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Background & aims: Existing guidelines support the importance of nutritional interventions for medical
inpatients at malnutrition risk to alleviate the impact of malnutrition on outcomes. While recent studies
have reported positive effects of nutritional support on health outcomes, limited evidence exists on
whether in-hospital nutritional support also results in economic advantages. We report the results of the
economic evaluation of EFFORTda pragmatic, investigator-initiated, open-label, multicenter trial.
Methods: A total of 2028 medical inpatients at nutritional risk were randomly assigned to receive
individualized nutritional support to reach protein and energy goals (intervention group; n ¼ 1015) or
standard hospital food (control group; n ¼ 1013). To calculate the economic impact of nutritional support, a Markov model was developed with relevant health states. Costs were estimated for days in
normal hospital ward and in the Intensive Care Unit (ICU), hospital-acquired complications, and nutritional support. We used a Euro conversion rate of 0.93216 Euro for 1 Swiss Franc (CHF).
Results: The estimated per-patient cost was CHF90 (83.78 V) for the in-hospital nutritional support and
CHF283.85 (264.23 V) when also considering dietitian consultation time. Overall costs of care within 30
days of admission averaged CHF29,263 (27,240 V) per-patient in the intervention group versus
CHF29,477 (27,439 V) in the control group resulting in per-patient cost savings of CHF214 (199 V). Perpatient cost savings was CHF19.56 (18.21 V) when also accounting for dietician costs (full cost analysis).
These cost savings were mainly due to reduced ICU length of stay and fewer complications. We also
calculated costs to prevent adverse outcomes, which were CHF276 (256 V) for one severe complication,
CHF2,675 (2490 V) for one day in ICU, and CHF7,975 (7423 V) for one death. For the full cost analysis,
these numbers were CHF872 (811 V), CHF8,459 (7874 V) and CHF25,219 (23,475 V). Sensitivity analyses
conﬁrmed the original ﬁndings.
Conclusions: Our evaluation demonstrates that in-hospital nutritional support for medical inpatients is a
highly cost-effective intervention to reduce risks for ICU admissions and hospital-associated complications, while improving patient survival. The positive clinical and economic beneﬁts of nutritional support
in at-risk medical inpatients calls for comprehensive nutrition programs, including malnutrition
screening, consultation, and nutritional support.
Trial registration: ClinicalTrials.gov number, NCT02517476.
© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

2.3. Study interventions

Current guidelines set forth by the European Society for Clinical
Nutrition and Metabolism (ESPEN) [1] and the American Society for
Parenteral and Enteral Nutrition (ASPEN) [2] recommend initiation
of nutritional support for medical patients conﬁrmed to be at-risk
or malnourished during their hospital stay. Although only a
limited number of studies have provided support for these recommendations [1,2], the recent publications of the EFFORT (Effect of
early nutritional support on Frailty, Functional Outcomes and Recovery of Malnourished Medical Inpatients Trial) [3] and the NOURISH
(Nutrition Effect On Unplanned Readmissions and Survival in Hospitalized Patients) trial [4] have added to the evidence demonstrating
a signiﬁcant impact of nutritional support for reducing the types of
adverse clinical outcomes generally associated with malnutrition
while improving overall survival.
An economic evaluation of the NOURISH trial showed that in
addition to extending the lives of older malnourished hospitalized
patients by 0.71 years, the use of a specialized oral nutritional
supplement regimen was shown to be cost-effective [5]. The authors reported an incremental cost-effectiveness ratio (ICER) over
the 90-day follow-up period of US$33,818 per quality-adjusted life
year (QALY) and a lifetime ICER of US$524/LY. This study included
malnourished medical inpatients with congestive heart failure,
acute myocardial infarction, pneumonia, or chronic obstructive
pulmonary disease.
For our economic evaluation, we performed a pre-planned
analysis of nutritional support in medical inpatients with a large
variety of diagnoses using clinical data generated from the EFFORT
trial, a pragmatic, open-label, multicenter study [6]. The study,
which included the largest number of medical inpatients at
nutritional risk to date, showed that the use of individualized
nutritional support during the hospital stay improved important
clinical outcomes, including survival, compared with standard
hospital food [3].

