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1. Abstract 

Background: Disease-related malnutrition in medical inpatients is highly prevalent and 

associated with significantly increased morbidity, disability, short- and long-term mortality, 

impaired recovery from illness, and cost of care. Nutritional support has been shown to be an 

effective treatment to reduce these risks. Yet, there is growing evidence suggesting that not all 

patients respond equally to nourishment and individualization to the patient's specific situation 

is needed. Addressing the heterogeneity in treatment responses and translating the findings 

into clinical practice through evidence-based recommendations are thus two major challenges 

for improving nutritional care in the future. 

Methods: This work combines two different methodological approaches, including (a) updating 

the treatment guideline for nutritional support of polymorbid patients in collaboration with the 

European Society of Clinical Nutrition and Metabolism (ESPEN) based on a systematic review 

and meta-analysis process with development of recommendations regarding individualization 

of treatment, and (b) using clinical data from the randomized controlled Effect of early 

nutritional therapy on Frailty, Functional Outcomes, and Recovery of malnourished medical 

inpatients Trial (EFFORT) to investigate the use of specific biomarkers and amino acids (i.e., 

arginine, glutamine and tryptophan) as well other parameters to improve the prediction of 

treatment response. 

Results: In 2023, we updated the ESPEN guideline based on new evidence. It now comprises 

32 instead of 22 recommendations covering several aspects of nutritional support including 

indication, route of feeding, energy and protein targets, micronutrient requirements, monitoring, 

and intervention procedures, as well as three new recommendations on individualization of 

nutritional therapy. In several analyses using the EFFORT trial data, we found that the 

metabolism of the amino acids arginine, glutamine and tryptophan provided prognostic 

information on the occurrence of adverse clinical outcomes but did not help to predict response 

to nutritional treatment. In an additional analysis, we found that adapting nutritional risk scores, 

by removing parameters reflecting disease severity, improved their predictive value for 

treatment response. Patients having high adapted scores showed a significant survival benefit 

from nutritional support, whereas this was not observed for patients having low adapted scores.  

Conclusion: This work focuses on the individualization of nutritional care for medical 

inpatients through the elaboration of clinical guidelines and specific analysis of new parameters 

in a large treatment trial. This is an important step in translating new research findings on 

malnutrition phenotyping, underlying pathophysiology and treatment response into clinical 

practice and may help to improve treatment of patients in the near future. 
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1.1 Graphical abstract 
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1.2 Abstract German 

Hintergrund: Krankheitsbedingte Mangelernährung bei stationären Patienten ist weit 

verbreitet und geht mit einer deutlich erhöhten Morbidität, kurz- und langfristigen Mortalität, 

einer beeinträchtigten Genesung und hohen Behandlungskosten einher. Es konnte gezeigt 

werden, dass die Ernährungstherapie eine wirksame Behandlung zur Verringerung dieser 

Risiken darstellt. Es gibt jedoch zunehmend Hinweise darauf, dass nicht alle Patienten 

gleichermaßen auf die Ernährungsintervention ansprechen und dass eine individuelle 

Anpassung an die spezifische Situation des Patienten erforderlich ist. Der Umgang mit der 

Heterogenität im Therapieansprechen und die Umsetzung der Erkenntnisse in die klinische 

Praxis durch evidenzbasierte Empfehlungen sind daher zwei wesentliche Herausforderungen 

für die Verbesserung der zukünftigen Ernährungsversorgung.  

Methoden: In dieser Arbeit werden zwei verschiedene methodische Ansätze kombiniert: (a) 

die Aktualisierung der Behandlungsleitlinie zur Ernährungstherapie polymorbider Patienten in 

Zusammenarbeit mit der European Society of Clinical Nutrition and Metabolism (ESPEN) auf 

Grundlage einer systematischen Übersichtsarbeit und Metaanalyse mit der Entwicklung von 

Empfehlungen zur Individualisierung der Behandlung und (b) die Verwendung klinischer Daten 

aus der randomisierten kontrollierten Studie Effect of early nutritional therapy on Frailty, 

Functional Outcomes, and Recovery of malnourished medical inpatients Trial (EFFORT), um 

die Verwendung spezifischer Biomarker und Aminosäuren (bspw. Arginin, Glutamin und 

Tryptophan) sowie anderer Parameter zu untersuchen, um die Vorhersage des 

Behandlungserfolgs zu verbessern. 

Ergebnisse: Die aktualisierte Leitlinie enthält 32 anstatt 22 Empfehlungen, die verschiedene 

Aspekte der Ernährungstherapie abdecken, darunter Indikation, Art der Ernährung, Energie- 

und Proteinziele, Mikronährstoffbedarf, Überwachung und Interventionsverfahren, sowie drei 

neue Empfehlungen zur Individualisierung der Ernährungstherapie. In mehreren Analysen mit 

Daten der EFFORT-Studie stellten wir fest, dass die Metabolite des Aminosäurestoffwechsels 

von Arginin, Glutamin und Tryptophan zwar prognostische Informationen über das Auftreten 

negativer klinischer Outcome liefert, aber nicht zur Vorhersage des Ansprechens auf eine 

Ernährungstherapie beiträgt. In einer weiteren Analyse, die einen anderen Ansatz verfolgte, 

zeigte sich, dass ein umgerechneter Screening-Score für Mangelernährung, der keine Punkte 

für krankheitsspezifische Faktoren berücksichtigt, das Therapieansprechen besser 

vorhersagt. Patienten mit einem hohen umgerechneten Score hatten einen deutlichen 

Überlebensvorteil durch die Ernährungstherapie, während dies bei Patienten mit einem 

niedrigen angepassten Score nicht der Fall war. 
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Schlussfolgerung: Diese Arbeit konzentriert sich darauf, die Ernährungstherapie für 

stationäre, medizinische Patienten zu individualisieren, indem sie eine klinische Leitlinie 

aktualisiert und neue Parameter zu Individualisierung in einer großen Behandlungsstudie 

analysiert. Dies ist ein wichtiger Schritt um neue Forschungsergebnisse zur Phänotypisierung 

von Mangelernährung, ihrer zugrunde liegenden Pathophysiologie und dem 

Therapieansprechen in die klinische Praxis zu übertragen und kann somit zu einer zukünftig 

besseren Behandlung von Patienten beitragen.  
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2. Introduction 

