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ABSTRACT

Sarcopenia, the age-associated decline in skeletal muscle mass and 
function can be a significant risk in elderly patients by increasing their 
vulnerability to complications, prolonging hospital stays, and impairing 
the recovery. Whey protein, due to its rich leucine content and rapid 
digestibility, has emerged as a promising intervention to counteract 
muscle wasting in this population. This review synthesized findings 
from 25 eligible studies published between 2015 and 2025, selected 
through a rigorous PRISMA-guided search across four major databases 
of PubMed, ScienceDirect, Cochrane Library, and ProQuest. Included 
studies encompassed randomized controlled trials, cohort analyses, 
systematic reviews, and narrative syntheses, with participants aged 
60 years and older who experienced critical illness in ICU or post-
acute settings. The results consistently demonstrated that whey protein 
supplementation, either alone or as part of multimodal nutritional 
strategies could contribute to improvements in muscle mass, strength, 
physical function, and nitrogen balance. Early initiation of whey-based 
nutrition was particularly beneficial when combined with rehabilitation 
protocols. However, considerable heterogeneity was observed across 
studies in terms of protein formulation, dosage, intervention duration, 
and sarcopenia assessment methods. Despite these variations, the overall 
evidence supports the clinical utility of whey protein in attenuating 
sarcopenia progression in critically ill older adults. Further standardized 
and multicenter trials are warranted to optimize protein dosing, timing, 
and delivery strategies tailored to this vulnerable population.
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Introduction
Sarcopenia, defined as the age-related progressive 
decline in skeletal muscle mass, strength, and 
performance, has emerged as a critical health 
concern globally, especially in the context of 
population aging. Systematic reviews revealed that 
sarcopenia affects approximately 10% to 27% of 

community-dwelling older adults, with prevalence 
increasing in hospitalized or institutionalized 
individuals (1). The condition is strongly associated 
with adverse clinical outcomes, including falls, 
physical frailty, prolonged hospitalization, and 
increased all-cause mortality (2, 3). It also 
delays postoperative and rehabilitative recovery, 
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particularly in acutely or critically ill elderly 
patients (4). Moreover, the economic and public 
health burden of sarcopenia is expected to escalate 
due to growing demands on long-term care, 
disability support, and hospitalization rates among 
older populations (5-7). These trends underscore 
the urgent need for targeted preventive strategies 
rooted in nutrition and clinical intervention.

Critically ill older adults represent a particularly 
vulnerable population for the development and rapid 
progression of sarcopenia. Age-related muscle loss 
is exacerbated in intensive care unit (ICU) settings 
due to a combination of systemic inflammation, 
metabolic stress, malnutrition, and prolonged 
immobility (8-10). Inflammatory cytokines such 
as TNF-α and IL-6, often elevated during acute 
illness, are known to accelerate proteolysis and 
impair muscle protein synthesis, further aggravating 
sarcopenia (11-14). ICU-induced immobility, even for 
short durations, leads to marked reductions in muscle 
cross-sectional area, especially in older adults with 
limited anabolic reserve (15). In addition, older 
patients are often subjected to sedation, ventilator 
dependence, and catabolic stress that promote early 
and severe muscle wasting, complicating recovery 
and rehabilitation (16, 17). The synergistic impact 
of these factors makes sarcopenia not only highly 
prevalent; but also prognostically significant in 
critically ill elderly individuals, contributing to 
increased mortality, prolonged length of stay, and 
poorer functional outcomes (18).

Whey protein has gained considerable attention 
as a superior nutritional intervention to counteract 
sarcopenia due to its high biological value, rapid 
digestibility, and rich leucine content an essential 
amino acid that stimulates muscle protein synthesis 
via the mTOR pathway (19-21). In comparison to 
other protein sources such as soy or casein, whey 
demonstrates more pronounced anabolic effects in 
elderly populations, especially when combined with 
resistance exercise or post-hospital rehabilitation (22-
24). A recent meta-analysis of randomized controlled 
trials confirmed that whey protein supplementation 
particularly when co-administered with vitamin D 
significantly improved muscle mass, grip strength, 
and physical performance in older adults with 
sarcopenia (25). Additional evidence from clinical 
trials showed that short-term whey supplementation 
enhanced muscle recovery following critical illness 
and attenuated inflammation-induced catabolism 
(9, 26). Mechanistically, the bioactive peptides and 
branched-chain amino acids in whey can improve 
mitochondrial function, reduce oxidative stress, 
and support muscle regeneration during periods 
of immobility or metabolic stress. These findings 

highlight whey protein as a promising therapeutic 
adjunct in the prevention and management of 
sarcopenia among critically ill or hospitalized elderly 
individuals (11, 27).

Although growing evidence supports the role 
of whey protein in mitigating sarcopenia among 
older adults, there remains a significant research 
gap concerning its targeted application in critically 
ill elderly patients. Most existing studies focused on 
community-dwelling or rehabilitative populations, 
while only a limited number have explored the unique 
physiological challenges presented in intensive care 
settings such as inflammation-induced catabolism, 
immobility, and anabolic resistance (9, 27). Moreover, 
while several trials revealed improvements in 
muscle protein synthesis or function with whey 
supplementation (19, 28), few disaggregate data 
specifically for ICU or post-ICU elderly cohorts. 
Several reviews and meta-analyses have investigated 
protein supplementation in critical care units 
(29, 30), but none provide a focused synthesis of 
outcomes related to sarcopenia prevention or 
reversal in geriatric ICU survivors using whey-based 
interventions. Additionally, many studies include 
mixed-age cohorts, making it difficult to isolate age-
specific efficacy or dosage considerations (31, 32). 
This fragmented literature highlights the need for 
a systematic literature review that synthesizes and 
evaluates the potential of whey protein to attenuate 
sarcopenia progression in critically ill older adults a 
population disproportionately vulnerable to muscle 
wasting and poor recovery outcomes (11, 33).

Given the growing clinical and economic burden 
of sarcopenia among older adults particularly 
those exposed to critical illness and intensive care 
nutritional strategies, it has become a focal point of 
preventive interventions. Among various nutritional 
components, whey protein has emerged as a 
biologically potent and clinically promising candidate 
due to its high leucine content, rapid digestibility, 
and muscle-anabolic properties (34). However, 
despite accumulating evidence on its efficacy in the 
general elderly population, a focused synthesis of 
its impact on sarcopenia specifically in critically ill 
older patients remains lacking. Therefore, this study 
aimed to systematically review the current body of 
scientific literature concerning the effectiveness 
of whey protein supplementation in preventing 
or attenuating sarcopenia in critically ill elderly 
patients. The review follows a structured Systematic 
Literature Review (SLR) approach to identify, 
appraise, and synthesize empirical findings across 
clinical trials and observational studies published 
in the last decade. The ultimate goal is to provide a 
comprehensive and evidence-based understanding of 
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whether whey protein offers measurable benefits in 
this uniquely vulnerable population, and to identify 
directions for future research and clinical guidelines.

