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ARTICLE INFO SUMMARY
Article history: Background: Assessing a patient's catabolism in clinical practice is challenging but could help guide
Received 14 January 2025 nutritional interventions. The urea-to-creatinine ratio (UCR) reflects muscle breakdown and protein

Accepted 18 March 2025 metabolism and has been associated with risk for overfeeding and adverse outcomes in the critical care

setting. We validated this concept in a well-characterized population of medical ward patients from a
Keywords: ) previous nutritional trial.
Urea-to-creatinine ratio Methods: This secondary analysis of the Effect of Early Nutritional Support on Frailty, Functional Out-
Egrr?:lril:;r comes, and Recovery of Malnourished Medical Inpatients Trial (EFFORT) examined baseline UCR and
Nutritional risk changes during follow-up in medical inpatients at risk for malnutrition. A catabolic state was defined as a
Nutritional support high baseline UCR or an increase in UCR over 7 days. The primary endpoint was mortality at 30 days.
Results: We included 1595 of 2028 EFFORT patients with baseline UCR measurements and 870 who also
had UCR measurements on day 7. A high baseline UCR, as well as an increase in UCR over 7 days, were
associated with increased mortality (adjusted HR for 30-day mortality 2.05 (1.47—2.87) p < 0.001 and
2.02 (1.34—3.06) p = 0.001). There was no difference in treatment response when stratifying patients
based on baseline or follow-up UCR.
Conclusion: Assessment of catabolism through UCR measurement at baseline and changes during follow-
up was associated with increased mortality and adverse outcomes in medical inpatients at nutritional
risk. However, this stratification was not associated with response to nutritional therapy in our sample.
Further studies into the dynamic changes in UCR are needed to better understand the clinical implica-
tions for medical ward patients.
Clinical Trial Registration: Clinicaltrials.gov as NCT02517476 (registered 7 August 2015)
© 2025 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

1. Introduction

Malnutrition is a multifactorial caused syndrome that occurs
when there is an insufficient intake or absorption of essential nu-
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Switzerland. physical and mental function and negatively impacts clinical out-
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malnutrition due to both inadequate nutritional intake and
disease-related factors [3]. Randomized controlled trials (RCTs)
have demonstrated that nutritional therapy improves morbidity
and mortality in medical inpatients [4—6]. In contrast, this positive
effect could not be replicated in patients in intensive care units
(ICUs), where early initiation of full nutritional support was asso-
ciated with neutral or even worse outcomes [7—9]. Regardless of
the underlying cause of critical illness, the stress imposed on the
body during this medical condition triggers catabolism that cannot
be reversed by exogenous nutrition [10], making these patients
particularly vulnerable to overfeeding [11]. Besides ICU patients,
there are also subgroups among medical patients—such as those
with high inflammation or advanced cancer—who display a similar
malnutrition phenotype that does not seem to respond to nutri-
tional therapy [12,13]. Overfeeding occurs when the exogenous
intake together with the endogenous energy production exceeds
demand. Yet, determining a patient's current metabolic state re-
mains a challenge in clinical practice, as there are currently no
standardized and validated measures for endogenous energy pro-
duction and, consequently, for assessing catabolism [14].

Recent studies suggest that the urea-to-creatinine ratio (UCR)
could be a potential surrogate marker for estimating catabolism
and muscle wasting, and thus helpful for guiding nutritional
treatment in ICU patients [2,15]. Catabolism and muscle wasting are
linked to increased urea production and decreased creatinine
production, resulting in a higher UCR [2,16]. Specifically, protein
and amino acids, whether originating from the body or external
sources, that are not taken up by skeletal muscles for protein syn-
thesis undergo deamination and are metabolized to urea in the
liver [9,17]. Consequently, both external amino acid intake and
muscle breakdown contribute to elevated urea production during
illness, indicating impaired protein metabolism [2]. Creatinine is a
byproduct of creatine metabolism in muscles and serves as a
marker for total muscle mass, with low creatinine indicating low
muscle mass [18—20]. Accordingly, the UCR may be useful in dis-
tinguishing catabolic from anabolic states [2,16].

