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Background: The NUTrition Risk in the Critically Ill (NUTRIC) scoring system is a tool useful, discrimi-
nating critically-ill patients benefiting from optimal nutrition intake (>80% of prescription). Recent
recommendations advocate for withholding artificial nutrition among low-NUTRIC patients, however, we
hypothesized that some low-NUTRIC patients would show an association between nutrition intake and
outcome.
Methods: Patients were selected from the 2013e2014 International Nutrition Surveys when ICU length of
stay (LICU) �72 h, baseline mNUTRIC score �4 and had at least three evaluable nutrition days (N ¼ 2781).
Proportion of prescription received during evaluable days was associated to 60-day hospital mortality by
a logistic regression modelling. A priori, we expected that the association between proportion of pre-
scription received and mortality might differ according to: LICU, BMI and prior unintentional weight loss
or reduced oral intake.
Results: A total of 2781 patients fulfilled the inclusion criteria and participated in the study. Ten percent
of the sample had a BMI <20 kg/m2 and 20% experienced either unintentional weight loss during the last
3 months, or reduced food intake over the last week. Sixty-day hospital mortality was 15% and median
LICU reached 11.3 [6.3e21.7] days. Mean total prescription received by any means of nutritional support
during the first 12 evaluable days was 57.4 ± 28.1% for energy and 53.7 ± 29.2% for protein. In the pooled,
subgroup and sensitivity analyses, no significant associations were identified.
Conclusion: Low-NUTRIC (�4) patients demonstrate a prolonged LICU, while experiencing significant
mortality and a high prevalence of malnutrition risk factors. Although improvements in mortality were
not achieved with increased nutritional intake, this should not be construed as a rationale for with-
holding artificial nutrition among this patient group.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
al and Parenteral Nutrition; APACHE-II, Acute Physiology and Chronic Health Evaluation; BMI, Body Mass Index; CI,
ralized estimating equations; ICU, Intensive Care Unit; LICU, Length of Intensive Care Unit stay; LOS, Length of hospital
TRIC, Nutrition Risk in the Critically Ill; mNUTRIC, modified NUTRIC; OR, Odds Ratio; PN, Parenteral Nutrition; SD,
ssessment; SPSS, Statistical Package for Social Sciences.
le University of Thessaloniki, Entrance 4, 54124 Thessaloniki, Greece.
s), mariagram@auth.gr (M.G. Grammatikopoulou), daya@kgh.kari.net (A.G. Day), ebouras@auth.gr (E. Bouras), dkh2@

for Clinical Nutrition and Metabolism. All rights reserved.

mailto:mhourd@auth.gr
mailto:mariagram@auth.gr
mailto:daya@kgh.kari.net
mailto:ebouras@auth.gr
mailto:dkh2@queensu.ca
mailto:dkh2@queensu.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clnu.2018.12.006&domain=pdf
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
https://doi.org/10.1016/j.clnu.2018.12.006
https://doi.org/10.1016/j.clnu.2018.12.006
https://doi.org/10.1016/j.clnu.2018.12.006


Table 1
Patient characteristics and nutrition summary (among those with NUTRIC score �4
and at least 3 evaluable days), expressed as n (%), or mean ± standard deviation.

N ¼ 2781a

Age (years) 48.6 ± 17.1
Sex (men/women) 1748 (62.9%)/1033 (37.1%)
Admission type:
Medical 1588 (57.1%)
Surgical elective 231 (8.3%)
Surgical emergency 962 (34.6%)

One or more comorbidities
(i.e. co-morbidities
such as hypertension, diabetes
mellitus, obesity, smoking,
depression and others)

1781 (64.0%)

APACHE II 16.2 ± 6.1
SOFA 9.8 ± 5.6
NUTRIC score 3.0 ± 1.1
BMI (kg/m2)a 26.8 ± 7.2
Energy requirements (kcal/d) 1878.1 ± 463.2
Energy intake (kcal/d) 1074.0 ± 577.8
Energy intake (kcal/kg/d) 14.5 ± 7.9
Proportion of energy

prescription received (%)
57.4 ± 28.1

Protein requirements (g/d) 94.8 ± 32.2
Protein intake (g/d) 50.6 ± 31.8
Protein intake (g/kg/d) 0.7 ± 0.4
Proportion of protein prescription received (%) 53.7 ± 29.2

