Salud Integral y Comunitaria. 2026; 4:272
doi: 10.62486/5ic2026272 AG

EDITOR

ORIGINAL

From Catabolism to Recovery: Optimizing Nutrition in Critically Ill Adults

Del catabolismo a la recuperacion: optimizacion de la nutricion en adultos en
estado critico

Marlon Carbonell Gonzalez'*” >4, Rosali Santiago Roibal?” <, Deborah Cabrera Rodriguez? <

'ntensive Care Unit, Miguel Enriquez Faculty of Medical Sciences, Havana, Cuba.
2All Behavior Community Inc., Florida, United States.
3Department of Orthopedic, University of Medical Sciences, Havana, Cuba.

Cite as: Carbonell Gonzalez M, Santiago Roibal R, Cabrera Rodriguez D. From Catabolism to Recovery: Optimizing Nutrition in Critically Ill
Adults. Salud Integral y Comunitaria. 2026; 4:272. https://doi.org/10.62486/sic2026272

Submitted: 28-06-2025 Revised: 03-09-2025 Accepted: 16-11-2025 Published: 01-01-2026
Editor: Dr. Telmo Raul Aveiro-Rébalo

Corresponding author: Deborah Cabrera Rodriguez >4
ABSTRACT

Introduction: nutrition is a critical component of care for critically ill adult patients, influencing morbidity,
mortality, and recovery in intensive care units (ICUs).

Objective: to summarize current evidence on nutritional requirements, interventions, and clinical outcomes
in adult ICU patients, highlighting strategies to optimize recovery and reduce complications.

Method: a comprehensive narrative review with a systematic literature search of PubMed, Embase, Cochrane
Library, and Web of Science (2010-2025) was conducted. Included studies comprised randomized controlled
trials, observational cohorts, meta-analyses, and guidelines reporting nutritional interventions and outcomes
in adult ICU populations. Studies on pediatric patients, non-ICU settings, or non-peer-reviewed sources
were excluded. Data on type and timing of nutritional support, caloric and protein targets, micronutrient
supplementation, and clinical outcomes (mortality, ICU length of stay, infections, mechanical ventilation
duration) were extracted.

Results: seventy-two studies met inclusion criteria. Early enteral nutrition (within 24-48 hours) and protein
intake of 1,2-2,0 g/kg/day improved nitrogen balance, reduced muscle wasting, shortened mechanical
ventilation duration, and decreased ICU-acquired infections. Micronutrient supplementation (vitamins D,
C, thiamine; selenium, zinc) and immunonutrition (arginine, omega-3 fatty acids, nucleotides) showed
promising but variable effects, particularly in surgical and trauma patients. Overfeeding was associated with
hyperglycemia and hepatic steatosis, while underfeeding correlated with catabolism and poor functional
recovery. Nutritional risk assessment using APACHE Il, NUTRIC, or mNUTRIC scores enabled individualized
interventions.

Conclusions: early, individualized nutrition is central to ICU care. Multidisciplinary coordination improves
outcomes. Future research should address precision nutrition, long-term recovery, and metabolic monitoring.

Keywords: Critical Illness; Intensive Care; Enteral Nutrition; Parenteral Nutrition; Protein Intake; Clinical
Outcomes.

RESUMEN

Introduccion: la nutricion es un componente fundamental de la atencion a los pacientes adultos en estado
critico, ya que influye en la morbilidad, la mortalidad y la recuperacion en las unidades de cuidados intensivos
(ucl).

Objetivo: resumir la evidencia actual sobre las necesidades nutricionales, las intervenciones y los resultados
clinicos en pacientes adultos ingresados en la UCI, destacando las estrategias para optimizar la recuperacion
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y reducir las complicaciones.

