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Abstract

Background: Patients with chronic kidney disease (CKD) are at substantial risk of
malnutrition, which negatively affects clinical outcomes. We investigated the
association of kidney function assessed at hospital admission and effectiveness of
nutritional support in hospitalized medical patients at risk of malnutrition.

Methods: This is a secondary analysis of an investigator-initiated, randomized-
controlled, Swiss multicenter trial (EFFORT) that compared individualised nutritional
support with usual hospital food on clinical outcomes. We compared effects of
nutritional support on mortality in subgroups of patients stratified according to kidney
function at the time of hospital admission (estimated glomerular filtration rates
[eGFR] <15, 15-29, 30-59, 60-89 and 290 ml/min/1.73m?).

Results: We included 1,943 of 2,028 patients (96%) from the original trial with known
admission creatinine levels. Admission eGFR was a strong predictor for the
beneficial effects of nutritional support in regard to lowering of 30-day mortality.
Patients with an eGFR <15, 15-29 and 30-59 had the strongest mortality benefit
(odds ratios [95%ClI] of 0.24 [0.05 to 1.25], 0.37 [0.14 to 0.95] and 0.39 [0.21 to 0.75],
respectively), while patients with less severe impairment in kidney function had a less
pronounced mortality benefits (p for interaction 0.001). A similar stepwise association
of kidney function and response to nutritional support was found also for other

secondary outcomes.

Conclusion: In medical inpatients at nutritional risk, admission kidney function was a
strong predictor for the response to nutritional therapy. Initial kidney function thus
may help to individualize nutritional support in the future by identification of patients

with most clinical benefit.

Clinical trial registration: Registered under ClinicalTrials.gov Identifier no.
NCT02517476

Keywords: malnutrition, nutritional support, outcome, randomized trial, chronic kidney

disease, renal function
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Introduction

The kidneys play a key role in maintaining fluid and electrolyte homeostasis,
excretion of metabolic waste products, and regulation of various hormonal and
metabolic pathways.[1] Patients with chronic kidney disease (CKD) display a variety
of metabolic and nutritional abnormalities including protein-energy wasting. As a
consequence, malnutrition is highly prevalent in the population of CKD patients [2-4].
Several factors put CKD patients at high risk of developing malnutrition including
accumulation of nitrogen-containing compounds from dietary and intrinsic protein
catabolism, which negatively affects appetite and taste, uremia that changes the
microbiome, and disturbance of intestinal epithelia which reduces gastrointestinal
nutrient absorption. Side effects of medication, as well as recommendations to follow

a low protein diet are additional risk factors [2, 3, 5-8].

Importantly, patients with CKD admitted to hospital are often at risk for malnutrition or
already malnourished, and their nutritional status further deteriorate during the
hospital stay. Malnutrition is known to be strongly associated with increased mortality
and morbidity, prolonged hospital stays, and functional decline [9]. There is currently
strong evidence from clinical trials and meta-analyses of such trials demonstrating
that nutritional support reduces risks associated with malnutrition in the medical
inpatient population [3, 5, 10, 11]. Among these trials, the EFFORT (Effect of Early
Nutritional Support on Frailty, Functional Outcomes and Recovery of Malnourished
Medical Inpatients) trial showed a mortality benefit in medical inpatients at risk for
malnutrition receiving nutritional support compared to usual care hospital nutrition.
Interestingly, the most pronounced benefit of nutritional support was observed in the
subgroup of patients with CKD [12]. While the importance of nutritional support in the
population of CKD patients has been discussed for a long time, there has been an
important lack of interventional data proving such a causal relationship [3, 6, 10, 11].
Previously, the importance of protein-restricted diets to delay the onset of renal
replacement therapy has long been a key consideration in the nutritional
management of CKD patients [13-16]. Yet, the results of different studies including
the ‘Modification of Diet in Renal Disease’ (MDRD) study, failed to find a consistent
beneficial effect of protein restriction for patients with CKD [14, 17, 18]. Some studies
even found an increase in the risk for malnutrition along with low protein diet [15]. A

2018 Cochrane meta-analysis, found that very low protein diets probably reduce the
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number of people with CKD 4 or 5, who progress to end-stage kidney disease, but
low or very low protein diets probably do not influence death.[19] Still, older
guidelines from 2002 recommended the application of low protein diet in early to
moderate renal failure, but there is no general agreement on the level of GFR below
which dietary protein intake should be reduced [3]. Similarly, the 2020 clinical
practice guideline for nutrition in CKD recommended for adults with CKD stages 3-5
who are metabolically stable a protein restriction with or without keto acid analogs, to

reduce risk for end-stage kidney disease (ESKD)/death and improve quality of life [1].

Herein, we performed a preplanned secondary analysis of a randomized multicenter
trial in Switzerland [12] to investigate the association of kidney function as assessed
by admission creatinine levels and the effects of nutritional support during the
hospitalization on mortality and other clinical outcomes in patients with different

stages of renal impairment.

Methods

Study design and setting

This is a secondary analysis of an investigator-initiated, prospective randomised
controlled multicenter trial (EFFORT) [12]. The trial compared early individual
nutritional support versus no nutritional support (usual care hospital nutrition) on
different outcomes for in-hospital patients at nutritional risk. A total of eight secondary
and tertiary care hospitals in Switzerland participated. The trial protocol [20] and the
main results, as well as different secondary analyses, have been published
previously[12, 21-25]. The ethics committee of northwest / central Switzerland
(EKNZ) approved the study protocol in January 2014 (EKNZ; 2014_001).

