-rank test: p=0.246) 
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Table 1. Hazard Ratio (HR) for risk of mortality in critical ill patients classified by nutritional 

status at admission using BMI 

Nutritional 
Status 

(BMI) at 
admission 

Crude analysis 
HR (95% CI) P value 

Adjusted 
analysis* 

HR (95% CI) 
P value 

Underweight 
(n=13) Reference NA Reference NA 

Normal Weight 
(n=63) 

0.88 
(0.253 - 3.08) 0.84 0.86 

(0.236 - 3.13) 0.82 

Overweight 
(n=75) 

0.50 
(0.138 - 1.86) 0.30 

0.38 
(0.095 - 1.55) 0.18 

Obesity 
(n=40) 

0.43 
(0.105 - 1.76) 0.24 0.36 

(0.081 - 1.58) 0.17 

BMI: body mass index 

Underweight BMI <18.5, Normal Weight BMI 18.5-24.9, Overweight BMI 25-29.9, Obesity 
BMI > 30 
*Cox Regression Model adjusted for age, gender and medical condition. 
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2. DÉFICIT ENERGÉTICO Y PROTEICO CRÍTICO CON GRAN APORTE DE 

CALORÍAS PROVENIENTES DE FÁRMACOS TRAS UNA SEMANA EN UNA 

UNIDAD DE CUIDADOS INTENSIVOS. 
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3. CYTOKINE PROFILE MEASUREMENT BY FLOW CYTOMETRY IN 

CRITICALLY ILL PATIENTS. 
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Abstract 

Introduction and objective: Cytokine Release Syndrome (CRS) is a systemic inflammatory 

response, with severe symptoms. Therefore, it is a challenge to measure at once pro-

inflammatory cytokines of this dynamic process to distinguish it from other pathologies and to 

apply the right treatment. Material and methods: We quantified by a Cytometric Bead Array 

6 cytokines, from 26 critically ill patients after 1 and 7 days in the intensive care unit (ICU). 

Results: The highest IL-6 concentration was for cardiovascular disease patients after 7 days, 

followed by burn or heat stroke patients on day 1, and it was null for infectious patients in the 

ICU. The burn and heat stroke patients presented the highest concentrations at day 7 for all 

the evaluated cytokines, except IL-12 and IL-6, in fact, only these patients presented the IL-

1β. Conclusion: The cytokine patterns were disease type-specific.  

Keywords 

Cytokine Release Syndrome, Critical Illness, Cytokine Assay, Flow Cytometry, Critically Ill 

Patient, Intensive Care Unit. 
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Resumen 

Introducción y objetivo: El Síndrome de Liberación de Citocinas (SRC) o mejor conocido 

como “La Tormenta de Citocinas” es una respuesta inflamatoria sistémica, con síntomas 

severos. Se trata de un proceso dinámico que puede confundirse con la patología de base y, 

por tanto, es un reto identificarlo especialmente en la práctica clínica. Material y métodos: 

Se cuantificaron por citometría de flujo 6 citocinas de 26 pacientes críticos después de 1 y 7 

días en la unidad de cuidados intensivos (UCI). Resultados: La concentración más alta de IL-

6 fue en los pacientes con enfermedad cardiovascular después de 7 días, seguida de los 

pacientes gran quemado o con golpe de calor el día 1, y fue nula para los pacientes 

infecciosos en la UCI. Los pacientes con gran quemado o con golpe de calor presentaron al 

día 7 las concentraciones más altas para todas las citocinas evaluadas, excepto IL-12 e IL-6, 

de hecho, solo en ellos se detectó IL-1β. Conclusión: Los patrones de citocinas fueron 

específicos del tipo de enfermedad. 

Palabras clave 

Síndrome de Liberación de Citocinas, Enfermedad Crítica, Cuantificación de Citocinas, 

Citometría de Flujo, Paciente Crítico, Cuidados Intensivos. 
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1. Introduction  

Critically ill patients are prone to suffer Cytokine Release Syndrome (CRS), a dysregulation 

of the immune system, resulting from the sustained activity of many immune cells, which 

massively release pro-inflammatory cytokines. Its manifestation includes fever, intestinal 

symptoms, delirium, and if left untreated, it can progress to multi-organ failure (1). In 

addition, CRS onset and durations vary according to the cause and the treatments, but even 

more important, it can include many disorders; therefore, it is important to distinguish 

between cytokine storm and pathologies as sepsis or iatrogenic causes (2).  

