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Admission serum albumin concentrations and
response to nutritional therapy in hospitalised
patients at malnutrition risk: Secondary analysis of a
randomised clinical trial
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Summary

Background Historically, admission serum albumin concentrations have been considered useful biochemical
markers for nutrition assessment. However, there is a lack of randomised trial data investigating whether low albu-
min concentrations are helpful for identifying patients benefitting from nutritional support.

Methods This study was a secondary analysis of the EFFORT trial, a Swiss-wide multicentre, randomised controlled
trial comparing individualised nutritional support with usual care nutrition in medical inpatients from April 1,
2014, to February 1, 2018. 1389 of 2028 patients at nutritional risk with available albumin concentrations on admis-
sion were included. The primary endpoint was all-cause mortality within 30 and 180 days. Patients were stratified
into groups of low or normal albumin based on the albumin cut-off of 30 g/L. ClinicalTrials.gov number,
NCTo2517476.

Findings 1389 patients (mean age, 773.1 (SD 3.5) years; 747 (53.8%) men) were included and 676 (48.7%) had low
serum albumin concentrations at admission (<30 g/L). Mortality at 180 days was significantly increased in the low
albumin group compared with patients with normal albumin concentrations (219/676 (32.4%) vs. 162 /713 (22.7%),
fully adjusted HR 1.4, 95%CI L.II to 1.77, p = 0.005]. Effects of nutritional support on 30-day mortality were similar
for patients with low compared to patients with normal albumin concentrations (HR 0.68, 95%CI 0.44 to 1.05 vs.
HR 0.70, 95%CI 0.41 to 1.20), with no evidence for a subgroup effect (p for interaction=0.97).

*Corresponding author at: Medical University Department, Division of General Internal and Emergency Medicine, Kantonsspital
Aarau, Tellstrasse, Aarau CH-5001, Switzerland.
E-mail address: schuetzph @gmail.com (P. Schuetz).

www.thelancet.com Vol 45 Month March, 2022

eClinicalMedicine
2022;45: 101301
Published online 11 Feb-
ruary 2022
https://doi.org/10.1016/j.
eclinm.2022.101301


mailto:schuetzph@gmail.com
https://doi.org/10.1016/j.eclinm.2022.101301
https://doi.org/10.1016/j.eclinm.2022.101301

Articles

Interpretation Based on this secondary analysis of a randomised trial, low admission serum albumin concentrations
in hospitalised, non-critically ill, medical patients at nutritional risk had prognostic implications and indicated
higher mortality risk but were not helpful in selecting patients for nutritional interventions.

Funding The Swiss National Science Foundation (SNSF) (PPooP3_150531) and the Research Council of the Kant-
onsspital Aarau (1410.000.058 and 1410.000.044) provided funding for the EFFORT trial

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched PubMed and Google Scholar for studies
published in English from Nov 1, 1992, to Nov, 1, 2021.
We used the search terms “malnutrition” and “albumin”,
and “mortality”, or “clinical outcome”, and “nutritional
treatment” or “nutritional support”, and found that sev-
eral studies have examined the cross-sectional relation-
ship between albumin concentrations and mortality
and other clinical outcomes. However, there have been
no large randomized studies exploring whether low
albumin concentrations could be helpful in identifying
patients who may benefit from nutritional support.

Added value of this study

This study is, to our knowledge, the first to conclusively
assess the ability of albumin concentration to predict
the effectiveness of nutritional support and confirms
that low admission serum albumin concentrations in
hospitalised, non-critically ill, medical patients at nutri-
tional risk predicted higher mortality in the short-term
and long-term. Albumin concentrations were, however,
not helpful in selecting patients for nutritional
interventions.

Implications of all the available evidence

Based on this secondary analysis of a randomised trial,
low admission albumin concentrations should not be
used to diagnose malnutrition or to help guide nutri-
tional interventions. There is, however, a need for fur-
ther research investigating biomarkers for better
assessing nutritional status and response to nutritional
therapy.