Método: se llevo a cabo una revision narrativa exhaustiva con una blsqueda bibliografica sistematica en
PubMed, Embase, Cochrane Library y Web of Science (2010-2025). Los estudios incluidos comprendian ensayos
controlados aleatorios, cohortes observacionales, metaanalisis y guias que informaban sobre intervenciones
nutricionales y resultados en poblaciones adultas de la UCI. Se excluyeron los estudios sobre pacientes
pediatricos, entornos no relacionados con la UCI o fuentes no revisadas por pares. Se extrajeron datos sobre
el tipo y el momento de la asistencia nutricional, los objetivos caléricos y proteicos, los suplementos de
micronutrientes y los resultados clinicos (mortalidad, duracion de la estancia en la UCI, infecciones, duracion
de la ventilacion mecanica).

Resultados: setenta y dos estudios cumplieron los criterios de inclusion. La nutricion enteral temprana (en
las primeras 24-48 horas) y la ingesta de proteinas de 1,2-2,0 g/kg/dia mejoraron el equilibrio nitrogenado,
redujeron la pérdida de masa muscular, acortaron la duracion de la ventilacion mecanica y disminuyeron
las infecciones adquiridas en la UCI. Los suplementos de micronutrientes (vitaminas D, C, tiamina, selenio y
zinc) y la inmunonutricion (arginina, acidos grasos omega-3 y nucleotidos) mostraron efectos prometedores,
aunque variables, especialmente en pacientes quirlrgicos y traumatologicos. La sobrealimentacion se asocio
con hiperglucemia y esteatosis hepatica, mientras que la subalimentacion se correlacioné con catabolismo
y mala recuperacion funcional. La evaluacion del riesgo nutricional mediante las puntuaciones APACHE Il,
NUTRIC o mNUTRIC permiti6 intervenciones individualizadas.

Conclusiones: la nutricion temprana e individualizada es fundamental para la atencién en la UCI. La
coordinacion multidisciplinar mejora los resultados. Las investigaciones futuras deben abordar la nutricion de
precision, la recuperacion a largo plazo y la monitorizacion metabdlica.

Palabras clave: Enfermedad Critica; Cuidados Intensivos; Nutricion Enteral; Nutricion Parenteral; Ingesta De
Proteinas; Resultados Clinicos.

INTRODUCTION

Critically ill patients represent one of the most vulnerable populations in modern medicine, facing
profound metabolic stress, rapid muscle wasting, and systemic inflammation that can drastically compromise
survival."2345% Malnutrition in the intensive care unit (ICU) is not merely a comorbidity - it is a modifiable
determinant of morbidity, prolonged mechanical ventilation, infection risk, and mortality."3#% Despite the
existence of comprehensive guidelines from SCCM, ASPEN, and ESPEN, nutritional support in critically ill adults
remains inconsistently applied due to patient heterogeneity, logistical challenges, and delayed assessment
of nutritional risk.("24% Recent evidence highlights that early, individualized, and targeted nutritional
interventions can significantly influence clinical outcomes, 2459 yet practical implementation remains
suboptimal. This review synthesizes contemporary evidence on energy and protein requirements, timing and
route of nutrition, micronutrient supplementation, and their impact on survival, functional recovery, and
ICU-acquired complications in adult critically ill patients, emphasizing strategies to translate guidelines into
effective bedside practice. 234578

METHOD
Study Design

We conducted a comprehensive narrative review with a systematic literature search to evaluate nutritional
strategies and clinical outcomes in critically ill adult patients admitted to intensive care units (ICUs) between
2010 and 2025.t2345 This approach integrates evidence from randomized controlled trials, observational
cohort studies, meta-analyses, and guideline statements to provide a robust synthesis of current best
practices.

Data Sources and Search Strategy:

Systematic searches were performed in PubMed, Embase, Cochrane Library, and Web of Science. Search
terms included combinations of MeSH headings and keywords such as “critical illness,” “ICU nutrition,”
“enteral nutrition,” “parenteral nutrition,” “energy requirements,” “protein intake,” and “clinical outcomes”.
1.2457) Boolean operators were used to refine results, and reference lists of included studies were screened for
additional relevant publications. 23457

Inclusion and Exclusion Criteria:

e Inclusion: Peer-reviewed studies in adult ICU patients reporting nutritional interventions and
associated clinical outcomes, including mortality, length of ICU stays, infection rates, and duration of
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mechanical ventilation. (2345910,
e Exclusion: Pediatric populations, outpatient settings, conference abstracts, non-peer-reviewed
literature, and studies lacking outcome data relevant to nutritional interventions.®7®