2.1 Malnutrition  

2.1.1 Relevance, classification, pathogenesis 

As stated by the World Health Organization, malnutrition encompasses deficiencies, excesses, 

or imbalances in an individual’s consumption of energy or nutrients. This includes three 

categories of conditions: undernutrition, micronutrient-related malnutrition, overweight, and 

diet-related non-communicable diseases. [1] The European Society of Clinical Nutrition and 

Metabolism (ESPEN) defines malnutrition as “a state resulting from lack of intake or uptake of 

nutrition that leads to altered body composition (decreased fat free mass) and body cell mass 

leading to diminished physical and mental function and impaired clinical outcome from 

disease”. [2] However, there is no universally valid definition. Due to the demographic change 

and with advances in medical treatment, there is a rising number of patients who are older 

than 65 years and will have a complex combination of chronic diseases and comorbidities. [3] 

Particularly in this patient population disease‐related malnutrition has become a matter of 

growing concern. In Europe, data reveals that up to a third of inpatients suffer from malnutrition 

or are at risk of malnutrition upon admission to the hospital. [4, 5] In addition, a patient’s 

nutritional status often deteriorates during hospitalization due to illness-related loss of appetite, 

the necessary fasting for diagnostic studies, side-effects from medication, diseases affecting 

the normal function of the gut, inadequate inpatient nutrition management, and disease-related 

and disuse-related wasting. [6] Malnutrition, especially in the mostly elderly, chronically ill 

medical patients contributes to harmful metabolic consequences, such as catabolism and 

muscle wasting and poses a substantial burden on health, social, and aged-care systems. [3, 

7] Additionally, there is a strong association between malnutrition and an increased risk of 

adverse clinical outcomes, including increased morbidity and mortality, functional decline, and 

prolonged hospitalization. [8, 9] These associations do not depend on the underlying medical 

condition and thus emphasize the need for appropriate nutritional support as part of holistic 

hospital care. [10] 

Malnutrition may result from several factors: starvation, illness (e.g., polypharmacy, 

inflammatory mechanisms, and impaired absorption or assimilation of nutrients), immobility-

induced muscle wasting, [11] and older age or social isolation. [12] The pathogenesis is 

complex and multifactorial. However, inflammation has been discovered as a main driver of 

malnutrition, influencing our metabolism in many ways. The systemic response to a stressor 

or disease [13] involves a variety of processes that are evolutionarily conserved [14] and 
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particularly affect the immune system, the sympathetic nervous system and the hypothalamic-

pituitary-adrenal axis. [15-17] The activation of this cascade stimulates the release of stress 

hormones like catecholamines such as adrenalin and noradrenalin or cortisol, catecholamines. 

On the other hand, sex hormones, thyroid hormones and other peripheral hormones decrease. 

[15] The conversion of thyroxine (T4) to triiodothyronine (T3) through deiodination is decreased 

as part of an endocrine adaption. This observed drop in T3 levels is related to the severity of 

disease and could be seen as a metabolic mechanism to lower energy consumption and 

reduce catabolism. [18] Depending on the strength of the reaction, however generally, the 

entire neuroendocrine and inflammatory reaction together lead to the mobilization of energy 

stores. [13] Fatty acids are released from lipolysis, glucose is degraded from glycolysis, 

glycogenolysis and gluconeogenesis, and in the muscle amino acids are released from 

proteolysis. Muscle wasting is one of the serious consequences of depleting energy reserves 

and is exacerbated by excess cortisol, which impairs protein synthesis. [13, 19, 20] At the same 

time insulin-dependent glucose transporters in the peripheral tissue are downregulated thereby 

causing stress hyperglycemia [21]. Meanwhile pro-inflammatory cytokines such as interleukin 

6 (IL-6), interleukin 1β (IL-1β) and tumor necrosis factor α (TNFα) are released, initiating 

various processes that contribute to the pathogenesis of malnutrition. For example, they have 

an anorectic effect on brain circuits, reduce appetite, delay gastric emptying, and have a 

catabolic effect on skeletal muscle, which leads to a loss of muscle mass. [6, 16, 22, 23]. The 

effects of the above-mentioned proinflammatory cytokines on skeletal muscle are mediated by 

numerous mechanisms, such as inhibition of muscle protein synthesis, activation of the 

ubiquitin-proteasome system and autophagy, two mechanisms involved in muscle breakdown 

and impairing myogenesis. [24] 

2.1.2 Screening and diagnosing malnutrition 

Defining or classifying malnutrition has historically been a challenge due to the lack of a true 

gold standard. However, in 2016, the Global Leadership Initiative on Malnutrition (GLIM) was 

launched by several of the major global clinical nutrition societies, bringing together global 

experts who agreed on a two-step approach to diagnosing malnutrition in 2019. [25] In a first 

step, nutritional screening is recommended to identify patients at risk of malnutrition with a 

validated tool. Today, several easy‐to‐use screening tools for assessing the malnutrition risk 

exist, which differ in terms of target group, validity, agreement, and reliability. [3, 26] Among 

these scores, the screening tool Nutritional Risk Screening (NRS) 2002 [27] and the 

assessment tool Mini Nutritional Assessment (MNA) [28] are widely used and quick to perform. 

Both were developed and validated on the basis of prospective studies that showed a 

prediction of the development of malnutrition or generally adverse clinical outcomes with the 

tools. 
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The second step is to apply more specific criteria. At least one phenotypic criterion 

(unintentional weight loss, low body mass index (BMI), and reduced muscle mass) and one 

etiologic criterion (reduced food intake or assimilation, and inflammation or disease burden) 

must be present to diagnose malnutrition. [6, 25] The GLIM criteria have been derived based 

on a strong pathophysiological rationale and their prognostic value is well documented in 

several studies. [29, 30] However, current definitions for malnutrition or risk for malnutrition 

conflate wasting due to disease and wasting due to starvation [25, 31], potentially limiting their 

ability to accurately predict the effectiveness of nutritional interventions. 