Introduction

For decades, serum albumin concentration has been
used as a surrogate marker to quantify the amount of
circulating proteins in the plasma and was, thereby,

thought to reflect nutrition status."* For this reason,
albumin was historically viewed as a nutrition marker
and patients with low albumin concentrations were con-
sidered malnourished and in need of nutritional sup-
port interventions. However, these considerations were
largely based on pathophysiological considerations and
more recent data suggested that albumin is also a nega-
tive acute phase protein and may reflect inflammation/
acute disease severity and not necessarily nutritional sta-
tus only.? Still, there is an important lack of data from
randomised controlled trials investigating whether low
albumin concentrations would be helpful for identifica-
tion of patients benefitting from nutritional support.”

Malnutrition is common among hospitalised elderly
patients and is strongly associated with increased mor-
bidity and mortality.*”” In the last few years, several tri-
als and meta-analyses of such trials, have provided
evidence that nutritional support reduces risks associ-
ated with malnutrition.*° The largest trial, the Effect of
early nutritional therapy on Frailty, Functional Out-
comes, and Recovery of malnourished medical inpa-
tients Trial (EFFORT), included 2028 medical
inpatients at nutritional risk and reported significant
reductions in severe complications and mortality for
patients receiving nutritional support as compared with
patients in the control group receiving usual care hospi-
tal nutrition."® While the overall population of medical
inpatients did show benefit from nutritional support in
this trial, it is possible that some patients experienced
more or less benefit from this intervention allowing a
more individualised approach to the patient at risk for
malnutrition.”"* In a previous analysis, we found that
patients with high inflammation mirrored by high con-
centrations of C-reactive protein (CRP) at admission
showed significantly less benefit from nutrition with
significant results in interaction analysis.” Whether
other blood markers — including serum albumin —
would also be helpful in identifying patients responding
or not responding to nutritional support would be
important to further advance nutritional care of the indi-
vidual patient.

Herein, we performed a secondary analysis of
EFFORT with the aim to better define the predictive
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role of admission albumin concentration in screening
and assessment of patients regarding malnutrition. We
first investigated the prognostic value of admission
serum albumin concentrations and second studied asso-
ciations of albumin concentrations with effectiveness of
nutritional support, overall and within different sub-
groups.

Methods

Study design and setting

This is a secondary analysis of EFFORT, a multicentre
trial that took place in 8 hospitals in Switzerland from
April 1st 2014 to February 1st 2018."° EFFORT was a
prospective, non-commercial, randomised-controlled
trial comparing the effect of an early individualised
nutritional support versus usual care hospital nutrition
on medical outcomes in patients at risk of malnutrition.
It was approved by the ethics committee of Northwest-
ern Switzerland (EKNZ; 2014_oo1) and was registered
at ClinicalTrials.gov in August 2015 (https://clinical
trials.gov/ctza/show/NCTo2517476). The trial proto-
col,” the main results™ as well as results regarding
long-term outcomes,” cost outcomes'® and results of
secondary analyses'*">"77>* have been published previ-
ously. All patients provided written informed consent.