There is not a standard approach for CRS measurement in the clinical setting due to the 

complexity and time of the analyses for several cytokines. Currently, the enzyme-linked 

immunosorbent assay (ELISA) is used to quantify each cytokine separately. However, in the 

last 15 years the Cytometric Bead Array (CBA) an approach that combines flow cytometry 

and ELISA in a single sample, has become a good alternative to individual ELISAs, for 

analysis of different panels of proteins simultaneously in a small volume sample and a short 

time. Therefore, the CBA was applied to analyze the illness severity of COVID-19 (3) and the 

evolution of the macrophage activation syndrome (4).  Hence, CBA could be very useful to 

evaluate the CRS evolution of patients in the intensive care units. 

We used a CBA Human Inflammatory Cytokines Kit to quantify interleukin-8 (IL-8), 

interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-10 (IL-10), tumor necrosis factor 

(TNFα), and interleukin-12p70 (IL-12p70) of 26 patients after 1 and 7 days of intensive care 

unit (ICU) stay. 
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2. Materials and methods 

We conducted a cohort study at the General Hospital of Sonora, Mexico, including adults 

admitted to the ICU, with mechanical ventilation and a stay for ≥ 7 days. The ethics 

committee (SSS-HE-CI-2017-002) approved the study. We invited patients to participate 

directly or through the patient's responsibility, signing the informed consent. At admission, 

we recorded demographic data and severity of disease by Acute Physiology and Chronic 

Health Evaluation (APACHE IV) and Sequential Organ Failure Assessment (SOFA). 

2.1 Blood samples  

We collected basal blood samples for hospital-based blood testing and cytokine measurements 

on days 1 and 7 in an ICU. After centrifugation, sera were kept at -70 °C until analysis. 

              2.2 Cytokines measurement   

We analyzed 52 (basal and 7 days after) serum samples. The BD™ CBA Human 

Inflammatory Cytokines Kit (Catalog No. 551811 Becton, Dickinson and Company, US) was 

used to quantify IL-8, IL-1β, IL-6, IL-10, (TNFα, and IL-12 (IL-12p70). We followed the 

procedure of the kit user’s manual. Briefly, we mixed the sample with capture beads, 

incubated for 30 min, and washed with wash buffer. Then, we added the antibody for 

detection, incubated for 30 min, followed by a final rinse, and resuspension in staining buffer. 

We set a standard curve with the Mixed Capture Bead, the Human Inflammatory Cytokine 

Standard, and the Phycoerythrin-conjugated antibody Human Th1/Th2 (Human Inflammatory 

Cytokine PE Detection Reagent) as indicated in the manual. Data acquisition was conducted 

in a flow cytometer (BD FACS Canto II, BD Biosciences, CA) and analyzed using the Graph 

Pad Prism software. We calculated the concentration of cytokines (pg/mL) using the mean 
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fluorescence intensity values according to the standard curve. 

3. Results and discussion 

We assed 26 critically ill patients (42 ± 16.7 years old), most of them overweight (BMI 25.8 ± 

5.79 kg/m2). The main reason for admission was trauma, followed by neurological and 

respiratory diseases, as well as other diseases like heat stroke and infectious diseases. Table 1 

shows patients' probability of mortality by SOFA and APACHE IV scores with the mean 

score for all the patients as well as for each disease type. The average severity of illness in all 

patients by APACHE IV or SOFA scores resulted in a probability of mortality of 20%, though 

the scores obtained showed significant differences among disease types. Hence, the main 

difficulty to study critically ill patients is the heterogeneity, since different diseases will have 

a varied behavior and the individual characteristics will determine the pathological process 

(1).  

Therefore, predicting which patient will develop CRS is challenging, since the cytokine 

release starts at the damaged tissue. Under critical conditions, cytokines are highly precise and 

sensitive biomarkers of the inflammatory process (2). 

Table 2 shows the concentrations of the cytokines (pg/mL) by disease type at days 1 and 7 in 

the ICU. We did not detect TNFα in most of our patients because the first blood sample was 

taken at the ICU admission rather than in the emergency room. The immediate response of 

cytokines starts with the release of TNFα and IFNγ, but those are not detectable few hours 

after the injury (5). The same happened with IL-10, in most of the cases was undetectable, 

except for cardiovascular and respiratory diseases in both 1 and 7 days, with the highest 

concentration after 7 days for burns and heat strokes. IL-10 is an anti-inflammatory cytokine 
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that could be a good predictor of CRS and risk of mortality (6). According to our results, the 

ideal timing for sampling would be at the time of admission of the patient to the hospital or 

the emergency room. 