Patient population

To assess inpatients at nutritional risk, the Nutritional Risk Screening 2002 (NRS-
2002), a validated tool to determine risk of malnutrition, was used. This screening
tool is composed of the severity of the underlying disease (which attributes 0-3
points); as well as weight loss, body mass index, food intake (0-3 points) and age
over 70 years (1 point) with a higher score indicating higher risk for malnutrition. The

original study included patients with a total score > 3 points and an expected length
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of stay > 4 days. Patients initially treated in an intensive care unit or surgical unit;
unable to tolerate oral nutrition intake; with a terminal condition; treated for anorexia
nervosa, acute pancreatitis, acute liver failure, cystic fibrosis, stem cell
transplantation or gastric bypass surgery; or existing contraindications for nutritional
support were excluded.

For this secondary analysis, the study population was divided into five groups based
on the estimated glomerular filtration rate (eGFR) at hospital admission (Appendix,
Supplemental Figure 1). The eGFR was calculated using the CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) formula [26]. Patients with missing
creatinine level at hospital admission were excluded. An impaired renal function was
defined as eGFR <90 ml/min/1.73m? Categorization was based on CKD stages as
proposed by the Kidney Disease Improving Global Outcomes (KDIGO) Guidelines
[27]. For convenience we will refer to them as CKD stages 1 to 5. Patients on dialysis
were assigned to CKD stage 5 (eGFR <15 ml/min/1.73m?).

For the subgroup analysis regarding etiology of kidney failure, we stratified patients
based on the comorbidities including diabetes, cardiovascular disease and
hypertension. Macrovascular disease was defined as either suffering from peripheral

arterial disease or coronary heart disease.

Study intervention

Patients randomized to the intervention group received personalized nutritional
support within 48 hours after hospitalization and randomization. A trained registered
dietitian developed an individual nutritional plan. The daily protein target was set at
1.2 — 1.5 g/kg of bodyweight (0.8 g/kg of bodyweight for patients with renal failure
[eGFR <30]) and the Harris-Benedict equation was used to establish caloric
requirements. The plan started with oral nutritional support. If less than 75% of
caloric and protein targets were reached within 5 days, an escalation in nutritional
support to enteral tube feeding or parenteral feeding was performed. Every 24 — 48
hours, the nutritional intake was re-assessed. Patients randomized to the control
group received standard hospital food without nutritional consultation and

implementation.

Endpoints
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We investigated the association between admission kidney function and the effect of
nutritional support on mortality within 30 days (primary endpoint). Secondary
endpoints were grouped into clinical outcomes including all-cause mortality within
180 days, adverse outcome within 30 days (all-cause mortality, admission to an
intensive care unit, non-elective hospital re-admission after discharge and major
complications), major complication (nosocomial infection, respiratory failure, major
cardiovascular event, acute renal failure and gastrointestinal failure) and the
composite endpoint kidney failure (an increase of 1.5 times of serum creatinine level,
decline in glomerular filtration rate of 25% and developing an eGFR of
<15ml/min/m2); economically relevant outcomes within 30 days including admission
to an intensive care unit, non-elective hospital re-admission and length of hospital
stay (LOS); and functional outcomes (decline in functional status of 10% or more,
functional impairment measured by the Barthel’s Index and quality of life assessed
with the European Quality of Life 5 Dimensions Index (including the visual-analogue
scale EQ-5D VAS)).

Barthel's index ranges from 0 to 100 points, the European Quality of Life 5
Dimensions index (EQ-5D) ranges from 0 to 1 and EQ-5D VAS (including visual-
analogue scale) ranges from 0 to 100 points, respectively. Higher scores indicate
better performance of activities of daily living, better quality of life or better health
status, respectively

Follow-up interviews, via phone calls, at day 30 and 180 were accomplished by study
nurses who were blinded to group assignment. Mortality during follow-up was verified

by family members or the patient’s family physician.

Statistical analyses

The aim of this secondary analysis was to examine differences in the clinical
response to nutritional support between patients with different eGFR stages at
hospital admission. Second, we analyzed the prognostic implications of NRS 2002 in
patients with renal impairment (eGFR <90ml/min/1.73m?).

For the NRS 2002 analyses, we used regression models adjusted for study center,
Barthel’s Index and eGFR at admission. We calculated Cox regression models for
time-to-event analyses with recorded hazard ratios (HR). A Kaplan Meier estimates
was used for graphical display of the probability of all-cause mortality within 180

days.



220
221
222
223
224
225
226
227
228
229
230
231

232
233

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254

We used regression models to explore an association between individual nutritional
support and primary and secondary outcomes. We adjusted all models for predefined
covariates including study centre, baseline nutritional risk (based on NRS 2002) and
baseline Barthel's Index. We calculated logistic regression for binary outcomes with
reporting of odds ratios (ORs) and linear regression models for continuous outcomes
with reporting of coefficients. Kaplan Meier estimates were used to illustrate the
primary endpoint. We performed subgroup analyses for etiology of renal impairment
and admission diagnosis regarding 30-day mortality.