 

2.2 Evidence-based treatment approach 

2.2.1 Decision making in clinical practice 

The concept of evidence-based decision making in clinical practice was raised in the 1970s 

and 1980s and at that time mainly related to medicine. Key players such as David Sackett, 

David Eddy, and Archie Cochrane emphasized the importance of strengthenin the empirical 

practice of medicine and proposed initial rules for guiding clinical decisions. [32] In 1991 the 

specific term of evidence-based medicine (EBM) was introduced with focus on helping 

clinicians to understand the results of clinical studies, and to determine how to apply the results 

to their everyday practice. [33] The concept was fundamentally criticized for suppressing 

clinical freedom. However, the concept has evolved and now comprises three main pillars in 

the process of decision-making: First, the clinical judgement of the patient's multidisciplinary 

care team, which summarizes the individual clinical expertise. Secondly, the relevant scientific 

evidence, which ranges from basic science and clinical trials to comprehensive meta-analyses 

and systematic reviews, and thus represents the best available external evidence. Good 

clinicians use both own clinical expertise and the best available external evidence, and both 

alone are not enough, because thirdly we need to incorporate patients' values and preferences 

into our decision for or against a particular treatment or intervention (Figure 1). [34, 35]  
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Figure 1: Pillars for evidence-based clinical decision-making. Own illustration; copyright photos: Philipp Schuetz 

EBM has fundamentally changed the way we practice medicine today in many ways. Just as 

medical interventions adhere to EBM, decision making related to nutrition therapy should also 

align with these principles, since all three pillars overlap. [36] Access to well-conducted 

randomized controlled trials and meta-analyses is therefore a prerequisite to guide medical 

nutritional science towards evidence-based decision making. While certain goals may remain 

unmet, medical nutritional research has made important advances in the last years, particularly 

in medical ward patients. [37]  

 

2.2.2 The role of clinical practice guidelines  

In the 1980s a further advance has adopted, and researchers started to produce trustworthy 

clinical practice guidelines. [35] In the last thirty years, the number of indexed Medline 

publications has risen to more than 5,000 per month [38] and by 2023 the number of citations 

has exceeded one million. [39] This amount of data makes it difficult, if not impossible, for a 

clinician to integrate relevant information into their daily practice in such a way that patients 

can benefit from the wealth of new knowledge. [38] In Europe, for example, the survival rate 

for cancer patients varies greatly from country to country due to differences in treatment 

policies and accessibility of healthcare facilities. Such fluctuations cannot be explained solely 

by differences in disease or patient demographics, have been documented in almost all 

medical disciplines and depend primarily on the quality of treatment. [40] Therefore, the 

translation of research findings into clinical practice and their continuous use in health care 
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have led to major quality improvements. Clinical practice guidelines are among the most 

effective tools that have been developed to address this issue. [38] 

The European Society for Clinical Nutrition and Metabolism (ESPEN) is an international 

Society that promotes the development of clinical nutrition guidelines since 1997. In the early 

days of clinical nutrition guidelines, the methodology and quality of these guidelines varied 

considerably. For this reason, ESPEN launched a new four-year guideline concept in 2010 

which, in addition to separating enteral and parenteral nutrition, focuses on medical nutrition 

in general and takes a disease-specific approach. [41] Based on the previous work and 

experiences ESPEN has published a standard operating procedure (SOP) in 2015, in which 

they have defined a rigorous methodology to create or update a guideline. The key milestones 

are: Proposal submission, selection of a working group, creation of a list of topics/PICO 

questions, primary systematic literature search, assignment of level of evidence to literature, 

creation and grading of statements and recommendations, consensus process with first round 

of voting, revision of statements and recommendations, second round of voting, consensus 

conference, creation of evidence tables, and finalization of manuscript. [42] Due to the strict 

methodology described, clinical practice guidelines contain reliable and valid 

recommendations and represent a critical review of the current state of knowledge. They are 

used for decision-making not only in clinical practice but also in policy-making bodies and 

insurance companies or medical education. [38] 

 

2.2.3 Single disease approaches and facing the challenge of a polymorbid patient 

population 

As stated by Lefevre et al., "we know, for example, how to educate a diabetic patient, a chronic 

bronchitis patient, and a hypertensive patient, but we do not know, in practical terms, how to 

educate a patient with all three diseases". [43] Initially, it was uncertain whether the screening, 

assessment, and treatment of disease-related malnutrition in polymorbid medical inpatients 

should differ from those with a single disease, as the studies were mainly conducted in a 

narrowly defined homogeneous patient population. Yet, the large randomized controlled trials 

(RCTs) of the last decade have provided important new evidence showing that nutritional 

support can indeed reduce mortality and other complications in polymorbid patients. [44, 45] 

Although there is no universally accepted definition of polymorbidity or the synonym 

multimorbidity, there are authors that define it as being the co-occurrence of at least two 

chronic health conditions in the same person. [43, 46, 47] The impacts of several diseases on 

health and nutrition differ from the corresponding interactions between disease and ageing. 

Polymorbidity is highly prevalent, affecting more than 70% of the hospitalized adult population, 
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and is associated with higher mortality and healthcare burden. [48] Other consequences of 

polymorbidity include disability, functional decline, poor quality of life (QoL) as well as higher 

healthcare costs. [47] Surprisingly, more than half of those affected are under 65 years old, 

although prevalence rises with age. [49] The current approach, focusing on individual diseases 

in clinical guidelines, neglects polymorbidity. [49] Fried et al. showed that clinicians struggle 

with applying disease-specific guidelines to their patients with multiple conditions and would 

therefore benefit from tools to assist them in decision making for this population. [50] In the 

current nutritional guidelines, which focus on individual diseases (e.g. nutritional support for 

patients with cancer) or patient groups (e.g. older adults), polymorbidity is only given limited 

consideration, if any at all. To date, it is unknown whether there is a synergistic negative effect 

of several diseases on nutritional status, or on clinical outcome. When considering 

polymorbidity, polypharmacy must also be taken into account, since polymorbid patients 

require multiple medications to manage their diseases and comorbidities. This is undoubtedly 

an essential pillar of their treatment, but carries a high risk of potential drug-drug and drug-

nutrient interactions and the possible effects on nutritional status. [51] Polypharmacy is 

associated with an increased risk of malnutrition [52] and sarcopenia [53] most commonly due 

to adverse drug effects [54, 55], making this population particularly vulnerable to nutritional 

impairment. The effects of drugs on our metabolism are complex and include loss of appetite, 

nausea, diarrhea, weight changes, taste alterations, decrease or increase in saliva secretion, 

modifications in lipid profile, alterations in electrolyte balance, and changes in glucose 

metabolism. [56] Therefore, there is a need to create evidence-based consensus on how to 

provide nutritional support for the polymorbid medical inpatient population. 

 

2.3 The importance of individualization and addressing heterogeneity in the 

response to nutritional therapy 

2.3.1 Malnutrition as a partly modifiable risk factor – nutritional support influences 

clinical outcomes 

Malnutrition is a well‐established risk factor for adverse clinical courses and mortality. [8, 10] 

However, next to data from observational studies, several randomized controlled trials in the 

last decade have provided evidence that nutrition interventions reduce these risks significantly. 

