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ABSTRACT

Background and aims Nutritional support improves
clinical outcomes during hospitalisation as well as

after discharge. Recently, a systematic review of 27
randomised, controlled trials showed that nutritional
support was associated with lower rates of hospital
readmissions and improved survival. In the present
economic modelling study, we sought to determine
whether in-hospital nutritional support would also return
economic benefits.

Methods The current economic model applied cost
estimates to the outcome results from our recent
systematic review of hospitalised patients. In the
underlying meta-analysis, a total of 27 trials (n=6803
patients) were included. To calculate the economic impact
of nutritional support, a Markov model was developed
using transitions between relevant health states. Costs
were estimated accounting for length of stay in a general
hospital ward, hospital-acquired infections, readmissions
and nutritional support. Six-month mortality was also
considered. The estimated daily per-patient cost for in-
hospital nutrition was US$6.23.

Results Overall costs of care within the model timeframe
of 6 months averaged US$63 227 per patient in the
intervention group versus US$66 045 in the control group,
which corresponds to per patient cost savings of US$2818.
These cost savings were mainly due to reduced infection
rate and shorter lengths of stay. We also calculated the
costs to prevent a hospital-acquired infection and a
non-elective readmission, that is, US$820 and US$733,
respectively. The incremental cost per life-day gained
was —US$1149 with 2.53 additional days. The sensitivity
analyses for cost per quality-adjusted life day provided
support for the original findings.

Conclusions For medical inpatients who are
malnourished or at nutritional risk, our findings showed
that in-hospital nutritional support is a cost-effective way
to reduce risk for readmissions, lower the frequency of
hospital-associated infections, and improve survival rates.

INTRODUCTION

As a significant public health issue, malnu-
trition has detrimental effects on the care
and recovery of hospitalised patients.! If

Strength and limitations of this study
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= Large data set of randomised nutritional trials based
on a recent systematic reviewand meta-analysis.

= Different patient-relevant outcomes considered in
the cost analyses.

= Calculation of costs and cost savings from the per-
spective of the 27 hospitals included in the underly-
ing meta-analysis which limit generalisability.

= Focusing on direct costs as the main drivers of eco-
nomic decision, but not on costs associated with
faster recovery, less disability and lower loss of work
productivity.

unrecognised or undertreated, impaired
nutritional status can worsen health outcomes
and escalate healthcare use and costs.”” Nutri-
tional shortfalls occur when unintended loss
of weight and muscle result from collusion
of various predisposing factors—older age,
limited physical activity, insufficient protein
and energy intake relative to needs, altered
hormone function, and anorexia.! Studies
estimate that between 30% and 50% of adult
inpatients are malnourished or at nutritional
risk when admitted to hospital; nutritional
risk is higher in patients who are older and
have underlying chronic health conditions.””’

The presence of malnutrition can impair
a patient’s response to medical treatment
and can increase susceptibility to hospital-
acquired comorbidities, which include
urinary tract infections, falls and fractures,
acute respiratory infections, skin tears, and
hospital-acquired pressure injuries.*' As a
result, malnutrition in a hospitalised adult
can hinder the patient’s recovery, prolong
length of hospital stay, and increase the need
for postdischarge institutional care.”™"

Not surprisingly, the high prevalence and
adverse effects of malnutrition in hospitalised
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patients affect the overall cost of healthcare in the USA,
as in the rest of the world. The estimated annual cost of
disease-associated malnutrition in the USA is over US$15.5
billion.” In Canada, the added cost of in-hospital care for
a malnourished patient is US$1500-2000 per hospital
stay (compared with the cost for an adequately nourished
patient); this translates to an excess US$1.56-2.1 billion
per year, similar to the US when adjusted for population.”
Studies from Latin America estimate an annual costs
of US$10.2 billion for management of malnourished
patients in public hospitals,12 % and studies from Europe
and Asia likewise report markedly higher costs for care of
malnourished hospital patients."*'®

Identifying and treating malnutrition are critical to
improving patient health outcomes and to reducing
healthcare costs.” To identify and manage hospitalised
patients at risk for malnutrition, nutrition-focused quality
improvement programmes can be used to guide nutrition
screening and assessment, to intervene with nutrition care
when needed, and to provide ongoing monitoring and
adjustment of nutrition, as needed.”? Such programmes
improved patient outcomes and decreased healthcare
costs, as evidenced by reduced rates of hospital-acquired
infections, shorter lengths of hospital stay, and lower
rates of readmission.'? *'** A systematic review of studies
using oral nutritional supplements to treat malnutrition
revealed cost savings, which were attributed to fewer
medical complications, shortened hospital stays, preven-
tion of pressure ulcers, and improved quality-adjusted
life years.”” A large clinical trial on use of individual-
ised nutritional support during hospitalisation showed
improved nutritional intake, functional outcome, and
quality of life, along with lowered risk of adverse effects
and decreased 30-day mortallity.26 Results of the follow-on
economic-evaluation study demonstrated cost savings
related to reduced intensive care unit stays and fewer
hospital-acquired Complications.27