Data Extraction

Data were systematically extracted using a standardized template capturing study design, patient
demographics, severity of illness, nutritional interventions (type, route, timing, caloric and protein targets),
adjunctive therapies (micronutrient or immunonutrition), and key clinical outcomes. ®-10:11,17,18,19)

Data Synthesis and Analysis

Findings were synthesized narratively, emphasizing evidence-based associations between nutritional
strategies and clinical outcomes.-234% Tabular summaries were developed for caloric and protein targets,
route and timing of nutrition, micronutrient supplementation, and clinical endpoints, facilitating comparison
across study designs and patient populations. (*%345:9,10.10

Methodological Rigor

The review adhered to best practices for narrative synthesis, including dual screening of studies, verification
of data extraction, and transparent reporting of inclusion/exclusion decisions to enhance reproducibility and
credibility. 12345

RESULTS
Patient Population

A total of 12 348 adult ICU patients were included across 72 studies, with a mean age of 61 + 14 years and
58 % male. The primary ICU admissions were sepsis (32 %), trauma (24 %), postoperative care (20 %), and other
medical critical illnesses (figure 1) (24 %).(%34%

Initial search
PubMed, Embase, Cochrane
Web of Science
n= 1,250

Y
Removal of duplicates
n =350

Y
Title and abstract screening
n =900

|

Full-text articles assessed
n =160

Y

Studies included
n=72

Figure 1. PRISMA Flow Diagram of Study Selection

Flow diagram showing the search and selection process for studies on nutrition in critically ill adults. From
1 250 records, 72 studies were included after screening and eligibility assessment.

Nutritional Strategies

Early enteral nutrition was reported in 68 % of studies, typically initiated within 24-48 hours of ICU admission.
(1.245.12) parenteral nutrition was administered in 24 % of studies, generally after day 5 when enteral targets
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could not be achieved. 24512 Protein intake ranged from 1,2-2,0 g/kg/day, and total energy provision ranged
from 20-30 kcal/kg/day (table 1).(451213141) |mmunonutrition interventions, including arginine and omega-3
fatty acids, were evaluated in 15 studies, with benefits mainly observed in surgical ICU populations. 71819
Micronutrient supplementation (vitamin D in 11 studies, selenium in 9 studies, and thiamine in 7 studies)
showed variable impact on clinical outcomes (figure 2).¢7.18.19

Algorithm for nutrition
in critically ill patients

NUTRIC / APACHE Il
Early assessment to
stratify nutritional risk'sk

il

Enteral vs Parenteral

Prefer enteral if feasible; use
parenteral if contraindication to
enteral or not meeting goals

!

Protein and calorie goals
Protein: X g/kg/day
Calories: Y kcal/kg/day —
avanzar progressivelyly

Optional micronutrients
20- Vitamin D8 (59 Selenium
Based on clinical context

!

Daily reassessment

Monitoro tolerance, goals,
complicationes; adjust

Figure 2. Association of Macronutrient Delivery with ICU Outcomes (Heatmap)

Heatmap showing the effect of protein and calorie intake on ICU outcomes. Green = benefit, red = harm,
white = neutral. Protein 21,2 g/kg/day improved outcomes; excess calories (>25 kcal/kg/day) were harmful.

Clinical Outcomes

Early enteral nutrition was associated with a significant reduction in ICU-acquired infections (RR 0,78; 95 %
Cl 0,64-0,95) (table 2)."24512.13.1 Adequate protein provision correlated with preservation of lean body mass
and improved functional recovery at discharge. 451213141 Qverfeeding was linked to increased incidence
of hyperglycemia (23 %), whereas underfeeding was associated with prolonged mechanical ventilation (+2,3
days).®45
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Risk Stratification and Implementation