[37, 45] Particularly, the field of nutrition care for medical inpatients has raised significantly in 

recent years. In the past, insufficient trial data on the best approach to treating malnutrition 

meant that clinicians often paid little attention to the problem of malnutrition. [36] However 

recently, several trials studying the role of nutrition support in the medical inpatient have 

changed our understanding. A 2019 systematic review and meta-analysis of 27 study including 
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6,803 patients, reported that nutrition support provided during hospitalization is associated with 

a 25 percent reduction in both mortality and non‐elective hospital readmissions. [37] 

Interestingly, the subgroup of trials using a high protein intervention and were providing therapy 

in the long‐term showed best results in terms of mortality reduction, suggesting that these are 

key elements of nutrition care. [57] Consistent with this finding, a large placebo-controlled, 

clinical trial by Deutz et. al in 2016 demonstrated that the use of a high-protein oral nutritional 

supplement (ONS) was able to improve survival in medical patients hospitalized for congestive 

heart failure, acute myocardial infarction, pneumonia, or chronic obstructive pulmonary 

disease. In particular, the nutritional intervention significantly lowered 90-day mortality with a 

relative risk reduction of 50 percent. [45] 

 

2.3.2 Effect of early nutritional therapy on Frailty, Functional Outcomes, and Recovery 

of malnourished medical inpatients Trial [58] 

The largest RCT so far in medical patients that also demonstrated a survival benefit of 

nutritional support was the Effect of early nutritional therapy on Frailty, Functional Outcomes, 

and Recovery of malnourished medical inpatients Trial (EFFORT) trial. The study was 

conducted in eight Swiss hospitals between April 2014 and February 2018. The Ethics 

Committee of Northwest and Central Switzerland approved the study protocol in January 2014 

(registration ID 2014_001). The trial was registered at ClinicalTrial.gov (NCT02517476) in 

August 2015. Adult inpatients (≥18 years of age) at nutritional risk (NRS total score ≥ 3 points) 

and with an expected hospital stay of >4 days who were willing to sign an informed consent 

form participated in the EFFORT study. Exclusion criteria were an initial hospitalization in 

intensive care units or surgical wards; unable to ingest oral nutrition; already receiving 

nutritional support at admission; with a terminal condition; admitted to hospital because of 

anorexia nervosa, acute pancreatitis, acute liver failure, cystic fibrosis, or stem-cell 

transplantation; after gastric bypass surgery; with contraindications for nutritional support; and 

previously included in the trial. Treatment of intervention group patients was initiated within 48h 

after hospitalization based on a previous published consensus protocol and in accordance with 

international guidelines [59, 60] to reach energy and protein goals. A trained registered dietitian 

defined an individual nutrition plan for each patient with calculated energy and protein targets. 

For energy requirements the Harris-Benedict equation [61] was used and protein goals were 

set at 1.2-1.5 g/kg body weight per day, except in patients with kidney failure, where it was 0.8 

g/kg body weight per day. [62] The nutrition plan was initially based on oral nutrition provided 

by the hospital kitchen and oral nutrition supplements. An escalation to enteral tube feeding or 

parenteral feeding was recommended if at least 75% of the protein and energy targets could 

not be reached within 5 days through oral feeding. A reassessment was done every 24-48 



 

16 
 

hours. Patients in the control group obtained usual hospital food without nutritional consultation 

or supplementation (appetite guided approach). The primary composite endpoint of the trial 

was severe complications, mortality, admission to the intensive care unit, cardiovascular and 

gastrointestinal complications, functional decline, and hospital readmissions.  

In this trial, nutritional support resulted in a significantly higher intake of energy, protein, and 

micronutrients from day one. In addition to this finding, the authors found nutrition support to 

be highly effective in reducing the risk of 30-day all-cause mortality (adjusted odds ratio (OR) 

0·65 [0·47–0·91], p=0·011), with a number needed to treat (NNT) of 37, which reflects that one 

death can be prevented in 37 patients treated with nutritional support. For adverse events there 

was an almost 30 percent risk reduction, resulting in an adjusted odds ratio [OR] 0·79 [95% CI 

0·64–0·97], p=0·023. No specific adverse side effects of the intervention were observed in this 

study. [58] In addition, the nutritional intervention proved to be cost-effective in the calculations 

in a Markov model. [63] These results strongly support the concept of systematically screening 

medical inpatients on admission to hospital for nutritional risk, irrespective of any underlying 

conditions, followed by a nutritional assessment and introduction of individualized nutritional 

support in at risk patients. 

 

2.3.3 Heterogeneity in the response to nutritional support 

Despite the broad evidence for the beneficial effects of nutritional support in medical inpatients, 

there are certainly differences in the response to a nutritional intervention in patients with a 

variety of clinical conditions, such as high inflammation or severely ill patient population. A 

Cochrane review with a heterogenic patient population from 2017, also including acutely ill 

patients from the intensive care unit (ICU) or surgical patients, found only little positive effects 

of nutritional treatment on clinical outcomes [64]. On this topic, Casaer et al. published a review 

on nutrition in the acute phase of critical illness in the New England Journal of Medicine in 

2014, in which they compared the latest large, adequately powered trials conducted on 

critically ill patients. Although several nutritional interventions with different approaches led to 

an increase in energy, protein (and micronutrients) intake, none of them could demonstrate a 

beneficial effect on mortality or other relevant clinical outcomes. The authors concluded that 

there is no clear evidence that feeding protocols targeting full-replacement nutrition early in the 

course of critical illness result in clinical benefits. [65] This is a common phenomenon that is 

also observed in advanced cancer cachexia. [66] Nevertheless, even in the acute but less 

severely ill patient population on the medical ward, there are subgroups that do not benefit 

from nutritional support. Indeed, the response to nutritional therapy depends among other 

factors on the inflammatory status. As an acute-phase protein, c-reactive protein (CRP) is one 

of the most popular biomarkers for inflammation. The production and release of acute-phase 
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proteins in the liver is induced by pro-inflammatory cytokines after a certain stressor. [67] CRP 

levels of >100 mg/l, indicating high inflammation, have been shown to be associated with lower 

treatment response in malnourished medical inpatients, not showing significantly positive 

effects of nutritional therapy in EFFORT on mortality. Meanwhile 30-day mortality in patients 

with low and moderate CRP levels below 100 mg/l was significantly reduced by individualized 

nutritional support [68]. A comparison of CRP values in the subgroup of cancer patients also 

showed that patients with a CRP value of >100 mg/l did not respond to treatment, indicating 

that inflammation is also an important factor for response in a fulminant disease such as 

cancer. [69] These results are in line with former trials, e.g. the one by Gariballa and Forster, 

in which severity of acute-phase response had significant negative effects on nutritional status 

and clinical outcome. [70] 