Gomes et al recently conducted a systematic review of
27 trials of patients who were malnourished or at risk
of malnutrition on admission to the hospital.* Results

showed that in-hospital nutritional support could signifi-
cantly improve patient outcomes by increasing patients’
energy and protein intake, which was associated with
weight gain, lowered mortality rates, and reduced rates of
non-elective hospital readmissions.* Based on these find-
ings, the aim of our current analysis was to use economic
modelling to predict whether benefits of in-hospital
nutritional support are accompanied by returns in terms
of economic benefits. In modelling, we also considered
other Gomes et al endpoints that showed a clinically
meaningful improvement, that is, lowered infection rates
and shorter length of stay in hospital.*

METHODS

To clarify the current economic modelling analysis, we
provide definitions of health economic terms used in
our report (table 1).2® Our model examined costs and
potential cost benefits of using nutritional support for
hospitalised patients. Nutritional support includes (1)
screening admitted patients for malnutrition or its risk,
(2) for those identified, systematic nutritional assessment
by a dietitian, including recommendations for nutritional
targets, (3) development of an individualised nutritional
care plan, including implementation and follow-up.?* %’

Economic modelling and analysis

For our Markov model, we assumed that all patients were
in a stable health state—hospitalised and malnourished
(figure 1). Thereafter, patients could develop major
infections. This was modelled as a separate health state
because the probability of death, as well as healthcare costs
and utilisation, were assumed to be higher in compar-
ison with patients not experiencing in-hospital compli-
cations. In another state, patients could be discharged
from the hospital. Following discharge, patients may
require unplanned readmission to the hospital. Finally,
patients have different probabilities of death in each
state, depending on their health status.

Table 1 Definition of terms for health economic analyses

Markov model

A model used for randomly changing systems. Applied to healthcare, Markov models assume that a

patient is in one of a finite number of discrete health states, for example, inpatient with malnutrition,
inpatient with infectious complication, patient discharged from hospital, or patient readmitted to hospital
non-electively. In modelling, the patient transitions from one state to another, with death as an unalterable

state.

Cost effectiveness
while using limited resources.

Incremental Cost-
Effectiveness Ratio (ICER)

Value for the cost. In healthcare, the goal is to maximise the benefit of treatment for a patient population

Used in health economics to compare two different interventions in terms of the cost of gained
effectiveness. ICER is computed by dividing the difference in cost of 2 interventions by the difference of

their effectiveness, for example, if treatment A costs US$50 per patient and provides 2 quality-adjusted
life days (QALDs), and treatment B costs US$80 while providing 3 QALDS, the ICER of treatment B is

US$80-50/3-2 = US$30.

The ICER determination is also called a cost-utility analysis.

Sensitivity analysis
parameters change.

A “what-if” analysis. This value focuses on what happens to the dependent variable when various
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Figure 1 Health states within the Markov model.
Designations of health states were based on findings in the
meta-analysis report by Gomes et al.*

We modelled the economic impact of the nutritional
support from a payer’s perspective. To do so, we devel-
oped a Markov cohort model with daily cycles.”® ** The
timeframe for our model was 6 months, consistent with
results reported in the meta-analysis by Gomes et al*
We applied utility values (cost of gained effectiveness of
nutritional support) that were derived from a study by
Schuetz et al, assuming the utility value for preventing an
in-hospital adverse event was a reasonable proxy for devel-
oping an infection during hospitalisation.”” Likewise, we
applied a utility value from Harvey et al for preventing
non-elective readmission.”’ Additionally, we assumed that
the utility value for a released patient was 10% higher than
for a patient in the stable health state. A more detailed
description of the methods and assumptions is provided
in online supplemental appendix A.1. We assumed costs
for the various health states as follows: (1) no cost for
patients released from hospital, (2) costs for nutritional
support and readmission were sourced from the Nutri-
tion effect On Unplanned Readmissions and Survival in
Hospitalised patients (NOURISH) health economic anal-
ysis,”? assuming SD as 10% of the input value, (3) costs for
a heterogeneous distribution of infections were estimated
on the basis of US hospital infection costs reported,” (4)
no cost for death, and (5) the cost of nutritional support
as reported previously.*