IL-6 presented the highest concentrations of all cytokines on both days 1 and day 7, with a 

great variation among disease types, which ranged from 0 to 1406 pg/mL between patients 

with infectious and cardiovascular diseases after 7 days in the ICU. In addition, there were 

higher IL-6 concentrations in patients with respiratory, trauma, burn, and heat stroke diseases 

on the first day than after 7 days in the ICU. In contrast, for neurological and cardiovascular 

diseases, patients presented a higher IL-6 concentration on the first day than after 7 days from 

admission.  IL-6 is the inflammation biomarker by excellence, it orchestrates the onset of 

systemic inflammation as the main mediator of the acute phase response, its increase 

correlates with the severity of the disease and organ dysfunction (5). It is common to find 

highly elevated IL-6 levels in patients with CRS and is considered as the central driver to 

develop symptoms.  

Meanwhile, local production of chemokine IL-8 recruit’s cells to the target tissue causing 

damage. We detected IL-8 at day 1 with a median of 70.8 (25.4-106) pg/mL and on day 7, the 

median value was 51.7 (15.9-116) pg/mL. IL-8 median concentrations were high both in burn 

and heat strokes, as well as in respiratory diseases on days 1 and 7 in the ICU.  

The highest IL-1β concentration was for patients with burns or heat strokes after 7 days in the 

ICU. Additionally, they presented on the same day the highest concentrations for IL-8, IL-10, 

and the only positive result for TNFα. Recently, the cytokine profile of COVID-19 critical 

patients showed an association between high concentrations of IL-6 and IL-10 with disease 

severity and prognosis. We found that the highest APACHE and SOFA scores had also the 
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highest values for IL-6 and IL-10 (data not shown). On the other hand, IL-12 ranged from 2 to 

10 pg/mL without any general behavior among the types of diseases or days in the ICU. 

Our findings showed disease type-specific cytokine profiles, where patients with polytrauma, 

severe burns, head trauma, and pneumonia, presented the highest values of IL-6, IL-8, and IL-

10 after one week at ICU. The IL-1β presented high concentration only in one severely 

burned patient on day 7. TNFα was detected only after 7 days in the ICU of patients with 

burns or heat strokes, as already commented. 

Knowing the cytokine profile on each disease type of critically ill patients could offer an 

opportunity to elucidate the onset of CRS. Even more important, it could be the key to finding 

the best treatment to balance pro- and anti-inflammatory cytokines and improve outcomes (2). 

For this purpose, the potential clinical application of the CBA flow cytometry assay is a very 

promising procedure for monitoring critically ill patients.  
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Table 1. Patients' probability of mortality by APACHE IV and SOFA 

Classification by disease (%) 

APACHE IV SOFA 

 
Score 

Probability of 
Mortality 

 
Score 

Probability of 
Mortality 

Cardiovascular (11.5) 22,5 ± 3.53 56,9% 14,0 ± 7,07 50-60% 

Infectious (4.1) 17,0 ± 5.63 36,7% 9,00 ± 6,38 15-20% 

Neurological (26.9) 15,5 ± 4.13 36,7% 7,83 ± 1,72 15-20% 

Burn and heat stroke (7.7) 10,0 ± 3.24 14,9% 15,0 ± 8,45 50-60% 

Post operation (3.8)  12,5 ± 7.77 14,9% 1,50 ± 0,71 >10% 

Respiratory (15.3) 19,3 ± 7.09 36,7% 10,6 ± 4,50 40-50% 

Trauma (30.7) 17,4 ± 7.34 36,7% 8,57 ± 3,95 15-20% 

Mean values 16,8 ± 6,02 20% 8,81 ± 4,40 20% 

APACHE IV, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 

Failure Assessment. 
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Table 2. Cytokines concentration (pg/mL) corresponding to each disease type 

Disease type IL-1β IL-6 IL-8 IL-10 IL-12 TNFα 

Cardio- 
Vascular 

8,3 (7,8-8,6)* 102 (21-184) 39,8 (22-57) 6 (0-12) 6,8 (5,9-7,8) 0 
11,6 (7,8-15) 1406 (520-2293) 31,2 (27-35) 1,4 (0-2,8) 10,8 (7-14) 0 

Infectious 10 ± 1,2 0 6,05 ± 0,06 0 9,4 ±1,78 0 
10 ± 2,3 0 33,9 ± 1,8 3,07 ± 0,4 2,4 ±0,02 0 

Neurological 6,9 (6,4-7,9) 73 (52-86) 28 (17-105) 0 3,2 (1,9-6,7) 0 
6,4 (5,8-76) 209 (46-823) 15 (13-75) 0 1,9 (1,4-29) 0 