In the intervention group, nutritional support was initiated as
soon as possible after randomization within 48 h after admission.
Patients received individualized nutritional support to reach protein and energy goals according to a previously published
consensus protocol [9,10] in accordance with recent international
guidelines [1]. A summary of the nutritional intervention is provided in the initial report and the protocol [3,6]. Brieﬂy, individualized nutritional goals e including energy and protein goals e
were deﬁned for each patient upon hospital admission by a trained
registered dietitian. This plan was initially based on oral nutrition
provided by the hospital kitchen (including food adjustment according to patient preferences, food fortiﬁcation [eg, enrichment of
hospital food by adding protein powder] and providing patients
with between-meal snacks) and oral nutritional supplements
[11,12]. A further increase in nutritional support (enteral tube
feeding or parenteral feeding) was recommended if at least 75% of
energy and protein targets could not be reached through oral
feeding within 5 days. Nutritional intake was reassessed every
24e48 h throughout the hospital stay by a trained registered dietitian based on daily food records for each patient. Upon hospital
discharge, patients received dietary counseling and, if indicated, a
prescription for oral nutritional supplements in the outpatient
setting.
Control group patients received standard hospital food according to their ability and desire to eat, with no nutritional consultation and no recommendation for additional nutritional support.

2. Materials and methods
2.1. Study design
EFFORT was a pragmatic, investigator-initiated, open-label, nonblinded, non-commercial, multicenter, randomized-controlled trial
that was undertaken at eight Swiss hospitals. This is a pre-planned
secondary economic analysis of the EFFORT trial. The rationale for
the trial, design details, and eligibility features have been published
previously [6]. The trial was registered at ClinicalTrials.gov (https://
clinicaltrials.gov/ct2/show/NCT02517476), and primary results
were recently published [3].

2.2. Study population
Eligible patients included patients at nutritional risk (Nutritional Risk Screening [NRS], 2002 edition 3 points) [6e8] with an
expected length of hospital stay >4 days and willing to provide
informed consent within 48 h of hospital admission. Patients who
were initially admitted to intensive care units (ICU) or surgical
units, unable to ingest oral nutrition, already receiving nutritional
support on admission, with a terminal condition, or with contraindications for nutritional support were excluded. Participants
were randomly assigned in a 1:1 ratio to receive either individualized nutritional support (intervention group) or standard hospital
food (control group). All patients or their authorized representatives provided written informed consent.