The primary outcomes in our model were cost-by-
health-state and total cost. We calculated days in each
health state, and we calculated utility value as the differ-
ence between the total costs of individualised nutritional
support compared with no support. Individualised nutri-
tional support refers to patient screening, assessment,
definition of individual nutrition goals (including energy
and protein, micronutrients) and a nutritional protocol
to reach these goals (including oral nutritional supple-
ments). The estimated daily per-patient cost for in-hos-
pital nutrition was US$6.23. Because we modelled real-life
findings, we did not apply discount rates to any costs and

Open access

outcomes.” ™ Sensitivity analyses were executed on key
variables of the model, including probability of patient
release from hospital, cost for infections, cost for general
ward hospitalisation, and cost for individualised nutri-
tional support. Because costs of nutritional supplements
may vary in different care sites, we performed a sensitivity
analysis to determine whether cost savings would be main-
tained when nutritional supplement costs) were US$3 per
day (lower bound), US$4 per day (medium), and US$6
per day (upper bound).

To optimise our reporting of health economic evalua-
tions, we used the Consolidated Health Economic Evalu-
ation Reporting Standards checklist.”

Patient and public involvement

The data used for this study are based on a previous meta-
analysis and as a result, patients were not involved in
the design and conduct of the study, choice of outcome
measures or recruitment to the study. However, we
discussed the study concept and economic models before-
hand in our multiprofessional team consisting of physi-
cians, nurses, researchers from nutritional industries and
economists.

RESULTS

Patient outcomes

The original systematic review included a total of 27
trials with 6803 patients.* Compared with patients in the
control group, those who received nutritional support
had a significantly lower mortality rate (230 of 2758
(8.3%) vs 307 of 2787 (11.0%) with an OR of 0.73 (95%
CI 0.56 t0 0.97)).

Costs and cost-benefits of nutritional intervention

A base-case analysis summarises our cost results (table 2).
Here, ‘Life’ represents the number of patient lives in
each health state. Utilities results are shown as quality-
adjusted life days (QALD), which were calculated in the
model. Finally, the calculated cost for each health state
is shown. The per-patient cost for in-hospital nutritional
support was estimated at US$36.44 per patient across the
patient’s hospital length of stay. In terms of costs over the
6-month timeframe of the study model, hospital care aver-
aged US$63 227 per patient in the nutrition-intervention
group versus US$66 045 in the control group. Sensi-
tivity analysis within a range of US$3-6 per day cost for
the nutritional supplement did not overcome the cost-
benefit for nutritional support (total cost US$105,632 for
US$4 US$105,681 for US$6 in the nutritional support,
respectively).

Incremental differences in cost savings, life days,
QALDs, and Incremental Cost-Effectiveness Ratio
(ICER) per life days were determined (table 3). When
using nutritional support, the total cost savings over the
6-month modelling interval was US$2912, which was
mainly driven by cost savings in the general ward hospital-
isation (US$2818). Patients receiving nutritional support
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Table 2 Base-case results

Life days Utilities, QALD Cost, US$

Nutritional No nutritional Nutritional No nutritional Nutritional No nutritional
Patient state support support support support support support
Hospitalised, 11.49 12.00 0.022 0.023 63 227 66 045
malnourished
Non-elective 0.14 0.17 0.000 0.000 193 237
readmission
In-hospital with 0.52 0.60 0.001 0.001 4554 5374
Infection
Discharged from 162 159 0.342 0.333 37 597 36 863
hospital
Death 7.74 10.27
Total 174.26 171.73 0.365 0.358 105 608 108 520
(sum of health states
above)

QALDs, Quality-Adjusted Life Days.

also had 2.5 more life days without complications during
the modelled time. Finally, given the cost savings and the
added life days, cost-effectiveness results show dominance
for the nutritional support group.

We also calculated costs to prevent hospital-acquired
infections and hospital readmission, which were US$820
for one prevented infection and US$733 for one prevented
non-elective readmission. The incremental cost per life
day gained was -US$1149 with 2.53 additional days. When
varying the input values, the results of the sensitivity anal-
yses provided support for the original findings.

