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Disease-related malnutrition
In the hospital
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Pathophysiology of Malnutrition:
Our current concept

Disease-related Anorexia Nutritional
‘_‘ T support
‘_ Immobilisation

Inflammation & Endocrine dysfunction
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Could loss of appetite and low nutritional
intake be protective during acute disease?
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Over-nutrition impairs Autophagy in critically ill patients
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Electron microscopy

* intact/swollen mitochondria
« autophagic vacuoles

Histochemistry

* eosin staining

 ubiquitin

Protein analysis

« phosphoinositide-3-kinase
(PI13K) class I,

* sirtuin-1,

« protein disulfide isomerase

* glucose-related protein 78
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Vanhorebeek et al, J Clin Endocrinol Metab 96: E633—-E645, 2011



Is this mechanism still
protective in the chronically-ill
polymorbid patient?
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Malnutrition and Mortality

Kantonsspital Aarau,
6 month observation (04/2013-10/2013)
4000 patients, ~ 30% at risk for malnutrition (NRS23 points)
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Does nutritional
Support reduce
Mortality??
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Schuetz P et al, Schuetz P et al, SMW (2014)
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Individualised nutritional support in medical inpatients at
nutritional risk: a randomised clinical trial EFFORT Trial

Philipp Schuetz, Rebecca Fehr, Valerie Baechli, Martina Geiser, Manuela Deiss, Filomena Gomes, Alexander Kutz, Pascal Tribolet,
Thomas Bregenzer, Nina Braun, Jaus Hoess, Vojtech Pavlicek, Sarah Schmid, Stefan Bilz, Sarah Sigrist, Michael Brandle, Carmen Benz,
Christoph Henzen, Silvia Mattmann, Robert Thomann, audia Brand, Jonas Rutishauser, Drahomir Aujesky, Nicolas Rodondi, Jacques Donzé

Zeno Stanga”, Beat Mueller*

Summary
Background Guidelines recommend the use of nutritional support during hospital stays for medical patients (patients  published online

not critically ill and not undergoing surgical procedures) at risk of malnutrition. However, the supporting evidence April25.2019
. . . . » ~ . . . . . . wyw nttpy/ax.gdol.orgy/
for this recommendation is insufficient, and there is growing concern about the possible negative effects of nutritional "'P#/®-.d°.o3

i i ini . . S0140-6736(18)32776- 4
therapy during acute illness on recovery and clinical outcomes. Our aim was thus to test the hypothesis that protocol-
. . . . . wyw » . . . « . See Oniine/Comment




The EFFORT trial - study flow diagram (1/2)

Nutritional screening of consecutive medical inpatients
|

v v

Exclusion of patients: Inclusion of patients:

» critical care or post-OP  Nutritional risk score =3

* long-term nutrition « Estimated LOS=5 days
 terminal condition « Written informed consent




The EFFORT trial - study flow diagram (2/2)

Nutritional screening of consecutive medical inpatients

|
v v

Exclusion of patients: Inclusion of patients:

» critical care or post-OP  Nutritional risk score =3

* long-term nutrition « Estimated LOS=5 days

 terminal condition « Written informed consent
Randomization 1:1 ¢’

Intervention group Control group

Individualized early nutritional therapy @ | Standard nutrition provided by hospital
according nutrition guidelines kitchen according to patient appetite

v

Daily re-assessment of all patients to optimize treatment
Blinded Outcome assessment after 30 and 180 days




Step 1: Screening and Assessment

Nutrition risk screening (NRS 2002) within 48 h of hospital admission in all patients

If increased risk for malnutrition — individual assessment of the patient — if risk for malnutrition is present and
nutritional therapy is not contraindicated — esta a strategy to achieve individual nutritional targets

Individual nutrition targets

Caloric requirements Micronutrient Specifictargets
Harmis- Benedict equation 2 ' requirements Disease-spe

with adjusted bodyweight per day (0-8 g/kg of Multrvitamin use; other

or indirect calorimetry bc aaht perday in micronutrients




Schuetz P, et al. Lancet.
2019;393(10188):2312-2321.