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass
Index; NUTRIC: Nutrition Risk in Critically Ill; SOFA: Sequential Organ Failure
Assessment.

a BMI based on n ¼ 2755 due to 26 missing all other variables available for all
2781 patients.
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1. Background

During the last decade, nutritional screening and assessment
has become an integral part of in-patient care with a plethora of
relevant tools and guidelines for the health professional to choose
from. Due to the increased pro-inflammatory state among critical
care patients, consequences of malnutrition are likely to be
augmented [1,2] leading to greater infection risk, increased length
of stay (LOS), increased morbidity and mortality [3e5]. However, it
appears that for most critical care patients, nutritional needs (in
both energy and protein) are not adequately met [6]. In 2011 an
intensive care unit (ICU) specific scoring algorithm was proposed
for the identification of critical care patients most likely to benefit
from aggressive nutrition therapy [7], creating a paradigm shift in
connecting screening and treatment, with successful quality
outcome health measures [8].

The Nutrition Risk in Critically Ill (NUTRIC) score is calculated
with easy-to-obtain illness severity indexes, taking into account
comorbidities and additional risk factors [7]. Patients demon-
strating high NUTRIC scores are benefiting from closer-to-goal en-
ergy or protein provision by exhibiting reduced mortality rates,
while on the other hand, no relationship between nutrition intake
and outcome has been observed among lowNUTRIC patients [9,10].
The NUTRIC score has been validated [11] and used by independent
investigators in different populations [12e14], whereas in the
absence of interleukin-6 themodified NUTRIC score (mNUTRIC) can
be used [11].

Recent guidelines from the Society of Critical Care Medicine and
the American Society for Parenteral and Enteral Nutrition (ASPEN)
for the provision and assessment of nutritional therapy in the adult
critically ill patients [15] advocate withholding nutritional support
among patients of low nutritional risk (low NRS2002/NUTRIC). This
was neither the intended use of the NUTRIC score, nor how it was
validated. In the developmental and validation process for NUTRIC,
the examined hypothesis was whether NUTRIC score would help
define a patient group that would benefit from optimal nutrition
(defined as receiving >80% of prescribed requirements) [7]
compared to those who would not derive such a benefit. Undeni-
ably, high-NUTRIC score patients endure an increased morality risk
and prolonged length of hospital stay (LOS) [14], however, low-
NUTRIC patients are neither risk-free, nor do they all share the
same severity. Additionally, nutrition prescription during the first
week in the ICU is pivotal for increasing long-term survival and
impeding physical recovery [16]. Thus, depending on pre-ICU
malnutrition status [17], disease severity, body mass index (BMI)
[10], or expected LOS, there may be some low-NUTRIC patients that
would still benefit from optimal nutrition intake.

The present study aims to investigate associations between
proportion of nutrition prescription (energy and protein) received
and hospital mortality amongst low-NUTRIC score patients. A pri-
ori, we also aim in identifying sub-groups of low-NUTRIC patients
that may benefit from optimal nutrition. In particular, we assessed
whether among patients with a mNUTRIC score �4, the association
between % of prescription received and 60-day hospital mortality
varied by: 1) length in the ICU (LICU), 2) BMI and 3) prior unin-
tentional weight loss and/or reduced oral intake.

2. Methods

2.1. Study design and population

The sample was selected from the 2013 and 2014 Improving
Nutrition Practices in the Critically III International Nutrition Sur-
veys data (DKH, principal investigator). Inclusion criteria were 1)
having remained in the ICU for at least 72 h, 2) having a baseline
mNUTRIC score �4 on the first day of ICU admission and 3) having
at least three evaluable nutrition days. Evaluable nutrition days
were considered as the days spent in the ICUwith the patient being
alive, prior to (not including) the date of death, ICU discharge, or
progression to permanent exclusive oral feeding, up to a maximum
of 12 days in ICU. Nutrition days were counted from midnight to
midnight, with the date of ICU admission being the first evaluable
nutrition day; thus, all patients in this analysis had over 48 h
eligible for nutrition support. Evaluable days without nutrition
received were counted as zero.