To date, investigations regarding the use of UCR have mainly
been conducted in the ICU setting. Herein, in a secondary analysis
of the large, randomized Effect of early nutritional support on Frailty,
Functional Outcomes, and Recovery of malnourished medical in-
patients Trial (EFFORT), we investigated the UCR as a potential
surrogate marker for assessing the metabolic state and its prog-
nostic implications in medical inpatients at nutritional risk.

2. Material and methods
2.1. Study design

This is a secondary analysis of the EFFORT trial, a pragmatic,
investigator-initiated, non-commercial, randomized controlled
trial (RCT), conducted in 8 Swiss medical centers [4]. Data collection
was performed between 2014 and 2018. The results, follow-up and
several secondary analyses of the EFFORT trial have been published
previously [21—23]. EFFORT investigated the effect of individual-
ized nutritional support compared to standard of care in medical
inpatients at nutritional risk on clinical outcomes. More details on
the study design are available elsewhere [24]. The Ethics Commit-
tee of Northwest and Central Switzerland (EKNZ) approved the
study protocol in January 2014 (registration ID 2014_001).

2.2. Patient population
To be included in EFFORT, patients had to have a Nutritional Risk

Screening 2002 (NRS) total score of at least 3 points, an expected
hospital stay of at least 5 days and written informed consent.
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Exclusions included ICU or surgical admission, prior nutritional
support, inability to ingest orally, previous trial participation, ter-
minal illness or contraindications to nutritional support. Details are
stated in the original publication [24]. For this secondary analysis,
only patients with available blood urea and creatinine measure-
ments were eligible. Patients from one participating center were
excluded due to unsystematic errors in laboratory data. In addition,
observations with extreme laboratory values (creatinine <20 pmol/
1 or urea >50 mmol/l) without possible verification were excluded.

2.3. Nutritional intervention

Patients were randomized with an interactive web-response
system, with variable block sizes, and patients were stratified ac-
cording to site and the severity of malnutrition. For the intervention
group, individualized nutritional therapy was initiated within 48 h
of hospital admission and therapy was guided by trained registered
dietitians based on international guidelines for hospitalized poly-
morbid patients [25]. Nutritional management was changed to
enteral, and then parenteral nutrition, if oral intake failed to meet at
least 75 % of daily energy and protein needs for 5 consecutive days.
More details of the nutritional algorithms have been published
previously [24]. Patients in the control group received standard
hospital food without nutritional counselling.

2.4. Patient management throughout the trial

Adult patients were screened for nutritional risk using the NRS
[26]. Each patient received medical and nutritional assessment by a
study dietician, including socio-demographic and anthropometric
data, baseline muscle strength and functional status. Daily reas-
sessments of nutritional intake were performed during hospital
stay, and nutritional strategies were adapted if targets were not
met. Blood samples were collected in the morning at study inclu-
sion and after 7 days for the measurement of study blood markers
[24]. Data collection and management was conducted using the
secuTrial© software.

2.5. Endpoints

The primary endpoint was 30-day all-cause mortality. Second-
ary endpoints included all-cause mortality at 180 days, 1 year, and 5
years, adverse events within 30 days, and a decline in functional
status of more than 10 % (measured by Barthel Index [27]). End-
points were obtained by trained and blinded study nurses through
telephone interviews at 30 days, 180 days, 1 year and annually after
trial inclusion.

2.6. Calculation of urea to creatinine ratio and patient stratification

Blood samples were taken systematically in the morning (i.e. 6-
7 am) upon inclusion to the study and within 48 h of admission.
Creatinine and urea were measured photometrically. UCR was
calculated by dividing the blood urea concentration by the serum
creatinine concentration. This analysis measured urea in mmol/l
and creatinine in pmol/l, yielding the formula: UCR = (urea in
mmol/l/creatinine in pmol/l1)/1000. UCR was calculated at two
distinct time points: upon admission and day 7. If a patient was
discharged earlier than on day 7, the discharge value was used. The
change in UCR was determined by comparing values from admis-
sion to day 7. A threshold for admission UCR was calculated using
the Liu method [28]. An anabolic metabolic state was defined for
patients who showed a decrease in UCR from baseline to day 7 or a
low baseline UCR, consistent with previous studies [16,29].
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Conversely, an increasing UCR over time or a high baseline UCR was
considered indicative of catabolic processes.