All statistical analyses were performed with STATA 15.1 (Stata Corp, College
Station, TX, USA). A P value <0.05 (for a 2-sided test) was considered to indicate

statistical significance.

Results

Out of 2’028 patients included in the original trial, we used data of 1'943 patients
(96%) with available admission serum creatinine levels (see flow chart in Appendix,
Supplemental Figure 1). Table 1 shows baseline characteristics according to
severity of impaired kidney function based on admission eGFR rates. While the
overall burden of comorbidities was high in the overall cohort, patients with higher
stages of CKD were older and had higher frequencies of comorbidities, particularly
regarding diabetes, macrovascular disease and hypertension (Table 1). Groups were
well balanced regarding randomization within the different CKD groups.

There was an increase in the average daily intake of calories and protein in
intervention group patients compared to control group patients (see details in

Appendix, Supplemental Table 1).

Prognostic significance of malnutrition risk in patients with impaired renal
function

First, we performed an analysis to investigate whether nutritional risk as assessed by
the NRS score is predictive for mortality in patients with an impaired renal function
(eGFR <90 ml/min/1.73m?). Figure 1 shows the time to event analysis with a higher
likelihood for 180-day mortality in patients stratified according to admission NRS of 3,
4 or =25 points (adjusted HR of 1.39 per increase in NRS (95% Cl 1.21 to 1.59),
p<0.001). Similar associations were found between NRS and impairment of activities
of daily living and impairment in quality of life. No significant associations between
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NRS and other endpoints were found, including length of hospital stay (LOS) or

admission to an intensive care unit (Table 2).

Association of kidney function and effect of nutritional support on mortality
Second, we investigated effects of nutritional support on mortality stratified according
to the kidney function of patients (Table 3). Admission eGFR was a strong predictor
for the beneficial effects of nutritional support in regard to lowering of 30-day
mortality, with patients with an eGFR <15, 15-29 and 30-59 showing the strongest
benefit (adjusted OR 0.24 [95%CI 0.05 to 1.25], 0.37 [95%CI 0.14 to 0.95] and 0.39
[95%CI 0.21 to 0.75], respectively), while patients with less severe impairment in
kidney function had a less pronounced mortality benefit (p for interaction 0.001).
Results were similar for mortality at 180 days, with the greatest benefit observed on
those with more severe kidney function impairment, although the overall effect was
less pronounced. Figure 2 shows Kaplan Meier survival estimates for the different

groups regarding 30-day mortality.

Associations of admission eGFR and secondary endpoints

Third, we investigated effects of nutritional support on other secondary endpoints
stratified according to the kidney function of patients (Table 3). Similar to the primary
endpoint, we found an association between kidney function and effects of nutritional
support on several secondary endpoints with evidence for effect modification,
including mortality at 180 days (p for interaction 0.002), decline in functional status (p

for interaction 0.006), and quality of life measures (p for interaction 0.001 and 0.014).

Subgroup analysis for 30- and 180-day mortality

Finally, we performed a subgroup analyses, to better understand whether the
association between kidney function and effect of nutritional support would also be
influenced by illnesses with relevant impact on kidney function. We observed a
greater benefit of nutritional support in patients with impaired kidney function and
macrovascular disease than in patients suffering from diabetes or hypertension
regarding 30-day mortality (Figure 3). No significant difference was observed
regarding 180-day mortality (Figure 4).
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Discussion

The main finding of this secondary analysis of a multicenter randomized trial is that
kidney function is a strong predictor for treatment response to nutritional support in
regard to mortality and other outcomes in medical inpatients at nutritional risk. While
malnutrition has for long been identified as an important prognostic factor in patients
with CKD, the notion that these patients show a strong benefit from nutritional
support is novel and has important clinical implications. There are several findings of

this analysis worth discussing in more detail.

First, our data show that malnutrition risk, as assessed by the NRS 2002, in patients
with impaired renal function is strongly associated with adverse clinical outcomes.
Specifically, patients with a NRS 2002 score of 25 points had a doubling in the risk
for mortality over 180 days compared to patients with a NRS 2002 score of 3 points
(16.9% vs. 32.5%). This association was true also at short term follow up, and even
more pronounced for long-term mortality. Results were also similar regarding
functional outcome and quality of life measures and remained significant in the
multivariate analysis. These results are in line with previous studies showing that
nutritional risk has a major impact on outcomes of medical patients [9, 24, 28], and

specifically also for CKD patients [3, 6, 13].

Second, our data show that patients with nutritional risk and impaired kidney function
show strong benefit from individualized nutritional support, as compared to usual
hospital food. Specifically, when stratifying patients based on the admission eGFR,
we found a stepwise increase in effect size from our intervention. While guidelines
recommend nutritional monitoring in CKD patients [3, 29, 30], there is currently
insufficient evidence from randomized trials supporting a more widespread use of
nutritional support in these patients. In some of the larger nutritional trials, including
the NOURISH trial, patients with advanced kidney failure were excluded due to
possible harm associated with higher protein contents of oral supplements [31].
Unlike these trials, we included patients with different severities of renal impairment
and recommended lower protein goals of 0.8g/kg bodyweight per day for patients
with renal failure. Whether higher targets would have produced similar results,

however, remains unclear from our trial.