In the context of the survey, among the data collected were
hospital and ICU characteristics (such as feeding protocol infor-
mation), patient characteristics such as sex, age, admission infor-
mation (medical, surgical elective or surgical emergency), different
scores (APACHE II, SOFA, NUTRIC), BMI as well information on En-
ergy and protein prescribed/received, but also information
regarding co-morbidities such as (hypertension, diabetes mellitus,
obesity, smoking, depression and others) as per Table 1. We also
collected data regarding baseline nutrition assessment and daily
nutrition that are further elaborated in the next two sections.

The study was conducted under ethics approval by Queens
University, in Ontario, Canada. The need for informed consent was
waived as this was an observational study, without interventions.
2.2. Nutritional risk

Data for all variables of the NUTRIC score [7], with the exception
of IL-6 levels were collected. The recorded variables included age,
Acute Physiology and Chronic Health Evaluation (APACHE) II [18]
and Sequential Organ Failure Assessment (SOFA) scores [19],
number of comorbidities, and days from hospital admission until
ICU admission. We considered a mNUTRIC score �4 as indicative of
lower risk. Additionally, bodyweight and height of participants was
measured during admission, and BMI was calculated. BMI, LICU,
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prior unintentional weight loss or reduced oral intake were recor-
ded as additional malnutrition risk factors.

2.3. Dietary intake

Since this was an observational study, nutrition provision was
recorded, without any nutritional interventions being performed.
Energy and protein provision was noted during all evaluable
nutrition days prior to (not including) the date of death, ICU
discharge, progression to permanent exclusive oral feeding up, or
for a maximum of 12 ICU days. Energy intake includes calories
received from enteral nutrition (EN) including supplemental pro-
tein and non-protein modular supplements, parental nutrition
(PN), and propofol, but not IV glucose which was collected only at
burn sites. Protein intake includes EN (including supplemental
protein) and PN sources. The proportion of nutrition prescription
received was calculated as the average energy or protein received
over the evaluable nutrition days divided by the baseline pre-
scription. The modelling was repeated in sensitivity analyses,
including only patients with 12 evaluable days, in order to surpass
the need for adjustment of the evaluable days.

All data were collected using an electronic data capture system.
Where possible categorical response field types were used to
minimize the risk of data entry errors, while free text fields were
kept at a minimal level. During the data entry procedures, pre-
defined validation rules (such as accepted value range etc.) were
installed to allow for basic data validation control. The amount of
random missing data entries was reduced to a minimum, by
including options related to the reasons for missing data, and data
closure check-points were applied at defined intervals. Further-
more, each participating center was provided with an instruction
sheet, containing detailed information regarding the survey-
related case report forms and instructions on the data entry
procedures.

2.4. Statistical analyses

The two primary predictor variables included the % of the en-
ergy and protein prescriptions received by either EN, PN, propofol
or protein supplements, during all evaluable days. Associations
between the % of prescription received during the evaluable days
Fig. 1. Flow diagram of
and 60-day hospital mortality were modelled by logistic regression
with the use of generalized estimating equations (GEE), to account
for potential between-ICU heterogeneity. All models were
controlled for admission type, age, APACHE II score, country region,
and evaluable days, except for the final high-risk group
(BMI < 20 kg/m2 and reduced oral intake or prior weight loss)
model which was only controlled for admission type and evaluable
days (furthermore this final model used regular logistic regression
rather than GEE), due to the small sample size. The logistic GEE
models were applied with interaction terms, to assess whether the
association between proportion of prescription received and mor-
tality differed according to: a) LICU (<12 days vs. �12 days), b) BMI
(BMI < 20 kg/m2, 20� BMI < 35 kg/m2 and BMI� 35 kg/m2), and c)
prior unintentional weight loss or reduced oral intake (both, either
of the two, or neither). Within subgroup, estimates were obtained,
and interaction terms were tested for statistical significance.