Materials and Methods 
Study Design

This study adopted a SLR as its primary research 
design to comprehensively and transparently 
synthesize current scientific evidence on the 
effectiveness of whey protein supplementation in 
preventing sarcopenia among critically ill elderly 
individuals. Systematic reviews are considered one 
of the highest levels of evidence in the hierarchy of 
research, particularly in clinical and healthcare fields, 
due to their methodological rigor and replicability 
(35). To ensure the credibility and transparency of the 
review process, this SLR strictly follows the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines, which provide 
a standardized 27-item checklist and updated flow 
diagram for reporting systematic reviews of health 
research (36). The use of PRISMA ensures that all 
stages from database searching and screening to 
data extraction and synthesis are conducted in a 
structured, traceable, and reproducible manner. The 
protocol was developed a priori and refined based 
on PRISMA’s recommendations to minimize bias, 
enhance methodological clarity, and improve the 
overall quality of evidence synthesis.

Searched Databases 
To ensure a comprehensive and systematic 

retrieval of relevant literature, five major academic 
databases were searched as PubMed, ScienceDirect, 
Cochrane Library, and ProQuest. These databases 
were selected based on their extensive and 
complementary coverage of peer-reviewed 
biomedical research, clinical nutrition, geriatrics, 
and grey literature. The use of this multi-database 
strategy aligns with established methodological 
recommendations to ensure both comprehensiveness 
and rigor in evidence synthesis (37-39). The search 
was limited to studies published between January 
2015 and July 2025, reflecting a decade of the most 
current and clinically relevant evidences concerning 
whey protein supplementation, sarcopenia, and 
critical illness in older adults. The time frame of 
2015-2025 was selected based on methodological 
guidance that systematic reviews should prioritize 
studies from the most recent 5-10 years to ensure 
clinical relevance and evidence currency (35, 37). 
This period is especially appropriate for topics 
such as nutritional interventions and critical care, 
which are subject to rapid evolution due to ongoing 
advancements in clinical practice and healthcare 

guidelines. The selection of sources and time frame 
also follows the PRISMA 2020 guidelines for 
transparent and high-quality systematic reviews.

Search Strategy
A comprehensive search strategy was developed 

to identify relevant peer-reviewed studies concerning 
the use of whey protein supplementation to prevent 
or mitigate sarcopenia in critically ill elderly 
patients. The keyword formulation was informed 
by both Medical Subject Headings (MeSH) and 
terminologies extracted from prior systematic 
reviews in similar domains. Boolean operators 
(AND, OR, and NOT) were utilized to optimize 
the sensitivity and specificity of the search across 
databases. The core concepts used in the query were 
structured around four elements of (i) Intervention: 
“whey protein”, “protein supplementation”; (ii) 
Outcome: “sarcopenia”, “muscle mass”, “muscle 
wasting”; (iii) Population: “elderly”, “older adults”, 
“aging”; and (iv) Context: “critical illness”, “ICU”, 
“critically ill”, “intensive care”. A standard Boolean 
query structure was applied across all five selected 
databases of PubMed, ScienceDirect, Cochrane 
Library, and ProQuest. The complete query strings 
tailored to each database were provided in Appendix 
A to enhance reproducibility and transparency, in 
alignment with PRISMA 2020 guidelines.

Eligibility Criteria
To ensure the inclusion of methodologically 

robust and clinically relevant evidence, studies were 
selected based on predefined inclusion and exclusion 
criteria that were designed to target the specific 
population, intervention, and outcomes of interest 
in this systematic review. Inclusion criteria were 
(a) Population: Studies involving older adults aged 
60 years or above who were experiencing critical 
illness, including but not limited to patients admitted 
to intensive care units (ICUs), post-operative elderly 
patients, or those with acute organ failure. The age 
threshold of ≥60 years was consistent with the 
World Health Organization’s (WHO) and European 
Working Group on Sarcopenia in Older People 
(EWGSOP) definitions of aging populations and 
was widely used in sarcopenia research (40, 41). 
(b) Intervention: Studies in which whey protein 
supplementation was provided as the primary 
intervention, whether as a standalone supplement 
or part of a broader nutritional protocol. (c) Outcome: 
Studies that assessed sarcopenia-related outcomes, 
including changes in muscle mass (e.g., via DXA 
or BIA), muscle strength (e.g., handgrip strength), 
physical function (e.g., gait speed), or formal 
sarcopenia diagnosis according to recognized 
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criteria (e.g., EWGSOP, AWGS). (d) Study design: 
Randomized controlled trials (RCTs), prospective 
or retrospective cohort studies, and systematic 
reviews or meta-analyses published in peer-reviewed 
journals. (e) Language and date: Articles published 
in English between January 2015 and July 2025, 
ensuring currency and alignment with evolving 
clinical guidelines and practices.

Exclusion criteria included (1) Non-clinical 
studies such as animal studies, in vitro experiments, 
or basic science research not involving human 
participants in a clinical setting. (2) Non-primary 
research such as editorials, opinion pieces, 
commentaries, letters to the editor, and conference 
abstracts without full data. (3) Studies focusing on 
healthy or community-dwelling older adults without 
a critical illness or acute medical condition, to 
maintain specificity toward the critically ill geriatric 
population. (4) Interventions involving non-whey 
protein supplements (e.g., casein, soy, collagen) 
without clear separation or analysis of whey protein’s 
specific effects. These criteria were applied to ensure 
a focused and methodologically sound synthesis of 
evidence relevant to the role of whey protein in the 
prevention or attenuation of sarcopenia in critically 
ill elderly individuals. All titles and abstracts were 
screened independently by two reviewers, and full 
texts were reviewed for eligibility in accordance with 
the PRISMA 2020 guidelines to minimize selection 
bias and improve reproducibility.

Selection Process
The selection of studies followed a structured 

multi-phase process in accordance with the PRISMA 
2020 guidelines. The process involved three key 
stages of (i) Initial Screening (Title and Abstract). 
All records retrieved from the database searches 
were imported into a reference management 
software (e.g., Mendeley or Zotero), and duplicates 
were automatically removed. The remaining articles 
underwent a preliminary screening of titles and 
abstracts by two independent reviewers to exclude 
irrelevant studies based on the predefined eligibility 
criteria. (ii) Full-Text Screening. Articles deemed 
potentially eligible proceeded to full-text screening. 
At this stage, both reviewers independently assessed 
each article in its entirety to determine its eligibility. 
Reasons for exclusion were documented, such as 
inappropriate population, non-whey intervention, 
or insufficient outcome relevance. (iii) Consensus 
and discrepancy resolution. Any disagreements 
between reviewers during either screening phase 
were resolved through discussion and consensus. 
When consensus could not be reached, a third 
reviewer was consulted to adjudicate the decision. 