Patient population

EFFORT enrolled consecutive patients at nutritional
risk [defined by a Nutritional Risk Screening (NRS
2002) total score >3 points®’] with an expected hospital
stay >5 days if they were willing to provide informed
consent. The NRS includes the patient’s current nutri-
tional status and the severity of the underlining dis-
ease.”* Both parts score between o and 3 points and an
additional point for age above 70 years (maximum of 7
points). Exclusion criteria were initial admission to an
intensive care unit or a surgical unit, inability for oral
ingestion of food, already established nutritional sup-
port at admission, terminal illness, gastric bypass,
anorexia nervosa, acute pancreatitis, acute liver failure,
cystic fibrosis, stem cell transplantation or contraindica-
tions for nutritional support and previous inclusion in
the trial. Patients were randomly assigned (1:1) either to
the intervention group, receiving individualised nutri-
tional support, or the control group receiving standard
hospital food. All patients in the intervention group
received individualised nutritional support within 48 h
of admission to reach protein and energy goals accord-
ing to a previously published consensus protocol® and
in accordance with recent international guidelines.>
Individualised energy and protein goals were defined
for each individual patient upon hospital admission by
a trained registered dietician. We used the weight-
adjusted Harris-Benedict equation to estimate energy
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requirements.”” Daily protein intake goals were set at
1.2—1.5 g/kg body weight per day with lower targets of
0.8 g/kg body weight for patients with renal failure.*®
To reach these goals, an individualised nutritional plan
was developed by a trained registered dietician for each
patient based initially on oral nutrition provided by the
hospital kitchen and oral nutritional supplements.*?3°
A further increase in nutritional support to enteral tube
feeding or parenteral feeding was recommended if at
least 75% of energy and protein targets could not be
reached through oral feeding within 5 days.
Additionally, medical diagnosis according to Interna-
tional Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes, socio-
demographic and anthropometric data, baseline muscle
strength, and functional status (using the Barthel scale)
were assessed in all patients. While EFFORT included a
total of 2028 patients, this secondary analysis focuses
on 1389 patients (68%) from all participating hospitals.
For further subgroup analyses, we excluded another 18
patients due to missing admission CRP concentrations.

Patient groups, research objective and outcomes

The main aims of our study were twofold: first, to inves-
tigate role of albumin as a prognostic indicator for mor-
tality, and second as a predictor for the response to
nutritional support. For this purpose, we divided the
patient population in two groups based on their admis-
sion serum albumin concentration choosing a cut-off of
30 g/L3" Because albumin is highly influenced by
inflammation, we further grouped patients according to
the level of inflammation based on a CRP cut-off value
of 100 mg/L, according to a previous study.”

Endpoints were in line with the original publication,
collected through a structured telephone interview at 30
and 180 days after inclusion in the trial.”® The primary
endpoint was all-cause mortality within 180 days for
prognostic analyses and all-cause mortality within
30 days for the for predictive analysis regarding treat-
ment response. Secondary endpoints included the com-
posite endpoint of adverse outcomes (consisting of all-
cause mortality, admission to the intensive care, read-
mission, major complications, functional decline),
major complications (nosocomial infection or abscess
requiring antibiotic treatment, major cardiovascular
events, acute renal failure), length of hospital stay
(LOS), non-elective hospital readmission after 30 and
180 days.

Statistical analysis

Analyses were performed in the intention-to-treat popu-
lation, including all patients with available serum albu-
min concentrations on admission. Continuous variables
were expressed as mean and standard deviations (SD)
for normally distributed data or as median and
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Interquartile range (IQR) for skewed data, discrete varia-
bles as counts and percentages. We compared frequencies
using Pearson’s x* test and continuous variables using a
two-sample t-statistic or a Wilcoxon rank-sum test. We
used Cox regression models for time-to-event data with
reporting of hazard ratios (HR), logistic regression for
binary outcomes with odds ratios (OR) and linear regres-
sion for continuous outcomes with coefficients. We also
report corresponding 95% confidence intervals (CI) for all
estimates. We fitted different unadjusted and adjusted
models including main prognostic indicators (age, sex,
main diagnosis, comorbidities, randomisation, centre) and
confounders (CRP or NRS). To investigate whether treat-
ment response was different in groups with high or low
albumin concentrations, we included interaction terms in
the statistical models. We used the Kaplan-Meier method
to visualise the primary outcome data over time by calculat-
ing the probability of all-cause mortality within 30 days of
randomisation. All statistical analyses were performed with
STATA 15.1 (Stata Corp, College Station, TX, USA). A P
value <o.05 (for a 2-tailed test) was considered to indicate
statistical significance.

Role of the funding source

The Swiss National Science Foundation (SNSF)
(PPooP3_150531) and the Research Council of the Kant-
onsspital Aarau (1410.000.058 and 1410.000.044) pro-
vided funding for the EFFORT trial. The funders had
no role in data collection, analysis, interpretation, writ-
ing of the manuscript and the decision to submit.