11
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Third, functional ability including quality of life or activities of daily living have been
found to be significantly impaired in CKD patients [32, 33]. Previous research found
functional disability to aggravate along with worsening of the kidney function [34].
Previous studies also showed a positive association of nutritional status and
functional ability in general patient populations [24, 35]. In addition, an Australian trial
also found an association between quality of life and nutritional status in pre-dialysis
patients, and more importantly an improvement in quality of life through providing
personalized nutritional counselling in comparison with standard nutritional care [36].
In line with these results, our data show a strong improvement in quality of life and
functional status through the provision of nutritional support in hospitalized patients

with impaired admission renal function.

Forth, when looking into subgroup analyses based on different comorbidities as
presumed etiological factors of kidney failure, we did not find significant interactions
except for patients with impaired kidney function and macrovascular disease
regarding 30-day mortality. In most patients, however, the etiology of CKD was not
proven by kidney biopsy but relied on clinical parameters including past history of
diabetes or hypertension — the most common risk factors for CKD [29, 37-39]. Based
on the ESPEN Guidelines, particularly for patients with diabetic nephropathy, a
restriction of dietary protein is advised [3, 40-43], as previous research found an
improvement in kidney function through low-protein diet in this patient population [41,
43]. However, other studies could not replicate these findings of a low-protein diet
[17, 18]. Investigating the modification of hypertension through nutritional support and
its influence on CKD [44-47], sodium restriction appeared to be an important factor to
treat hypertension and therefore delay renal failure [46, 47]. A meta-analysis
including six studies and data of 566’156 individual patients investigated the
association of adherence to the DASH diet (Dietary Approaches to Stop
Hypertension) and clinical outcomes. Based on their results, the DASH diet was
inversely associated with the incidence of CKD and protective against a rapid decline
in eGFR [45]. While a specific dietary pattern (DASH diet) seems to have a protective
role in the etiology of CKD, once the disease is established and places the patient at

risk of malnutrition, the benefit from nutritional support seem to be clear.

12
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To the best of our knowledge this is the first study to investigate clinical and
functional benefits of nutritional support in patients according to different CKD stages.
There are still limitations to this analysis including the non-blinding of patients and
dieticians, the lack of follow-up information regarding kidney function during follow-
up, and the use of different protein targets to validate the protein target used in the
protocol (0.8 g protein/kg bodyweight and day). Furthermore, about 20% of patients
in the intervention group did not achieve their protein and caloric goals according to
the nutritional protocol. Also, we conducted our analysis based on the creatinine level
at hospital admission and did not have baseline creatinine of each patient at hand.

We could therefore not stratify our analysis based on acute or chronic kidney failure.

In conclusion, our trial data indicate that (1) admission kidney function was a strong
predictor for the response to nutritional therapy in medical inpatients at nutritional
risk, and (b) nutritional risk is a strong prognostic indicator in patients with CKD. Initial
kidney function thus may help to individualize nutritional support in the future by

identification of patients that show most benefit from this intervention.

13
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specified subgroups
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TABLES LEGENDS

Table 1. Patient baseline characteristics

Factor

Randomization

N

Sociodemographics
Male sex (%)

Mean age (years) (SD)
Age group (%)

< 65 years

65 - 75 years

>75 years

Nutritional assessment
Mean BMI (kg/m2) (SD)

Mean bodyweight (kg) (SD)
NRS 2002 score (%)

3 points

4 points

5 points

6 points

Weight loss - no. (%)
<5% in 3 months

>5% in 3 months

>5% in 2 months

>5% in 1 months

Loss of appetite - no. (%)

No

Yes

Normal required food intake preceding week -

no. (%)
>75%

50-75%
25-50%
<25%

Severity of iliness - no. (%)
Very Mild

Control
235
132 (56.2%)
58.3 (14.9)
119 (50.6%)
89 (37.9%)
27 (11.5%)
23.3(4.8)

67.6 (16.7)

91 (38.7%)
90 (38.3%)
46 (19.6%)
8 (3.4%)
110 (46.8%)
33 (14.0%)
29 (12.3%)
63 (26.8%)
37 (15.7%)

198 (84.3%)

32 (13.6%)
50 (21.3%)
99 (42.1%)
54 (23.0%)

7 (3.0%)

eGFR 290
Intervention
206
114 (55.3%)
56.7 (14.5)
114 (55.3%)
79 (38.3%)
13 (6.3%)
23.1(4.8)

66.2 (15.4)

79 (38.3%)
87 (42.2%)
37 (18.0%)
3 (1.5%)
92 (44.7%)
30 (14.6%)
30 (14.6%)
54 (26.2%)
29 (14.1%)

177 (85.9%)

23 (11.2%)
56 (27.2%)
89 (43.2%)
38 (18.4%)

8 (3.9%)

p.
value

0.37

Control
303

155
(51.2%)

74.5 (10.6)
36 (11.9%)
110
(36.3%)
157
(51.8%)
24.5 (5.3)
71.3 (16.0)
94 (31.0%)
112
(37.0%)

83 (27.4%)
14 (4.6%)

160
(52.8%)

49 (16.2%)
46 (15.2%)
48 (15.8%)
40 (13.2%)
263
(86.8%)
43 (14.2%)
90 (29.7%)
129
(42.6%)
41 (13.5%)