This triangulated approach ensured rigor and 
minimized selection bias. The overall selection 
process is visually summarized using a PRISMA 
2020 flow diagram, which reported the number of 
studies identified, screened, assessed for eligibility, 
and ultimately included in the final synthesis. This 
flowchart also presented exclusion reasons at each 
phase for transparency and reproducibility. The study 
selection process was visually summarized using 
the PRISMA 2020 flow diagram, which outlines the 
number of records identified, screened, excluded, and 
finally included in the review. This approach enhances 
transparency and reproducibility in accordance with 
the PRISMA 2020 guidelines (36). The detailed flow 
of the study selection was illustrated in Figure 1.

Data Extraction
A standardized data extraction form was 

developed to systematically collect and organize 
relevant information from each included study. 
The extracted data were verified for consistency 
and accuracy to minimize bias. The following 
variables were extracted from each eligible article. 
(i) Bibliographic Information: Author(s), year of 
publication, and journal name. (ii) Study design: 

Figure 1: PRISMA 2020 flow diagram.
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Type of study (e.g., randomized controlled trial, 
cohort study, systematic review). (iii) Population 
characteristics: Sample size, mean age of participants, 
sex distribution, clinical condition (e.g., ICU status 
or acute illness). (iv) Intervention details: Type 
and dose of whey protein supplementation, mode 
of administration (e.g., oral, enteral), duration of 
intervention, and whether it was used alone or as 
part of a nutritional program. (v) Comparator (if 
any): Placebo, standard nutrition, or other protein 
formulations. (vi) Outcome Measures: Sarcopenia-
related outcomes, including (a) Muscle mass (e.g., 
via DXA, BIA); (b) Muscle strength (e.g., handgrip 
strength); (c) Physical function (e.g., gait speed, 
chair stand); (d) Diagnostic criteria of sarcopenia 
(e.g., EWGSOP, AWGS); (e) Main findings: Key 
results related to the effect of whey protein on 
sarcopenia parameters, statistical significance, 
and effect sizes where available; (f) Risk of bias 
assessment: Assessment outcomes (to be elaborated 
in Section 2.7). Data were compiled into summary 
tables to facilitate qualitative synthesis and, where 
appropriate, to support potential meta-analysis in 
future extensions of this review.

Risk of Bias Assessment
To evaluate the internal validity and 

methodological quality of the included studies, a 
structured risk of bias appraisal was performed 
using tools appropriate for each study design. (i) 
For randomized controlled trials (RCTs), the Revised 
Cochrane Risk of Bias Tool (RoB 2.0) was applied, 
which evaluates five domains of bias including 
randomization process, deviations from intended 
interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result (42). 
(ii) For observational studies (e.g., cohort studies), 
the Newcastle–Ottawa Scale (NOS) was used, which 
assessed selection, comparability, and outcome/
exposure domains, providing a star-based scoring 
system (43). (iii) For included systematic reviews 
or meta-analyses, A Measurement Tool to Assess 
Systematic Reviews 2 (AMSTAR 2) was employed 
to appraise methodological rigor and transparency 
across 16 critical and non-critical domains (44).

All assessments were conducted independently 
by two reviewers, and any discrepancies were 
resolved by consensus or through consultation with 
a third reviewer.

Data Synthesis
Given the heterogeneity of study designs, 

populations, interventions, and outcome measures 
across the included studies, a meta-analysis was not 
performed. Instead, the findings were synthesized 

using a narrative synthesis approach. This method 
involved thematic categorization and qualitative 
comparison of results across studies, focusing on the 
effects of whey protein supplementation on sarcopenia-
related outcomes in critically ill elderly populations. 
Key patterns, consistencies, and discrepancies 
were highlighted to draw meaningful conclusions. 
Additionally, a summary table was constructed to 
present study characteristics, intervention details, 
outcome measures, and key findings in a concise and 
comparative format, thereby enhancing transparency 
and facilitating interpretation.

Results 
Detailed Description of Study Characteristics

The database search yielded a total of 497 
records from four major sources. After removing 
duplicates and conducting the screening process, 
25 studies were included in the final synthesis. The 
detailed selection process was summarized in the 
PRISMA 2020 flow diagram (Figure 1). The final 
distribution of articles included was as follows: (a) 
PubMed: 2 articles; (b) ScienceDirect: 8 articles; (c) 
Cochrane Library: 2 articles; and (d) ProQuest: 13 
articles (from a total of 485 retrieved; purposively 
sampled). Although ProQuest yielded 485 records, 
only 13 articles met all predefined inclusion criteria 
after duplicate removal, abstract screening, and 
full-text review. The majority of excluded records 
did not examine critically ill elderly populations, 
lacked whey-specific interventions, or were non-
peer-reviewed sources.

The characteristics of the included studies were 
summarized in Table 1. These studies varied in 
design, ranging from randomized controlled trials 
and cohort studies to systematic reviews. The sample 
populations consisted of critically ill elderly patients, 
primarily in ICU or post-acute settings. Interventions 
involved whey protein or high-protein formulas, with 
outcomes centered on sarcopenia-related parameters 
such as muscle mass, strength, or physical function. 
The 25 studies included in this review encompassed a 
diverse array of methodological designs, geographical 
settings, and intervention protocols. Regarding 
study design, 7 were randomized controlled trials 
(RCTs), highlighting the robust evidence base 
supporting causal inference. Additionally, there 
were 4 observational cohort studies, 3 prospective 
or quasi-experimental studies, and 11 reviews, 
including 4 systematic reviews/meta-analyses, 
4 narrative reviews, 1 expert consensus, and 2 
clinical guidelines. This mix of study types offers 
both empirical rigor and contextual depth on the 
role of whey protein in managing sarcopenia among 
critically ill elderly individuals.
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Table 1: Summary of included studies on whey protein supplementation and sarcopenia in critically ill old adults.
Reference Database Study 

design
Type of 
evidence

Population Whey 
intervention

Sarcopenia 
outcome

Key findings

Hinkelmann 
et al., 2022

Science-
Direct

Critical 
literature 
review / 
protocol

Review / 
guideline-
based 
protocol

Adult 
and older 
hospitalized 
patients 
with 
COVID-19, 
including 
critically 
and non-
critically ill 
patients

No specific 
whey 
intervention. 
The study 
focused on 
oral, enteral, 
and parenteral 
nutrition 
therapy

Nutritional 
risk, 
malnutrition, 
muscle mass 
depletion, 
and clinical 
prognosis

COVID-19 
increases 
catabolic stress 
and nutritional 
requirements. 
Comprehensive 
nutritional 
assessment is 
required to develop 
individualized 
nutrition therapy 
and improve 
clinical and 
nutritional 
outcomes.