Results

Patient population

From the 2028 patients enrolled in EFFORT, we had
available serum albumin concentrations for 1389
patients (Figure 1), of whom 713 (51.3%) had normal and
676 (48.7%) patients had low albumin concentrations
(= or <30 g/L). Median age was 73.1 (+13.5) years and
54% were male. All patients were at nutritional risk,
with 397 (28.6%), 547 (39.4%) and 445 (32.0%) having
NRS-2002 scores of 3, 4 or >3 points. Patients had dif-
ferent main admission diagnoses and overall a high bur-
den of comorbidities. Baseline characteristics for the
overall population and stratified by albumin concentra-
tions on admission are shown in Table 1. Additional
tables of baseline characteristics stratified by CRP con-
centrations and randomisation can be found in the Sup-
plement 2 (eTables 1 and 2).

Association of admission serum albumin
concentrations and outcomes

In a first step, we investigated associations of baseline
albumin concentration and outcomes at 30 and

180 days (Table 2). Patients with low compared with
normal admission albumin concentrations had a signifi-
cant increase in the risk of mortality within 180 days
[32.4% vs. 22.7%, HR 1.53 (95%CI 1.25 to 1.87);
p < o.ooiland 30 days [12.6% vs. 7.9%, HR 1.62
(95%CI 1.16 to 2.27), p = 0.005]. Kaplan-Meier survival
estimates, shown in Figure 2, confirm these results,
showing a higher risk for death in patients with low
albumin concentrations at admission. These associa-
tions remained significant over 180-days, also in models
adjusted for different confounders including Model 3
age, sex, main diagnosis, comorbidities, randomisation,
centre, NRS — as well as CRP. For the 30-day outcome,
results were no longer significant when adjusting the
multivariate analysis for CRP (HR 1.28, 95%CI 0.85
t01.94, p = 0.239). Low admission albumin concentra-
tion was also significantly associated with higher risk
for adverse outcomes, major complications and LOS,
with results remaining significant also in the multivari-
ate models. Figure 2B through E show 180-day mortal-
ity stratified according to albumin concentrations
within subgroups of patients with high and low nutri-
tional risk and high and low inflammation.

Effectiveness of nutritional support on outcomes
depending on admission albumin concentration

In a second step, we compared effectiveness of individu-
alised nutritional support in patients with normal or
low admission albumin concentrations (Table 3). There
was no significant difference in the effect of the nutri-
tional support intervention on mortality in both groups
(HR 0.68, 95%CI 0.44 to 1.05, p = 0.084 vs 0.70
95%CI 0.41 to 1.20, p = 0.196) with no evidence for
interaction (p = 0.969). Figure 3 shows effects of nutri-
tional support in patients stratified according to admis-
sion albumin concentration. When additionally
stratifying patients according to their baseline CRP con-
centration, we found more effect of nutritional support
in patients with low and moderate CRP concentrations
(<100 mg/L) and no effects in the high CRP group
(CRP >100 mg/L), but again no differences in response
according to admission albumin concentrations. Results
are also displayed in a forest plot (Figure 4). Results
remained similar for secondary endpoints including
adverse outcome, LOS as well as 180-day mortality with
no evidence for effect modification according to admis-
sion albumin concentrations except for a borderline
result regarding 180 day mortality.

Sensitivity analysis

In a final sensitivity analysis, we also investigated
whether results would change according to different
albumin and CRP cut-off concentrations (i.e., albumin
cut-off of 35 g/L and CRP cut-off of 10 mg/L) (data not
shown). However, results remained robust regarding
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5015 patients
screened
for trial inclusion

1878 patients not included because

of exclusion criteria

3137 patients eligible
for inclusion

1049 patients not included because

of refused participation

2088 patients
randomized

1050 assigned to
Intervention

35 withdrew consent

335 no measurement
of admission albumin
concentration

696 included in final
analysis

Figure 1. Study profile.
Abbreviations: CRP: C-reactive protein.

the prognostic models as well as regarding the predic-
tive value for effectiveness of nutritional support.