 

2.3.4 Predictive biomarkers and the path to personalized nutrition 

Next to inflammation, there has been research on other biomarkers to predict the response to 

nutritional interventions. The stress response cytokine growth-differentiation factor-15 

(GDF15) [71] is a potential promising biomarker, which elevates during aging and acute illness 

[72] and leads to illness-induced anorexia, emesis and an aversive reaction to food. [73] A 

recent secondary analysis of the ICU trial Early Parenteral Nutrition Completing Enteral 

Nutrition in Adult Critically Ill Patients (EPaNIC) [74] investigated the potential of low GDF15 to 

identify patients who benefit from early parenteral nutrition, who tolerate enteral nutrition, and 

who resume spontaneous oral intake in critically ill patients. While high GDF15 was strongly 

associated with severity of illness and poor prognosis, GDF15 could not identify patients who 

may benefit from or be harmed by early parenteral nutrition (PN), and the association with 

enteral feeding (in)tolerance was weak. [71] However, GDF15 is still elevated during recovery 

and convalescence after acute illness compared to aged-matched controls and associated 

with poorer outcome. [72] This might indicate that it can also be useful to investigate the 

prognostic value of GDF15 not only in critical care but also in recovery period or even in acute 

illness without previous ICU stay to predict response to nutrition support. 

Further secondary analysis of the EFFORT trial showed that there are other biomarkers 

besides that identify patients who benefit from nutritional support, while others have failed to 

do so. For example, a worsening kidney function was found to be associated with a higher 

benefit from nutritional therapy. [75] In addition, another functional parameter that predicts 

treatment response and may help to personalize nutrition therapy is handgrip strength (HGS). 

In fact, HGS has been proposed as an easy-to-use, noninvasive, objective, and inexpensive 

tool to detect and monitor changes in nutritional status and to predict functional decline during 

hospitalization and post-discharge. [76-78] While the prognostic value of HGS has been 
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demonstrated in several studies, a new study also showed that an individualized nutritional 

support is most effective in reducing mortality in patients with very low HGS (i.e., ≤8 kg for 

females and ≤16 kg for males). [79] HGS may thus help to select patients for a more intensive 

feeding intervention. An ability that does not apply to patients diagnosed with sarcopenia on 

CT scans, as sarcopenia was associated with a poorer prognosis but not with a greater benefit 

from nutritional support. [80] 

Yet, there are other markers that have not proven to enhance the identification of patients most 

likely benefiting from treatment. Historically, circulating albumin levels on hospital admission 

have been considered useful biochemical markers for the nutrition assessment, because 

albumin levels are also influenced by nutritional intake. However, there is increasing evidence 

that the influence of nutritional factor in an acute phase of disease is small. In fact, a recent 

study suggested that low admission albumin in hospitalized patients at nutritional risk have 

prognostic implications and indicate higher mortality risk but are not helpful in selecting patients 

regarding nutritional treatment interventions. [81] These results are in line with a consensus 

paper and a meta-analysis concluding that albumin levels should be used in the evaluation of 

severity of disease but not to assess nutritional status or diagnose malnutrition. [82-84] This 

may be explained by albumin serum concentrations being affected by a variety of non-

nutritional factors, mostly reflecting acute disease or inflammation but not available plasma 

proteins or nutritional status in an acute disease or exacerbation. [85] The visceral protein 

albumin is a negative acute-phase protein and albumin levels are inversely correlated to CRP 

levels. [84] Normalization of albumin levels may therefore not depend on nutritional treatment, 

protein intake or albumin treatment, but rather on the resolution of inflammation. [86] 

In addition, yet there are no convincing data demonstrating that the addition of genomics, 

transcriptomics, proteomic or metabolomic data would improve the phenotyping of patients 

regarding malnutrition and response to treatment. [87] Gut microbiota or nutrigenetics are other 

tools that could possibly be used to advance the concept of personalized nutrition. But again, 

there is lack of studies proofing their benefit for the management of patients.  

It is worth noting that there is a wide range of possible biomarkers that have been studied to 

assess malnutrition. In addition to common serum visceral proteins like albumin or prealbumin, 

also transferrin or retinol-binding protein have been considered. Other laboratory markers that 

are associated with malnutrition are urinary creatinine, urinary 3-methylhistidine, serum 

cholesterol, blood lymphocyte count, serum insulin-like growth factor-1 (IGF1), serum leptin 

and many more. Also, several proteomic und metabolomic markers have been studied. [87, 

88] Due to their association with malnutrition these different markers may be considered 

potential candidates for predicting response to nutritional treatment, but it is important to 

consider individual limitations of each marker. [89] 
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It seems clear, that in order to improve nutritional care of patients, the question is not only 

whether nutritional support is effective in reducing risks and negative consequences 

associated with malnutrition, but also the mechanisms underlying these effects and whether 

we can identify parameters to better tailor nutritional support to the specific needs of patients. 

Using biomarkers to stratify patients according to their malnutrition phenotype and their 

treatment response will be key to advance the concept of traditional treatment to individualized 

and personalized treatment.  
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3.1.1 Letter to the editor: Is nutritional support effective in malnourished 

polymorbid medical inpatients? [90] 
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final content. PS was responsible for resources, supervision, and funding acquisition. All 

authors read and approved the final version of the manuscript.  
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inpatients [92] 
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3.1.4 ESPEN practical guideline: evidence-based algorithm on nutritional 
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4. Discussion 

This dissertation covers the following main findings: First, raising evidence on the impact of 

nutritional therapy in polymorbid patients is now incorporated in an updated and practical 

guideline, giving clinicians up-to-date and valid advice in their daily practice. Second, it 

highlights the differences in malnutrition phenotype and revealed new insights into amino acid 

metabolism in the acute phase of a disease. Third, a simple adaption of an existing screening 

or assessment tool could help to translate findings on heterogeneity of treatment response into 

clinical practice. 

