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Nutritional risk in critically ill patients: how it is assessed, its
prevalence and prognostic value: a systematic review

Aline Cattani, Igor C. Eckert, Jdlia E. Brito, Rafaela F. Tartari, and Flavia M. Silva

Context: Nutritional risk (NR) screening is the first step of nutrition care process.
Few data are available in literature about its prevalence, nor, to our knowledge, is
a universally accepted reference method for the intensive care unit (ICU).
Objective: The aim for this systematic review was to summarize evidence regard-
ing the prevalence of NR and the predictive validity of different tools applied for NR
screening of critically ill patients. Data Sources: The PubMed, Embase, and Scopus
databases were searched up to December 2019 using the subject headings related
to critically ill patients and NR screening. The current systematic review is registered
with PROSPERO (identifier: CRD42019129668). Data Extraction: Data on NR prev-
alence, predictive validity of nutritional screening tools, and interaction between
caloric-protein balance and NR in outcome prediction were collected. Data
Analysis: Results were summarized qualitatively in text and tables, considering the
outcomes of interest. Results: From 15669 articles initially identified, 36 fulfilled
the inclusion criteria, providing data from 8 nutritional screening tools: modified
Nutrition Risk in the Critically lll (mNUTRIC; n= 26 studies) and Nutritional Risk
Screening—2002 (NRS-2002; n = 7 studies) were the most frequent; the NR preva-
lence was 55.9% (range, 16.0% to 99.5%). Nutritional risk was a predictor of 28-
day and ICU mortality in 8 studies. Interactions between caloric-protein balance
and NR on outcome prediction presented were scarcely tested and presented het-
erogeneous results (n=8). Conclusions: Prevalence of NR in patients in the ICU
varies widely; a satisfactory predictive validity was observed, especially when
mNUTRIC or NRS-2002 were applied.

INTRODUCTION L . o 1 .
appropriate intervention are indicated.” According to

According to the American Society for Parenteral and the European Society for Clinical Nutrition and

Enteral Nutrition (ASPEN), nutritional risk (NR) Met.abolism (ESPEN), t}.lé purpose Of nutritional screen-
ing is to evaluate the ability of nutritional factors in pre-

dicting clinical outcomes, considering disease-related
metabolic demand.” This process should identify

screening is a process of identifying patients who may
be malnourished or at risk for malnutrition to deter-
mine if a detailed nutritional assessment and
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patients with NR simply, provide rapid results, have
high accuracy, and should be cost-effective.’

Nutritional risk screening is the first step of the nu-
trition care process and, according to ESPEN, a nutri-
tional screening tool should answer the following 4 basic
questions: (1) What is the patient’s current nutritional
condition? (2) Is the patient’s nutritional condition sta-
ble? (3) Can the patient’s nutritional condition can get
worse? (4) Can the disease process accelerate nutrition
deterioration? Body mass index, body weight loss, report
of food-intake decrease, and disease metabolic demand
are usually included in the screening tools to answer these
questions, respectively.* There is international consensus
that nutritional screening should be performed at hospi-
tal admission within the first 24-72 hours for all patients.
The aim of screening is to reduce the incidence of malnu-
trition and its deleterious consequences.™®

Several tools have been validated to screen hospital-
ized patients at NR.” In a Brazilian study conducted
with 752 patients admitted at the Emergency Service,
the Malnutrition Universal Screening Tool (MUST),
Malnutrition Screening Tool, and Short Nutritional
Assessment Questionnaire shared similar accuracy to
the Nutritional Risk Screening-2002 (NRS-2002) in
identifying risk of malnutrition, and all instruments
were positively associated with long hospital stay, sug-
gesting that in clinical practice, the 4 tools should be ap-
plied and the choice of 1 of them should be made
considering the particularities of the service. In this
study,’ the prevalence of NR ranged from 29.3% to
37.1%, depending of the tool applied. In fact, several
studies indicated patients with NR had worse clinical
outcomes in terms of death and longer hospital stay.” "'