DISCUSSION

When hospitalised patients with malnutrition or at nutri-
tional risk receive nutritional support, risk for hospital
infections is reduced, length of stay is shortened, and the
likelihood of hospital readmission is decreased. Impor-
tantly, results of our current modelling study showed that
the added cost of providing nutritional support is low,
especially when considering the associated reductions in
costs of hospitalisation and medical treatments. Taken
together, results from our present Markov health cost

modelling showed that in-hospital nutritional support is a
highly cost-effective intervention.

Comparison with findings in other nutrition care studies
The underlying systematic review by Gomes et al found
that nutritional support led to statistically significant
reductions in mortality and non-elective hospital read-
missions,” findings that have also been reported for
other hospital populations.4 2123 24 26 39 Ag well, the
results of our health economic modelling analysis
confirmed and extended data and messages on the
‘value of nutrition’ in care for hospitalised patients in
North America,40 H Latin America,13 4243 Europe and the
UK, % % and Asia.!7

Hospital nutritional care has proven particularly effica-
cious and cost effective in older populations with multiple
health conditions, including those living in different care
settings—in the community* ** and in nursing care
facilities.*” Furthermore, it was recently shown that
malnutrition is underdiagnosed in emergency depart-
ments, also leading to a higher burden in terms of health-
care costs.”"

Table 3 Results for incremental differences from base-case analysis

Incremental changes for nutritional support versus no nutritional support

Cost item Cost savings, US$ Life days QALDs ICER LD, US$
General ward hospitalisation 2818.17 0.51 —-0.0009 -5569.72
Readmission 43.50 -0.03 —-0.0001 1372.62
Infections 820.89 0.09 0.0001 -8891.82
Released 733.65 3.16 0.0081 231.92
Death -2.53

Total 2912.47 2.53 0.0070 -1149.63

ICER LD, Incremental Cost-Effectiveness Ratio Life Days; QALDs, quality-adjusted life days.
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Limitations of this modelling analysis

As for all modelling analyses, our model had some limita-
tions. Costs and cost savings were calculated from the
perspective of the 27 hospitals included in the Gomes
et al review and meta-analysis’; results may thus not be
fully generalisable to hospitals where patient demo-
graphics, disease severity, and care costs differ markedly
from those in the reviewed studies. As well, our modelled
cost-savings calculations reflect reductions in infectious
complications, hospital length of stay, and non-elective
readmissions, as measures for the effectiveness of in-hos-
pital nutritional support. Other clinical outcomes, such
as non-infective complications, are not included in the
evaluation but could be included in future studies on
hospital-related costs. Additionally, our model used direct
costs as the main drivers of economic decision-making
from the perspective of US hospital administrators and
payers; future models could tackle savings in cost terms
important to the patients, such as faster recovery with less
disability and lower loss of work productivity.

The way forward

Guidelines and recommendations on the importance
of nutrition care for medical nutritionally vulnerable
inpatients are increasingly available in the US and else-
where.” * % A recent European study showed that
adherence to guidelines on malnutrition management in
15 hospitals was generally good, which led to improved
nutritional care in hospitals.55 Based on our modelled
findings, we anticipate that increased attention to nutri-
tional support during and after hospitalisation may yield
marked benefits both in terms of health outcomes and
cost savings.

CONCLUSION

In conclusion, our modelling analysis predicted that
in-hospital nutritional support for medical inpatients who
are malnourished or at nutritional risk can yield signifi-
cant cost-benefits along with previously reported gains in
terms of health outcomes.* Together, these positive effects
provide a compelling rationale for hospitals to follow
comprehensive nutrition care pathways—including
screening for malnutrition risk, assessment of causes
and severity of malnutrition, and provision of nutrition-
focused support during and after hospitalisation.’® > *°

Author affiliations

'Internal Medicine, Kantonsspital Aarau AG, Aarau, Switzerland
ZUniversity of Basel, Basel, Switzerland

*Abbott Nutrition, Abbott Park, lllinois, USA

*MArS Market Access & Pricing Strategy GmbH, Weil am Rhein, Germany
SState University Baden-Weurttemberg, Lérrarch, Germany

SWeingarten University of Applied Sciences, Weingarten, Germany
"Inselspital Universitatsspital Bern, Bern, BE, Switzerland

®The New York Academy of Sciences, New York city, New York, USA
*NOVA Medical School, Universidade NOVA de Lisboa, Lisboa, Portugal

Acknowledgements We thank Cecilia Hofmann of C. Hofmann & Associates
(Western Springs, lllinois, USA) for her help with manuscript review and editing.