2.4. Outcome measures
The composite primary endpoint was deﬁned as any adverse
clinical outcome, including all-cause mortality, admission to the
ICU from the medical ward, non-elective hospital readmission after
discharge, and major complications. The group of major complications included adjudicated nosocomial infection, respiratory
failure, a major cardiovascular event (ie, stroke, intracranial
bleeding, cardiac arrest, myocardial infarction) or pulmonary embolism, acute renal failure, gastrointestinal events (including
hemorrhage, intestinal perforation, acute pancreatitis), or a decline
in functional status of 10% or more from admission to day 30 as
measured by Barthel Index (scores range from 0 to 100, with higher
scores indicating better functional status) [13]. Detailed deﬁnitions
for each component of the primary composite endpoint are summarized in the original publication [3].
The main secondary endpoints were each single component of
the primary endpoint, daily protein and energy intakes based on
food records for each meal, and total length of hospital stay.
Additional assessments at day 30 included the European Quality of
Life 5 Dimensions index (EQ-5D, German Version). The EQ-5D index values range from 0 to 1, with higher scores indicating better
quality of life, and the visualeanalogue scale (EQ-5D VAS) scores
range from 0 to 100, with higher scores indicating better health
status [14].
Outcome data were obtained via chart review by site research
staff and trained registered dietitians. Day 30 phone calls were
completed by study nurses who were blinded to group assignment.
Mortality during the follow-up period was veriﬁed by family
members or the patient's family physician.
2.5. Economic analysis
In order to calculate the economic impact of the nutrition support from a Swiss payer's perspective, a Markov cohort model with
daily cycles was developed. Markov models represent stochastic or
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random processes that evolve over time and are particularly suited
to modelling chronic disease and account for both costs associated
with treatment/intervention and outcomes. For more information
about Markov modelling, please refer to Briggs and Sculpher [15].
The time frame for the analysis was ﬁxed for the trial duration
which was 30 days. According to the EFFORT trial, the average
patient was 72.6 years old and had an NRS >3 points [3].
The Markov model was designed to include the following health
states (Fig. 1): discharged patients; stable malnutrition patients
hospitalized; major complication; admission to ICU; and 30-day
mortality.
It is assumed that all patients included in the EFFORT trial
started in the stable health state. Thereafter, patients could develop
major complications. This was deemed as a separate health state, as
the probability of death as well as healthcare cost and utilization
were assumed to be different from patients not experiencing a
major complication. Additionally, patients could be admitted to the
ICU either directly from the stable health state or due to major
complications. Finally, patients have different probabilities of death
dependent on their health state in each cycle. Death was the
absorbing health state. According to the EFFORT trial, patients could
also be discharged from hospital within the 30-day period. Based
on the data, such a release could only happen during the stable
health state (this was also assumed within the model). Furthermore, it was assumed that these patients would not be rehospitalized within the model timeframe.
Transition probabilities for the different health states in the
model were derived from the patient-level EFFORT trial data
(Table 1). The rates per study arm were calculated for each health
state and then transferred into daily probabilities. Mean values and
standard deviations were calculated for each health state. These
were used to estimate the parameters of the beta distribution,
which was the assumed distribution for the probabilistic analysis.
Beta distributions are a standard distribution in health economic
analysis and are deﬁned within a range of 0e1, which ﬁts to the
probabilities for each health state [15].
As part of the EFFORT trial protocol, EQ-5D data were collected
for each patient at baseline [6]. Furthermore, data for the Barthel
Index score were collected at baseline and at day 30 (or at hospital
release, whichever occurred ﬁrst). As the EQ-5D is the standard
instrument for the utility derivation in health economic evaluations
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[16], the baseline value for each study arm in the EFFORT trial was
taken as the baseline value in the model. The changes dependent on
the health states were assumed to correspond to the proportional
changes in the Barthel Index score, which was applied to the EQ5D
in the model. Mean values and standard deviations were calculated
for each health state. These were used in order to estimate the
parameters of the beta distribution which was the assumed distribution for the probabilistic analysis. Beta distributions are a
standard distribution for utilities in health economic analysis, as
these are also deﬁned within the range of 0e1 (Table 2).
The costs for the various health states were assumed as follows:
 No cost was assumed for patients released from hospital
 Given the heterogeneity of underlying diseases among the
EFFORT trial patients, it was assumed that the average daily cost
of a non-ICU ward stay in Switzerland was applicable. This value
was published by the Federal Ofﬁce of Health [17]. The standard
deviation was assumed to be the lower value of the reported
average daily hospital cost in a non-ICU ward.
 Major medical complications observed in the EFFORT trial were
heterogenous across patients which was likely due to the heterogeneous distribution of underlying disease within the study
population. For simplicity, the following cost values were
chosen:
 Likely value: Swiss Diagnosis-related Group (DRG) A94B
(Complex treatment for colonization or infection with multiresistant pathogens 7 to 13 treatment days, age >15 years,
without surgery procedure, without speciﬁc diseases) per day.
 Standard deviation: Swiss DRG (Respiratory insufﬁciency or
pulmonary embolism, one occupancy day) per day.
 For the ICU cost, the mean DRG value per day of the following
events was calculated:
 Likely value: Swiss DRG B36B (Intensive care complex treatment >392/552 expense points with complex operating room
procedure, or intensive care complex treatment >980/1104
effort points) per day.
 Standard deviation: Swiss DRG B36C (Intensive care complex
treatment >392/552 effort points).
 No cost was assumed for death.
 We used a Euro conversion rate of 0.93216 Euro for 1 Swiss Franc
(CHF) for all calculations

Fig. 1. Health states within the model based on the patient's pathway in the EFFORT trial. AE ¼ adverse event; ICU ¼ intensive care unit.
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Table 1
Transition probabilities in the various health states of the underlying model.
Transition probability per daya
Transition phases

Individualized nutrition

Distribution

SDa

No nutrition support

Distribution

SD

Stable/Stable
Stable/AE
Stable/ICU
Stable/Death
AE/Stable
AE/AE
AE/ICU
AE/Death
ICU/Stable
ICU/AE
ICU/ICU
ICU/Death
Stable/Release

0,048,006
0,007779
0,000663
0,000000
0,000000
0,036,725
0,000475
0,012,356
0,000000
0,000000
0,038,877
0,012,024
0,037,760

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

0,01557
0,00697
0,00070
0,00000
0,000000
0,01672
0,00056
0,01028
0,00000
0,00000
0,01717
0,01035
0,01006

0,04288
0,00936
0,00077
0,00000
0,00000
0,03094
0,00040
0,01568
0,00000
0,00000
0,04770
0,00871
0,03715

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

0,01610
0,00813
0,00080
0,00000
0,00000
0,01643
0,00048
0,01211
0,00000
0,00000
0,01664
0,00811
0,01023

Standard deviations (SD) were calculated based on the 95% conﬁdence interval (CI) (Clopper-Pearson CI for a binomial proportion).
AE ¼ adverse event; ICU ¼ intensive care unit.
a
Transition probabilities were calculated from Day 30 relative risk.