2.7. Statistical analysis

In descriptive statistics, continuous variables are presented as
mean =+ standard deviation (SD), while binary and categorical var-
iables are expressed as counts and percentages. Statistical signifi-
cance was evaluated using 95 % confidence intervals (CI), with a
significance threshold set at a p-value of 0.05. Baseline character-
istics of included patients were compared based on baseline UCR
and change in UCR. Continuous, normally distributed, variables
were compared using a 2-sample t-test. We used qnorm plots to
check for visual normality. Categorical and binary variables were
compared using Pearson's chi-squared test. Multivariate regression
analysis was conducted to explore predictions and account for
potential confounding factors and random imbalances, as UCR may
be affected by various clinical variables [30]. Included variables
were seX, age, NRS, nutritional intervention, primary admission
diagnoses, and comorbidities. The threshold for baseline UCR was
statistically determined using a receiver operating characteristic
(ROC) analysis and Youden's ] statistic defining a threshold for UCR
at 83 [31].

The potential prognostic value of the UCR was examined by
assessing its association with clinical outcomes using Cox regres-
sion for all time-to-event analyses. Additionally, logistic and linear
regression models were fitted to explore the association between
UCR and further secondary endpoints, with odds ratios (OR) and
coefficients reported, respectively. To determine whether the
response to nutritional support was different according to UCR
stratifications, we compared mortality hazards between the inter-
vention and control groups, presenting HRs and Kaplan—Meier
curves. Additionally, a forest plot on short-term mortality strati-
fied by baseline UCR, change in UCR and inflammation was created.
Another forest plot was generated and further stratified for protein
target achievement and baseline estimated glomerular filtration
rate (eGFR) to account for potential confounders and known
predictors.

We also performed sensitivity analyses because certain medical
conditions can affect the biochemical markers used to calculate
UCR. Therefore, we reanalyzed the data, excluding patients with
conditions known to alter blood urea or creatinine levels [20,32,33].
We excluded patients with gastrointestinal bleeding, as it raises
blood urea, and those with acute kidney injury, chronic kidney
disease stage 4 or higher, or on dialysis, due to reduced creatinine
elimination.

All analyses adhered to the intention-to-treat principle. Statis-
tical analyses were conducted using Stata version 17.0 (StataCorp).

3. Results
3.1. Patient population

Of the 2028 patients in the main trial, 1595 had a baseline UCR
measurement (Supplementary Fig. 1) and were eligible for this
secondary analysis, with 870 also having a UCR measurement on
day 7. Table 1 presents baseline characteristics of all patients and
stratified by anabolic and catabolic change in UCR from admission
to day 7. There were small differences in the distribution of baseline
characteristics between patients with anabolic and catabolic
changes in UCR, particularly concerning gastrointestinal disease
and congestive heart failure. The risk of malnutrition, estimated by
the NRS total score, was evenly distributed between both UCR
groups.
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3.2. Association of baseline nutritional and medical parameters and
UCR

We assessed the relationship between various baseline charac-
teristics and both baseline UCR and its change over time to identify
potential influencing factors. While nutritional parameters were
not associated with either baseline or change in UCR over 7 days,
some comorbidities were significantly associated with baseline
UCR (Supplementary Table 1). Congestive heart failure and diabetes
were associated with higher baseline UCR in a multivariate model.
However, no characteristics were found to significantly impact the
change in UCR over time.

3.3. Association of baseline and change in UCR, and clinical
outcomes

A higher baseline UCR and a catabolic change in UCR were both
associated with increased risk of mortality at any follow-up time
point (Table 2). Specifically, a higher baseline UCR and a catabolic
change in UCR were associated with a doubling in the risk of 30-day
mortality (adjusted HR of 2.05 [1.47 to 2.87]; p < 0.001 and 2.02
[1.34 to 3.06]; p = 0.001). Supplementary Fig. 2 shows HR for each
quartile of baseline UCR and demonstrates a stepwise increase in
risk with higher quartiles. Kaplan—Meier curves (Fig. 1) show the
probability of mortality by anabolic versus catabolic UCR change
over 3 years. An anabolic UCR change was associated with higher
30-day survival, regardless of randomization group. Although the
intervention group showed better overall survival, anabolic pa-
tients had a survival advantage within each group (Fig. 2).