Contributors PS: study conceptualisation, investigation, acquisition of

funding, writing and editing manuscript. SS: conceptualisation, writing and
editing manuscript. SW, LV: analysis, writing and editing manuscript. ZS, FG:
conceptualisation, investigation, review and editing manuscript. CB, NK-B and BM
provided critical feedback to the analysis and approved the final manuscript.

Funding The economic analyses were financially supported by Abbott, USA.

Competing interests The Institution of PS has previously received unrestricted
grant money, not related to this project, from Nestle Health Science and Abbott.
The institution of ZS received speaking honoraria and research support from Nestle
Health Science, Abbott Nutrition and Fresenius Kabi. SS and CB are employees

and stockholders of Abbott. S Walzer and L Vollmer received funding for the model
development from Abbott. S Walzer has also received funding from Nestle Health
Science and Fresenius Kabi for other health economic studies. All other authors
report no conflicts of interest.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.
Data are available in a public, open access repository.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Philipp Schuetz http://orcid.org/0000-0002-3799-3742
Suela Sulo http://orcid.org/0000-0002-7567-147X

REFERENCES

1 Felder S, Lechtenboehmer C, Bally M, et al. Association of nutritional
risk and adverse medical outcomes across different medical inpatient
populations. Nutrition 2015;31:1385-93.

2 Felder S, Braun N, Stanga Z, et al. Unraveling the link between
malnutrition and adverse clinical outcomes: association of acute and
chronic malnutrition measures with blood biomarkers from different
pathophysiological states. Ann Nutr Metab 2016;68:164-72.

3 Gomes F, Schuetz P, Bounoure L, et al. ESPEN guidelines on
nutritional support for polymorbid internal medicine patients. Clin
Nutr 2018;37:336-53.

4 Gomes F, Baumgartner A, Bounoure L, et al. Association of nutritional
support with clinical outcomes among medical inpatients who are
malnourished or at nutritional risk: an updated systematic review and
meta-analysis. JAMA Netw Open 2019;2:e1915138.

5 Curtis LJ, Bernier P, Jeejeebhoy K, et al. Costs of hospital
malnutrition. Clin Nutr 2017;36:1391-6.

6 Kaegi-Braun N, Baumgartner A, Gomes F, et al. "Evidence-based
medical nutrition - A difficult journey, but worth the effort!". Clin Nutr
2020;39:3014-8.

7 Sauer AC, Goates S, Malone A, et al. Prevalence of malnutrition
risk and the impact of nutrition risk on hospital outcomes: results
from nutritionDay in the U.S. JPEN J Parenter Enteral Nutr
2019;43:918-26.

8 Cangelosi MJ, Rodday AM, Saunders T, et al. Evaluation of the
economic burden of diseases associated with poor nutrition status.
JPEN J Parenter Enteral Nutr 2014;38:35S-41.

9 Munro EL, Hickling DF, Williams DM, et al. Malnutrition is
independently associated with skin tears in hospital inpatient
setting-Findings of a 6-year point prevalence audit. Int Wound J
2018;15:527-33.

10 Dreyfus J, Gayle J, Trueman P, et al. Assessment of risk factors
associated with hospital-acquired pressure injuries and impact on

Schuetz P, et al. BMJ Open 2021;11:¢046402. doi:10.1136/bmjopen-2020-046402

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘1€ 1900190 Uo jwodfwq-uadolwg//:dny wol papeojumoq ‘TZ0Z AINC 6 U0 Z0Y9170-020z-uadolwag/osTT 0T St paysiignd 1say :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3799-3742
http://orcid.org/0000-0002-7567-147X
http://dx.doi.org/10.1016/j.nut.2015.06.007
http://dx.doi.org/10.1159/000444096
http://dx.doi.org/10.1016/j.clnu.2017.06.025
http://dx.doi.org/10.1016/j.clnu.2017.06.025
http://dx.doi.org/10.1001/jamanetworkopen.2019.15138
http://dx.doi.org/10.1016/j.clnu.2016.09.009
http://dx.doi.org/10.1016/j.clnu.2020.01.023
http://dx.doi.org/10.1002/jpen.1499
http://dx.doi.org/10.1177/0148607113514612
http://dx.doi.org/10.1111/iwj.12893
http://bmjopen.bmj.com/

Open access

health care utilization and cost outcomes in US hospitals. Am J Med
Qual 2018;33:348-58.

if health care antiseptic products were unavailable. Clinicoecon
Outcomes Res 2016;8:197-205.