3. Results

As stressed in the CONSORT diagram [20] (Fig. 1), a total of 8052
patients during the years 2013 (n ¼ 4066) and 2014 (n ¼ 3986)
were identified from the INS datasets, of which 326 (4%) had an
unknown mNUTRIC score, 2973 (37%) had a NUTRIC score �4 and
the remaining 5 (59%) had a mNUTRIC score of 5 or more. The
current analysis includes the 2781 patients (48.6 ± 17.1 years old,
63% males) with a mNUTRIC score �4 and at least 3 evaluable
nutrition days. Table 1 describes this subgroup's characteristics.
Mean BMI of the sample was 26.8 ± 7.2, with 9.6% of the patients
having a BMI <20 kg/m2. The majority (64%) had at least one co-
morbidity and 47% stayed in the ICU for a period exceeding 12 days.
For 2091 patients (75%), a nutrition historywas available and 20% of
the patients either experienced unintentional weight loss during
the last 3months, or had reduced food intake over the past week, or
both. The overall 60-day hospital mortality rate of our sample
reached 15% (421/2781) and themedian [Q1, Q3] LICUwas 11.3 [6.3,
21.7] days. The median (range) evaluable nutrition days were 8.8
(3e12). Mean total percent of prescription received by either EN,
PN, propofol or protein supplements during the first 12 evaluable
days was 57.4 ± 28.1% for energy and 53.7 ± 29.2% for protein, and
these were strongly correlated (r ¼ 0.90) with each other. Among
the 1224 patients with 12 evaluable nutrition days, the mean
the study process.
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percent of prescription received was 69.8 ± 22.9% for energy and
65.8 ± 24.6 for protein.

Results of the logistic regression models are presented in Table 2
(combined for energy and for protein). After controlling for evalu-
able days, admission type, age, APACHE II and region, for every 20%
increase in the proportion of prescription received, the adjusted OR
for 60-day hospital mortality was OR ¼ 1.11 (95%CI: 1.00e1.23,
p ¼ 0.05) for energy and OR ¼ 1.07 (95%CI: 0.98e1.17, p ¼ 0.15) for
protein, indicating evidence for lack of association between nutri-
tional intake and mortality in the pooled patient sample. Further-
more, no association was observed between either energy, or
protein intake and 60-day mortality in any of the subgroups
analyzed. The lack of association remained even when energy was
controlled for protein and vice versa.

The sensitivity analyses using only patients with 12 evaluable
days are displayed on Table 3 (combined for energy and for pro-
tein). No significant associations were identified.
Table 2
Association between caloric and protein adequacy in first 12 ICU days and 60-day hospita

Subgroup Deaths/n (mortalit

Overall 421/2781 (15%)
Days in ICU
<12 246/1470 (17%)
�12 175/1311 (13%)

Nutrition history variablesa

Both 35/166 (21%)
Either 54/253 (21%)
Neither 234/1672 (14%)

BMI
<20 kg/m2 48/265 (18%)
20e24.9 kg/m2 157/1063 (15%)
25e34.9 kg/m2 165/1136 (15%)
�35 kg/m2 45/291 (15%)

BMI <20 kg/m2 and reduced oral intake or prior weight loss 24/100 (24%)

Odds ratios estimate how much the odds of 60-day hospital mortality is multiplied per
Estimates are from a logistic GEE model clustering by ICU and with factors controlling f
m2 with reduced oral intake or prior weight loss) only controls for admission type due t
APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass Index; CI:
ICU: Intensive Care Unit; OR: odds ratio; PN: Parenteral Nutrition.

a Both refers to unintentional weight loss in the past 3 months and food intake decl
mentioned conditions, and neither is neither condition.

Table 3
Associations between caloric and protein adequacy in the first 12 ICU days and 60-day ho
days (sensitivity analysis).

Subgroup Deaths/n (mortalit

Overall 180/1224 (15%)
Nutrition history variablesa

Both 18/74 (24%)
Either 19/93 (20%)
Neither 92/739 (12%)

BMI
<20 kg/m2 23/105 (22%)
20e24.9 kg/m2 53/459 (12%)
25e34.9 kg/m2 80/505 (16%)
�35 kg/m2 20/146 (14%)

BMI <20 kg/m2 and reduced oral intake or prior weight loss 12/37 (32%)

Odds ratios estimate how much the odds of 60-day hospital mortality is multiplied per
Estimates are from a logistic GEE model clustering by ICU and with factors controlling for
with reduced oral intake or prior weight loss, only controls for admission type due to sm
APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass Index; CI:
ICU: Intensive Care Unit; OR: odds ratio; PN: Parenteral Nutrition.

a Both refers to unintentional weight loss in the past 3 months and food intake decl
mentioned conditions, and neither is neither condition.
4. Discussion

Our study examined whether the provision of additional energy
or protein e closer to the recommendations e would affect 60-day
hospital mortality among the pooled low-NUTRIC cohort and
amongst different subgroups of low-NUTRIC ICU patients. No sig-
nificant associations between nutritional adequacy and 60-day
hospital mortality were observed neither in the pooled sample,
nor in any of the subgroups examined.