Additionally, higher baseline UCR was significantly associated
with an increased risk of adverse events within 30 days of admis-
sion in an adjusted model with a HR of 1.45 [1.14 to 1.84]; p = 0.002.
It was also linked to a decline in functional status of more than 10 %,
with an adjusted HR of 1.79 [1.32 to 2.42]; p < 0.001.

3.4. Association of baseline UCR and change in UCR with the
response to nutritional support

We further examined whether the effect of nutritional therapy
would differ in subgroups stratified by UCR. We found that nutri-
tional intervention was generally associated with higher overall 30-
day survival, as displayed in the forest plot (Fig. 3), independent of
baseline UCR or change in UCR. However, when patients were
further stratified according to their levels of inflammation, we
found that patients with high inflammation tended to benefit less
from nutritional therapy regardless of the baseline UCR or UCR
change.

Additionally, we found that patients with an eGFR below 29 at
admission had a more pronounced survival benefit from nutrition
intervention with HRs ranging from 0.30 to 0.43, which was inde-
pendent of baseline or change in UCR. Patients with an eGFR of
30—90 showed a similar treatment response with HRs of 0.14—0.63,
while patients with an eGFR above 90 did not show a positive
response (HRs of 1.22—1.44). Again, both effects were independent
of baseline or change in UCR. Another stratification to distinguish
patients who met their protein targets during hospitalization, i.e. a
protein intake of at least 75 % of calculated needs, did not increase
predictive capacity of the UCR (Supplementary Fig. 3).

3.5. Sensitivity analysis

In a sensitivity analysis, excluding patients with certain condi-
tions that could affect blood urea and/or creatinine levels where
possible, we found similar effects (shown in Supplementary
Tables 2 and 3, Supplementary Figs. 4 and 5).
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Table 1
Baseline characteristics stratified by change in UCR from admission to cohort day 7.
Overall Cohort day 7¢ Change in UCR" P-value
Anabolic Catabolic

N 1595 870 460 410
Sociodemographic
Male sex 835 (52.4 %) 457 (52.5 %) 245 (533 %) 212 (51.7 %) 0.65
Age years, mean (SD) 73.2 (13.5) 73.8 (12.9) 73.9(12.3) 73.6 (13.6) 0.78
Nutritional assessment
BMI kg/m2, mean (SD) 248 (5.3) 249 (5.5) 25.1 (5.4) 24.8 (5.5) 0.44
Weight at admission kg, mean (SD) 71.0 (16.6) 71.4(16.8) 72.5(17.3) 70.3 (16.1) 0.09
NRS total score
3 507 (31.8 %) 254 (292 %) 124 (27.0 %) 130 (31.7 %) 0.39
4 618 (38.7 %) 351 (40.3 %) 190 (41.3 %) 161 (39.3 %)
5 388 (24.3 %) 215 (24.7 %) 116 (25.2 %) 99 (24.1 %)
6 82 (5.1 %) 50 (5.7 %) 30 (6.5 %) 20 (4.9 %)
Admission diagnosis
Infection 491 (30.8 %) 263 (30.2 %) 141 (30.7 %) 122 (29.8 %) 0.77
Tumor 287 (18.0 %) 172 (19.8 %) 85 (18.5 %) 87 (212 %) 031
Cardiovascular disease 171 (10.7 %) 99 (114 %) 44 (9.6 %) 55 (13.4 %) 0.07
Frailty 158 (9.9 %) 74 (8.5 %) 39 (8.5 %) 35 (8.5 %) 0.98
Lung disease 99 (6.2 %) 47 (5.4 %) 25 (5.4 %) 22 (5.4 %) 0.96
Gastrointestinal disease 126 (7.9 %) 75 (8.6 %) 50 (10.9 %) 25 (6.1 %) 0.01
Renal disease 50 (3.1 %) 36 (4.1 %) 16 (3.5 %) 20 (4.9 %) 0.30
Comorbidities
Hypertension 875 (54.9 %) 507 (58.3 %) 270 (58.7 %) 237 (57.8 %) 0.79
Malignant disease 514 (32.2 %) 301 (34.6 %) 156 (33.9 %) 145 (35.4 %) 0.65
Chronic kidney disease 526 (33.0 %) 325 (374 %) 173 (37.6 %) 152 (37.1 %) 0.87
Coronary heart disease 453 (28.4 %) 243 (279 %) 125 (27.2 %) 118 (28.8 %) 0.60
Diabetes 345 (21.6 %) 204 (234 %) 115 (25.0 %) 89 (21.7 %) 0.25
Congestive heart failure 287 (18.0 %) 158 (18.2 %) 70 (152 %) 88 (21.5 %) 0.02
Chronic obstructive pulmonary dis. 241 (15.1 %) 119 (13.7 %) 56 (12.2 %) 63 (15.4 %) 0.17
Peripheral arterial disease 150 (9.4 %) 87 (10.0 %) 42 (9.1 %) 45 (11.0 %) 0.37
Lab analysis at admission
Urea (mmol/l), mean (SD) 9.3(7.32) 104 (8.12) 11.0 (7.55) 9.6 (8.66) 0.01
Creatinine (pmol/l), mean (SD) 117.2 (96.75) 1283 (112.19) 121.4 (87.56) 136.0 (134.25) 0.056
UCR, mean (SD) 81.3(33.23) 83.5 (34.52) 92.9 (35.31) 73.0 (30.36) <0.001
CRP (mg/l), mean (SD) 72.60 (85.96) 78.63 (86.39) 83.46 (92.31) 73.22 (79.01) 0.08