Patients with high nutritional risk scores (NUTRIC) and APACHE Il >25 demonstrated poorer responses to
nutritional interventions. 49 Early involvement of dietitians was associated with higher adherence to prescribed
caloric and protein targets and improved clinical outcomes. 3468

Energy and Protein Optimization:

Critically ill patients experience profound catabolic stress, underscoring the critical role of adequate protein
provision to preserve lean body mass and support recovery.:2345 |n severe conditions such as burns, trauma, or
sepsis, protein requirements may exceed 1,5 g/kg/day.*51213.1415.16 Qptimizing protein intake is associated with
improved nitrogen balance, reduced muscle wasting, and enhanced functional outcomes. (":45:12,13,14,15)

Timing and Route of Administration:

Early initiation of enteral nutrition (within 24-48 hours) maintains gut integrity, attenuates systemic
inflammation, and reduces the incidence of ICU-acquired infections (table 3).("245) Parenteral nutrition serves
as a secondary strategy when enteral feeding is contraindicated or insufficient, while combination approaches
(enteral plus supplemental parenteral) may optimize caloric and protein delivery in patients with refractory
nutritional deficits (figure 3).24512,13,14

Association of macronutrient delivery
with ICU outcomes
Protein Calories
(g/kg/day) (kcal/kg/dia
<1.0 >25

Benefit

ICU-acquired
infections

Mortality

| Neutral

Mechanical
ventilation
duration

Outcomes

Harm

Protein delivered
(g/kg/dia)

Figure 3. Algorithm for Nutrition in Critically Ill Patients
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Stepwise algorithm for ICU nutrition. Risk assessment guides enteral nutrition, with parenteral reserved
for contraindications. Protein 1,2-2,0 g/kg/day and energy 20-30 kcal/kg/day, adjusted daily with optional
micronutrients.

Micronutrients and Immunonutrition:

Targeted supplementation with vitamins (D, C, thiamine) and trace elements (selenium, zinc) may modulate
oxidative stress and support immune function.7.'8'% Vitamin D deficiency is prevalent in critically ill patients
and correlates with worse clinical outcomes."” Selenium and thiamine may enhance mitochondrial function
and contribute to improved metabolic resilience."® Immunonutrition strategies, including arginine and omega-3
fatty acids, show benefits predominantly in surgical and trauma populations.(7:1®

Clinical Implications

Protocolized nutrition with regular monitoring and individualized adjustment based on metabolic and
clinical status is essential for optimal outcomes. 23458 Close collaboration between intensivists, dietitians,
and nursing staff facilitates adherence to caloric and protein targets, reduces complications, and supports
recovery. (23458

Limitations

Study heterogeneity, variability in outcome definitions, and limited long-term functional follow-up constrain
the strength of current evidence.(234578 Further randomized controlled trials are needed to refine protein
dosing, caloric targets, and immunonutrition protocols across diverse ICU populations. 2345

Future Directions
¢ Integration of metabolic monitoring (e.g., indirect calorimetry) for precision caloric prescription.
e Exploration of precision nutrition approaches leveraging genomics, metabolomics, and proteomics.
e Long-term follow-up studies to evaluate functional recovery, preservation of muscle mass, and
quality of life in ICU survivors. 2345

CONCLUSION

Optimized nutrition remains a cornerstone of care for critically ill patients, directly influencing survival,
functional recovery, and complication rates. Current evidence strongly supports early enteral feeding with
adequate protein and energy provision, tailored micronutrient supplementation, and close multidisciplinary
coordination. Consistent adherence to evidence-based nutritional strategies is associated with reduced ICU-
acquired infections, shorter mechanical ventilation, and decreased length of ICU stay. Future research should
prioritize precision nutrition, integration of advanced metabolic monitoring, and long-term evaluation of
functional outcomes, aiming to translate emerging scientific insights into improved bedside care.

LIST OF ABBREVIATIONS
ICU: Intensive Care Unit.
SCCM: Society of Critical Care Medicine.
ASPEN: American Society for Parenteral and Enteral Nutrition.
ESPEN: European Society for Clinical Nutrition and Metabolism.
NUTRIC: Nutrition Risk in Critically Ill Score.
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