11 O'Shea E, Trawley S, Manning E, et al. Malnutrition in hospitalised 34 Zhang H, Wang Y, Jiang Z-M, et al. Impact of nutrition support
older adults: a multicentre observational study of prevalence, on clinical outcome and cost-effectiveness analysis in patients at
associations and outcomes. J Nutr Health Aging 2017;21:830-6. nutritional risk: A prospective cohort study with propensity score

12 Correia MITD, Laviano A. Cost-Effectiveness of nutrition therapy. matching. Nutrition 2017;37:53-9.

Nutrition 2018;50:109-11. 35 Bounoure L, Gomes F, Stanga Z, et al. Detection and treatment

13 Buitrago G, Vargas J, Sulo S, et al. Targeting malnutrition: nutrition of medical inpatients with or at-risk of malnutrition: suggested
programs yield cost savings for hospitalized patients. Clin Nutr procedures based on validated guidelines. Nutrition 2016;32:790-8.
2020;39:2896-901. 36 Schuetz P, Greenwald JL, Exclusive W. Web exclusive. annals for

14 Freijer K, Tan SS, Koopmanschap MA, et al. The economic costs of hospitalists inpatient notes - optimizing inpatient nutrition-why
disease related malnutrition. Clin Nutr 2013;32:136-41. hospitalists should get involved. Ann Intern Med 2020;172:HO2.

15 Khalatbari-Soltani S, Marques-Vidal P. The economic cost of 37 Baumgartner A, Kgi-Braun N, Tribolet P. Individualised nutritional
hospital malnutrition in Europe; a narrative review. Clin Nutr ESPEN support in medical inpatients — a practical guideline. Swiss Med Wkly
2015;10:€89-94. 2020;4.

16 Lim SL, Ong KCB, Chan YH, et al. Malnutrition and its impact 38 Husereau D, Drummond M, Petrou S, et al. Consolidated health
on cost of hospitalization, length of stay, readmission and 3-year economic evaluation reporting standards (cheers) statement. Eur J
mortality. Clin Nutr 2012;31:345-50. Health Econ 2013;14:367-72.

17 Inciong JFB, Chaudhary A, Hsu H-S, et al. Hospital malnutrition in 39 Deutz NE, Matheson EM, Matarese LE, et al. Readmission and
northeast and Southeast Asia: a systematic literature review. Clin mortality in malnourished, older, hospitalized adults treated with a
Nutr ESPEN 2020;39:30-45. specialized oral nutritional supplement: a randomized clinical trial.

18 Martinez-Reig M, Aranda-Reneo |, Pefia-Longobardo LM, et al. Use Clin Nutr 2016;35:18-26.
of health resources and healthcare costs associated with nutritional 40 Tyler R, Barrocas A, Guenter P, et al. Value of nutrition support
risk: the FRADEA study. Clin Nutr 2018;37:1299-305. therapy: impact on clinical and economic outcomes in the United

19 Meehan A, Partridge J, Jonnalagadda SS. Clinical and economic States. JPEN J Parenter Enteral Nutr 2020;44:395-406.
value of nutrition in healthcare: a nurse's perspective. Nutr Clin Pract 41 Sulo S, Gramlich L, Benjamin J, et al. Nutrition interventions
2019;34:832-8. deliver value in healthcare: real world evidence. Nutr Dietary Suppl

20 McCauley SM, Barrocas A, Malone A. Hospital nutrition care Betters 2020;12:139-46.
patient clinical outcomes and reduces costs: the malnutrition quality 42 Correia MITD, Perman M, Pradelli L, et al. Economic burden of
improvement initiative story. J Acad Nutr Diet 2019;119:S11-14. hospital malnutrition and the cost-benefit of supplemental parenteral

21 Sulo S, Feldstein J, Partridge J, et al. Budget impact of a nutrition in critically ill patients in Latin America. J Med Econ
comprehensive Nutrition-Focused quality improvement program 2018;21:1047-56.
for malnourished hospitalized patients. Am Health Drug Benefits 43 Ruiz AJ, Buitrago G, Rodriguez N, et al. Clinical and economic
2017;10:262-70. outcomes associated with malnutrition in hospitalized patients. Clin

22 McCauley SM, Mitchell K, Heap A. The malnutrition quality Nutr 2019;38:1310-6.
improvement initiative: a multiyear partnership transforms care. J 44  Freijer K, Nuijten MJC, Schols JMGA. The budget impact of oral
Acad Nutr Diet 2019;119:518-24. nutritional supplements for disease related malnutrition in elderly in

23 Sriram K, Sulo S, VanDerBosch G, et al. A comprehensive Nutrition- the community setting. Front Pharmacol 2012;3:78.

Focused quality improvement program reduces 30-day readmissions 45 Stratton RJ, Hébuterne X, Elia M. A systematic review and meta-
and length of stay in hospitalized patients. JPEN J Parenter Enteral analysis of the impact of oral nutritional supplements on hospital
Nutr 2017;41:384-91. readmissions. Ageing Res Rev 2013;12:884-97.