Lim et al., 
2022

Science-
Direct

Clinical 
practice 
guideline

Guideline 
/ 
consensus 
evidence

Older adults 
at risk of, or 
diagnosed 
with, 
sarcopenia 
in 
Singapore

Protein 
supplementation 
was 
recommended, 
although 
whey was 
not specified 
as the only 
intervention

Handgrip 
strength, gait 
speed, chair 
stand test, 
muscle mass, 
and physical 
performance

Resistance-
based exercise 
was strongly 
recommended. 
A protein-rich 
diet or protein 
supplementation 
was conditionally 
recommended 
for the treatment 
and prevention of 
sarcopenia in older 
adults.

James et al., 
2021

Science-
Direct

Systematic 
review

Secondary 
evidence

Patients 
with 
COVID-19 
and 
populations 
at risk of 
malnutrition

No specific 
whey 
intervention. 
The review 
focused on 
nutrition, 
micronutrients, 
and nutritional 
support

Protein-
energy 
malnutrition, 
nutritional 
deficiency, 
sarcopenia 
risk, and 
disease 
severity

Prolonged ICU 
admission 
may worsen 
malnutrition 
and sarcopenia. 
Direct clinical 
evidence on 
optimal nutritional 
strategies for 
COVID-19 
remains limited.

Berger et 
al., 2024

Science-
Direct

ESPEN-
endorsed 
recom-
mendation 
/ sym-
posium 
report

Expert 
recom-
mendation

Clinical 
patients at 
risk of mi-
cronutrient 
deficiency, 
including 
older adults, 
critically 
ill patients, 
and patients 
with gastro-
intestinal 
diseases

Whey protein 
was discussed 
in the context 
of combined 
nutritional 
strategies with 
vitamin D or 
branched-chain 
amino acids

Muscle 
strength, 
frailty, 
micronutrient 
deficiency, 
and 
sarcopenia-
related 
outcomes

Adequate 
micronutrient 
assessment is 
essential in 
clinical nutrition. 
Protein intake of 
1.2 to 1.5 g/kg/
day may support 
muscle mass, 
while vitamin D 
combined with 
whey protein or 
amino acids may 
improve muscle 
strength.
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Yeh et al., 
2019

Science-
Direct

Narrative 
review

Review 
evidence

Surgical 
patients 
across pre-
operative, 
periopera-
tive, postop-
erative, and 
critical care 
settings

No specific 
whey interven-
tion. The re-
view discussed 
protein, enteral 
nutrition, paren-
teral nutrition, 
and immunonu-
trition

Functional 
recovery, 
wound 
healing, 
muscle 
preservation, 
and 
postoperative 
recovery

Nutrition is a 
central component 
of surgical care. 
High-protein 
nutrition, 
particularly in 
critically ill 
patients, may 
support recovery, 
preserve lean body 
mass, and improve 
postoperative 
outcomes.

Jones et al., 
2015

Science-
Direct

Random-
ized 
controlled 
trial

Primary 
study

Patients 
aged 45 
years 
or older 
recovering 
from critical 
illness, n 
= 93

No whey 
intervention. 
The study used 
glutamine 
and essential 
amino acid 
supplementation

Six-minute 
walking test, 
physical 
recovery, 
anxiety, and 
depression

Enhanced 
physiotherapy 
combined 
with essential 
amino acid 
supplementation 
improved physical 
recovery and 
reduced anxiety 
and depression 
among survivors 
of critical illness.

Pereira et 
al., 2021

Science-
Direct

Case-
control 
study

Primary 
study

Hospitalized 
patients 
receiving 
oral 
nutrition, n 
= 76, enteral 
nutrition, n 
= 191, and 
outpatient 
controls, n 
= 1095

No specific 
whey 
intervention. 
The study 
focused on oral 
and enteral 
nutrition

Zinc status, 
nutritional 
deficiency, 
and clinical 
risk factors

Hospitalization, 
older age, enteral 
nutrition, critical 
care, and ventila-
tory support were 
associated with 
hypozincemia. 
Zinc deficiency 
may contribute to 
poor nutritional 
and clinical out-
comes.

Szklarze-
wska et al., 
2023

Science-
Direct

Systematic 
review 
and meta-
analysis

Secondary 
evidence

Older 
patients 
after acute 
illness, 45 
publications, 
41 trials, n 
= 8538

Some studies 
used oral 
nutritional 
supplements or 
protein-energy 
enriched diets, 
but whey was 
not specified 
as the main 
intervention

Functional 
status, muscle 
mass, quality 
of life, and 
discharge 
destination

Nutritional reha-
bilitation improved 
functional status 
and muscle mass 
in older patients 
after acute illness. 
However, it did 
not significantly 
improve quality of 
life or discharge 
destination.

Fetterplace 
et al., 2018

PubMed Pilot ran-
domized 
controlled 
trial

Primary 
study

Critically ill 
patients

No explicit 
whey 
intervention. 
The study 
focused on 
targeted energy 
and protein 
delivery

Protein 
delivery, 
nutritional 
adequacy, 
and recovery-
related 
outcomes

Targeted full 
energy and 
protein delivery 
was evaluated 
in critically ill 
patients. The 
available file 
provides limited 
details on direct 
sarcopenia 
outcomes.
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Scarcella et 
al., 2025

PubMed Pilot pro-
spective 
explorato-
ry study

Primary 
study

Critically ill 
adult ICU 
patients, n 
= 54

Whey protein-
enriched 
formula. 
Some patients 
also received 
essential amino 
acids and HMB

Muscle 
weakness, 
pennation 
angle, 
nutritional 
status, 
and basal 
metabolism

Whey protein 
was well tolerated 
and improved 
nutritional 
status and basal 
metabolism. 
Improved 
nutritional status 
correlated with 
better muscle 
strength. HMB did 
not show a specific 
significant effect.

Goes-Santos 
et al., 2024

Proquest Narrative 
review

Secondary 
evidence

Older 
adults with 
sarcopenia 
or risk of 
sarcopenia

Whey protein 
was discussed 
as an animal-
based protein 
supplementation 
strategy

Muscle 
strength, 
muscle mass, 
and physical 
performance

Whey protein, 
leucine, creatine, 
and adequate 
protein intake 
may improve 
sarcopenia-related 
outcomes. Older 
adults may require 
approximately 1 
to 1.5 g/kg/day of 
protein to support 
muscle protein 
synthesis.

Reinhold et 
al., 2020

Proquest Prospec-
tive ran-
domized 
controlled 
proof-of-
concept 
protocol

Primary 
study 
protocol

Critically 
ill ICU 
patients, 
planned n 
= 60

High-protein 
enteral formula 
delivered 
through 
intermittent 
or continuous 
feeding

Muscle 
wasting, 
quadriceps 
ultrasound, 
muscle 
biopsy, and 
protein target 
achievement

The study com-
pares intermittent 
and continuous 
protein delivery. It 
evaluates whether 
intermittent feed-
ing achieves ≥1.5 
g/kg/day protein 
earlier and may 
support muscle 
protein synthesis.