Nutrition risk screening (NRS 2002) within 48 h of hospital admission in all patients

Micronutrient
requirements

0 pr =3 Multivitamins and multimineral supplements according
nacks betwee t 0% ¢ ommended dietary allc

vitamins and mineral
wirntion provides
al per day

Figure 1: Nutritional algorithm used during the trial

Reproduced from Bounoure et a mission of E

1. Malnutrition screening (NRS 2002)

2. Definition of individual nutritional
goals

3. Individual nutritional intervention to
reach goals
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Intervention Control group
group (n=1015) (n=1013)

Sociodemographics
Mean age (years) 72-4(141) 728 (141) 0C 3 Control

3 Intervention

Male sex

Nutritional assessment

Mean body-mass index (kg/m’)* 24.5(5-4) 247(53) .‘;
Mean bodyweight (kg) 708 (16-4) 708 (16-4) é
NRS 2002 score (%)t =
3 points 314 (31%) ;
4 points -E
5 points =

>5 points
Admission diagnosis

nfection

Cancer 201(20%) 173 (17%)

Cardiovascular disease

Failure to thrive

Metabolic d

Other

Comorbidity

Hyperte|

nsion

Malignant

Chronic kidney dis

Coronary he

Chronic obstructive pulmonary

disease

Peripheral arterial disease

Proportionof patients (%)
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ntifying patients at nutritional risk and higher scores
iMetabolic

hypoglycaemia, hyperglycaemia, ketc

hyponatraesmia and hypernatraemia, hy

nutritional risk screening 2002.

hitin metres. $5co

indicating increa

e induded, but was not limited to,
sis, electrolyte disturbances including A e i R
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Figure 3: Proportion of patients reaching caloric (A) and protein (B) requirements during the first 10 days
after random group assignment

Table 1: Characteristics of the patients at trial entry




Complications
26.9% (Controls) vs 22.9% (Intervention)

Number needed to treat (NNT): 25

1no adverse outcome

0-50
Number at risk

Control group 1013
Intervention group 1015

Mortality
9.9% (Controls) vs 7.2% (Intervention)

Number needed to treat (NNT): 37

HRO-65 (95% 0

Analysis time (days)

Figure 4: Kaplan-Meier estimates of the cumulative incidence of the primary endpoint and all-cause mortality
(A)Timetothefi ent of the composite primary endpoint (log-rank p value=0-035). (B) Time to death




Intervention Control group
group (n=1015) (n=1013)

cause morta
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Table 2: Endpoints and adverse events
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How about real world data?
(Propensity-mached Analysis with all Swiss
hospitalisations in 2013 — 2018 with >100 000 Patients at
risk for malnutrition [NRS 23])
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Original Investigation | Nutrition, Obesity, and Exercise

Evaluation of Nutritional Support and In-Hospital Mortality

in Patients With Malnutrition

Nina Kaegi-Braun, MD; Marlena Mueller; Philipp Schuetz, MD, MPH; Beat Mueller, MD; Alexander Kutz, MD, MSc

Abstract

IMPORTANCE Malnutrition affects a considerable proportion of patients in the hospital and is
associated with adverse clinical outcomes. Recent trials found a survival benefit among patients

receiving nutritional support.

OBJECTIVE To investigate whether there is an association of nutritional support with in-hospital

mortality in routine clinical practice.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted from April 2013 to
December 2018 among a population of patients from Swiss administrative claims data. From 114 264
hospitalizations of medical patients with malnutrition, 34 967 patients (30.6%) receiving nutritional
support were 1:1 propensity score matched to patients with malnutrition in the hospital who were not
receiving nutritional support. Patients in intensive care units were excluded. Data were analyzed
from February 2020 to November 2020.

EXPOSURES Receiving nutritional support, including dietary advice, oral nutritional

supplementation, or enteral and parenteral nutrition.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause in-hospital mortality.
Secondary outcomes were 30-day all-cause hospital readmission and discharge to a postacute care
facility. Poisson and logistic regressions were used to estimate incidence rate ratios (IRRs) and odds
ratios (ORs) of outcomes.