BMI: Body Mass Index, NRS: Nutritional Risk Screening 2002, CRP: C-reactive protein, UCR: Urea-to-creatinine Ratio.

2 Individuals with available measurements used for calculation of UCR on admission and day 7.

b The metabolic state was assumed based on changes in UCR. A decline in UCR over time suggests an anabolic metabolic state, a rise in UCR over time indicates a catabolic

metabolic state.

Table 2

Association of baseline UCR and change in UCR with mortality and secondary clinical outcomes.

n. of event (%)

Anabolic

Catabolic

Adj. HR (95%ClI) p-value

30-day all-cause mortality
Baseline UCR*
Change in UCR®
180-day all-cause mortality
Baseline UCR*
Change in UCR®
1-year all-cause mortality
Baseline UCR*
Change in UCR®
5-year all-cause mortality
Baseline UCR®
Change in UCR"

60/954 (6.3 %)
36/460 (7.8 %)

190/954 (19.9 %)
98/460 (21.3 %)
Baseline UCR?
267/883 (30.2 %)
134/430 (31.1 %)

435/883 (49.3 %)
240/430 (55.8 %)

86/641 (13.4 %)
61/410 (14.9 %)

194/641 (30.3 %)
139/410 (33.9 %)

246/598 (41.1 %)
165/381 (43.3 %)

383/598 (64.0 %)
246/381 (64.6 %)

2.05 (1.47—2.87) p < 0.001
2.02 (1.34-3.06) p = 0.001

1.51 (1.23-1.85) p < 0.001
1.73 (1.34—2.24) p < 0.001

1.40 (1.17-1.67) p < 0.001
1.54 (1.23—1.94) p < 0.001

1.38 (1.20—1.59) p < 0.001
1.37 (1.15-1.64) p < 0.001

Adj. OR (95%CI) p-value

Adverse outcome within 30 days
Baseline UCR*
Change in UCR"
Decline in functional status of more than 10 %
Baseline UCR*
Change in UCR"

214/954 (22.4 %)
116/460 (25.2 %)

95/954 (10.0 %)
58/460 (12.6 %)

195/641 (30.4 %)
122/410 (29.8 %)

113/641 (17.6 %)
69/410 (16.8 %)