11 (3.6%)

eGFR 60-89
Intervention
332
178 (53.6%)
74.4 (11.0)
38 (11.4%)
126 (38.0%)
168 (50.6%)
24.9 (5.4)

71.8 (17.1)

100 (30.1%)
125 (37.7%)
87 (26.2%)
20 (6.0%)
170 (51.2%)
47 (14.2%)
43 (13.0%)
72 (21.7%)
40 (12.0%)

292 (88.0%)

36 (10.8%)
116 (34.9%)
129 (38.9%)
51 (15.4%)

11 (3.3%)

p.
value

0.54

0.9

0.91

0.43

0.71

0.87

0.27

0.66

0.3

eGFR 30-59
Interventio
Control n
288 281
146 135
(50.7%) (48.0%)
79.3(8.8) 78.2(9.5)
11 (3.8%) 10 (3.6%)
79 87
(27.4%) (31.0%)
198 184
(68.8%) (65.5%)
25.7(5.1) 25.7(5.4)
73.7
72.3 (16.3) (17.6)
73 82
(25.3%) (29.2%)
116 98
(40.3%) (34.9%)
80 85
(27.8%) (30.2%)
19 (6.6%) 16 (5.7%)
163 155
(56.6%) (55.2%)
35 39
(12.2%) (13.9%)
39 36
(13.5%) (12.8%)
51 51
(17.7%) (18.1%)
25 (8.7%) 25 (8.9%)
263 256
(91.3%) (91.1%)
22 (7.6%) 27 (9.6%)
104 95
(36.1%) (33.8%)
115 114
(39.9%) (40.6%)
47 45
(16.3%) (16.0%)
5 (1.7%) 5 (1.8%)

p.
value

0.91

0.5

Control
101

52
(51.5%)

80.5 (8.5)
2 (2.0%)
22

(21.8%)
77
(76.2%)

25.1 (5.2)
71.4
(15.1)

27
(26.7%)
40
(39.6%)
25
(24.8%)
9 (8.9%)

60
(59.4%)
17
(16.8%)

7 (6.9%)
17
(16.8%)

5 (5.0%)
96
(95.0%)

2 (2.0%)
32

(31.7%)
48
(47.5%)
19
(18.8%)

2 (2.0%)

eGFR 15-29
Interventio
n
112

55
(49.1%)
80.8
(10.2)

5 (4.5%)
22

(19.6%)
85
(75.9%)

26.0 (5.1)
72.8
(15.5)

31
(27.7%)
46

(41.1%)
29
(25.9%)
6 (5.4%)

65
(58.0%)
16
(14.3%)

11 (9.8%)
20
(17.9%)

10 (8.9%)
102
(91.1%)

4 (3.6%)
47

(42.0%)
45
(40.2%)
16
(14.3%)

1 (0.9%)

p.
value

0.73

0.8

0.57

0.17

0.57

0.8

0.85

0.26

0.35

0.49

Control
42
32 (76%)
77.6 (9.1)
1 (2%)
15 (36%)
26 (62%)
25.2(5.3)
72.7
(16.0)
11 (26%)
12 (29%)
15 (36%)
4 (10%)
26 (62%)
3 (7%)
2 (5%)
11 (26%)
5 (12%)

37 (88%)

4 (10%)
10 (24%)
20 (48%)
8 (19%)

0 (0%)

eGFR <15
Interventi
on
43

25 (58%)
72.6
(12.8)

5 (10%)
19 (44%)
19 (44%)
25.2 (5.6)

67.2
(15.8)

8 (19%)
23 (53%)

9 (21%)

3 (7%)
15 (35%)

8 (19%)

5 (12%)
15 (35%)

4 (9%)

39 (91%)

3 (7%)
12 (28%)
14 (33%)
14 (33%)

0 (0%)

p.
value

0.077
0.042

0.12

0.16

0.13

0.068

0.7

0.39

0.082
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Mild

Moderate

Severe

Etiology of kidney failure
Diabetes

Macrovascular Disease
Hypertension
Glomerulonephritis
Dialysis

Hemodialysis

Peritoneal Dialysis
Comorbidities

Diabetes

Hypertension

Coronary heart disease
Peripheral artery disease
Chronic heart failure
Tumor

Chronic obstructive pulmonary disease
Stroke

Dementia

Mean GFR (SD)

Day 1

Day 7/Discharge

Mean Kreatinine (SD)
Day 1

Day 7/Discharge

Mean Phosphat (SD)
Day 1

Day 7/Discharge

Nutritional Risk Screening

141 (60.0%)

84 (35.7%)
3 (1.3%)
NA
NA

NA
NA

0 (0.0%)
0 (0.0%)
28 (11.9%)
74 (31.5%)
18 (7.7%)
14 (6.0%)
15 (6.4%)
72 (30.6%)
41 (17.4%)

14 (6.0%)
4 (1.7%)

103 (12)
103 (15)

58 (14)
58 (15)
0.88 (0.26)

0.93 (0.26)

129 (62.6%)

69 (33.5%)
0 (0.0%)
NA
NA

NA
NA

0 (0.0%)
0 (0.0%)
24 (11.7%)
60 (29.1%)
17 (8.3%)
7 (3.4%)
7 (3.4%)
77 (37.4%)
27 (13.1%)

8 (3.9%)
1 (0.5%)