Burn and 
heat stroke 

6,8 (4,9-8,6) 562 (363-760) 127 (90-163) 0,9 (0-1,9) 5,1 (2,1-8,1) 0 
73 (8,5-138) 76 (28-125) 4820 (58-

9583) 
794 (0-
1499) 

7,2 (6-7) 5,2 
(0-10) 

Post-  
Surgery 

7,4 (6-8,9) 200 (99-301) 73,2 (50-96) 0 5,9 (3,6-8) 0 
7,6 (6,4-8,7) 179 (139-219) 64 (58-71) 0 6,6 (4,6-8,5) 0 

Respiratory 
6,8 (4,5-7,9) 240 (61-888) 173 (51-478) 12,8 (5,2-

47) 
6,8 (1,5-32) 0 

8 (7,5-9) 78 (47-288) 289 (8,2-804) 10 (0-97) 7 (3,7-28) 0 

Trauma 7,1 (6,9-8,4) 236 (80-515) 72 (15-285) 0 4,1 (1-7,2) 0 
9 (7,1-10) 40,5 (26,5-177) 57 (16-127) 0 3,2 (2,3-8,2) 0 

Median 
(IR) 

7,2 (6,6-8,5) 144 (65-446) 70,8 (25-106) 4,76 (0,2-
5,4) 

5,2 (2,5-8,0) 0 

8,3 (6,9-9,6) 129 (38-355) 51,7 (16-116) 67,2 (0,3-
987) 

4,2 (2,4-8,2) 0 

*The upper row in each disease type file corresponds to day 1 and the lower row to day 7.     

Data are median (IR) or mean ± S.D. 
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4. ARE THE PROTEIN SOURCES FOR FOOD INDUSTRIALIZATION SUITABLE 

FOR ENRICHMENT OF MEDICAL ENTERAL FORMULAS? 

 

 

En revisión interna, ya en formato para enviarse a la revista antes del 21 de enero del 2022.  
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Abstract 

 

Introduction: A high protein supply improves morbidity and mortality of critically ill 

patients. However, high protein enteral formulas and modular protein supplements (MPS) for 

enrichment of standard enteral formulas are scarce and expensive in Mexico. Looking for 

alternatives to MPS, our aim was to analyze the properties of protein ingredients used in the 

food industry in comparison to available MPS. Methods: We analyzed 3 casein-MPS, 3 

whey protein sources and 3 plant-based concentrates: soy, pea and amaranth. We assessed 

cost, protein content, amino acid profile, rheology, in vitro digestibility, solubility and 

sanitary quality; also electrophoretic pattern and lactose content of milk protein sources. 

Results: Protein content was 88.1-98.2% for MSP, 79.6-87.5% for whey protein sources, 

>85% for soy and pea and <30% for amaranth source. MSP were 6 times more expensive 

than these of the food industry protein concentrates. Solubility at pH 7.5 was >90% for whey-

containing Hilmar™ 9010 and Isopure®, 76% for casein-MSP, whey (WPC80®) and soy 

isolate and <45% for amaranth and pea. Casein- and whey-based sources were pure and 

presented corrected amino acid scores of 0.92 and 0.97, respectively, while for plant protein 

sources the score was 0.75-0.78 because of limited amino acids or lower digestibility. 

Conclusions: Properties of the whey protein isolate Hilmar™ 9010 were comparable or 

better to these of clinically used MSP, but with better solubility, <1% lactose and higher 

microbiological quality, and could be an accessible home-use lower-cost alternative.   

 

Keywords: Modular protein supplements, critically ill patients, high protein formulas, food 

industry ingredients. 
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1. Introduction 

The protein lost is high in critically ill patients depending on the severity of disease; 

therefore, a supply of 1.2-2.5 g protein/kg/d may improve morbidity and mortality in the 

intensive care unit (ICU) (Heyland et al., 2019). However, commercial standard enteral 

formulas (EF) only contain 16-25% calories from protein to provide up 0.7 g/kg/d, and even 

0.44 g/kg/d for our patients (Ibarra-Pastrana et al., 2021). Among seven commercially 

available high protein EF in Mexico, only three provide 27-32% calories from protein and 

they are quite expensive.  

EF are medical foods designed for administration through feeding tubes under 

supervision of a physician for the specific dietary management of a disease or condition 

(Cederholm  et al., 2017). Their protein source and quantity impact gastric tolerance, 

absorption and therefore facet protein loses in patients in the ICU. Additionally, it is 

important to avoid energy overfeeding of critically ill patients; thus, the recommendation is 

70% intake of energy expenditure. Accordingly, the addition of modular protein supplements 

(MPS) to standard EF could meet the nutrient requirements and prevent overfeeding (Heyland 

et al., 2019). 