 

4.1 Clinical practice guideline on nutritional support in polymorbid medical 

inpatients – need for individualization 

ESPEN is the most important society for nutritional medicine in Europe and the application of 

its guidelines is the first choice in clinical practice. Therefore, updating them has a direct impact 

on the quality of patient care. Large trials of the past decade, such as the NOURISH trial by 

Nicolaas Deutz [45] or the EFFORT study by Philipp Schuetz [44] and our own meta-analysis 

on polymorbid patients [90], have provided high-quality evidence that has now been 

incorporated into the updated guidelines and strengthen the proposed recommendations. To 

give an example, the use of oral nutritional supplements is now also recommended to reduce 

the risk of mortality in hospitalized patients with the highest level of evidence (grade A) and a 

strong consensus (100% agreement in the vote). In addition, the issue of appropriate protein 

targets in patients with or without impaired renal function is now better addressed in the 

guideline and better supported by studies. [91] We found high protein interventions to be most 

effective in malnourished medical patients in a systematic review and meta-analysis [57], and 

high protein targets or therapies were also used in the large studies mentioned above. [44, 45] 

Therefore, we can now support a target of 1.2 grams of protein per kilogram body weight per 

day in patients with an estimated glomerular filtration rate (eGFR) greater than 30 ml/min/1.73 

m2, which is 0.2 grams higher than the previously recommended target. The crucial role of 

protein intake in patients with malnutrition is due to the pathophysiological rationale and 

observations in the clinics. While our fat cells store fat and the liver stores carbohydrates, we 

have no protein storage organ in our body and most amino acids are found in the skeletal 

muscles, and the need for amino acids is accelerated during acute illness, also because of the 

cross-talk between muscle and immune system. [99] Malnutrition and acute and chronic 

diseases are accelerators for muscle loss, which is directly associated with worse clinical 

outcomes, making muscle the most important clinical target of nutritional therapy. [100] 

However, in patients with impaired kidney function, defined by an eGFR below 30 ml/min/1.73 

m2, we have found that protein targets below 0.8 grams per kilogram of body weight per day 
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resulted in improved clinical outcomes. [75] To date, there is a lack of studies comparing 

different protein targets in patients with impaired renal function no kidney replacement therapy 

head-to-head. Considering this gap, a recent critical review supported by the European Renal 

Nutrition Group of the European Renal Association (ERN-ERA) and ESPEN concluded that 

nutritional support should carefully be assessed to identify the most urgent clinical need and 

the consequent treatment priority. The presence of manifest malnutrition suggests the need to 

avoid or postpone protein restriction, especially when renal function is more stable and 

considering the patient's preferences and quality of life. Chronic kidney disease progression 

and an advanced stage argue for prioritizing protein restriction in patients with a good 

nutritional status. [101] These different interpretations of the current evidence emphasize the 

need for an individualized approach depending on nutritional status and kidney disease, and 

that renal and nutritional priority (protein restriction vs. no protein restriction) may replace each 

other over time. 

One topic that is not yet adequately addressed in the current updated guideline is the 

application of micronutrients. To date, there are few studies that specifically address or 

investigate the use of micronutrients, although polymorbid inpatients with more than one 

chronic condition may be particularly at risk of deficiency. [102] A meta-analysis of mixed study 

populations found that micronutrient supplementation in addition to a therapeutic diet [83] 

already containing micronutrients did not reduce mortality or positively affect other clinical 

outcome such as readmissions or length of hospital stay. [103] However, other studies, e.g. in 

polymorbid patients with Covid-19, have shown that micronutrient supplementation can 

shorten the time to recovery. [104] Therefore, the recommendation on the use of micronutrients 

has a very low level of evidence to date, although it has reached a strong consensus of 100%. 

[91] 

For the first time, the updated guideline addresses the heterogeneity of the patient population 

and the response to nutritional treatment. Is it now recommended to consider the severity of 

acute-phase response when providing nutritional support to a patient. [91] We know from large 

trials conducted in intensive care units with severely ill patients that a complete replacement 

feeding strategy is often not translated into improved clinical outcomes. [65] However, also in 

medical wards there is raising evidence that we need to assess the acute phase of the patient, 

which is now also being incorporated into the clinical guideline. Thereby, inflammation and the 

neuroendocrine response to a stressor are key factors with several important metabolic effects 

on a cellular level (e.g., increase in insulin resistance leading to an inhibition of nutrition 

entering cells) and on different organs such as the brain (e.g., causing disease-related 

anorexia and reduced food intake), the intestines and on muscle (e.g., causing catabolism and 

low muscle mass). [94] Interestingly, recent data also suggest that inflammation modulates the 
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response to nutritional treatment. A randomized double-blind trial of nutritional supplementation 

published in 2006  by Gariballa et al., including 445 polymorbid patients, concluded that the 

acute-phase response was strongly associated with poor nutritional status and worse clinical 

outcomes. [70] This is in line with the secondary analysis of EFFORT, that suggests that 

patients with CRP levels of ≥100 mg/l no longer showed improved survival receiving nutritional 

therapy, while patients with lower levels did. [68] These effects were independent of infection 

and disease severity and suggest that individuals affected by severe inflammation may require 

a different nutritional approach than patients with lower levels of inflammation. Thus, CRP as 

an acute phase protein cannot represent the entire systemic inflammatory response, is 

influenced by infectious and noninfectious factors (e.g., cardiovascular diseases, cirrhosis, 

cancer, or systemic lupus erythematosus), has a high interpersonal variability, and values can 

fluctuate from day to day. [105] Therefore, in addition to CRP, several other factors and 

conditions should be considered when trying to predict whether a patient benefits from 

nutritional therapy: these include illness-specific factors (comorbidities, inflammation, acute vs. 

chronic course) or patient-specific factors (age, gender and genetic vulnerability). [6] Focusing 

on a disease-related factor Bargetzi et al. examined the impact of nutritional support on 

mortality in according to their admission kidney function in the EFFORT cohort. [75] 

Hospitalized patients with chronic kidney disease are often at risk of malnutrition or already 

malnourished, and their condition may deteriorate further during hospitalization. [10] Bargetzi 

et al. demonstrated that within this population the more vulnerable patients with a lowered 

kidney function (eGFR 15 -59 ml/min/1.73 m2) had an even more pronounced survival benefit 

through nutritional support compared to the overall population and patients with an eGRF 

above 60 ml/min/1.73 m2. Investigating potential predictive biomarkers in critically ill patients, 

Van Dyck et al. aimed to find a "ready-to-feed indicator" within a secondary analysis of the 

EPaNIC trial. They investigated on the circulating growth differentiation factor 15 (GDF15), a 

cellular stress marker that abruptly increases during critical illness. Within the EPaNIC cohort 

GDF15 was elevated throughout ICU stay but similarly in early PN and late PN patients and 

remained high beyond ICU discharge. However, it was only weakly related to gastrointestinal 

tolerance and the potential as "ready-to-feed indicator" appears limited. [71] 