105 (12)
105 (16)

57 (13)
57 (15)
0.85 (0.23)

0.96 (0.23)

0.32
0.23

0.14
0.24

0.63
0.73

0.49

0.52

186
(61.4%)
103
(34.0%)
3 (1.0%)

60 (19.8%)
93 (30.7%)
156
(51.5%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

53 (17.5%)
156
(51.5%)
81 (26.7%)
20 (6.6%)
45 (14.9%)
106
(35.0%)
43 (14.2%)

33 (10.9%)
10 (3.3%)

77 (9)
79 (13)

76 (14)
74 (18)
0.87 (0.24)

0.92 (0.26)

219 (66.0%)
101 (30.4%)
1 (0.3%)
69 (20.8%)
100 (30.1%)

182 (54.8%)
3 (0.9%)

0 (0.0%)
0 (0.0%)
64 (19.3%)
182 (54.8%)
90 (27.1%)
19 (5.7%)
40 (12.0%)
118 (35.5%)
52 (15.7%)

18 (5.4%)
11 (3.3%)

77 (9)
79 (13)

77 (14)
74 (17)
0.87 (0.23)

0.98 (0.36)

0.76

0.88

0.4

0.56

0.4

0.92

0.65

0.3

0.88

0.6

0.011
0.99

0.74
0.78

0.82
0.93

0.97

0.14

192
(66.7%)
86
(29.9%)
5 (1.7%)

86
(29.9%)
113
(39.2%)
198
(68.8%)
1 (0.3%)

0 (0.0%)
0 (0.0%)

78
(27.1%)
198
(68.8%)
98
(34.0%)
35

(12.2%)
67
(23.3%)
100
(34.7%)
42
(14.6%)

23 (8.0%)
15 (5.2%)

45 (8)
54 (17)

120 (25)
107 (36)

1.00 (0.31)

1.01 (0.31)
Groups based on the estimated glomerular filtration rate (eGFR) at hospital admission. Continuous values as median and IQR, categorial/binary values as absolute number and percentage. BMI = Body Mass Index, NRS =

180
(64.1%)
89
(31.7%)
7 (2.5%)

71
(25.3%)
115
(40.9%)
191
(68.0%)
4 (1.4%)

0 (0.0%)
0 (0.0%)

68
(24.2%)
191
(68.0%)

(11.0%)
68
(24.2%)
93
(33.1%)
45
(16.0%)
32
(11.4%)
18 (6.4%)

46 (8)
56 (16)

117 (24)
104 (34)

0.98
(0.37)
0.97
(0.24)

0.17
0.54

0.1
0.22

0.2
0.31
0.68

0.2

77
(76.2%)
21
(20.8%)
1 (1.0%)

36
(35.6%)
57

(56.4%)
73
(72.3%)
5 (5.3%)

0 (0.0%)
0 (0.0%)

31
(30.7%)
73
(72.3%)
52
(51.5%)
19
(18.8%)
32
(31.7%)
26
(25.7%)
18
(17.8%)
11
(10.9%)
2 (2.0%)

23 (4)
35 (16)

210 (45)
165 (61)

1.17
(0.41)
1.02
(0.36)

77
(68.8%)
33
(29.5%)
1 (0.9%)

38
(33.9%)
56

(50.0%)
73
(65.2%)
1 (1.0%)

0 (0.0%)
0 (0.0%)

35
(31.2%)
73
(65.2%)
48
(42.9%)
14

(12.5%)
44
(39.3%)
28
(25.0%)

10 (8.9%)
12
(10.7%)
5 (4.5%)

23 (4)
34 (15)

209 (44)
165 (68)

1.15
0.27)
1.03
(0.34)

0.79
0.35

0.27

0.93
0.27
0.21
0.2
0.25
0.9
0.055

0.97
0.31

0.8
0.98

0.88
0.95

0.73

0.86

26 (62%)
16 (38%)
0 (0%)
14 (33%)
20 (48%)

25 (60%)
4 (8.2%)

8 (19%)
0 (0%)
14 (33%)
25 (60%)
16 (38%)
10 (24%)
9 (21%)
13 (31%)
4 (10%)

4 (10%)
3 (7%)

10 (3)
25 (28)

466 (170)
303 (164)

1.71
(0.56)
1.20
(0.46)

34 (79%)
9 (21%)
0 (0%)
17 (40%)
18 (42%)

26 (60%)
5 (9.8%)

7 (16%)
1 (2%)
16 (37%)
26 (60%)
15 (35%)
7 (16%)
9 (21%)
9 (21%)
5 (12%)

3 (7%)
3 (7%)

9(3)
21 (21)

550 (246)
340 (201)

1.64
(0.58)

1.12
(0.44)

0.5
0.59

0.93

0.59

0.71
0.93
0.76
0.39
0.96
0.29
0.75

0.67
0.98

0.066
0.49

0.08
0.4

0.62

0.49
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Table 2. Association between NRS-2002 and outcomes in patients with impaired renal function

Primary outcome

All-cause mortality within 30 days
Secondary outcomes

Clinical outcome

All-cause mortality within 180 days
Adverse Outcome within 30 days

Kidney Failure Event

Non-elective hospital readmission within 30 days
Mean length of stay (days)

Functional outcome

Decline of functional status of >10%

Mean Barthel score (points) within 30 days

Mean EQ-5D index (points)