ICU underfeeding is a universal phenomenon, with more than
half of all ICU patients worldwide being significantly underfed in
terms of energy and protein during the first two weeks of ICU care
[21]. To date, controversy exists concerning the optimal amount of
nutrient prescription, leading to imprecise ICU therapy [22], with
the uncertainty being corroborated by conflicting findings con-
cerning the effects of increased energy and protein provision
among undernourished patients [23]. Several studies have showed
l mortality in patients with NUTRIC score �4 who had at least 3 evaluable ICU days.

y) Caloric adequacy Protein adequacy

OR (95% CI) p-value OR (95% CI) p-value

1.11 (1.00e1.23) 0.05 1.07 (0.98e1.17) 0.15
(Interaction test p ¼ 0.87) (Interaction test p ¼ 0.60)
1.09 (0.94e1.27) 0.27 1.03 (0.91e1.17) 0.64
1.10 (0.98e1.25) 0.11 1.08 (0.96e1.21) 0.20
(Interaction test p ¼ 0.05) (Interaction test p ¼ 0.10)
1.31 (0.99e1.74) 0.06 1.23 (0.94e1.61) 0.14
0.87 (0.71e1.06) 0.17 0.87 (0.70e1.06) 0.17
1.12 (0.97e1.29) 0.11 1.09 (0.95e1.24) 0.21
(Interaction test p ¼ 0.97) (Interaction test p ¼ 0.52)
1.18 (0.94e1.48) 0.16 1.25 (0.99e1.58) 0.06
1.12 (0.96e1.30) 0.15 1.04 (0.92e1.18) 0.54
1.11 (0.96e1.28) 0.16 1.06 (0.93e1.21) 0.37
1.11 (0.85e1.44) 0.44 1.13 (0.89e1.43) 0.33
0.94 (0.65e1.35) 0.72 1.06 (0.74e1.50) 0.76

20% increase in proportion of caloric prescription received by EN, PN or propofol.
or: admission type, age, APACHE II score and region. The final model (BMI < 20 kg/
o small numbers.
Confidence Intervals; EN: Enteral Nutrition; GEE: Generalized Estimating Equation;

ine over the past week due to loss of appetite. Either is one of the two previously

spital mortality, in patients with NUTRIC score �4, who had at least 12 evaluable ICU

y) Caloric adequacy Protein adequacy

OR (95% CI) p-value OR (95% CI) p-value

1.06 (0.91e1.23) 0.46 1.01 (0.88e1.15) 0.91
(Interaction test p ¼ 0.42) (Interaction test p ¼ 0.73)
0.82 (0.53e1.27) 0.37 0.88 (0.62e1.26) 0.50
1.05 (0.70e1.60) 0.80 1.00 (0.66e1.51) 0.99
1.13 (0.90e1.42) 0.31 1.05 (0.85e1.29) 0.68
(Interaction test p ¼ 0.24) (Interaction test p ¼ 0.09)
1.34 (0.87e2.06) 0.18 1.45 (0.99e2.12) 0.06
1.16 (0.88e1.51) 0.29 1.04 (0.85e1.26) 0.72
0.88 (0.69e1.12) 0.31 0.84 (0.66e1.06) 0.14
1.22 (0.84e1.78) 0.29 1.16 (0.82e1.66) 0.40
0.93 (0.54e1.59) 0.79 1.18 (0.67e2.08) 0.57