RESULTS After matching, the study identified 69 934 hospitalizations of patients coded as having
malnutrition in the cohort (mean [SD] age, 73.8 [14.5] years; 36 776 [52.6%] women). Patients

Key Points

Question Is nutritional support as
prescribed in clinical practice associated
with a mortality benefit among patients

with malnutrition?

Findings In this cohort study of 69 934
patients with malnutritionina
nationwide Swiss claims database, the
in-hospital mortality rate was
significantly lower among patients
receiving nutritional support compared
with those not receiving

nutritional support.

Meaning This study found that
nutritional support was associated with
a mortality benefit, highlighting the
importance of nutritional support for
patients in the hospital with

malnutrition.

4+ Invited Comme ntary
4 Supplemental content

Author affiliations and article information are
listed at the end of this article.
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Time (days)
Number at risk, n
No nutritional support 34 967 33 563 32 600 32 195
Nutritional support 34 967 34 074 33 132 32 767

Nina Kaegi-Braun; Marlena Mueller; Philipp Schuetz at al, Association of nutritional support with in-
hospital mortality in malnourished medical patients, JAMA Open, 2021




How are the data form EFFORT compared
to other randomized trial data?



Figure 1. Forest Plot Comparing Nutritional Intervention vs Control for Mortality, Stratifled by Publication Year

Nutritional
Support Control Favors  Favors Welght,
Study or Subgroup Events  Total Events Total OR (95% CI) Nutritional Support : Control %
6.1.1<2014
Broguist et al, !4 1994 1 9 1 12 1.38(0.07-25.43) - 0.9
Bunout et al,** 1989 2 17 5 19 0.37 (0.06-2.25) —_—— 2.2
Gariballa et al,'® 2006 32 222 19 223 1.81(0.95-3.30) —— 10.7
Hickson et al,’8 2004 31 292 35 300 0.90 (0.54-1.50) —— 124
Hogarth et al, 1% 1996 5 9 8 16 1.25(0.24-6.44) _— 25
Holyday et al, 292012 4 71 1 72 424(0.46-38.90) = 15
Munk et al,23 2014 1 40 1 41 1.03(0.06-16.98) 0.9
Neelemaat et al,24 2012 11 105 14 105 0.76 (0.23-1.76) —a— 7.2
Potter et al, 25 2001 21 186 33 185 0.62 (0.35-1.13 —a— 109
Saudny-Unterberger et al 30 1997 1 17 1 16 0.94 (0.05-16.27) 0.9
Starke et al, 40 2011 2 66 5 66 0.38 (0.07-2.04 —_— 24
Vlaming et al,32 2001 14 274 12 275 1.18(0.54-2.60 — 78
Volkert et al, %! 1996 - 35 8 37 0.47 (0.13-1.72) —_— 38
Subtotal (85% CI) 1243 1377 0.94(0.72-1.22) < 64.1
Total events 129 143
Heterogenelty: 12=0.00, x2=12.19, df=12 (P= 43), 12=2%
Test for overall effect: z=0.47 (P=_.64)
6.1.2 <2015
Bonilla-Palomas et al,34 2016 12 59 25 61 0.28 (0.13-0.63) —— 76
Cano-Torres et al 33 2017 1 28 5 27 0.16 (0.02-1.50) = 15
Deutz et al,?5 2016 5 313 30 309 25-0.89) —a— 10.0
Schuetz etal, 82019 73 1015 100 1013 0.71 (0.52-0. - 6.8
Subtotal (85% CI) 1415 1410 0.47 (0.28-0.79) <> 359
Total events 101 164
Heterogenelty: t2=0.13, x?=6.28, df=3 (P=.10), 1?=52¢
0.73 (0.56-0.97)
Heterogenelty: 12=0.09, x?=24.67, df=16 (P=.08), 12=35%
Test for overall effect-z=2.18 (P=.03) Gomes F' et al "
Test for subgroup differences: x2=5.34, df=1 (P=.02), 12=81.3% JAMA Open_

0.01 0.1 10 100

2019

1
OR (95% C1)

©

A Mantel-Haenszel random-effects model was used. Squares indicate mean values, with the size of squares reflecting the weight and the lines indicating 95% Cls. Diamonds indicate
pooled estimates, with horizontal points of the diamonds indicating 95% Cls. OR indicates odds ratio.
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Mortality: short (<60d) vs. Long (>60d) intervention

nutritional intervention control Odds Ratio Odds Ratio
udy or Subgrotp Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