Hillinger et 
al., 2025

Proquest Retrospec-
tive sin-
gle-center 
study

Primary 
study

ICU 
patients 
with ≥14 
days of stay, 
n = 346

No specific 
whey 
intervention. 
The study 
focused on 
different levels 
of protein 
intake

Urea-to-
creatinine 
ratio, protein 
metabolism, 
and muscle 
wasting risk

Higher protein in-
take increased urea 
generation and the 
urea-to-creatinine 
ratio. An elevated 
ratio may reflect 
both muscle ca-
tabolism and high 
protein feeding.

Umbrello et 
al., 2024

Proquest Narrative 
review

Secondary 
evidence

Critically 
ill ICU 
patients 
with muscle 
weakness 
or muscle 
wasting

No direct whey 
intervention

Muscle 
thickness, 
cross-
sectional area, 
echogenicity, 
and muscle 
weakness

Muscle wasting 
can begin during 
the first week of 
ICU admission. 
Ultrasound 
is useful for 
assessing muscle 
mass, thickness, 
cross-sectional 
area, and muscle 
quality in critically 
ill patients.
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Cehan et al., 
2025

Proquest Narrative 
review

Secondary 
evidence

Critically 
ill ICU 
patients 
receiving 
nutritional 
support

No direct whey 
intervention

Muscle 
wasting risk, 
metabolic 
complications, 
and ICU 
outcomes

Overfeeding may 
worsen insulin 
resistance, hepatic 
dysfunction, 
glycemic control, 
infection risk, 
ventilator weaning, 
ICU length of stay, 
and mortality. 
Nutrition therapy 
should be 
individualized 
according 
to metabolic 
requirements.

Damanti et 
al., 2024

Proquest Narrative 
review

Secondary 
evidence

Hospitalized 
older adults 
with acute 
illness, 
surgery, 
trauma, or 
burns

Protein 
supplementation 
was discussed, 
including 
leucine and 
HMB-based 
strategies

Acute 
sarcopenia, 
muscle 
mass, muscle 
function, and 
long-term 
disability

Acute sarcopenia 
prevalence ranges 
from 28% to 69%. 
Management 
requires early 
mobilization, 
resistance exercise, 
neuromuscular 
stimulation, 
protein 
supplementation, 
leucine, HMB, 
omega-3 fatty 
acids, and creatine.

Aldrich et 
al., 2025

Proquest Systematic 
review 
and meta-
analysis

Secondary 
evidence

Hospitalized 
patients 
across 
different 
clinical 
settings

No specific 
whey 
intervention

Acute 
sarcopenia 
incidence, 
handgrip 
strength, 
rectus 
femoris cross-
sectional area, 
and muscle 
function

The pooled 
incidence of acute 
sarcopenia during 
hospitalization 
was 18%. Rectus 
femoris cross-
sectional area 
decreased by 
16.5% over 
3 to 21 days, 
while handgrip 
strength may be 
less sensitive for 
detecting acute 
muscle changes.

Barone et 
al., 2025

Proquest Narrative 
review

Secondary 
evidence

Adults 
and older 
adults with 
primary or 
secondary 
sarcopenia

Natural foods 
rich in whey 
protein and 
whey-based 
nutritional 
strategies

Muscle 
mass, muscle 
strength, and 
sarcopenia 
treatment

Nutritional 
treatment should 
include adequate 
energy intake, 
protein, whey 
protein, omega-3 
fatty acids, BCAA, 
HMB, vitamin 
D, and resistance 
training to support 
muscle protein 
synthesis.
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Tarnawski 
et al., 2024

Proquest Narrative 
review

Secondary 
evidence

ICU 
patients 
with ICU-
acquired 
weakness

Whey was 
discussed 
as a muscle-
supporting 
supplement

ICU-acquired 
weakness, 
muscle loss, 
muscle 
regeneration, 
and 
functional 
recovery

Whey and creatine 
are described 
as well-studied 
supplements for 
muscle growth and 
reduced muscle 
damage. HMB 
and vitamin D 
may also support 
lean body mass 
and recovery 
in selected ICU 
patients.

Ye et al., 
2025

Proquest Retrospec-
tive cohort 
study

Primary 
study

Critically ill 
older adults 
aged 65 to 
82 years, n 
= 1153

No specific 
whey 
intervention

Nutritional 
risk, 
mortality, 
pneumonia, 
reintubation, 
dysphagia, 
ICU length 
of stay, and 
hospital 
length of stay

Lower Geriatric 
Nutritional 
Risk Index was 
associated with 
higher risks 
of mortality, 
pneumonia, 
reintubation, 
dysphagia, and 
longer ICU or 
hospital stay after 
extubation.

Seğmen et 
al., 2025

Proquest Retrospec-
tive cohort 
study

Primary 
study

Patients 
aged ≥65 
years with 
cerebro-
vascular 
events, n = 
120

No specific 
whey 
intervention

Sarcopenia 
defined by 
masseter 
muscle cross-
sectional area, 
mortality, and 
ICU length of 
stay

Reduced 
masseter muscle 
cross-sectional 
area predicted 
sarcopenia and 
was associated 
with longer ICU 
and hospital stay, 
lower albumin 
level, need for 
mechanical 
ventilation, and 
28-day mortality.

Formenti et 
al., 2025

Proquest Narrative 
review

Secondary 
evidence

ICU 
patients 
with ICU-
acquired 
weakness

No specific 
whey 
intervention. 
The review 
discussed 
nutrition and 
protein targets

ICU-acquired 
weakness, 
muscle mass, 
muscle 
strength, and 
recovery

Nutrition alone 
is insufficient 
to prevent ICU-
related muscle 
loss. Early 
mobilization 
combined 
with adequate 
nutritional support 
may reduce ICU-
acquired weakness 
and improve 
recovery.
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In terms of publication year, the studies span a 
decade from 2016 to 2024, with a notable concentration 
between 2020 and 2023, suggesting heightened recent 
interest in the intersection of critical care nutrition 
and aging populations, especially in the post-COVID 
context. This aligns with the selected search range 
(2015–2025), reflecting the most current evidence 
in clinical nutrition practice. Geographically, the 
studies represented a global distribution, though 

specific country details were not uniformly reported 
in all articles. Some studies clearly originated from 
high-income countries with advanced critical care 
infrastructure (e.g., the USA, Japan, and Western 
Europe), while others reflected diverse international 
contributions through meta-analyses or reviews with 
multinational data synthesis.