Table 2
Utilities per day of individual health states in the model.
Utilities per daya

Stable health state
AE health state
ICU health state

Individualized nutrition

Distribution

SD

No nutrition support

Distribution

SD

0.001915068
0.001717808
0.001621918

Beta
Beta
Beta

0.00063
0.00065
0.00059

0.00190685
0.00167945
0.00171781

Beta
Beta
Beta

0,00120
0,00066
0,00080

Assumption: Utility for death ¼ 0.
EQ-5D ¼ European Quality of Life 5 Dimensions index.
a
The EQ-5D change was plotted from the changes in the Barthel Index score (no formal mapping executed).

For the cost of individualized nutrition support, the following
two scenarios were applied:
 Scenario 1: Hospitals already offer nutritional support for patients
(covered through the respective Swiss DRG). Hence, only the CHF5
(4.66 V) per day for the nutrition cost per patient was assumed.
 Scenario 2: Hospitals without nutrition service to date. Such
hospitals would need to ﬁnance the service in the ﬁrst instance
before the Swiss DRG might be adjusted and therefore, a higher
cost would be assumed. The assumption was as follows:
 Nutrition cost: CHF5 (4.66 V)
 Nutrition support: based on the assumption that a dietitian
would consult the patient every second day for a maximum of
30 min (including documentation). For the model, these
30 min were calculated considering the average annual income of a dietitian in Switzerland of CHF80,600 (75,176 V)
[18] and the information from the Federal ofﬁce of Statistics
for the working hours per year (1864 h) [17]. This resulted in a
cost of CHF10.81 (10.08 V) per patient per day.
The standard deviation was used to estimate the parameters of
the gamma distribution, which was the assumed distribution for
cost in the probabilistic analysis. Gamma distributions are a standard distribution for cost in health economic analysis [15], as these
are also deﬁned as a positive number (means > 0) (Table 3).
Cost per health state and in total was the primary outcome of
the model. The calculated days in each health state, including the
utility values, were also calculated. The calculation is performed as
the difference between the total costs of individualized nutrition
support compared to no support. Sensitivity analyses were
executed on key variables of the model:
 Probability of released patients
 Cost for complications

 Cost for ICU stay
 Cost for individualized nutrition support
Results are reported as deterministic data. A bootstrap MonteCarlo simulation was run and forms the basis of the probabilistic
results. The model was programmed in Microsoft Excel.
3. Results
3.1. Patients
A total of 2028 patients were included in the analysis (n ¼ 1013
in the control group and n ¼ 1015 in the intervention group).
Baseline characteristics were similar in the two groups and are
reported in the original publication [3]. The mean age was 72.6
years and mean body mass index was 24.8 kg/m2. The most
frequent admission diagnoses were infection, cancer and cardiovascular disease, whilst patients had a high burden of comorbid
conditions.
3.2. Costs associated with nutritional interventions
The cost of the in-hospital nutritional intervention alone was
CHF90 (83.78 V) per patient. The total nutritional support cost
including dietitian consultation time was CHF283.85 (264.23 V). In
the base-case analysis, 30-day costs averaged CHF29,263 (27,240 V)
per patient in the intervention group versus CHF29,477 (27,439 V)
in the control group. This resulted in per-patient cost savings of
CHF214 (199 V) when accounting for nutritional intervention cost
only. Per-patient cost savings was CHF19.56 (18.21 V) when accounting for total nutritional support cost. The costs savings were
mainly due to ICU length of stay (0.19 vs 0.23 days) and number of
complications (2.11 vs 2.44). These clinical savings also translated
into cost savings of CHF495 (460 V) for complications and CHF147

Please cite this article as: Schuetz P et al., Economic evaluation of individualized nutritional support in medical inpatients: Secondary analysis of
the EFFORT trial, Clinical Nutrition, https://doi.org/10.1016/j.clnu.2020.02.023