Mean EQ-5D VAS index (points)

NRS 3 NRS 4
points points
(N=426) (N=572)

28 (6.6%) 52 (9.1%)

72 (16.9%) 136 (23.8%)
97 (22.8%) 143 (25.0%)
22 (5.2%) 20 (3.5%)
37 (8.7%) 45 (7.9%)
8.9 (6.0) 9.9 (6.6)

46 (10.8%) 70 (12.2%)
95.09 (9.41) 94.86 (9.40)

0.77 (0.30)  0.73 (0.34)

61 (25) 57 (27)

NRS 25 p-
points value
(N=504)

57 (11.3%) 0.044

164 (32.5%) <0.001
142 (28.2%)  0.160

28 (5.6%) 0.240
46 (9.1%) 0.750
9.7 (6.6) 0.054
77 (15.3%) 0.110
94.22 0.350
(10.50)

0.69 (0.35) 0.004

54 (29) 0.005

Hazard Ratio
(HR)Y
Odds Ratio
(OR)!
Coefficient

HR

HR

OR

OR

HR
Coefficient

OR
Coefficient

Coefficient

Coefficient

Regression analysis
(adjusted)
(95% CI and p-value)

1.19 (0.95 to 1.48), p=0.130

1.39 (1.21 to 1.59), p<0.001
1.12 (0.96 to 1.31), p=0.145
0.94 (0.68 to 1.30), p=0.711
1.07 (0.86 to 1.35), p=0.537
0.36 (-0.06 to 0.77), p=0.091

1.19 (0.97 to 1.46), p=0.088
-0.14 (-0.76 to 0.48),
p=0.655

-0.02 (-0.04 to 0.00),
p=0.033

-1.96 (-3.88 to -0.05),
p=0.044

Data are number of events (%), unless otherwise stated. All odds ratios were calculated with a logistic regression for binary data and linear regression for continuous data.
Models were adjusted for study centre, Barthel's Index and eGFR at admission. Continuous values are median and IQR, categorial/ binary values as absolute number and

percentage

HR = Hazard Ratio, OR = Odds Ratio, EQ-5D = Euroquol-5 Dimensions, VAS = Visual Analogue Scale
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Table 3. Effect of nutritional support on outcomes, stratified by admission eGFR

Primary outcome
All-cause mortality within 30 days
GFR 290
GFR 60-89
GFR 30-59
GFR 15-29
GFR <15
Secondary outcome
Clinical Outcome
All-cause mortality within 180 days
GFR 290
GFR 60-89
GFR 30-59
GFR 15-29
GFR <15
Adverse Outcome within 30 days
GFR 290
GFR 60-89
GFR 30-59
GFR 15-29
GFR <15
KidneyFailureEvent
GFR 290
GFR 60-89
GFR 30-59
GFR 15-29
GFR <15
Non-elective hospital readmission within 30 days
GFR 290
GFR 60-89

Control

11/235 (4.7%)
20/303 (6.6%)
36/288 (12.5%)
18/101 (17.8%)
10/42 (24%)

40/235 (17.0%)
68/303 (22.4%)
73/288 (25.3%)
38/101 (37.6%)
17/42 (40%)

481235 (20.4%)
69/303 (22.8%)
91/288 (31.6%)
34/101 (33.7%)
14/42 (40%)

6/235 (2.6%)
14/303 (4.6%)
17/288 (5.9%)
6/101 (5.9%)
2/42 (5%)

21/235 (8.9%)
28/303 (9.2%)

Intervention

17/206 (8.3%)
24/332 (7.2%)
16/281 (5.7%)
9/112 (8.0%)
4143 (9%)

46/206 (22.3%)
751332 (22.6%)
64/281 (22.8%)
28/112 (25.0%)
9/43 (21%)

50/206 (24.3%)
66/332 (19.9%)
68/281 (24.2%)
28/112 (25.0%)
13/43 (30%)

4/206 (1.9%)
13/332 (3.9%)
8/281 (2.8%)
7/112 (6.2%)
1/43 (2%)

21/206 (10.2%)
25/332 (7.5%)

p-
value

0.120
0.760
0.005
0.032
0.071

0.160
0.960
0.470
0.047
0.051

0.330
0.370
0.049
0.045
0.320

0.670
0.660
0.075
0.920
0.540

0.650
0.440

Hazard
Ratio (HR),
Odds Ratio

(OR),
Coefficient

OR
OR
OR
OR
OR

OR
OR
OR
OR
OR

OR
OR
OR
OR
OR

OR
OR
OR
OR
OR

OR
OR

Regression analysis
(adjusted)
(95% CI and p-value)

1.78 (0.77 to 4.08), p=0.175
1.06 (0.55 to 2.03), p=0.862
0.39 (0.21 to 0.75), p=0.004
0.37 (0.14 to 0.95), p=0.038
0.24 (0.05 to 1.25), p=0.090

1.53 (0.90 to 2.58), p=0.116
1.01 (0.68 to 1.50), p=0.974
0.91 (0.61 to 1.35), p=0.637
0.58 (0.31 to 1.09), p=0.089
0.19 (0.05 to 0.68), p=0.010