The MPS used for clinical treatments especially at the ICU are not widely always 

available and some of them have limited functional properties. For instance in our area, there 

are only three MPS all of them casein-based, which solubilize slowly and their rheology is not 

the best. Whey-based MPS have better physical properties and they have excellent results for 

feeding critically ill patients (Hopkins et al., 2019), and plant proteins have emerged as 

interesting alternatives in food process. Therefore, whey-protein concentrates as well as plant-

protein isolates used in the food industry could be good alternatives to MPS for clinical 

enteral nutrition. In addition to high solubility, protein concentration, and digestibility, MPS 

require form a permanent suspension in the EF, a high nutritional quality, excellent 

sanitization, and accessible cost. Therefore, we explore alternatives to MPS in the Mexican 

market to evaluate the cost-effective and safe way to fulfil the protein requirements of patients 

at an ICU. Our aim was to evaluate the physicochemical and nutritional properties of protein 

sources used as ingredients in the food industry in comparison to these used as clinical MPS. 
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2. Materials and Methods  

2.1. Materials and chemicals 

Commercial MPS, three casein-based for medical and one whey-based for athletes’ diet were 

purchased from local drugstores: Proteinex® (Victus Inc, Florida, USA), Casec® (Nestlé, 

Mexico), Protebyn® (Fresenius Kabi, Mexico) and Isopure ® (Nature’s Best, USA). Proteins 

used in the food industry were a whey isolate (Hilmar™ 9010) donated by Leben-Tech 

(Mexico) and a whey concentrate (WPC80®), soy isolate (SoyPro950®), pea and amaranth 

protein concentrates, kindly donate by Food Proteins (Mexico).   

All proteins powder were store sealed at room temperature as labels indicated, upon opening; 

samples were taken under sterile conditions. All chemical were purchased from Sigma-Aldrich 

Chemical Co. (St. Louis, MO, USA). The rest of chemical and reagents were of analytical 

grade. 

2.2. Chemical composition 

2.2.1. Protein content 

Protein content (%) of samples both for clinical or food industrial use were analyzed by micro-

Kjeldahl (Met. 46-10, AACC, 2000).  

2.2.2. Amino acid analysis  

One casein-based and one-whey based samples, as well as pea and soy protein ingredients 

were hydrolyzed with 6 M HCl at 110°C for 24 h and amino acids derivatized using o-

phthalaldehyde (OPA). Thus, the amino acids were analyzed by HPLC according to Vázquez-

Ortiz et al (1995). 

2.2.3. Electrophoretic analysis 

SDS-PAGE was performed on 17% polyacrylamide gels according to Laemmli (1970). All the 

milk protein samples (2 mg/mL) plus SDS sample buffer (1:1) and M.W. standards, were 

loaded onto the gel (5 μL) in a mini-Protean® cell and run for 75 min at 150 V. Gels were 

stained with Coomassie brilliant blue R-250. 
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2.2.4. Lactose content  

Lactose (%) was quantified in all the milk protein samples by HPLC, according to 982-12 

(AOAC, 2005)  

2.3. Functional properties 

 2.3.1. Protein solubility 

A protein dispersion (1:100 w/v) was stirred for 10 min, pH adjusted at 5.5, 6.5 or 7.5 and after 

15 min, the solution was centrifuged 1400 xg for 10 min at 25 ˚C (Allegra™ 25R Centrifuge, 

Beckman Coulter, USA). Afterward, the supernatant protein concentration was quantified by 

the Lowry et al. (1951) method and the protein solubility percentage was calculated respect to 

the initial dispersed protein.  

2.3.2. Rheological evaluation  

Storage modulus (G´) and loss modulus (G´´) measurements were carried out using a strain-

controlled rheometer (Discovery HR-2, TA Instruments, New Castle, DE, USA) in oscillatory 

mode and a flat plate geometry (40 mm diameter). Timesweep tests were recorded at 0.25 Hz 

and 5% strain at 37°C. The standard formula alone (Ensure®) and added with 5% whey 

protein WHP90IS Hilmar® were monitored for 10 h.. Results were compared with those of a 

high protein formula Nepro HP® rheologically investigated under the same conditions. 

Deformation and frequency sweep tests were carried out to verify that time sweep 

measurements were made in the material’s linear viscoelastic region, where stress and strain 

are proportional. 