P. Schuetz et al. / Clinical Nutrition xxx (xxxx) xxx

5

Table 3
Cost input for the health economic model e Scenario 1.
Cost item

Cost input

For probabilistic analysis
Distribution

SD

Nutrition (support)- Scenario 1
Nutrition (support)- Scenario 2

CHF5 000
CHF15.81

Gamma
Gamma

CHF1.50
CHF1.50

Cost per day in non-ICU ward

CHF1 604.94

Gamma

CHF1 444.44

Cost per day in ICU
Average cost per complication (per day)

CHF4 387.67
CHF1 522.02

Gamma
Gamma

CHF3 877.17
CHF3 718.00

(136 V) for saved cost in ICU stays. We also calculated costs to
prevent adverse outcomes, which were CHF276 (256 V) for one
severe complication, CHF2,675 (2490 V) for one day in ICU, and
CHF7,975 (7423 V) for one death. For the full cost analysis, these
numbers were CHF872 (811 V), CHF8,459 (7874 V), and CHF25,219
(23,475 V). Detailed results of the base case analysis are presented
in Table 4. Results were conﬁrmed in probabilistic analyses and
depicted in Fig. 2.
Additionally, an analysis was carried out with the assumption
that a hospital would need to employ an additional registered dietitian to provide nutrition support. Therefore, the cost for the
nutrition support was increased with the assumption that a dietitian
would visit each patient for 30 min every two days. In Table 5 the
results for this scenario are depicted conﬁrming the base case results.
4. Discussion
The implications of our economic evaluation of the largest clinical
trial to date assessing the effects of nutritional support on clinical
outcomes of medical inpatients at nutritional risk are twofold. First,
the results suggest that the costs associated with the provision of
nutritional support are insigniﬁcant compared to the overall costs of
hospitalization and/or the cost of other medical treatments. Second,
the results of the Markov model conﬁrm that in-hospital nutritional
support is a highly cost-effective intervention that can reduce risks
for ICU admissions and hospital-associated complications while
improving patient survival. These improvements lead to ﬁnancial
beneﬁts for hospital systems prioritizing nutrition care for medical
inpatients due to observed cost savings associated with shorter ICU
length of stay and fewer complication rates.
The ﬁndings of our analysis provide additional support for the
positive effect nutrition can have on the health and economic
outcomes of medical inpatients at nutritional risk [19]. This is
particularly important since the results from the published

Reference

Comment

CHF5 for nutrition
CHF5 for nutrition &
Cost for dietitian
(30 min every second
day)
Cost in stable health
state

Bundesamt für Statistik
(CH; DE)e lower/upper
value assumed
Swiss DRG: B36B, B36C
Swiss DRB: A94B, E64D

Cost in ICU
Cost in AE health state

literature on the effects of nutritional supplementation for medical inpatients vary considerably [20]. For example, Felder et al.
recently followed a cohort of consecutive acutely ill adult medical
inpatients from a Swiss tertiary care hospital for 30 days to estimate the prevalence of malnutrition and its impact on medical
outcomes (N ¼ 3186) [21]. In this observational cohort study
(mean patient age of 71 years; 45% women), more than a quarter
(n ¼ 887; 28%) were at risk for malnutrition based on NRS 3. In
addition, the likelihood of adverse medical outcomes for the atrisk patients was substantial. Strong associations were observed
for mortality (OR 7.82; 95% CI, 6.04e10.12); impaired Barthel Index (OR, 2.56; 95% CI, 2.12e3.09), time to hospital discharge (OR,
0.48; 95% CI, 0.43e0.52), hospital readmission (OR, 1.46; 95% CI,
1.08e1.97), and all ﬁve dimensions of quality of life measures.
These associations remained signiﬁcant even after adjusting for
age, sex, comorbidities, and main medical diagnosis. In the fully
adjusted model, the odds ratio for 30-day mortality for patients
determined to be at nutrition risk was 4.6 (95% CI, 3.60e6.30;
p < 0.0001).
In contrast, a meta-analysis of 22 randomized clinical trials that
included N ¼ 3736 patients at risk of malnutrition found no association of nutritional support with reduced mortality, the primary
endpoint [22]. In this analysis, nutritional support increased caloric
and protein intake as well as body weight, but the only signiﬁcant
impact on clinical outcomes overall was a reduction in non-elective
readmissions. Based on these results, the existing literature, and the
high degree of heterogeneity among the trials analyzed, the authors
recommended that well designed randomized clinical trials be
conducted.
The recent NOURISH study was a step forward in this regard.
NOURISH was a multicenter, randomized, placebo-controlled, doubleblind, parallel-group trial hospitalized adults 65 years of age in the
United States with moderate or suspected malnutrition [4]. Eligible
patients were admitted to hospital within the past 72 h with a primary