4.1.2 <60 days

Eunnqu 9
Cano-Torres 2017
Gariballa 2006

Hickson 2004

Hogarth 1996

Holyday 2011

Munk 2014

Potter 2001
Saudny-Unterberger 1997
Schuetz 2018

0.6% 1.38[0.07,25.43
1.6% 0.37 [0.06,2.25
2,15

30

o =

1.1% 016 (0.0
9.5% 1.81[0.99, 3.
11.5% 0.90[0.54, 1.50]
1.9% 1.25[0.24, 6.44]
1.1% 4.24 [0.46, 38.90]
0.7% 1.03 [0.06, 16.98]
9.8% 0.62[0.35,1.13
0.7% 0.94 [0.05,16.37]
17.5% 0.71[0.52, 0.97]
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Ylaming 2001 2 ; 8[0.54, 2.60]
Subtotal (95% ClI) .39 0.88 [0.66, 1.17]

Heterogeneity: Tau®*=0.05; Chi*=15.28,df=12{(P=0.23), F=21%
Test for overall effect: Z=0.89 (P=0.37)

4.1.4 >60 days

i TN 0.28[0.13, 0.63]
0.47 [0.25, 0.89]
1.05[0.14, 7.87]
D ?6 [0.33,1.76]

3 [0.51, 1.70]
DA4.7 [0.13,1.72]

[on]
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Deutz 2016
Gazzotti 2003
MNeelemaat 2012
Sharma 2017
Yolkert 1996

[

- -l
(= L

Heterogeneity: Tau®

=0 Chi*=440,df=6(P=0.61),F=0%
Test for overall effect: Z

.00;

=3.62 (P=0.0003)

Total (95% CI) 2914 2941 100.0% 0.74[0.58, 0.93]
Total events 253 3

Heterogeneity: Tau®= 0.06; Chi*= 2480, df=19(P=0.17); F=
Test for overall effect: Z=2.53 (P=0.01)

Test for subgroup differences: Chi*=4.83 df=1 (P=0.03) I*=

6
23%

0.01 0.1 1 10
Favours intervention Favours control




Mortality: high-protein vs. low-protein intervention

nutritional intervention control Odds Ratio Odds Ratio

imcacin : Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
6.1.1 high-protein nutritional intervention
SO 59 29 61 5.4% 0.28[0.13, 0.63]
Bunout 1989 17 ] 19 1.1% 0.37 [0.06, 2.25]
Cano-Torres 2017 28 ] 27 0.7% 016 [0.02, 1.50]
Deutz 2016 33 308 8.6% 0.47 [0.25, 0.89] —_—
Schuetz 2018 10145 1013 35.6% 0.71[0.52, 0.97] -
Starke 2011 66 66 1.3% 0.38 [0.07, 2.04]

Subtotal (95% Cl) 0.52 [0.38, 0.72]
Heterogeneity: Tau*=0.03; Chi*=6.84, df=6 (P=0.34); F=12%
Test for overall effect: Z=3.97 (P < 0.0001)

6.1.2 low-protein nutritional intervention

Brogy ) 1.38[0.07, 25.43]
Gazzotti 2003 2 ) 1.05[0.14, 7.87]
Hickson 2004 3 ) 0.90[0.54, 1.50]
Holyday 2011 4 . 4.24 [0.46, 38.90]
MNeelemaat 2012 11 ) 0.76[0.33,1.76]
Potter 2001 21 . 0.62[0.35,1.13]
Saudny-Unterherger 1997 1 . 0.94 [0.05,16.37]
Sharma 2017 . 0.73[0.31,1.70]
arming 2L 8 [054 ol
Yang 2019 ) 0.69[0.26, 1.86]
Subtotal (95% CI) 3% 0.83[0.63, 1.10]
Heterogeneity: Tau®*=0.00; Chi*=4.27, df=9 (P=0.89); F=0%
Test for overall effect. Z=1.29{(P=0.20)

Total (95% Cl) 2643 2661 0.68 [0.56, 0.82]
Total events 2145 308

Heterogeneity: Tau®*= 0.00; Chi*=14.97, df=16 (P=0.53); F=0%

Test for overall effect: Z=4.09 (P < 0.0001)

Test for subgroup differences: Chi*=4.61 df=1(P=0.03) F=78.3%

0.01 0.1 10
Favours intervention Favours control




Is there a legacy effect inhospital nutrition
after long term follow-up?
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Shortterm - 30-day mortality
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Longterm - 180-day mortality
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Should we «individualize» nutritional support
according to patient's comorbidities?