2.4. Nutritional properties 

2.3.1. In vitro digestibility 

In vitro protein digestibility by the 20 min pH-drop was evaluated by the method of Chang and 

Satterlee (1981). Purified casein (6.25 mg/mL) in 10 mL MilliQ water was stirred for 1 h at 

25°C, into the jacketed reaction cell. Temperature was increased at 37ºC by circulating water, 

and pH adjusted at 8. After equilibrium, 1 mL enzyme solution (trypsin, chymotrypsin, and 

peptidase) was added still stirring for 10 min. Protease was added and immediately the 

circulation water was changed at 55°C for 9 min and then temperature decreased at 37°C for 1 



63 

extra min and pH drop recorded. pH should be 6.42 ± 0.05. After the casein control was right, 

all the samples in the same protein concentration were run and digestibility was calculated as: 

 

                         % digestibility = 234.84 – 22.56 (X) 

                            X = pH after 20 min hydrolysis 

2.3.2. Amino acid score 

The amino acid concentration of each sample was used to calculate the nutritional quality as 

indispensable amino acid score, and a corrected by in vitro digestibility amino acid score of 

each protein source. Each amino acid score (mg/g protein) was calculated using the amino acid 

pattern for children older than 3 years, adolescents, and adults (FAO, 2013). Each value was 

multiplied by its in vitro digestibility to obtain a corrected amino acid score.  

2.5. Microbiological quality 

Microbiological analyses were applied to the protein ingredients used in the food industry 

(whey, soy, pea and amaranth protein isolates and concentrates). Mesophilic aerobic bacteria 

were analyzed by the NOM-092-SSA1-1994 as colony forming units (CFU/g) at 35 ± 2 ˚C for 

48 h, and total yeast and molds according to NOM-111-SSA1-1994 (CFU/g), after 5 days at 25 

± 2 ˚C. Total Viable Counts (TVC/g) of fecal coliforms were analyzed (Feng et al., 2020).  

3. Results 

3.1. Protein content, costs, and solubility of nine products 

Table 1 shows that the three casein-containing MSP contain higher protein content than it 

labeled, and their cost is high (3.8-11 USD). The cost of Isopure®, a whey-based dietary 

supplement for athletes is high for its alternative home-use as MSP. The whey-protein 

concentrate WPC80® and isolate Hilmar™ 9010, as well as the soy isolate (SoyPro 950®) 

and the pea-protein concentrate used as ingredients in the food industry, present a protein level 

comparable to it of MSP products and cost six time less (0.6-1.8 USD). The amaranth product 

is not a true concentrate, contains less than 30% protein, although its cost is low. 

Solubility profiles of all the nine samples at pH 5.5, 6.5 and 7.5, the general pH of standard 
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formulas, were evaluated. They were three casein-based MSP (Casec®, Protebyn® and 

Proteinex®) a whey-based dietary supplement (Isopure®), two whey-based food ingredients 

(WPC80® and Hilmar™ 9010) and three plant origin SoyPro 950® isolate, pea, and amaranth 

concentrates.  Hilmar™ 9010 and Isopure® had more than 90% solubility along the pH range. 

WPC80®, Casec®, Protebyn® and Proteinex® increased from 70% to 86% from pH 6.5 to 

7.5. In contrast, the solubility of plant proteins was poor, with less than 45% for amaranth and 

pea, except for SoyPro 950® isolate with 40, 45, and 51% at pH 5.5, 6.5 and 7.5, respectively.  

3.2. Microbiological quality 

Analysis of the 5 ingredients used in food industry shown some limitations to be directly 

included as alternative MPS for feeding patients by enteral nutrition. Pea, amaranth and soy 

presented yeast over the maximal referred content (Codex Alimentarius, 2009), while the 

whey protein concentrates, WPC80 ® was higher in mesophilic aerobic and Hilmar™ 9010 

was 100% hygienic without any contaminant.  

 3.3. Nutritional quality of the protein in each type of product 

FAO (2013), considers lysine (Lys), sulfur amino acids methionine and cysteine (Met and 

Cys), threonine (Thr) and tryptophan (Trp) as representative indispensable amino acids 

because they are limited in some protein sources. Content of these indispensable amino acids 

in each protein type (casein and whey proteins, as well as soy isolate, pea and amaranth) used 

in samples of MPS, dietary supplement and food ingredients are shown in Table 2. It also 

presents the obtained results of in vitro digestibility (as mean for casein- and whey products), 

and calculated digestibility corrected amino acids score for all the ages over 3 years old. 

Firstly, Lys was not limited for any of the protein sources, sulfur amino acids (Met and Cys) 

were limited for both legume proteins soy and pea, while Thr and tryptophan Trp were not 

limited at all. The in vitro digestibility values were generally good, except for amaranth 

(79.3%); therefore, the corrected amino acid score was high (0.92 and 0.97) for caseins and 

whey, while the plant proteins ranged 0.75 to 0.79.  