Discussion

In this secondary analysis of a prospective randomised
controlled trial comparing the effect of individualised
nutritional support versus standard hospital food in a
large population of mainly polymorbid, medical inpa-
tients at nutritional risk, we investigated the prognostic
and predictive value of admission serum albumin con-
centrations. First, our results indicate that admission
albumin is a strong and independent prognostic indica-
tor regarding longer-term mortality with patients show-
ing low albumin concentrations having a roughly 40%
increase in mortality risk in statistical models adjusted
for important confounders. Second, our results confirm
that the response to nutritional support was indepen-
dent of admission albumin concentration and clinicians
should, thus, not view albumin as a nutritional marker
for nutritional interventions.
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1038 assigned to
Control

25 withdrew consent

322 no measurement of
admission albumin
concentration

711 included in final
analysis

Our results regarding the prognostic role of albumin
are largely concordant with previous studies demon-
strating that albumin concentration is a strong prognos-
tic indictor.>** 3° Importantly, we were also able to
adjust our analysis for important confounders including
age, sex, main diagnosis, comorbidities, and nutritional
risk as assessed by NRS. In addition, we adjusted the
model for the degree of inflammation — reflected by
admission CRP concentrations — which directly influ-
ences albumin concentrations. These results suggest
that albumin concentration could be used as an indica-
tor for poor outcome across medical inpatient popula-
tions and, thereby, be helpful in comparing populations
for study purposes, in selecting patients at high risk for
specific treatments or to individualise care according to
expected mortality risks of patients. Our data do not
indicate whether albumin concentration is part of the
causal pathway or a surrogate marker for disease sever-
ity leading to adverse outcome and death. Also, whether
monitoring increase in albumin concentration over
time would be helpful in determining recovery of
patients should be investigated in future studies.
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Overall Albumin >30 g/L Albumin <30 g/L p-value
n 1389 713 676
Sociodemographics
Male sex 747 (53.8%) 374 (52.5%) 373 (55.2%) 0.31
Age
Mean Age (years), mean (SD) 73.1 (13.5) 73.6 (13.9) 72.5(13.0) 0.13
Age groups 0.008
< 65 years, n (%) 220 (15.8%) 118 (16.5%) 102 (15.1%)
65—75 years 468 (33.7%) 213 (29.9%) 255 (37.7%)
> 75 years 701 (50.5%) 382 (53.6%) 319 (47.2%)
Nutritional assessment
Mean body-mass index (kg/m?), mean (SD) 246 (5.3) 245 (5.3) 24.7 (5.2) 0.47
Mean body weight (kg), median (IQR) 68.5 (58.4—81.5) 67.7 (57.7—80.8) 69.5 (59.1-82.9) 0.14
NRS 2002 Score n (%) <0.001
3 points 397 (28.6%) 234 (32.8%) 163 (24.1%)
4 points 547 (39.4%) 282 (39.6%) 265 (39.2%)
> 5 points 445 (32.0%) 197 (27.6%) 248 (36.7%)
Weight loss, n (%) 0.23
< 5% in 3 months 679 (48.9%) 330 (46.3%) 349 (51.6%)
> 5% in 3 months 226 (16.3%) 119 (16.7%) 107 (15.8%)
> 5% in 2 months 186 (13.4%) 103 (14.4%) 83 (12.3%)
> 5% in 1 month 298 (21.5%) 161 (22.6%) 137 (20.3%)
Loss of appetite, n (%) 1242 (89.4%) 624 (87.5%) 618 (91.4%) 0.018
Food intake of normal requirement in the past week, n (%) 0.007
> 75% 130 (9.4%) 76 (10.7%) 54 (8.0%)
50—75% 430 (31.0%) 242 (33.9%) 188 (27.8%)
25-50% 581 (41.8%) 283 (39.7%) 298 (44.1%)
< 25% 248 (17.9%) 112 (15.7%) 136 (20.1%)
Severity of illness, n (%) <0.001
very mild 30 (2.2%) 23 (3.2%) 7 (1.0%)
mild 924 (66.5%) 534 (74.9%) 390 (57.7%)
moderate 418 (30.1%) 148 (20.8%) 270 (39.9%)
severe 17 (1.2%) 8(1.1%) 9(1.3%)
Laboratory measurements
Admission albumin concentration (g/L), mean (SD) 30.2 (6.7) 354 (4.2) 24.7 (3.8) <0.001
Admission CRP concentration (mg/L), median (IQR) 37 (9.4-117) 17 (5—60) 80.5 (25—150) <0.001
Main admission diagnosis n (%)
Cardiovascular disease 154 (11.1%) 106 (14.9%) 48 (7.1%) <0.001
Infection 390 (28.1%) 161 (22.6%) 229 (33.9%) <0.001
Cancer 287 (20.7%) 118 (16.5%) 169 (25.0%) <0.001
Pulmonary disease 84 (6.0%) 50 (7.0%) 34 (5.0%) 0.12
Frailty 128 (9.2%) 90 (12.6%) 38 (5.6%) <0.001
Other 249 (17.9%) 141 (19.8%) 108 (16.0%) 0.065
Comorbidities n (%)
Coronary heart disease 391 (28.1%) 140 (19.6%) 109 (16.1%) 0.088
Congestive heart failure 249 (17.9%) 381 (53.4%) 372 (55.0%) 0.55
Hypertension 753 (54.2%) 4 (7.6%) 51 (7.5%) 0.98
Cerebrovascular disease 105 (7.6%) 9 (9.7%) 63 (9.3%) 0.82
Peripheral arterial disease 132 (9.5%) 217 (30.4%) 236 (34.9%) 0.075
Chronic kidney disease 453 (32.6%) 146 (20.5%) 157 (23.2%) 0.22
Diabetes 303 (21.8%) 109 (15.3%) 86 (12.7%) 0.17
COPD 195 (14.0%) 7 (5.2%) 20 (3.0%) 0.036
Dementia 7 (4.1%) 214 (30.0%) 282 (41.7%) <0.001
Malignant disease 496 (35.7%) 87 (25.0%) 409 (39.3%) <0.001
Table 1: Baseline characteristics overall and stratified by serum albumin concentration.
Abbreviations: SD: standard deviation, IQR: interquartile range, NRS: nutritional risk screening, CRP: C-reactive protein, COPD: chronic obstructive pulmo-
nary disease.
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Table 2: Prognostic value of admission serum albumin concentration.