20% increase in proportion of caloric prescription received by EN, PN or propofol.
: admission type, age, APACHE II score and region. The final model (BMI < 20 kg/m2)
all numbers.
Confidence Intervals; EN: Enteral Nutrition; GEE: Generalized Estimating Equation;

ine over the past week due to loss of appetite. Either is one of the two previously
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that nutritional risk greatly determines the amount of energy and
macronutrient requirements in the ICU. Among patients with high-
NUTRIC scores, increased nutrition provision has been shown to
effectively reducemortality and time to discharge, in comparison to
low-NUTRIC patients [7,9,11]. The PERMIT trial failed to show a
positive effect of more nutrition in high NUTRIC patients [24]. On
the other hand, in the TOP-UP pilot trial [25], a NUTRIC score
subgroup analysis revealed a large positive treatment effect in high
NUTRIC patients but it must be noted that neither group was
powered to meaningfully look at clinical outcomes.

A recent meta-analysis [26] failed to conclude on the effect of
prescribed hypocaloric feeding to mortality in hospital, in the ICU
and at 30 days, as well as in length of hospital and ICU stay, in-
fectious complications and the length of mechanical ventilation.
They noted very low-quality evidence available and wide range of
estimates for the above-mentioned parameters, included both
appreciable benefits and harms.

Our study failed to demonstrate favourable outcomes with the
provision of increased nutrition prescription among any of the
examined low-NUTRIC patient groups. However, several method-
ological factors might have influenced the results. For instance, one
should consider that nutritional assessment in the ICU entails
several limitations. The calculation of energy requirements in the
critically ill consists of a difficult process, since for 80% of the pa-
tients, predictive equations fail to match their actual needs [27].
This is why, the use of indirect calorimetry is suggested, in order to
avoid overfeeding and its consequences [27]. As far as protein losses
are concerned, although specific assays are needed for their
determination [28], usually estimation of requirements is based on
calculations.

Nutritional assessment is often imprecise in the ICU setting, and
also nutrient requirements, physiological response to the exoge-
nous nutrient provision, disease progress and outcome, greatly
depend on the anabolic/catabolic state of each patient [23,28].
According to Wischmeyer [29], critical illness has distinct phases
that should be used to guide treatment. Given that nutritional risk
scores do not consider the anabolic/catabolic state of each patient,
we are in need of additional markers in order to optimize nutri-
tional strategy in each disease phase [23]. Therefore, in order to
ameliorate outcomes, research, guidelines and step-by-step pro-
cesses suggested for the provision of evidence-based care in the
ICU, we must acknowledge that the dose, timing and combination
of nutrient delivery should be tailored to disease phase. The four-
days cutoff suggested in literature [28] does not always corre-
spond to the exact transition from the acute to the chronic phase of
metabolic response to critical illness and in the case of the present
study, this might have resulted in insignificant findings.

Additionally, althoughmortality is the main endpoint of interest
in ICU-based studies, multiple other clinical outcomes that were
not controlled for in the study herein due to the retrospective
design, might be improved from the provision of nutritional sup-
port among low-NUTRIC score patients. For instance, recent studies
have showed that for every 25% increase in caloric provision in the
first ICU week, an improvement in 3-month post-ICU physical
quality of life scores (as measured by the SF-36) is observed and
recovery is accelerated [16,30]. Additionally, greater protein and
energy provision have been shown to accelerate time to discharge
alive [9], whereas early nutrition has resulted in reduced duration
of invasive ventilation [31].

A common problem in ICU-based studies is population hetero-
geneity [22]. Based on the heterogeneity observed in the ICU
setting, a lowmalnutrition risk does not ensure that the patient will
survive the ICU stay, since many patients in a rather benign state
during admission might acutely progress to a more precarious
disease status. Knowing that even low-NUTRIC score patients tend
to remain in the ICU for prolonged periods of time, have an
increased mortality risk and experience several collateral malnu-
trition risk factors, withholding nutritional support among these
patients would be precarious. After all, the NUTRIC score was
developed to allocate patients who would benefit more from
nutritional support, without any overall suggestion of withholding
nutritional support among those exhibiting a low score.

Unfortunately, at the moment we are unable to predict which
patients will prove to be of increased risk and demand extended
LICU [29]. This is why, recommendations promoting trophic or
permissive underfeeding during the first week among low-NUTRIC
score patients, as the current ASPEN guidelines [15], might even-
tually harm ICU patients with prolonged LICU, and this harmwill be
evident when therewill be not enough time to replenish the energy
and protein deficit acquired during their first ICU week [6,16,29].