3.4. Properties of the milk protein-containing products 

SDS-PAGE patterns in Figure 1, show that Proteinex®, Protebyn® and Casec® in lanes 2, 
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3 and 5, respectively, are electrophoretically pure cow milk caseins with apparent 

molecular mass from 28 to 39 kDa, including α-, β-, and κ-caseins. In addition, Isopure®, 

WPC80®, and Hilmar™ 9010 in lanes 4, 6 and 7 are whey proteins with α-lactalbumin 

(21.5 kDa) and ß-lactoglobulin (14.5 kDa) and some traces of albumin at 66.2 kDa.  

Lactose content was quantified only in the two whey protein samples WPC80®, and Hilmar™ 

9010 used as food ingredients, because the rest are brands already used for medical and special 

dietary purposes. WPC80® contained 2.3% and Hilmar™ 9010 contained 0.5% lactose. 

3.5. Viscosity and stability of the whey concentrate Hilmar added to an enteral formula 

Rheological characterization of formulations helps to understand the behavior of formulations 

at rest and under stress conditions for estimation of storage stability and spreading behavior. In 

this regard, the formulations viscoelastic properties define if that material is more liquid or 

more solid-like. The storage modulus (G´) represents the elastic (solid-like) while the loss 

modulus (G´´) the viscous (liquid-like) behavior. In the present study, G´´ of the Hilmar™ 

9010-containing Ensure® (panel A) after 10 h at 37°C was 0.058 Pa, which was slightly higher 

than that of Ensure® alone (panel B) with G´´ of 0.033 Pa. However, in comparison to G´´ of 

0.154 Pa for the high protein formula Nepro HP® (panel C), the home-enriched Ensure® had a 

considerably lower viscosity. For the three evaluated products, the G´´ value was predominant 

over G´ as it is shown in Figure 2, confirming their liquid-like behavior. 

4. Discussion 

 

Critically ill patients under catabolic stress need high protein enteral formulas, which have 

low commercial availability and are quite expensive in some places. Thus, it could be less 

expensive and practical to add extra protein to standard EF by using MPS according to 

individual requirements and physiological conditions. Our aim, was to look for high-quality 

protein ingredients used for food industrialization as alternatives to design commercial MPS, 

and it was not as feasible as previously considered. We were able to obtain only 5 different 

samples, 2 whey protein concentrates and 3 plant protein ingredients. All of them contained 

more than 80% protein except the amaranth concentrate and their cost was 6 times less 

expensive than it of the designed medical MPS.  



66 

A key physical property of the protein ingredients to be used as MPS for EN enrichment is 

solubility, which was very high along the evaluated pHs for the whey isolate Hilmar™ 9010. 

It may influence not only rheology and the tube flow in EN, but absorption, utilization of 

nutrients and patient’s clinical outcomes (Ojo et al., 2020). Casein could transform into solid 

clots in the acidic environment of the stomach, slowing gastric emptying, while whey protein 

remains soluble. It may be associated to the higher than 30% incidence of tube feeding 

intolerance in the ICU presented as gastrointestinal symptoms when insoluble proteins at 

acidic pH are used (Hoptkins et al., 2019).  

Some medical foods contain partial or total soy isolates or pea protein concentrates (Goelen et 

al., 2021); in fact, Ensure® a common used EF contains casein and soy proteins and their 

stability are rather good. The plant-based protein ingredients analyzed in the present study 

perhaps there were not the right ones to be used in liquid formulations. Currently, they present 

different physicochemical properties, according to their applications. The evaluation in the 

present work could be applied to one wider range of ingredients looking to optimize cost-

benefice for alternative home-used MPS at the ICUs in developing countries.  

An important issue of protein enrichment with both home-made or commercial clinical MPS 

of the standard enteral formulas is the sterility from preparation to patient delivery, which 

could induce gastrointestinal disturbances because contamination (Sinha et al., 2020). Perhaps 

the additional work to prepare the blends preserving sterility is one of the reasons because 

modular protein supplies are not well accepted by the nursing staff in some hospitals in 

Canada (Hopkins et al., 2019). In other countries, hospitals prepare EN formulas by dilution 

of commercial powders and in the study of one Iranian hospital, pretty soon formulas become 

contaminated with pathogen bacteria (Baniardalan et al., 2014). Therefore, it is necessary to 

apply protocols to preserve microbial safety for preparation and handling of EN formulas. 