*Model 2 adjusted for age, sex, main diagnosis, comorbidities, randomisation, centre, CRP; **Model 3 adjusted for age, sex, main diagnosis, comorbidities, randomisation, centre, NRS. Abbreviations: SD: standard deviation, OR: od

ratio, HR: hazard ratio, Coef: Coefficent, CI: confidence interval, CRP: C-reactive protein, NRS: nutritional risk screening.
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This report is, to our knowledge, the first to conclu-
sively assess the ability of albumin concentration to pre-
dict effectiveness of nutritional support. Regarding our
primary endpoint 30-day mortality, there was no signifi-
cant interaction between albumin concentration and
response to nutritional support. When stratified accord-
ing to inflammation, a stronger treatment response was
found in patients with low to moderate inflammation
compared to high inflammation (CRP >100 g/L) con-
firming previous reports.”?” Still, treatment response
did not differ according to albumin concentrations
within different groups of patients stratified by inflam-
mation level. Thus, albumin concentrations did not pro-
vide additional information regarding benefit of
treatment and should not be viewed as a nutritional
marker. These results are in line with a recent consen-
sus paper and a meta-analysis concluding that albumin
concentrations should be used in the evaluation of
severity of disease but not to assess nutritional status or
diagnose malnutrition.>**3® This may be explained by
serum albumin concentrations being affected by a vari-
ety of factors, mostly reflecting acute disease or inflam-
mation but not reflecting plasma proteins or nutritional
status.>® The visceral protein albumin is a negative
acute-phase protein and albumin concentrations are
inversely correlated to CRP concentrations.” Normalisa-
tion of albumin concentrations may, therefore, not
depend on nutritional support or albumin treatment,
but rather on the resolution of disease and
inflammation.*®