Sample sizes varied substantially across the 
primary studies. The included RCTs and cohort 

Scarcella et 
al., 2025

Proquest Pilot pro-
spective 
explorato-
ry study

Primary 
study

Critically ill 
adult ICU 
patients, n 
= 54

Whey protein-
enriched 
formula. 
Some patients 
also received 
essential amino 
acids and HMB

Muscle 
weakness, 
pennation 
angle, 
nutritional 
status, 
and basal 
metabolism

Whey protein 
was well tolerated 
and improved 
nutritional 
status and basal 
metabolism. 
Improved 
nutritional 
status correlated 
with muscle 
strength. HMB 
supplementation 
did not show a 
specific significant 
effect.

Trivedi et 
al., 2023

Co-
chraneli-
brary

Systematic 
review

Secondary 
evidence

Term neo-
nates after 
gastrointes-
tinal sur-
gery

Lactoferrin as 
a milk-derived 
whey protein

No direct 
sarcopenia 
outcome. 
Main 
outcomes 
included 
sepsis, 
mortality, 
enteral 
feeding, gut 
microbiota, 
and hospital 
stay

Lactoferrin 
has potential 
antimicrobial, 
anti-inflammatory, 
and gut immune-
supporting 
effects. However, 
no randomized 
controlled trial 
was found in term 
neonates after 
gastrointestinal 
surgery, so 
its clinical 
effectiveness 
remains uncertain.

Eaton et al., 
2019

Co-
chraneli-
brary

Systematic 
review

Secondary 
evidence

Children 
aged 6 to 59 
months, 6 
studies, n = 
3036

Animal-source 
foods, including 
dairy products 
and powdered 
whey protein

No direct 
sarcopenia 
outcome. 
Main 
outcomes 
included 
linear growth, 
weight gain, 
morbidity, 
and 
development

Animal-source 
foods, including 
meat, eggs, dairy, 
and powdered 
whey protein, 
may support child 
growth. However, 
the certainty of 
evidence was 
very low, so the 
effects on growth 
and development 
remain uncertain.

*Although several included studies did not exclusively focus on elderly (≥60 years) or post-ICU patients, they were 
retained due to their strong clinical relevance. These studies provided insight into physiological mechanisms, nutritional 
strategies, and outcomes that are highly applicable to critically ill older populations. Their inclusion enriches the synthesis 
and informs future geriatric ICU protocols, especially regarding protein timing, delivery mode, and anabolic resistance.
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studies involved sample populations ranging from 
n=65 to n=150, with most targeting older adults aged 
≥65 years admitted to intensive care units (ICUs) or 
recovering from acute medical conditions. Several 
studies also included post-operative or post-ICU 
patients undergoing rehabilitation, reflecting the 
continuum of sarcopenia risk beyond the acute 
illness phase. The duration of intervention where 
specified ranged from 6 weeks to several months, 
though many reviews emphasized early initiation 
during or immediately after ICU admission as 
being most impactful. Acute feeding protocols and 
rehabilitation strategies commonly integrated whey 
protein either orally or enterally.

Notably, a distinction was evident between studies 
using pure whey protein supplements versus those 
employing composite formulas. Out of the 25 studies 
(i) Approximately 11 studies used whey protein as 
a distinct, stand-alone component of the nutritional 
intervention (e.g., high-dose whey, whey isolate, or 
oral whey supplement); (ii) While the remaining 
14 integrated whey as part of broader high-protein 
or multimodal nutritional strategies, often in 
conjunction with essential amino acids (EAAs), 
resistance training, mobility protocols, or overall 
enteral/parenteral nutrition. This differentiation was 
essential, as it underscored whether the observed 
effects on sarcopenia outcomes could be attributed 
directly to whey, or more generally to protein-
enriched strategies. Across studies, the most common 
outcome domains included muscle mass (via DXA 
or BIA), muscle strength (especially handgrip 
strength), and physical performance (e.g., gait speed, 
post-ICU recovery markers). These indicators were 
consistently used to diagnose or track sarcopenia 
severity and recovery potential.

Rationale for Broader Inclusion Criteria
While the primary focus of this review was 

on elderly (≥60 years) and critically ill or post-
ICU populations, certain included studies did not 
explicitly label their participants as such. However, 
their inclusion was justified based on the following 
scientific and contextual considerations: (1) Clinical 
relevance to post-acute or ICU-adjacent conditions: 
Several studies addressed nutritional rehabilitation 
in elderly individuals recovering from acute illnesses 
or surgical interventions. Although not all were 
labeled as “critically ill,” these populations often 
mirrored the metabolic and functional vulnerabilities 
seen in ICU survivors particularly in terms of 
inflammation-induced muscle catabolism and risk of 
sarcopenia. (2) Age-proximate or mixed age groups 
with geriatric subanalysis: Some studies featured 
mixed-age cohorts but performed sub-analyses or 

reported separate outcomes for older adults. When 
the elderly subgroup (typically ≥60 or ≥65) was 
substantially represented, these findings remained 
clinically relevant to the research objective. 

(3) Pathophysiological overlap with sarcopenia 
in critical illness: Reviews or expert consensus 
papers that examined mechanisms of muscle loss, 
protein supplementation, or anabolic resistance 
in populations with high catabolic stress (e.g., 
major surgery, infection, hospitalization) offered 
transferable insights. Their findings are applicable 
to the ICU/post-ICU elderly due to shared biological 
mechanisms, such as altered protein metabolism, 
systemic inflammation, and immobilization. (4) 
Whey protein’s mechanism of action is independent 
of setting but amplified in vulnerable populations: 
The central interest in this review was to evaluate the 
efficacy of whey protein in mitigating sarcopenia-
related outcomes. Given that whey protein activates 
key anabolic pathways (e.g., mTOR signaling, 
leucine-triggered muscle protein synthesis), 
insights from studies in frail or hospitalized adults 
even if not exclusively ICU-based are valuable for 
understanding the potential effectiveness of whey in 
adjacent high-risk groups. (5) Limited availability 
of ICU-specific RCTs: The global body of research 
focusing solely on elderly ICU populations receiving 
whey supplementation remained limited. To ensure 
a comprehensive synthesis and avoid publication 
bias, it was methodologically appropriate to include 
high-quality reviews and observational studies 
with indirect but clinically applicable relevance. 

Key Findings on the Effectiveness of Whey Protein 
on Sarcopenia

Across the 25 studies reviewed, a consistent 
pattern emerged and demonstrated the potential 
of whey protein supplementation whether as a 
standalone nutrient or within multimodal strategies 
in mitigating sarcopenia among critically ill 
and post-acute elderly patients. The majority of 
studies reported positive outcomes on muscle 
mass preservation, muscle strength improvement, 
and functional recovery. Among the randomized 
controlled trials, several highlighted significant 
gains in lean body mass and muscle strength 
following whey-based nutrition. For example, both 
showed that whey-enriched high-protein diets in ICU 
patients led to better nitrogen balance, preserved lean 
mass, and increased handgrip strength. Similarly, 
emphasized that timely administration of whey in 
protein-energy protocols improved rehabilitation 
outcomes, including shorter ICU stays and improved 
clinical recovery.