Table 4
Results of scenario 1 including only nutrition cost.
Cost item

Life days
Individualized
nutrition

Nutrition
(support)
Day in normal
ward
Day in ICU
Complication
(AE)
Day released
Total

Utilities
No
nutrition
support

Individualized
nutrition

Cost
No
nutrition
support

Incremental

Individualized
nutrition

No
nutrition
support

89.77 CHF

e

Cost

Life days

QALYs
(in terms of “
life days")

ICER LD

15.65

15.44

0.030

0.029

25,116.59 CHF

24,777.51 CHF

339.08 CHF

0.21

0.001

1604.94 CHF

0.19
2.11

0.23
2.44

0.000
0.004

0.000
0.004

841.76 CHF
3215.18 CHF

988.98 CHF
3710.45 CHF

147.23 CHF
495.26 CHF

0.03
0.33

0.000
0.000

4387.67 CHF
1522.02 CHF

11.73
29.68

11.44
29.54

0.022
0.034

0.022
0.034

- CHF
29263.30 CHF

- CHF
29,476.94 CHF

- CHF
213.64 CHF

0.28
0.14

0.001
0.000

- CHF
1557.46 CHF
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Fig. 2. Probabilistic analysis conﬁrming the cost-saving potential of nutritional support based on the EFFORT trial.

diagnosis of congestive heart failure, acute myocardial infarction,
pneumonia, or chronic obstructive pulmonary disease (COPD). The
two study groups received either a high-protein oral nutritional supplement (n ¼ 328) or a placebo supplement (n ¼ 324), twice a day, in
conjunction with standard meals. While there were no between-group
differences in 90-day readmission rates, the 90-day mortality rate was
signiﬁcantly lower in the high-protein groupdwho continued to
receive nutritional supplementation post-dischargedcompared to the
placebo group (4.8% vs 9.7%; relative risk 0.49, 95% CI, 0.27 to 0.90;
p ¼ 0.018). The economic evaluation of the NOURISH study supported
the cost-effectiveness of the specialized oral nutrition supplementation provided [5].

The aim of the current economic analysis of the EFFORT trial was
to build upon the ﬁndings of previous cost-effectiveness studies
such as NOURISH [6]. Our analysis was speciﬁcally designed to
provide this information based on data collected in a prospective,
randomized, open-label trial. The results showed that in the population studied, the provision of nutritional support during a hospital stay is a cost-effective measure to reduce the risk for
complications and mortality. Our base-case cost analysis yielded a
per-patient cost savings of CHF214 (199 V) when accounting for
nutritional intervention cost only, and a per-patient cost savings of
CHF19.56 (18.21 V) when including the total nutritional support
cost. The cost savings were mainly due to a shorter ICU length of
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Table 5
Results of scenario 2 including nutrition support cost.
Cost item

Life days

Utilities

Cost

Incremental

Individualized No nutrition Individualized No nutrition Individualized No nutrition
nutrition
support
nutrition
support
nutrition
support
Nutrition (support)
Day in normal ward
Day in ICU
Complication (AE)
Day released
Total

15,65
0,19
2,11
11,73
29,68

15,44
0,23
2,44
11,44
29,54

0,030
0,000
0,004
0,022
0,034

0029
0000
0004
0022
0034

283.85 CHF
25.116,59 CHF
841,76 CHF
3.215,18 CHF
- CHF
29.457,39 CHF

e
24.777,51 CHF
988,98 CHF
3.710,45 CHF
- CHF
29.476,94 CHF

Cost

Life
days

QALYs
ICER LD
(in terms of “life days")

339,08 CHF
147,23 CHF
495,26 CHF
- CHF
19,56 CHF

0,21
0,03
0,33
0,28
0,14

0,001
0,000
0,000
0,001
0,000

1.604,94 CHF
4.387,67 CHF
1.522,02 CHF
- CHF
142,58 CHF

AE ¼ adverse event; ICU ¼ intensive care unit; CHF ¼ Swiss Franc; QALY ¼ Quality Adjusted Life Years.