Importantly, hypoalbuminaemia and an elevated
CRP largely identify the same underlying metabolic
response to injury and inflammation, but CRP is more
sensitive and specific largely related to is short half-life
of about 24—48 h and broad range.”*° Albumin con-
centrations in response to inflammation have a long
half-life of several weeks and may not be restored to nor-
mal until the stress response remits, and then only after
several weeks. Furthermore, the serum albumin con-
centration is dramatically altered by a number of other
variables not affecting CRP to the same degree, such as
the state of hydration and underlying liver and renal
function.*>#" It will be interesting in future studies to
look at the value of prealbumin (transthyretin) concen-
trations, which have a much shorter half-life, to poten-
tially guide nutritional support interventions.**

Our report has strengths and limitations. To our
knowledge, this is the first secondary analysis based on
a randomised controlled clinical trial to investigate
whether hypoalbuminemia is associated with effective-
ness of nutritional support. Still, we focussed only on
albumin concentrations and other biomarkers such as
prealbumin could have shown different results. We
excluded patients with no albumin measurements
which may introduce selection bias. We also only
focused on medical inpatients at nutritional risk and
had some exclusion criteria in the original trial
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Figure 2. Kaplan-Meier estimates for time to death within 180 days for prognostic value stratified by admission albumin concentra-
tions for the overall population (A); for patients with moderate nutritional risk (B) and high nutritional risk (C); and for patients with

low and moderate inflammation (D) and high inflammation (E).

including surgical and critically ill patients limiting the
generalisability of results. Also, it is likely that patients
with the greatest inflammatory response (correspond-
ing to high CRP concentrations and low albumin con-
centrations) may have been more difficult to feed due to
the difficulty of feeding in the more acutely ill. This
may explain some of the differences in improvements

in outcomes in response to nutritional support seen
patients with high vs. low levels of inflammation.
Because this was a secondary analysis, our results are
hypothesis generating rather than definite and require
validation in an independent sample.

Based on this secondary analysis of a randomised
trial, low admission albumin concentrations in
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Albumin >30 g/L

Albumin <30 g/L

Intervention group

Control group Regression analysis*

Intervention group

Control group Regression analysis*

Interaction terms

n (%) or mean (SD)

All-cause mortality within 30 days

All patients 22/340 (6.5)
CRP <100 mg/I 15/276 (5.4)
CRP >100 mg/I 6/58 (10.3)
Adverse outcome

All patients 80/340 (23.5)
CRP <100 mg/I 66/276 (23.9)
CRP >100 mg/I 11/58 (19)
Length of hospital stay

All patients 8.8 (6.6)
CRP <100 mg/I 8.8 (6.4)
CRP >100 mg/I 8.7 (7.4)
All-cause mortality within 180 days

All patients 70/340 (20.6)
CRP <100 mg/I 54/276 (19.6)
CRP >100 mg/I 14/58 (24.1)

n (%) or mean (SD)  OR, HR or Coef (95% Cl)  p-value

34/373 (9.1) 0.70 (0.41-1.2) 0.196
32/321 (10) 0.52 (0.28—0.96) 0.036
1/46 (2.2) 4.38(0.52—36.88) 0.174
88/373 (23.6) 1.02 (0.72—1.44) 0.914
81/321(25.2) 0.95 (0.65—1.38) 0.792
6/46 (13) 1.57 (0.52—4.76) 0.426
9(5.7) -0.26 (-1.14-0.61) 0.554
9(5.8) -0.15 (-1.11-0.8) 0.752
9.4 (4.6) -0.58 (-3.04—1.88) 0.641
92/373 (24.7) 0.82 (0.6—1.13) 0.223
85/321 (26.5) 0.71 (0.51-1) 0.051
4/46 (8.7) 2.76 (0.19—-17.31) 0.077

n (%) or mean (SD)