Sterilization by microwaves can be easy and fast, but some blends increase viscosity, as it was 

ours which increased from 0.058 to 1.93 Pa sec, after this sterilization procedure. Our 

proposed whey protein isolate Hilmar™ 9010 is sterile and also the standard enteral formula 

does; therefore, the mix could be done close to a flame or under UV hood to maintain this 

quality. 

For enteral nutrition of critically ill patients, a low viscosity is indispensable to allow an 
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adequate flow through the feeding tube. The whey protein Hilmar™ 9010 added to Ensure® 

in our study to reach to 38% calories from protein, only increased the viscosity of the enteral 

formula alone from 0.033 to 0.058 Pa, in comparison to 0.158 Pa of the high protein 

commercial enteral formula. Currently, the blends for EN have higher levels of viscosity than 

the commercial EN formulas (Ojo et al., 2020), it was not for our blend. We did not add any 

emulsifier to our preparation because it was enough with the soy lecithin of Ensure® to 

maintain stability for 10 h; currently the change of formulas is done each 6-8 h.   

The addition of MPS to a standard EN formula for critically ill patients should provide a 

good-quality protein respect to quantity and quality of indispensable amino acids. Our whey 

protein samples, showed the highest in vitro digestibility and therefore, the best amino acids’ 

score. Currently, the whey protein isolates have good solubility and dispersibility allowing the 

in vitro and in vivo digestibility. In addition, their indispensable amino acids profile is perfect, 

with high sulfur-containing amino acids to contribute as an antioxidant and potentiate the 

immune function (Gala et al., 2020). As presented in results, the analyzed plant-based proteins 

were limited in the sulfur amino acids, except for amaranth, with low protein concentration 

and poor solubility.  

In addition to physicochemical and nutritional properties, there are additional exams which 

any ingredient for medical food must be met prior to administration. Lactose is an abundant 

milk disaccharide widely recognized as a dietary trigger for gastrointestinal disruption (Bae et 

al., 2021), inducing an osmotic effect that can lead to bloating and diarrhea. Therefore, EN 

formulas and MPS should be lactose free. The very low lactose concentration of the whey 

isolate Hilmar™ 9010 classify it as a lactose-free product. 

The selection of the protein source in nutritional support depends on multiple factors ranging 

from the characteristics of the population and access to input. High-protein EN formulas and 

MPS might be the easier option; however, those are not always affordable. 

Protein sources from food industry as Hilmar™ 9010 can be home-used as an alternative MPS 

because of its wide solubility, sanitization, nutritional quality, and viscosity when added to a 

standard EF. 
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Figure 1. SDS-PAGE patterns of MSP products, a dietary supplement and two 

proteins concentrates used as food ingredients. Lanes 1: molecular weight standards; 

2: Proteinex®; 3: Protebyn®; 4: Isopure®; 5: Casec®; 6: WPC80®; and 7: Hilmar™ 

9010. 
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Figure 2. Rheological time sweep at 5 % strain, 0.25 Hz and 37°C of A: commercial 

enteral formula Ensure®, B: Ensure® + Hilmar™ 9010, and C: High protein 

commercial enteral formula Nepro HP®. Storage (G´, ) and loss (G´´, ) moduli. 
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Table 1. Commercial name, protein source, content, and cost of modular protein 

supplements for medical purpose as well as ingredients for the food industry 

Brand 
Protein          

source 

Labeled   

Protein (%) 

Analyzed 

Protein (%) 

Cost/100 g        

(US dollar) 

Proteinex® Casein 90 98.2 8.2 

Protebyn® Casein 90 94.7 5.4 

Casec® Casein 86.5 88.1 6.8 

Isopure® Whey 80.6 79.6 6.5 

WPC80® Whey 80 84.5 1.1 

Hilmar™ 9010 Whey 87.5 88.4 1.1 

SoyPro 950® Soybean 90 91.7 0.5 

Protein concentrate Pea 80 86.9 1.2 

Protein concentrate Amaranth 39 27.2 0.6 
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Table 2. Content of representative indispensable amino acids in each protein type used in 

samples of modular protein and dietary supplements and food ingredients.  

Protein 
source       Lys     SAA* Thr Trp* 

In vitro 
digestibility 

Corrected 
AA score 

Req. > 3 y      48     23 25 6.6 

Caseins 75.9 30.1 43.3 12.2 91.5 0.92 

Whey 86.2 36.9 50.4 20.6 96.5 0.97 

Soybean 65.8 18.7 39.2 13.8 92.1 0.75 

Pea 58.1 21 37.1 6.7 86.9 0.79 

Amaranth 54.6 30.7 40.7 13.3 79.3 0.79 

*SAA: sulfur amino acids (Met + Cys) where Cys concentration was taken from published 

tables and also Trp.  
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