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Supplementary Methods
Literature search and evidence identification
The primary PubMed/MEDLINE search was executed on 24 August 2026 and covered publications from 1 January 2016 to 30 July 2026. The core free-text query was: (("critical illness"[Title/Abstract] OR "critically ill"[Title/Abstract] OR "intensive care"[Title/Abstract] OR ICU[Title/Abstract]) AND (protein*[Title/Abstract] OR "amino acid"[Title/Abstract] OR "amino acids"[Title/Abstract])). PubMed filters were then applied for adults (19+ years) and article type (Randomized Controlled Trial, Systematic Review, or Meta-Analysis), with the publication-date range specified above. The search returned 306 records. After title screening, 66 records were considered potentially relevant and their abstracts were assessed. Fifty-five reports were selected for full-text assessment: 20 were directly relevant to the principal clinical evidence synthesis and 35 provided complementary mechanistic, physiological or contextual evidence.

A second, targeted search stage was used to identify mechanistic and contextual evidence required to interpret the clinical findings and formulate prospective research hypotheses. Targeted searches addressed muscle protein synthesis and anabolic resistance; body composition, fat-free mass and dosing denominators; acute kidney injury and renal replacement therapy; urea and the urea-to-creatinine ratio; phosphate and metabolic response; gastrointestinal function; rehabilitation, mobilisation and exercise; and post-ICU recovery. Backward reference-list screening of key trials, systematic reviews, guidelines and relevant narrative reviews was used to identify additional landmark or mechanistic studies. Preclinical studies were not systematically searched and were included only selectively where required to support specific physiological concepts. Targeted contextual searches were updated during revision to incorporate directly relevant evidence published after the primary search cut-off.

This evidence-identification strategy was designed to support a narrative synthesis rather than an exhaustive systematic review. Independent duplicate screening, formal risk-of-bias assessment and prospective registration were therefore not undertaken.

Supplementary Table S1. Terminology relevant to muscle and nutritional phenotyping in critical illness

	Concept
	Concise definition
	Important distinction in critical illness
	Reference(s)

	Malnutrition
	A diagnosis based on evidence of a phenotypic criterion (e.g. weight loss, low BMI or reduced muscle mass) together with an aetiologic criterion (reduced intake/assimilation or inflammation/disease burden) after nutrition-risk screening.
	Acute inflammation is common in ICU patients; diagnosis should not be inferred from a single laboratory or body-composition value.
	[62]

	Sarcopenia
	A muscle disease in which low muscle strength is the key characteristic; low muscle quantity or quality confirms the diagnosis and poor physical performance indicates severe sarcopenia.
	Pre-existing sarcopenia is distinct from acute ICU-related muscle loss. Low muscle mass alone is not synonymous with sarcopenia.
	[21,63]

	ICU-acquired weakness
	New, diffuse and usually symmetrical weakness developing during critical illness without another plausible cause; it may reflect critical illness polyneuropathy, myopathy or both.
	A clinical/neuromuscular syndrome rather than a body-composition diagnosis; assessment generally requires an awake and cooperative patient.
	[25,26]

	Frailty
	A state of reduced physiological reserve and increased vulnerability to stressors; the classic physical phenotype includes weakness, slowness, low activity, exhaustion and unintentional weight loss.
	Frailty is multidimensional and is not equivalent to malnutrition, sarcopenia or low muscularity.
	[64]

	Cachexia
	A complex metabolic syndrome associated with underlying illness and characterised by loss of muscle with or without loss of fat mass, commonly accompanied by weight loss and inflammatory/metabolic disturbance.
	Cachexia is not synonymous with inadequate nutritional intake and may not be fully reversed by nutrition alone.
	[65]

	Low muscularity
	Low muscle quantity identified by imaging or body-composition assessment relative to a specified reference or cut-off.
	A descriptive phenotype rather than a disease diagnosis; thresholds vary by method, muscle site, sex and population.
	[19-21,55,56]

	Obesity / sarcopenic obesity
	Excess adiposity, with sarcopenic obesity referring to coexisting excess adiposity and impaired muscle mass and function.
	Actual body weight may be a poor dosing denominator, but no alternative body-composition-based protein prescription has yet improved patient-centred outcomes in an RCT.
	[60,61,66]



Abbreviations: BMI, body mass index; ICU, intensive care unit; RCT, randomised controlled trial.

Supplementary Table S2. Methods used to assess muscle mass and body composition and their main limitations in critically ill patients

	Method
	What it assesses
	Strengths
	Principal limitations in critical illness
	Current role

	Computed tomography (CT)
	Cross-sectional skeletal muscle area and radiodensity/quality, usually at predefined anatomical levels.
	High anatomical detail; opportunistic use of clinically acquired scans; established research methodology.
	Not obtained for nutrition monitoring; timing and anatomical level vary; radiation/transport preclude protocolised serial measurement; cut-offs are population dependent.
	Phenotyping and retrospective/prospective research; not validated to determine an individual protein requirement [40,55].

	Muscle ultrasound
	Muscle thickness, cross-sectional area, echogenicity and architecture.
	Bedside, repeatable and radiation free.
	Operator and protocol dependent; compression, positioning and oedema affect measurements; standardisation and reference thresholds remain incomplete.
	Serial structural assessment in research and selected practice; not a stand-alone dosing tool [56].

	Bioelectrical impedance analysis (BIA)
	Estimates body water, fat-free mass and related electrical measures such as phase angle.
	Rapid, bedside and potentially repeatable.
	Strongly influenced by fluid shifts, electrode placement, device and prediction equation; assumptions may be violated during critical illness.
	Phenotyping and trajectory assessment when methods are standardised; not validated to calculate protein requirement [57,58,60].

	Dual-energy X-ray absorptiometry (DXA)
	Whole-body and regional lean soft tissue and fat mass.
	Well-established reference method in stable populations.
	Requires transport and stable positioning; influenced by hydration; rarely feasible for serial ICU assessment.
	Research or post-ICU assessment rather than routine acute ICU monitoring [19,61].

	Anthropometry: calf circumference and mid-upper-arm circumference
	Simple surrogate measures of peripheral muscle size and nutritional phenotype.
	Low cost, bedside, rapid and repeatable.
	Strongly affected by oedema, adiposity, positioning, landmarking and population-specific cut-offs; limited sensitivity to short-term structural change.
	Screening and longitudinal research when standardised; not validated to determine an individual protein requirement [19,63].

	Magnetic resonance imaging (MRI)
	Detailed regional and whole-body muscle volume, composition and tissue characteristics.
	High anatomical detail without ionising radiation; reference-quality research assessment.
	Requires transport, substantial logistical resources and prolonged positioning; generally unsuitable for serial assessment during acute critical illness.
	Research/reference method and selected post-ICU assessment; not applicable to routine acute ICU protein prescription [19,61].


Reference numbers in the Supplementary Material correspond to the reference list in the main manuscript.
Abbreviations: BIA, bioelectrical impedance analysis; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; ICU, intensive care unit; MRI, magnetic resonance imaging; RCT, randomised controlled trial.
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