36/348 (10.3)
14/207 (6.8)
22/139 (15.8)

91/348 (26.2)
49/207 (23.7)
42/139 (30.2)

10.57471 (7.3)
10.4 (7.1)
10.8 (7.6)

106/348 (30.5)
65/207 (31.4)
40/139 (28.8)

n (%) or mean (SD)  OR, HR or Coef (95% Cl)  p-value

49/328 (14.9) 0.68 (0.44—1.05) 0.084
23/166 (13.9) 0.47 (0.24-0.91) 0.024
25/158 (15.8) 1.05 (0.24—-1.87) 0.868
108/328 (32.9) 0.72(0.52—1) 0.052
51/166 (30.7) 0.69 (0.43—1.09) 0.115
55/158 (34.8) 0.79 (0.48—1.29) 0.34
10.5 (6.8) 0.09 (-0.94—1.12) 0.865
10 (5.8) 0.42 (-0.89—1.73) 0.529
11(7.7) -0.31 (-2.01-1.4) 0.722
113/328 (34.5) 0.87 (0.67—1.14) 0.308
53/166 (31.9) 0.96 (0.67—1.38) 0.815
58/158 (36.7) 0.8 (0.53-1.2) 0.281

p interaction*®

0.969
0.801
0.165

0.171
0.29
0.287

0.599
0473
0.747

0.797
0.266
0.022

Table 3: Predictive value of serum albumin concentration regarding effectiveness of nutritional support.
*Adjusted for centre, NRS, Barthel Score; Abbreviations: SD: standard deviation, OR: odd ratio, HR: hazard ratio, Coef: Coefficent, CI: confidence interval, CRP: C-reactive protein, NRS: nutritional risk screening.
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Figure 3. Kaplan-Meier estimate for time to death within 30 days stratified by randomization into the intervention group and con-

trol group; and stratified by admission albumin concentrations.

hospitalised, non-critically ill, medical patients at nutri-
tional risk had prognostic implications and indicated
higher mortality risk, but were not helpful in selecting
patients for nutritional support interventions.
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Intervention group Control group HR (95% CI)* p interaction
n (%) n (%)

Overall 58/688 (8.4) 83/701 (11.8) — 0.70 (0.50-0.98)
Albumin concentration 0.969
Albumin 230 g/L 22/340 (6.47) 34/373 (9.12) —_— 0.70 (0.41-1.20)
Albumin <30 g/L 36/348 (10.34) 49/328 (14.94) — 0.68 (0.44-1.05)
Inflammation (CRP concentration) 0.959
Albumin 230 g/L

CRP <100 mg/L  15/276 (5.43) 32/321(9.97) —_— 0.52 (0.28-0.96)

CRP 2100 mg/L  6/58 (10.34) 1/46 (2.17) > 4.38 (0.52-36.88)
Albumin <30 g/L

CRP <100 mg/L  14/207 (6.76) 23/166 (13.86) — 0.47 (0.24-0.91)

CRP 2100 mg/L  22/139 (15.83) 25/158 (15.82) s e 1.05 (0.59-1.87)
Nutritional risk 0.320
NRS 3-4 Points 34/476 (7.14) 52/468 (11.11) —_— 0.61 (0.39-0.94)
NRS 2 5 Points 24/212 (11.32) 31/233 (13.3) —_— 0.86 (0.51-1.47)

T T I T
*Adjusted for center, NRS, Barthel Score «— 0.5 1 15 2 3 —
Nutritional support Nutritional support
reduces mortality increases mortality

Figure 4. Effect of nutritional support on 30-day mortality overall, stratified by serum albumin concentration, inflammation level (CRP) and nutritional risk (NRS).
Abbreviations: HR: hazard ratio, Cl: confidence interval, CRP: C-reactive protein, NRS: nutritional risk screening.
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send any request to the principal investigator of this trial
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