145 (1.14—1.84) p = 0.002
1.28 (0.94-1.73) p = 0.116

1.79 (1.32—2.42) p < 0.001
1.44 (0.97-2.12) p = 0.068

Calculation was adjusted by sex, age, received nutritional support, Nutritional Risk Screening (NRS), infection as admission diagnosis, tumor as admission diagnosis, hy-
pertension, kidney impairment. UCR: Urea-to-creatinine Ratio, adj.: adjusted, HR: hazard ratio, adj.: adjusted, HR: hazard ratio, OR: odds ratio.
2 At admission, a threshold for UCR was statistically determined at 83.22. A ratio lower than the threshold proposed as an anabolic metabolic state, a ratio above the

threshold proposed as a catabolic metabolic state.

b The metabolic state was assumed based on changes in UCR. A decline in UCR over time suggests an anabolic metabolic state, while a rise in UCR over time indicates a

catabolic metabolic state.
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Fig. 1. Kaplan—Meier estimate for time to death comparing change in UCR. Metabolic change in UCR was determined between admission and cohort day 7. A decline in UCR
suggests an anabolic metabolic state, and a rise in UCR over time indicates a catabolic metabolic state. The 3-year follow-up was based on categorization into anabolic or catabolic

change in UCR done on cohort day 7. UCR: Urea-to-creatinine ratio.
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anabolic UCR 218
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without intervention
anabolic UCR 242
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analysis time (days)
213 206 205
195 186 183
237 220 219
182 171 167

Fig. 2. Kaplan—Meier estimate for time to death comparing randomization group and anabolic versus catabolic change in UCR. Patients in the intervention group received
nutritional support, and patients in the control group received standard hospital food. The metabolic state was assumed based on changes in UCR. A decline in UCR over time
suggests an anabolic metabolic state, a rise in UCR over time indicates a catabolic metabolic state. UCR: Urea-to-creatinine ratio.

4. Discussion

Data from this large-scale cohort of non-critically ill medical
inpatients from a previous nutritional trial indicated that a high
baseline UCR or a catabolic change in UCR from admission to day 7
were independent risk factors for increased mortality and poor
clinical outcomes. However, neither baseline UCR nor changes in
UCR predicted which patients would benefit most from nutritional
therapy, limiting its utility as a marker of therapy response.
Although several disease-specific factors influenced UCR, sensi-
tivity analysis showed robust results, supporting its broad
applicability.
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UCR has been suggested as a prognostic indicator in critical care
settings and across various patient populations, including those
with cardiogenic shock and infections [16,34—38]. Our results
expand these findings and suggest that a high baseline UCR and a
catabolic UCR dynamic during hospitalization are both indepen-
dently associated with increased mortality among polymorbid
medical ward patients with different illnesses that are at nutri-
tional risk. Similar to our results, a secondary analysis of a large ICU
trial comparing high to moderate protein intake (EFFORT Protein
trial) also confirmed the association of UCR with mortality, which
was independent of renal function and other confounding factors
[43], as were our results. The authors of this trial concluded that the
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Fig. 3. Forest plot for the effect of nutritional support on 30-day mortality stratified by baseline UCR, change in UCR and co-factor inflammation.
2 change in UCR was determined between baseline UCR and measurements on cohort day 7. A decline in UCR over time suggests an anabolic metabolic state, a rise in UCR over time

indicates a catabolic metabolic state.

b at admission, a threshold for UCR was statistically determined at 83.22. A ratio lower than the threshold is proposed as an anabolic metabolic state, and a ratio above the threshold

is proposed as a catabolic metabolic state.

In this study population, the threshold for high inflammation was defined as a CRP level of 100 mg/l. Levels above were defined as high inflammation, and values below were

defined as low inflammation.
UCR: Urea-to-creatinine ratio, CRP: C-reactive protein.

indirect adverse effect of high-dose protein may have been medi-
ated via ureagenesis. This suggests that impaired protein meta-
bolism, rather than a specific nutritional intervention or protein
dosage, is an independent risk factor for adverse clinical outcomes.
Physiologically, this may be due to the accumulation of toxic
intermediary metabolites, such as ammonia, from an overloaded
urea cycle [39]. Thus, increasing protein intake for an anabolic ef-
fect is justified, but only within the limits of individual metabolic
tolerance, as indicated by urea levels.