There are several potential biomarkers to help phenotype malnutrition and to predict treatment 

response. [89] However, the results mainly come from secondary analysis should be viewed 

as exploratory and hypothesis-generating rather than definite, requiring confirmation in larger 

samples. Nevertheless, the first step towards a more personalized approach in nutritional care 

of polymorbid patients has been taken, and the nutritional guidelines can change clinical 

practice and potentially policy makers. 
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4.2 Understanding the metabolism of key amino acids to improve patient 

phenotyping and nutritional care  

To understand the differences in response to treatment and improve nutritional interventions, 

the underlying pathophysiology needs to be investigated and understood. Our metabolism is 

complex, and new approaches and technologies, such as the various omic disciplines, have 

led to a novel understanding of individual differences. In healthcare systems and nutritional 

medicine, the 'one size fits all' approach is no longer appropriate and many areas are moving 

to a more precise approach. [106, 107] Although this might sound like the future, metabolomics 

already has a wide range of applications in our daily clinical practice. For example, glycated 

haemoglobin (HbA1c) is used to diagnose diabetes, to classify patients, to monitor the effect 

of a certain treatment or to determine the positive effect of therapy, the response to treatment. 

[108] However, for the nutritional therapy of malnutrition there is nothing comparable yet. 

Protein is a critical component of nutritional therapy due to its physiologic and metabolic role 

described earlier [99] and has been intensively studies in the ICU. [109] It is also of interest in 

medical wards, where interventions with high-protein strategies appear to be most effective. 

[57] In addition to the clinical treatment guideline on polymorbid patients, guidelines for other 

patient populations have also increased the recommended amount of protein within the latest 

updates [110], demonstrating the importance of this macronutrient. The basic nutritional 

rationale of protein interventions is to compensate for a deficit in order to stimulate protein 

synthesis, support muscle function, and promote the specific metabolic functions of each 

amino acid. [111] Therefore acknowledging the role of specific amino acids and their 

metabolites in medical inpatients is crucial to understand and improve treatment. In our 

secondary analyses of EFFORT, we found that most of the investigated amino acids were not 

correlated with established nutritional markers and thus may not be viewed as markers for 

malnutrition. [96-98] Surprisingly, we neither consistently observed depleted levels of the 

examined amino acids or further metabolites in metabolic pathway, as anticipated. 

Nevertheless, glutamine level was lower in our cohort compared to a healthy French cohort 

[112], in a comparable study using the same analysis kit (mean glutamine plasma level 522.5 

µmol/L compared to 627.9 µmol/L) and to a cancer patient cohort (522.5 µmol/L compared to 

574.0 µmol/L) [66]. This finding aligns with previous trials, that showed glutamine depletion 

during severe illness and catabolic conditions [113-116]. However, in our patient population 

low glutamine levels were not associated with adverse clinical outcomes, contrary to findings 

in intensive care units and post-major surgery settings [115]. This could be clarified by 

considering the less critically ill group of patients, in which glutamine depletion may also have 

been less severe, resulting in no adverse effects on clinical outcomes. While most studies in 

the ICU show that low glutamine levels are associated with poorer clinical outcome, there is 

also data suggesting that elevated glutamine levels can lead to higher mortality rates, primarily 



 

150 
 

due to compromised hepatic glucose metabolism [117]. However, our data did confirm a U-

shaped risk pattern. It can be assumed that most EFFORT patients had a functioning glucose 

metabolism, as we excluded critically ill patients and specifically defined liver failure as an 

exclusion criterion.  

When examining the role and metabolism of tryptophan, we observed that low levels of 

tryptophan, kynurenine, and serotonin were associated with worse clinical outcome, in 

particular with an increased risk in 30-day and 180-day all-cause mortality. These results differ 

from previously studies that were conducted in patients with pneumonia, COPD, and sepsis, 

where an activation of the kynurenine and serotonin pathways and high plasma concentrations 

were associated with adverse outcomes. [118-120] With the investigation on arginine, on the 

other hand, the situation is as expected from other clinical studies. Low plasma arginine, 

Arg/ADMA and GABR concentrations were associated with worse clinical outcomes, in line 

with studies including other clinical conditions like critical illness and sepsis, cardiovascular, 

pulmonary, and renal diseases and various cancers. [121-129] Arginine exhibited the most 

robust prognostic value, with a 3.3-fold increase in the risk of all-cause mortality within 30 days 

in patients with low arginine levels compared to those with high levels. Several mechanisms 

could explain these observed associations, including impaired immune response through 

regulation of T cell development and function, and cytokine production due to arginine- and 

NO-depleted states [130-133]. In addition, arginine depletion may increase oxidative stress 

[134, 135], and the subsequent acceleration of apoptosis may contribute to pathophysiology 

of DRM [136, 137]. When arginine is deficient, mammalian target of rapamycin (mTOR) 

signaling pathways in muscle tissue may not be sufficiently activated, contributing to a negative 

muscle protein balance [138-141]. Consistent with this, we have found that functional decline 

is strongly associated with low arginine levels. [98] 

The next important step in improving nutrition therapy is to examine whether patients at high 

risk for adverse outcome does also show the strongest benefit of a nutritional intervention. The 

hypotheses regarding amino acid metabolism, particularly arginine and glutamine, has been 

that normalizing depleted levels would have a positive impact on clinical outcomes. [115, 142] 

This is based on the fact that glutamine serves as a main energy substrate for immune cells 

and that low plasma glutamine level is associated with increased mortality and morbidity across 

various clinical settings [113-115, 143]. Consequently, glutamine administration in acute 

conditions such as in patient with cancer or critical illness [66, 142, 144], or in patients suffering 

from burn injuries [145] has been intensively investigated. Notably, the 2019 nutritional 

guidelines on critically ill patients from ESPEN recommended glutamine supplementation. 

[146] However, a recent large double-blind, randomized, placebo-controlled trial of 1'209 

burned patients from Heyland et al. showed no effect of glutamine supplementation on the 
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primary endpoint time to discharge alive from the hospital. [147] Thus, there is still an ongoing 

controversy about the effectiveness of normalizing depleted levels of glutamine and other 

amino acids. Consistent with previous thinking, our hypothesis was that nutritional support and 

increased intake of protein, and therefore amino acids, would best improve clinical outcomes 

in patients admitted to the hospital with low levels. However, we found no difference in the 

efficacy of nutritional support between patients with high and low glutamine concentrations. 