24 Sriram K, Sulo S, VanDerBosch G, et al. Nutrition-Focused quality 46 Muscaritoli M, Krznari¢ Z, Singer P, et al. Effectiveness and efficacy
improvement program results in significant readmission and length of of nutritional therapy: a systematic review following Cochrane
stay reductions for malnourished surgical patients. JPEN J Parenter methodology. Clin Nutr 2017;36:939-57.

Enteral Nutr 2018;42:1093-8. 47 Elia M, Normand C, Laviano A, et al. A systematic review of the cost

25 Elia M, Normand C, Norman K, et al. A systematic review of the cost and cost effectiveness of using standard oral nutritional supplements
and cost effectiveness of using standard oral nutritional supplements in community and care home settings. Clin Nutr 2016;35:125-37.
in the hospital setting. Clin Nutr 2016;35:370-80. 48 McKeever L, Farrar |, Sulo S. Nutritional adequacy and oral nutritional

26 Schuetz P, Fehr R, Baechli V, et al. Individualised nutritional support supplementation in older community-dwelling adults. J Aging Res
in medical inpatients at nutritional risk: a randomised clinical trial. Clin Practice 2019;8:7-14.

Lancet 2019;393:2312-21. 49 Sauer AC, Li J, Partridge J, et al. Assessing the impact of nutrition

27 Schuetz P, Sulo S, Walzer S, et al. Economic evaluation of interventions on health and nutrition outcomes of community-
individualized nutritional support in medical inpatients: secondary dwelling adults: a systematic review. Nutr Dietary Suppl
analysis of the effort trial. Clin Nutr 2020;39:3361-8. 2018;10:45-57.

28 Komorowski M, Raffa J. Markov Models and Cost Effectiveness 50 Elia M, Parsons EL, Cawood AL, et al. Cost-effectiveness of oral
Analysis: Applications in Medical Research. In: Critical Data MIT, ed. nutritional supplements in older malnourished care home residents.
Secondary analysis of electronic health records. Cham (CH): Springer Clin Nutr 2018;37:651-8.

International Publishing, 2016: 351-67. 51 Lanctin DP, Merced-Nieves F, Mallett RM, et al. Prevalence and

29 Schuetz P, Fehr R, Baechli V, et al. Design and rationale of the economic burden of malnutrition diagnosis among patients
effect of early nutritional therapy on frailty, functional outcomes presenting to United States emergency departments. Acad Emerg
and recovery of malnourished medical inpatients trial (effort): a Med 2021;28:325-35.
pragmatic, multicenter, randomized-controlled trial. Int J Clin Trials 52 Ukleja A, Gilbert K, Mogensen KM, et al. Standards for nutrition
2018;5:142-50. support: adult hospitalized patients. Nutr Clin Pract 2018;33:906-20.

30 Briggs A, Sculpher M. An introduction to Markov modelling for 53 Tappenden KA, Quatrara B, Parkhurst ML, et al. Critical role of
economic evaluation. Pharmacoeconomics 1998;13:397-409. nutrition in improving quality of care: an interdisciplinary call to action

31 Harvey SE, Parrott F, Harrison DA, et al. A multicentre, randomised to address adult Hospital malnutrition. JPEN J Parenter Enteral Nutr
controlled trial comparing the clinical effectiveness and cost- 2013;37:482-97.
effectiveness of early nutritional support via the parenteral versus the 54 Kondrup J, Allison SP, Elia M, et al. ESPEN guidelines for nutrition
enteral route in critically ill patients (calories). Health Technol Assess screening 2002. Clin Nutr 2003;22:415-21.
2016;20:1-144. 55 Blanatr MV, Eglseer D, Lohrmann C, et al. Changes in the availability

32 Zhong Y, Cohen JT, Goates S, et al. The cost-effectiveness of oral of clinical practice guidelines for malnutrition: a 6-y multicenter study.
nutrition supplementation for malnourished older hospital patients. Nutrition 2020;71:110617.

Appl Health Econ Health Policy 2017;15:75-83. 56 Keller HH, Valaitis R, Laur CV, et al. Multi-Site implementation of

33 Schmier JK, Hulme-Lowe CK, Semenova S, et al. Estimated hospital nutrition screening and diagnosis in medical care units: success of
costs associated with preventable health care-associated infections the More-2-Eat project. Clin Nutr 2019;38:897-905.