1.20 (0.75 to 1.93), p=0.451
0.83 (0.56 to 1.23), p=0.345
0.70 (0.48 to 1.02), p=0.063
0.42 (0.21 to 0.82), p=0.011
0.49 (0.15 to 1.63), p=0.245

0.80 (0.22 to 2.97), p=0.742
0.80 (0.36 to 1.78), p=0.588
0.46 (0.19 to 1.10), p=0.080
0.98 (0.29 to 3.36), p=0.975
1.63 (0.05 to 48.35), p=0.774

1.16 (0.60 to 2.23), p=0.660
0.84 (0.47 to 1.48), p=0.537

P interaction

0.001

0.002

0.026

0.782

0.851
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GFR 30-59 26/288 (9.0%) 24/281 (8.5%) 0.840 OR 0.96 (0.53 to 1.74), p=0.890
GFR 15-29 8/101 (8.9%) 9/112 (8.0%) 0.820 OR 0.55 (0.18 to 1.60), p=0.271
GFR <15 2/42 (5%) 5/43 (12%) 0.250 OR 7.09 (0.19 to 272.05), p=0.292
Mean length of stay (days)
GFR 290 9.7 (6.6) 9.4 (7.2) 0.620 Coefficient -0.38 (-1.65 to 0.88), p=0.550 0.782
GFR 60-89 9.1(5.7) 9.0 (6.8) 0.800 Coefficient -0.16 (-1.12 to 0.80), p=0.748
GFR 30-59 9.5 (6.0) 9.8 (6.9) 0.650 Coefficient 0.22 (-0.82 to 1.26), p=0.673
GFR 15-29 10.4 (5.6) 97 (6.3) 0.400 Coefficient -0.46 (-2.14 to 1.21), p=0.586
GFR <15 12.2 (7.7) 11.3(7.7) 0.630 Coefficient -0.62 (-4.29 to 3.05), p=0.737
Functional Outcome
Decline of functional status of >10%
GFR 290 19/235 (8.1%) 24/206 (11.7%) 0.210 OR 1.51 (0.78 to 2.91), p=0.223 0.006
GFR 60-89 38/303 (12.5%) 34/332 (10.2%) 0.360 OR 0.83 (0.50 to 1.38), p=0.484
GFR 30-59 52/288 (18.1%) 24/281 (8.5%) <0.001 OR 0.44 (0.26 to 0.74), p=0.002
GFR 15-29 18/101 (17.8%) 12/112 (10.7%) 0.140 OR 0.50 (0.22 to 1.16), p=0.105
GFR <15 9/42 (21%) 6/43 (14%) 0.370 OR 0.34 (0.08 to 1.46), p=0.148
Mean Barthel score (points) within 30 days
GFR 290 96.21 (8.40) 95.75 (10.78) 0.620 Coefficient -0.23 (-1.94 to 1.48), p=0.794 0.318
GFR 60-89 94.52 (10.76) 96.02 (8.29) 0.048 Coefficient 1.41 (-0.02 to 2.84), p=0.054
GFR 30-59 94.50 (10.11) 93.52 (10.68) 0.260 Coefficient -0.63 (-2.30 to 1.05), p=0.462
GFR 15-29 95.30 (7.90) 94.87 (8.21) 0.700 Coefficient -0.42 (-2.23 to 2.14), p=0.970
GFR <15 94.76 (11.58) 93.26 (10.17) 0.530 Coefficient -1.16 (-6.06 to 3.75), p=0.639
Mean EQ-5D index (points)
GFR 290 0.79 (0.28) 0.74 (0.34) 0.140 Coefficient -0.04 (-0.09 to 0.02), p=0.175 0.001
GFR 60-89 0.76 (0.32) 0.76 (0.31) 0.860 Coefficient 0.00 (-0.05 to 0.04), p=0.867
GFR 30-59 0.69 (0.36) 0.74 (0.30) 0.110 Coefficient 0.06 (0.00 to 0.11), p=0.037
GFR 15-29 0.61 (0.39) 0.74 (0.32) 0.007 Coefficient 0.13 (0.03 to 0.23), p=0.008
GFR <15 0.62 (0.41) 0.71 (0.34) 0.290 Coefficient 0.06 (-0.12 to 0.25), p=0.488
Mean EQ-5D VAS index (points)
GFR 290 61 (27) 57 (28) 0.230 Coefficient -3.95(-9.52t0 1.61), p=0.163 0.014
GFR 60-89 59 (26) 61 (26) 0.290 Coefficient 2.85 (-1.44 to 7.14), p=0.193
GFR 30-59 55 (30) 61 (24) 0.016 Coefficient 6.71 (1.78 to 11.63), p=0.008
GFR 15-29 49 (31) 55 (26) 0.140 Coefficient 6.15 (-2.70 to 15.00), p=0.172
GFR <15 42 (33) 49 (25) 0.270 Coefficient 8.60 (-6.91 to 24.11), p=0.271

Data are number of events (%), unless otherwise stated. All odds ratios were calculated with a logistic regression for binary data and linear regression for continuous data. Models
were adjusted for initial nutritional risk screening score, study centre and Barthel's index at admission. Continuous values are median and IQR, categorial/ binary values as
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absolute number and percentage
HR = Hazard Ratio, OR = Odds Ratio, EQ-5D = Euroquol-5 Dimensions, VAS = Visual Analogue Scale
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