Schuetz P, et al.
Lancet.

2019;393(10188):2

Control group
(n/N[%])

Intervention group
(N [%])

Adjusted odds ratio
(95% ()

All patients
Age
<65years
65-75years
»7 Syears

Sex

Male

Female

Risk for malnutrition
NRS 3 points
NRS 4 points
NRS > 4 points

Admission diagnosis

Infection

Renal failure
Gastrointestinal disease
Cancer

Comorbidities

onic kidney disease

272/1013 (27%)

149/513 (293
157/539 (29%

115/474 (24%)

40/156 (26%

70/315 (22%)
36/113 (329

Q/34 ( 26%

232/1015 (23%)

82/349 (23%)

116/489 (24%)

104/ 490 (21%)

~Q/

O

61254 (24%

Nutritional support  Nutritional support

reduces adverse

outcome

increases adverse

outcome

079 (0-64-0-97)

7 (0-68-2-02)
076(0 54-107)

076 (0-57-1-01)
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0-81(0-40-1-65)

0 «];’-j (0-64 1-49)

0-61 (0-44-0-86)

312-2321.

Figure 5: Odds ratios for adverse outcome in p respecified subgroups

The only significant interactions between group assignment and subgroupwere for chronic kidney disease. The body-mass index is the weight (in kg) divided by the
square of the height (in m). NRS=nutritional risk screening




Should we «individualize» nutritional
support according to a patient's
inflammatory response?
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Association of Baseline Inflammation With Effectiveness of Nutritional Support
Among Patients With Disease-Related Malnutrition
A Secondary Analysis of a Randomized Clinical Trial

Meret Merker, MD; Martina Felder, BMSc; Louise Gueissaz, BMSc; Rebekka Bolliger, MD; Pascal Tribolet, MSc; Nina Kagi-Braun, MD; Filomena Gomes, PhD;
Claus Hoess, MD; Vojtech Pavlicek, MD; Stefan Bilz, MD; Sarah Sigrist, MD; Michael Brandle, MD; Christoph Henzen, MD; Robert Thomann, MD; Jonas Rutishauser, MD;
Drahomir Aujesky, MD; Nicolas Rodondi, MD, MAS; Jaques Donzé, MSc; Zeno Stanga, MD; Beat Mueller, MD; Philipp Schuetz, MD, MPH

Abstract Key Points

o , . o _ _ Question Does nutritional support have
IMPORTANCE Inflammation is a key driver of malnutrition during illness and is often accompanied o _
_ , o _ , , _ o , a similar effect on 30-day mortality
by metabolic effects, including insulin resistance and reduction of appetite. However, it still remains _ T _
. S o _ _ among patients with high inflammation
unclear if inflammation influences the response to nutritional support among patients with _ _ _
_ o compared with patients with low or
disease-related malnutrition. _ _
moderate inflammation?



Figure 2. Kaplan-Meier Estimate for Time to Death Within 30-Days According to Inflammatory Status
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How should we implement these data
into clincial routine?



ANNALS FOR HOSPITALISTS

Annals of Internal Medicine

Inpatient Notes: Optimizing Inpatient Nutrition-Why Hospitalists

Should Get Involved

Philipp Schuetz, MD, MPH, and Jeffrey L. Greenwald, MD

Malnutrition is a common condition among newly

admitted, medically complex inpatients. Emerg-
ing evidence demonstrates that malnutrition directly in-
creases the risk for adverse clinical outcomes, including
death, illness, and functional impairments, hospital
length of stay, and the risk for hospital readmission (1).
Moreover, nutritional status often further deteriorates
during the hospital stay because of illness-related loss
of appetite, fasting orders for diagnostic studies, or
overall suboptimal nutritional management. Data from

number needed to treat of 25. The trial also found that
nutritional support substantially reduced death, with a
number needed to treat of 37. A similar positive effect
on the risk for death (number needed to treat = 20) was
also found in the placebo-controlled, 652-patient
NOURISH (Nutrition effect On Unplanned Readmis-
sions and Survival in Hospitalized patients) trial, which
studied the effects of using a protein-rich oral supple-
ment on clinical outcomes in malnourished, medical in-
patients in the United States (3).