6 Schuetz P, et al. BMJ Open 2021;11:¢046402. doi:10.1136/bmjopen-2020-046402

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘1€ 1900190 Uo jwodfwq-uadolwg//:dny wol papeojumoq ‘TZ0Z AINC 6 U0 Z0Y9170-020z-uadolwag/osTT 0T St paysiignd 1say :uado NG


http://dx.doi.org/10.1177/1062860617746741
http://dx.doi.org/10.1177/1062860617746741
http://dx.doi.org/10.1007/s12603-016-0831-x
http://dx.doi.org/10.1016/j.nut.2018.01.001
http://dx.doi.org/10.1016/j.clnu.2019.12.025
http://dx.doi.org/10.1016/j.clnu.2012.06.009
http://dx.doi.org/10.1016/j.clnesp.2015.04.003
http://dx.doi.org/10.1016/j.clnu.2011.11.001
http://dx.doi.org/10.1016/j.clnesp.2020.06.001
http://dx.doi.org/10.1016/j.clnesp.2020.06.001
http://dx.doi.org/10.1016/j.clnu.2017.05.021
http://dx.doi.org/10.1002/ncp.10405
http://dx.doi.org/10.1016/j.jand.2019.05.027
http://www.ncbi.nlm.nih.gov/pubmed/28975010
http://dx.doi.org/10.1016/j.jand.2019.05.025
http://dx.doi.org/10.1016/j.jand.2019.05.025
http://dx.doi.org/10.1177/0148607116681468
http://dx.doi.org/10.1177/0148607116681468
http://dx.doi.org/10.1002/jpen.1040
http://dx.doi.org/10.1002/jpen.1040
http://dx.doi.org/10.1016/j.clnu.2015.05.010
http://dx.doi.org/10.1016/S0140-6736(18)32776-4
http://dx.doi.org/10.1016/j.clnu.2020.02.023
http://dx.doi.org/10.18203/2349-3259.ijct20182085
http://dx.doi.org/10.2165/00019053-199813040-00003
http://dx.doi.org/10.3310/hta20280
http://dx.doi.org/10.1007/s40258-016-0269-7
http://dx.doi.org/10.2147/CEOR.S102505
http://dx.doi.org/10.2147/CEOR.S102505
http://dx.doi.org/10.1016/j.nut.2016.12.004
http://dx.doi.org/10.1016/j.nut.2016.01.019
http://dx.doi.org/10.7326/M20-0120
http://dx.doi.org/10.4414/smw.2020.20204
http://dx.doi.org/10.1007/s10198-013-0471-6
http://dx.doi.org/10.1007/s10198-013-0471-6
http://dx.doi.org/10.1016/j.clnu.2015.12.010
http://dx.doi.org/10.1002/jpen.1768
http://dx.doi.org/10.2147/NDS.S262364
http://dx.doi.org/10.1080/13696998.2018.1500371
http://dx.doi.org/10.1016/j.clnu.2018.05.016
http://dx.doi.org/10.1016/j.clnu.2018.05.016
http://dx.doi.org/10.3389/fphar.2012.00078
http://dx.doi.org/10.1016/j.arr.2013.07.002
http://dx.doi.org/10.1016/j.clnu.2016.06.022
http://dx.doi.org/10.1016/j.clnu.2015.07.012
http://dx.doi.org/10.2147/NDS.S177248
http://dx.doi.org/10.1016/j.clnu.2017.02.008
http://dx.doi.org/10.1111/acem.13887
http://dx.doi.org/10.1111/acem.13887
http://dx.doi.org/10.1002/ncp.10204
http://dx.doi.org/10.1177/0148607113484066
http://dx.doi.org/10.1016/S0261-5614(03)00098-0
http://dx.doi.org/10.1016/j.nut.2019.110617
http://dx.doi.org/10.1016/j.clnu.2018.02.009
http://bmjopen.bmj.com/

	Cost savings associated with nutritional support in medical inpatients: an economic model based on data from a systematic review of randomised trials
	Abstract
	Introduction﻿﻿
	Methods
	Economic modelling and analysis
	Patient and public involvement

	Results
	Patient outcomes
	Costs and cost-benefits of nutritional intervention

	Discussion
	Comparison with findings in other nutrition care studies
	Limitations of this modelling analysis
	The way forward

	Conclusion
	References