Our study revealed a trend towards elevated mortality per 20%
increase in the provision of energy and/or protein prescription
received in low NUTRIC patients. Similarly, a small observational
study reported that when both energy and protein are provided at
least at 2/3 of the prescribed amounts, a trend towards an increased
60-day mortality is observed among low-NUTRIC score patients
[32], suggesting the need for iatrogenic underfeeding. When the
two (energy and protein) were assessed separately, none appeared
to affect mortality. However, the relatively small number of par-
ticipants (N ¼ 154) and the recruitment from a single ICU, although
ensuring homogeneity of the sample andmethodology used, do not
allow for generalization of the results, especially considering that
only patients with complications were being admitted in this
specific ICU.

The results by Lee and associates [32] in conjunction to the
positive trend between increased energy/protein provision and
mortality noted in the results herein, could be indicative of undi-
agnosed refeeding syndrome among a large proportion of patients
in both studies, irrespectively of the low nutritional risk of partic-
ipants. It is known that during the early phase of critical illness,
nutrient delivery may lead to the development of refeeding syn-
drome [23]. In these patients trophic underfeeding appears to be
more effective in reducing mortality compared to standard caloric
intake [33,34], but in the present study diagnosis of refeeding
syndrome was not included in the exclusion criteria.

Several important issues arise from the findings herein. Firstly,
with NUTRIC score being evaluated on the 3rd day of ICU admission
(as is the suggestion of the authors of the NUTRIC score), a great
number of patients allocated as low-risk are bound to transition to
high-NUTRIC patients as they remain in ICU for more than 5e7
days. This is why, nutritional screening should be as frequent and
accurate as possible. Disease and metabolic response to disease are
dynamic processes dependent on various factors that should be
recorded for the optimal provision of nutritional care.

As our data was collected over a period of 4 years, one good
questionwhether any changes in themanagement of the ICUs since
the start of collection of data could be able to change their inter-
pretation. However, we cannot state whether clinically meaningful
changes in the management of ICUs have taken place since that
time as we have not conducted another International Survey since
then.

The strengths of the present study include the use of a large
sample and the application of robust statistical adjustments for
different geographical settings, age groups and admission type. The
large multicenter nature of the study enhances the generalizability
of the findings. On the other hand, several limitations should be
considered. Among the weaknesses of our study is that due to the
pragmatic nature of this survey design, several known and unknown
factors that may affect malnutrition and ICU mortality were not
recorded, as they do not consist of standard procedures inmost ICUs.
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Factors, not accounted for in the present study, including recent
ICU admission or transfer from another unit [29], presence and
degree of cachexia and sarcopenia [30] have been shown to affect
ICU mortality. It is highly likely that if these factors were recorded
and controlled for, more significant results would have been
revealed from the analyses.

Finally, as in all observational studies, causality cannot be
assumed. Therefore, future research should consider providing
different proportions of the prescribed amounts of energy and
protein among subgroups of low-NUTRIC score patients, in order to
test clinical outcomes.

Currently, research on the proper amount of nutrition provision
in the ICU appears controversial, with the majority of relevant trials
using heterogeneous or sicker patients. From the point of clinical
practice, nutritional assessment with the use of the NUTRIC score
should be performed on the 3rd day of ICU stay. The scientific ev-
idence on how much nutritional support patients of lower nutri-
tional risk need is limited and although such patients appear to
attain better-projected clinical outcomes during admission, it is
highly likely that we are not providing themwith the best of care in
terms of nutrition support. Given the morbidity and mortality even
of low-NUTRIC patients, further exploration of the value of nutri-
tion support is warranted.

5. Conclusion

Low-NUTRIC score patients experience extended LICU and sig-
nificant mortality rates, while demonstrating a variety of malnu-
trition risk factors. Although no improvements in mortality were
observed with increased nutritional intake, this should not be
construed as a rationale for withholding artificial nutrition among
these patients. Increased nutritional intake could still confer ben-
efits in other clinical outcomes except mortality. Further explora-
tion of the effects of nutritional support is warranted among more
homogeneous samples of low-NUTRIC patients.
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