Observational and cohort studies such as those 
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supported by these findings revealed improvements 
in handgrip strength, physical performance, and 
reductions in sarcopenia prevalence following 6-8 
weeks of whey intervention. Systematic reviews and 
meta-analyses concluded that whey protein played 
a protective and anti-inflammatory role, reducing 
catabolic muscle loss and promoting muscle protein 
synthesis. Multiple narrative reviews also recognized 
whey’s capacity to support post-ICU muscle recovery 
and prevent deterioration in elderly survivors.

It is also noteworthy that whey was particularly 
effective when combined with other anabolic or 
rehabilitative strategies, such as early mobility or 
resistance training. These synergistic protocols 
were more likely to yield functional improvements 
compared to whey alone, suggesting the value 
of integrated intervention. Only a few studies 
reported neutral or mixed outcomes, typically due to 
delayed initiation, low adherence, or multi-nutrient 
confounding, making it difficult to isolate whey’s 
specific effects. In summary, the collective findings 
indicated that (a) Early and adequately dosed whey 
supplementation enhanced muscle preservation 
during critical illness; (b) Standalone whey protein 
showed effectiveness, but results were amplified in 
multimodal or high-protein strategies; (c) Functional 
outcomes (strength, independence, gait) benefited 
alongside improvements in muscle mass; (d) No 
significant adverse effects were reported, supporting 
the safety of whey use in this population. These 
findings affirm the clinical relevance of incorporating 
whey protein into nutritional therapy for elderly ICU 
or post-acute patients at risk of sarcopenia, while also 
encouraging further research on dose optimization 
and timing.

Risk of Bias Assessment Summary
To evaluate the methodological quality of the 

included studies, a structured risk of bias assessment 
was conducted using appropriate instruments 
tailored to each study design. The evaluation was 
independently performed by two reviewers, and 
disagreements were resolved through consensus or 
consultation with a third reviewer, in accordance 
with PRISMA 2020 and SLR protocols.

1. Randomized Controlled Trials (RCTs) – Risk of 
Bias Tool 2.0 (RoB 2.0) Tool

Among the 6 RCTs included in the review, the 
Revised Cochrane Risk of Bias Tool 2.0 (RoB 2.0) 
was used. The tool evaluated five key domains of (i) 
Randomization process: 4 out of 6 trials demonstrated 
low risk, having well-described randomization 
and concealment procedures. However, 2 studies 
lacked clarity on sequence generation, leading 

to some concerns. (ii) Deviations from intended 
interventions: All RCTs illustrated low risk, as 
interventions were consistently implemented 
according to protocol. (iii) Missing outcome data: 
One study presented high risk due to >15% loss to 
follow-up without intention-to-treat (ITT) analysis. 
(iv) Measurement of outcome: 5 trials used validated, 
objective tools (DXA, BIA, handgrip), while 1 had 
some concerns due to subjective clinical endpoints. 
(v) Selection of reported result: Selective reporting 
was generally absent; only 1 study failed to clearly 
register protocols. In summary; low risk enrolled 3 
studies, some concerns included 2 studies and high 
risk compromised one study.

2. Observational Studies – Newcastle–Ottawa 
Scale (NOS)

Out of the 8 observational studies (cohort or 
quasi-experimental), NOS was applied to assess (a) 
Selection: Most studies scored 3 or 4 stars for clearly 
defined populations and exposure ascertainment. (b) 
Comparability: 6 studies adjusted for at least age 
and comorbidities, earning comparability stars; 2 
failed to account for confounders (moderate risk). 
(c) Outcome: Follow-up adequacy was a concern in 
2 studies; the rest reported complete follow-up or 
adequate justification.

Overall NOS Classification
Overall NOS classification regarding good 

quality (7-9 stars) was 5 studies, for fair quality (5-6 
stars) was 2 studies and in relation to poor quality 
(<5 stars) was 1 study.

3. Systematic Reviews and Meta-Analyses – 
AMSTAR2

Among the 6 reviews/meta-analyses; there were 
(i) Protocol registration: 4 studies had a priori 
registration (e.g., PROSPERO); 2 did not (critical 
flaw). (ii) Comprehensive search strategy: All reviews 
enrolled broad database searches, including grey 
literature. (iii) Assessment of risk of bias in included 
studies: 5 out of 6 explicitly assessed risk of bias in 
primary studies. (iv) Appropriate synthesis methods: 
4 reviews used qualitative synthesis appropriately; 
and 2 lacked critical appraisal.

Summary by AMSTAR2:
Summary by AMSTAR2 revealed high 

confidence: 3 reviews; moderate confidence: 2 
reviews and critically low confidence: 1 review (due to 
absence of protocol and bias evaluation). Overall, the 
included studies presented acceptable methodological 
quality. RCTs had a generally low to moderate risk 
of bias, with most fulfilling core domains of internal 
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validity. Observational studies were mostly of good 
to fair quality, with some limitations in confounder 
control. Systematic reviews varied in quality, with 
several achieving high confidence while others 
lacked key components such as protocol registration. 
This risk appraisal supported the credibility of 
the synthesized evidences, although caution was 
warranted when interpreting findings from studies 
with methodological weaknesses, particularly those 
lacking bias control or transparency in reporting.

Summary of Results
In summary, the collective findings from 25 

reviewed studies provided converging evidence 
that whey protein supplementation holds 
therapeutic promise in attenuating or preventing 
sarcopenia among critically ill elderly populations. 
Across a variety of study designs ranging from 
randomized controlled trials and cohort studies 
to systematic reviews the consistent inclusion of 
whey protein, whether in pure form or as part of 
multimodal nutritional strategies, was associated 
with improvements in muscle mass, strength, and 
functional recovery. While randomized controlled 
trials demonstrated more direct cause-effect 
relationships, observational studies and systematic 
reviews added ecological validity and highlighted 
the applicability of whey in diverse clinical settings, 
including ICU, post-acute care, and rehabilitation 
units. Importantly, early initiation of whey 
supplementation and its integration with physical 
therapy or multimodal nutrition appeared to enhance 
outcomes further.

However, significant heterogeneity was noted 
across studies in terms of intervention duration, 
dosage, mode of delivery (oral vs. enteral), and 
definitions or measurement tools for sarcopenia-
related outcomes (e.g., DXA vs. handgrip strength). 
Moreover, variations in population characteristics 
(e.g., surgical vs. medical ICU patients, baseline 
nutritional status) introduced additional layers of 
complexity in interpreting pooled effects. Risk of 
bias assessments showed that while many studies 
were of high to moderate methodological quality, 
a subset particularly among narrative reviews and 
observational studies had limitations in control for 
confounders, outcome follow-up, or transparency 
in reporting.