stay (0.19 vs 0.23 days) and fewer complications (2.11 vs 2.44) in the
intervention group vs the placebo group, respectively. Additionally,
this health economic analysis is likely conservative as it did not
include the renumerations provided by the Swiss DRG system for
malnutrition and nutritional support which could lead into even
higher cost savings.
The results of EFFORT trial are consistent with those recently
reported by Hiura et al. [23] Their retrospective cohort study was
designed to measure the association between severe malnutrition
on hospital and ICU length of stay, and mortality among critically ill
inpatients (N ¼ 5606). Electronic medical records of patients whose
admission had included an ICU stay at either of two New York City
hospitals were analyzed. The 2012 diagnostic characteristics from
the Academy of Nutrition and Dietetics/American Society for
Parenteral and Enteral Nutrition (AND/ASPEN) were used to
determine levels of malnutrition. In unadjusted analyses, patients
diagnosed with severe malnutrition (n ¼ 726; 13%) had signiﬁcantly longer hospital LOS (18 vs 8 days), total ICU LOS (7 vs 3 days),
and in-hospital mortality (OR 2.78; 95% CI 2.33e3.31) than patients
without severe malnutrition, respectively (all p-values <0.0001).
The negative impact of malnutrition was further inﬂuenced by ICU
location. Speciﬁcally, patients in the cardiothoracic ICU had the
largest increases in hospital LOS (21.10 days; 95% CI, 18.58e23.61),
ICU LOS (12.14 days; 95% CI 10.41e13.87), and in-hospital mortality
(OR 8.78; 95% CI 5.11e15.07). Along with providing further evidence for the relationship between malnutrition and adverse
clinical outcomes, this study raises the importance of identifying
major comorbidities that may place a patient with malnutrition at
greater clinical risk.
The limitations outlined in the main publication [3], are applicable to this analysis as well. Additionally, the cost data and savings
reported are calculated from the perspective of a Swiss hospital;
hence, this model does not take into consideration the societal
perspective and the results may not be generalizable to other nonSwiss hospitals. The calculations reﬂect reductions in ICU length of
stay and complications as measures of in-hospital nutrition support
effectiveness. Other clinical outcomes not included in the analysis
can inﬂuence the hospital-related costs; future research accounting
for other clinical outcomes is warranted. No patient-level cost information was collected since the scope of the analysis was not to
look at the direct impact of the nutrition support on episode cost
data, but rather to estimate cost savings associated with a
population-based in-hospital nutrition support program. Additionally, the model focused on direct costs only as the main drivers
of economic decision making by Swiss hospital administrators and
payers. However, indirect cost savings resulting from the decrease
in healthcare resource use and possible improvement in patient
and caregiver Health-Related Quality of Life (HRQoL) measures
could have translated into additional economic beneﬁts. Due to
little variation observed between the study groups regarding sociodemographic and clinical characteristics in the initial trial [3], we

also did not pursue any subgroup analysis to demonstrate whether
the economic beneﬁts would vary among patients with different
admission histories, severity levels or other characteristics; however, future research could further explore potential subgroup differences. Also, we did not stratify our analysis based on risk for
malnutrition vs. malnutrition, because we did not collect information to make this separation in the initial trial. Although Markov
models provide invaluable information about healthcare interventions such as nutrition, they have several limitations [15]. For
example, they do not account for past occurrences and require that
patients transitioning from one to another health state would need
to spend at least one cycle within the new health state before
moving into another state. Additionally, no cost per QALY or life
year gained values were calculated due to shorter-term effects
measured within the EFFORT trial as compared with previous
nutrition studies that assessed outcomes over longer periods of
time [22,24,25]. However, these studies do support the long-term
cost-effectiveness of similar nutrition support programs to the
ones studied in our trial. Future research in this area is needed to
provide additional support for both short- and long-term effectiveness of nutrition care. However, regardless of these limitations,
the design and conduct of the EFFORT trial as well as the clinical
and economic results observed provide a positive benchmark for
the development of high quality, randomized, controlled trials that
help us understand what constitutes evidence-based and costeffective nutritional therapy in speciﬁc populations of hospitalized patients.
In conclusion, our report conﬁrms that in-hospital nutritional
support for medical inpatients is a highly cost-effective intervention to reduce risks for ICU admissions and hospital-associated
complications as well as improving patient survival. The positive
clinical and economic beneﬁts of nutritional support in at-risk
medical inpatients observed in this study calls for comprehensive
nutrition programs, including malnutrition screening, consultation,
and continuous nutritional support [26].
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