Thus, our results do not support the measurement of these metabolites to explain variability in 

response to treatment, nor do they support the hypothesis that increased intake of amino acids 

and eventual normalization of levels will improve clinical outcomes. [96] The same was true 

when investigating arginine metabolism: we found no differences in the response to nutritional 

therapy in patients with high versus low arginine admission concentrations. [98] However, also 

arginine or citrulline supplementation has been suggested to compensate for arginine 

deficiency [134, 148, 149] and thus positively influence survival and functional status by limiting 

protein breakdown, exerting anabolic effects [139-141, 150], and improving T cell function and 

immune status [151, 152]. The efficacy of arginine supplementation remains controversial with 

studies showing negative effects on outcome, mainly due to hemodynamic instability caused 

by nitric oxide (NO) production with its vasodilatory effects  [60, 148, 153-160]. In a lower-risk 

medical population with DRM, arginine supplementation nevertheless might be beneficial, but 

clearly, further research is needed to assess its overall efficacy and evaluate potential side 

effects. In line with the findings of glutamine metabolism, the results of our secondary analysis 

on arginine again did not support the hypothesis that normalization of serum concentrations is 

a causal treatment and can improve outcomes. 

In line with this finding and even showing trends towards the opposite hypothesis, reveals the 

analysis on tryptophan metabolism. Although low tryptophan levels were associated with 

higher mortality, nutritional support in those patients with low tryptophan levels was less 

effective in improving outcomes compared to patients with higher levels. [97] This result is 

comparable with data observed in critically ill patients, where only little benefit from full-

replacement feeding could be shown in several clinical trials. [65, 74, 161] In fact, full feeding 

during severe illness has been suggested to reduce autophagy, a mechanism important for 

cell detoxication during illness, which might contribute to the lack of effect in these patients. 

[162] Additionally, metabolic changes in the acute phase of a disease, such as impaired 

intestinal motility, hyperglycemia with peripheral insulin resistance and further activated 

catabolic pathways [13] appear to mechanistically hinder the beneficial effect of nutritional 

therapy. The general question remains whether low amino acid levels are a consequence or 

cause of the poor outcomes observed. Consequently, it is questionable whether a specific 

nutritional intervention designed to balance serum levels could have a positive impact on this 

highly vulnerable patient group outside the ICU. 
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4.3 Transfer of findings and concepts into clinical practice and future 

considerations 

Historically, nutritional therapy has been used in patients at risk for adverse outcomes 

associated with malnutrition, but which may not always be directly caused by malnutrition. A 

better understanding of the malnutrition phenotype, reflecting the specific pathophysiology, 

could allow better selection of patients who will benefit most from nutrition, contributing to a 

more personalized approach. The search for biomarkers or scores to predict the response to 

a specific nutritional therapy is therefore crucial to the concept of personalized medicine. [6] 

Taking together the previous findings on the amino acid metabolism with the insights from the 

guideline work [91, 92] and narrative reviews [93, 94], which focused on the impact of acute 

disease and response to nutritional treatment, we aimed to make them usable for clinical 

practice. By adapting the NRS and MNA-LF, we found that removing parameters that reflect 

disease severity led to a much better ability of the scores to predict response to treatment, 

independent of age, major main diagnoses, sex, and BMI. Patients with a high adapted score 

showed much greater benefit from nutritional support than patients with a low adapted score. 

This predictive power of the adapted score was not found for the original scores. [95] A possible 

explanation is that the exclusion of factors that reflect disease severity thus might help to better 

stratify patients into two different phenotypes of malnutrition. One phenotype might be mainly 

nutrition-driven (being malnourished) and based on a nutritional problem. A possible case 

would be a geriatric patient with recurrent falls, that slowly impaired his nutritional state by not 

meeting his nutritional needs. The other possible phenotype of malnutrition is one that is mainly 

disease-driven (having malnutrition). This is a complex syndrome [6] that is often observed in 

patients coming with multiple acute and chronic medical conditions and severe short-term 

problems with their nutritional intake, for example because of a pneumonia. While the 

treatment of disease-driven malnutrition seems to be more complex [65] and might require 

novel therapeutic strategies than simply meeting protein and caloric targets, we can 

adequately treat the nutrition-driven phenotype through classical high-energy and high-protein 

nutritional interventions. [37, 90] This observation and hypothesis is also supported by other 

researchers such as Cardenas, who calls for a paradigm shift in clinical nutrition [163], as well 

as by evidence from critical care or advanced cancer cachexia, where malnutrition is mainly 

disease driven and refractory to therapy. [65, 110] However, till now we don't have data that 

shows whether its beneficial, harmful, or indifferent to not nourish severely inflamed or critically 

ill patients for an extended period. Additionally, the observational period of most clinical studies 

in hospitalized patients are relatively short from days to weeks. 

In addition to advances in clinical research, it is also important to translate these findings into 

clinical practice to improve patients care, as pointed out earlier. It is also important to find 
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simple and practical solutions, as even adherence to nutritional guidelines does not always 

take place. [7] Therefore, we believe that the adapted NRS [95] could make nutrition therapy 

more precise and efficient if confirmed in larger, prospective studies. In particular, the adapted 

NRS is very easy to calculate or even assess at the bedside. Its use could also help to manage 

the expectations of the nutrition support team and the patient as using inflammation signs or 

disease severity alone to diagnose malnutrition can lead to confusion between malnutrition 

and disease severity. [25] This is important because it can be misunderstood, and persistent 

catabolism can be interpreted as a result of inadequate nutrition. This can lead to incorrect 

clinical decisions, such as in some cases where more protein or even albumin is given to 

increase albumin levels instead of treating an infection or malignancy and the underlying 

inflammation. 

Looking forward, measuring catabolism, or rather endogenous energy production, in acute 

phase of disease could be key to setting realistic nutritional targets and reducing the risk and 

the adverse effects of overfeeding. [164] In this way, a positive influence on mainly disease 

driven malnutrition, also in critical care settings, is possible. Currently, there isn’t an easy 

method for accurately measuring catabolism in clinical practice, and there are limited studies 

focusing on this issue. [165] Catabolism therefore often goes unnoticed until muscle loss and 

weakness are observed because it isn’t routinely measured. The lack of validated and routinely 

available biomarkers of catabolism hinders in-depth research in this field so far. [166] Potential 

biomarkers such as urinary urea excretion [167] or urea-creatinine ratios [162] offer avenues 

for exploration, yet their validation and routine use remain pending. 
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