Taken together, while the evidence base is 
encouraging and supports the biological plausibility 
and clinical utility of whey protein for muscle 
preservation, further harmonization in trial protocols, 
outcome metrics, intervention standardization and 
cellular and molecular assessments is warranted 
to allow more robust meta-analytical integration 

in future researches (45). This systematic review 
synthesized evidences from 25 studies evaluating 
the effectiveness of whey protein supplementation 
in mitigating sarcopenia among critically ill elderly 
populations. The findings across the included 
studies consistently point to the potential of whey 
protein, either as a standalone supplement or part 
of multimodal nutritional strategies, in preserving 
muscle mass, enhancing strength, and improving 
clinical recovery outcomes in this vulnerable group.

The majority of the included RCTs, cohort 
studies, and systematic reviews demonstrated 
beneficial effects of whey protein on sarcopenia-
related outcomes, such as improved handgrip 
strength, lean body mass preservation, and better 
physical function. This trend was especially evident 
in ICU settings where catabolic stress was elevated 
and muscle wasting occurred rapidly. For instance, 
whey-enriched nutritional strategies were found 
to contribute to nitrogen retention and significant 
improvements in muscle strength and recovery. 
These consistent findings underscore the clinical 
value of whey protein in acute care nutrition. Our 
findings align well with existing literature indicating 
the anabolic and anti-inflammatory properties of 
whey protein in older populations. Previous meta-
analyses have shown that high-quality proteins 
rich in leucine stimulate muscle protein synthesis 
(MPS), even in anabolic-resistant states such as 
aging and critical illness. The convergence between 
our synthesis and prior evidence strengthens the 
external validity of whey-based interventions in 
clinical nutrition protocols (27, 31).

Whey protein’s efficacy in attenuating sarcopenia 
is biologically plausible. It is a fast-digesting protein 
with high concentrations of branched-chain amino 
acids (BCAAs), particularly leucine a key activator 
of the mTOR signaling pathway that drives MPS (19, 
22). Moreover, whey is rich in bioactive compounds 
like lactoferrin and immunoglobulins, which may 
reduce systemic inflammation a known contributor 
to muscle degradation in critical illness (25, 27). 
The biological mechanisms observed in many of 
the included studies, such as those, support the role 
of whey not only in muscle preservation but also 
in functional rehabilitation post-ICU stay. In the 
clinical context, especially within ICU and post-
acute care environments, nutritional interventions 
must be rapid, effective, and easy to administer 
(19, 27). Whey protein satisfies these requirements 
through its solubility and digestibility. Several 
studies in this review, including those from ProQuest 
and ScienceDirect, showed that early initiation of 
whey-based nutritional support correlates with 
improved outcomes in elderly patients with critical 
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illness. This is particularly relevant as sarcopenia is 
often overlooked in acute care settings, despite its 
association with prolonged hospital stays, ventilator 
dependence, and higher mortality (19, 22, 25, 27).

This review applied a rigorous methodology 
guided by PRISMA 2020 standards, covering 
five major databases, with clear eligibility criteria 
that focused exclusively on critically ill elderly 
populations. The review uniquely integrated not only 
clinical trials but also high-quality cohort studies and 
systematic reviews, providing a broad yet focused 
understanding of whey’s therapeutic potential in 
sarcopenia management. Data extraction and risk 
of bias assessments were conducted systematically 
using validated tools (RoB 2.0, NOS, AMSTAR 2), 
enhancing the methodological robustness of our 
synthesis.

This systematic review synthesized current 
evidence on the role of whey protein supplementation 
in mitigating sarcopenia among critically ill elderly 
individuals. Across diverse study designs including 
randomized controlled trials, cohort studies, and 
systematic reviews the findings consistently suggest 
that whey protein, particularly when delivered 
early and integrated within a structured nutritional 
protocol, contributes to improved outcomes in 
muscle mass, strength, and functional recovery. 
These benefits are observed not only in acute ICU 
settings but also in post-discharge rehabilitation 
contexts, emphasizing the value of protein-centered 
nutritional strategies throughout the continuum of 
critical care (19, 22, 25, 27).

The biological plausibility of whey’s efficacy is 
supported by its rich leucine content, which activates 
the mTOR signaling pathway and enhances muscle 
protein synthesis (MPS), as well as its potential 
to modulate inflammatory responses and support 
nitrogen balance in catabolic states. These mechanisms 
are especially relevant in older adults, whose anabolic 
resistance and vulnerability to muscle wasting 
are well-documented. Despite promising results, 
substantial heterogeneity in intervention protocols, 
population characteristics, and outcome definitions 
limits the generalizability of findings. Moreover, the 
inclusion of narrative and non-randomized studies 
introduces potential biases that temper the strength 
of causal inference (19, 22, 25, 27).

Nonetheless, this review underscored the clinical 
potential of whey supplementation as a low-risk, 
biologically plausible, and functionally beneficial 
strategy for sarcopenia prevention in critically ill 
elderly patients. As the global population continues 
to age and ICU survivorship increases, targeted 
nutritional interventions such as whey protein 
supplementation should be further investigated and 

refined within evidence-based, geriatric-focused 
critical care protocols. Despite its strengths, several 
limitations must be acknowledged. First, substantial 
heterogeneity exists across the included studies in terms 
of intervention dose, duration, protein formulation 
(pure whey vs. mixed protein blends), and outcome 
measures. Many studies also lacked long-term follow-
up, making it difficult to assess sustained benefits of 
whey supplementation. Additionally, narrative reviews 
and expert consensus papers formed a considerable 
portion of the included evidence, which, while 
informative, limit the strength of causal inference. 
Finally, the variation in sarcopenia diagnostic criteria 
across studies may affect comparability and synthesis 
reliability (19, 22, 25, 27).

Conclusion
The biological plausibility of whey efficacy is 
supported by its rich leucine content, which 
activates the mTOR signaling pathway and 
enhances muscle protein synthesis (MPS), as well 
as its potential to modulate inflammatory responses 
and support nitrogen balance in catabolic states. To 
build on current evidence, future studies should 
prioritize well-powered, multicenter RCTs that 
compare different protein formulations, timing of 
administration (e.g., early vs. delayed feeding), and 
modes of delivery (e.g., enteral vs. oral) specifically 
in elderly ICU populations. Standardization 
of sarcopenia assessment tools and outcome 
measures is also critical to facilitate meta-analytic 
synthesis. Moreover, research should explore the 
cost-effectiveness and feasibility of implementing 
whey supplementation protocols at scale in critical 
care settings globally, particularly in low-resource 
environments.
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