Schuetz P, et al. Ann Intern Med. 2020;172(4):HO2-HO3.




NUTRITIONAL SUPPORT ALGORITHM

Nutrition risk screening within 24-48 h of hospital admission

1. Maknuirition screening using a validated screening tool (e.g., NRS 2002)

If increased risk is identified

2. Patient assessment Individual assessment of the patient to establish the diagnosis of disease-related malnutrition or any underlying
conditions such as:
Ilinesses directly leading to malabsorption (e.g., chronic pancreatitis)

Metabolic diseases (e.g., diabetes, hyperthyroidism) or other hypercatabolic states (e.g., malignancy, HIV)
Depression and other conditions leading to decreased appetite
Drug-related effects on weight (e.g., GLP-1 agonists, SGLT2 inhibitors)

EFFORT = Effect of early nutritional support on Frailty, Functional Outcomes, and Recovery of malnourished medical inpatients Trial (1); GLP-1 =
glucagon-like peptide-1; NRS 2002 = Nutritional Risk Screening 2002 (6); SGLT2 = sodium-glucose cotransporter-2.

Schuetz P, et al. Ann Intern Med. 2020;172(4):HO2-HO3.



NUTRITIONAL SUPPORT ALGORITHM

Nutrition risk screening within 24-48 h of hospital admission

1. Malnutrition screening using a validated screening tool (e.g., NRS 2002)

If increased risk is identified

2. Patient assessment Individual assessment of the patient to establish the diagnosis of disease-related malnutrition or any underlying
conditions such as:
llinesses directly leading to malabsorption (e.g., chronic pancreatitis)
Metabolic diseases (e.g., diabetes, hyperthyroidism) or other hypercatabolic states (e.g., malignancy, HIV)
Depression and other conditions leading to decreased appetite
Drug-related effects on weight (e.g., GLP-1 agonists, SGLT2 inhibitors)

In addition to addressing the identified underlying cause (when possible), engage nutrition team to establish individual
3. Definition of nutritional plan nutritional targets on the basis of the patient's condition

Calorie Protein Micronutrient Other nutritional
requirements requirements requirements targets

4. Nutritional support and Establish a nutritional strategy to reach the nutritional targets

patient monitoring

Level I: Oral nutrition, including oral nutritional supplements and multivitamin and multimineral
Oral nutrition supplements

Reassessment every 24-48 h: If after 5 d not meeting 275% of calorie and
protein targets, escalate to Level Il

Level II:
E eI Enteral nutrition (plus oral nutrition as tolerated)

Reassessment every 24-48 h: If after 5 d not meeting 275% of calorie and
protein targets, escalate to Level llI

Ll e Parenteral nutrition (plus oral and enteral nutrition as tolerated)
Parenteral nutrition

EFFORT = Effect of early nutritional support on Frailty, Functional Outcomes, and Recovery of malnourished medical inpatients Trial (1); GLP-1 =
glucagon-like peptide-1; NRS 2002 = Nutritional Risk Screening 2002 (6); SGLT2 = sodium-glucose cotransporter-2.

Schuetz P, et al. Ann Intern Med. 2020;172(4):HO2-HO3.



Summary

There is increasing evidence that malnutrition is a modifiable risk factor for
hospitalized patients with multiple ilinesses

Proactive screening of patients using a validated tool and start of nutritional
support protocols should be implemented in the hospital setting to reduce
mortality and complications of patients

In the future, we may need to further individualize nutrition according to the

specific situation of our patients including kidney function and inflammatory
status

Internists should play an active role for early recognition and treatment
of disease-related malnutrition