Despite these promising prognostic results, prospective studies
are lacking to confirm that UCR-guided nutritional therapy would
benefit patients. Herein, using data from our RCT, we assessed
treatment response according to baseline and changes in UCR over
7 days. Our results, however, did not show that UCR could distin-
guish nutritional treatment responders from non-responders, as
suggested in previous ICU trials [39] and a study involving patients
with advanced cancer [13]. Several factors may explain this finding.
First, our study included medical inpatients at nutritional risk who
were acutely but not critically ill, so catabolic processes may have
had a lesser impact on macronutrient metabolism. Second, we
could not capture short-term dynamics with only two urea and
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creatinine measurements during the hospital stay. Third, protein
intake in the intervention group was lower than in many ICU
studies, particularly mean protein intake was 0.84 g ( + 0.35) pro-
tein per kg bodyweight per day int the intervention group versus
0-70 g ( + 0.34) protein per kg bodyweight per day in the control
group [4], possibly causing an increase in urea that was less clini-
cally meaningful. An additional stratification of patients that have
reached at least 75 % of their protein requirements did not increase
predictive capacity of the UCR. Lastly, the classification of anabolic
and catabolic UCR values was based on a data-driven approach and
clinical reasoning, as reliable reference values were unavailable,
with reported means ranging from 14 [15] to 140 [40,41],
depending on the condition.

Two other factor shown to be crucial for the response to treat-
ment in medical inpatients are the extent of inflammation [12,42]
and renal function at admission [21]. Our data support the hy-
pothesis that the benefits of nutritional therapy diminish as
inflammation increases. Regardless of their classification by UCR,
patients with high inflammation showed fewer benefits from
nutritional therapy than patients with moderate or low inflam-
mation. These observed effect modifications may be explained by
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the effects of inflammation on the metabolism, such as cytokine-
induced anorexia and impaired gastrointestinal motility leading
to gastroparesis and nausea [43]. In addition, the neuroendocrine
and inflammatory responses cause the mobilization of energy
stores, triggering lipolysis, glycolysis, glycogenolysis and gluco-
neogenesis in the liver, and the release of amino acids through
muscle proteolysis. These metabolic changes cause hyperglycemia
together with peripheral insulin resistance, which hinders the en-
try of glucose into cells [44,45] and increases overall catabolism
[46]. Direct measurement of catabolism, specifically endogenous
energy production, is currently unavailable [46], making surrogate
biomarkers essential. While inflammation and admission eGFR
support their high validity as a predictive marker, UCR has proven
less reliable in our application for the reasons outlined above.

4.1. Strengths and limitations

The data of this study come from a well-characterized cohort
included in a previous RCT, and all outcomes were prospectively
assessed up to 5 years. We had consistent results in our sensitivity
analysis, which strengthens the reliability. However, several limi-
tations need to be mentioned. Not all laboratory tests were con-
ducted on day 7 and were performed earlier, on days 5 or 6, due to
early patient discharge, while others were missing follow-up lab-
oratory tests for unknown reasons. This variability may have
affected data consistency, particularly in classifying patients into
anabolic or catabolic groups. Furthermore, missing data from early
discharges may have introduced bias, as healthier patients were
likely to be discharged earlier, thus underrepresenting this group in
the final analysis. The threshold for defining baseline UCR as
anabolic or catabolic was determined statistically using ROC and
Youden's ] statistic [31], as no standardized threshold level for UCR
exists to date. Additionally, all patients included were at nutritional
risk, with the result that metabolic disorders and catabolism
occurred more frequently.

5. Conclusion

Assessment of catabolism through UCR measurement at base-
line and changes during follow-up was associated with increased
mortality and adverse outcomes in this cohort of medical inpatients
at nutritional risk from a previous RCT. Although various comor-
bidities such as congestive heart failure, gastrointestinal issues,
renal injury and inflammation may influence biochemical markers
used for calculating UCR, we had consistent results in sensitivity
analysis, strengthening the robustness of findings of UCR being a
prognostic marker. However, the stratification of patients according
to UCR was not associated with response to nutritional therapy in
our sample. Further studies into the dynamic changes in UCR over
time are needed to better understand the clinical implications for
the medical ward patient. Finding validated markers of metabolic
stress and feeding intolerance will be crucial to discovering a
personalized nutritional approach that can improve outcomes in
critically or acutely ill patients.
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