In critically ill patients, Heyland et al'* proposed that
NR should not be considered as the risk of malnutrition,
because the inflammatory stress response and consequent
protein catabolism put all critically ill patients at risk of
malnutrition. Considering this aspect, the authors sug-
gested NR in intensive care is the risk of adverse events
that could be reduced by adequate nutritional therapy,
and NR could be assessed by the Nutrition Risk in the
Critically Il (NUTRIC) score. This tool is composed of
scores of severity, age, number of comorbidities, length of
hospital stay before intensive care unit (ICU) admission,
and interleukin-6 (IL-6) levels.'? Because of the difficulty
of obtaining IL-6 measurements in clinical practice, the
NUTRIC Score was later validated without including IL-
6; this is the modified NUTRIC (mNUTRIC)."* A recent
systematic review of 12 studies showed the mNUTRIC
score is related to clinical outcomes in the ICU, and the
prevalence of high scores reported from 9 studies ranged
from 22.4% to 67.9%."* However, data about NR preva-
lence in the ICU setting assessed by other screening tools
were not reviewed.
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Disagreements are found in the literature about
which methods should be used to identify NR in criti-
cally ill adults. ASPEN recommends determination of
NR through NUTRIC or NRS-2002 (the latter was not
developed for critically ill patients but it considers the
severity of disease),”® whereas ESPEN considers that ev-
ery patient with an ICU length of stay (ICU LOS) lon-
ger than 48 hours should be considered as at NR, and
they emphasize limitations of currently available tools
for clinical practice.'” In fact, until now, there has been
no reference method universally accepted for NR
screening in the ICU, which justifies compilation of
data available in the literature. The information about
the predictive validity of screening NR tools for use
with critically ill patients could help define the best nu-
tritional care process in the ICU.

Therefore, the aim of this systematic review was to
summarize the evidence regarding the prevalence of NR
and the predictive validity of different tools applied for
NR screening in critically ill patients. The interaction
between caloric-protein balance and NR in the outcome
prediction also was reviewed.

METHODS

Design and registration

A systematic review of studies about NR in critically ill
patients was conducted according to Cochrane Handbook
recommendations and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses checklist.">'” The protocol of this study
was registered with International Prospective Register of
Systematic Reviews (identifier: CRD42019129668).

Search strategy and selection criteria

The research question of the current systematic review,
constructed according to Participants, Exposure,
Comparison, and Outcomes criteria (Table1), was:
What is the prevalence of nutritional risk in critically ill
adult patients and what is the validity of different meth-
ods used for nutrition risk screening to predict clinical
outcomes as mortality, mechanical ventilation (MV)
duration and length of ICU stay?

The search for studies was performed in the
PubMed, Embase, and Scopus databases, with no
restrictions of language and date, using keywords for
each database. The full electronic search strategy per-
formed in PubMed is presented in Box 1. The list of
articles was retrieved with date of publication from in-
ception until March 20, 2019, and last updated on
December 19, 2019. Abstracts published in annals of
the ASPEN and ESPEN congresses from the last 5 years,
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Table 1 Participants, exposure, comparison, and outcomes criteria for inclusion of studies

Parameter Criteria

Participants Critically ill adult patients

Exposure Nutritional risk

Comparison Patients with nutritional risk vs those without or with low nutritional risk
Outcomes Death, mechanical ventilation duration, and length of intensive care unit stay

Box 1 Full PubMed electronic search strategy

“CCCCCCCCCeccccceeeeececccccc(protein-Energy Malnutrition[Title/Abstract]) OR Malnutrition, Protein-Energy([Title/Abstract]) OR Malnutritions,
Protein-Energy(Title/Abstract]) OR Protein Energy Malnutrition[Title/Abstract]) OR Protein-Calorie Malnutrition[Title/Abstract]) OR
Malnutrition, Protein-Calorie[Title/Abstract]) OR Protein Calorie Malnutrition[Title/Abstract]) OR Malnutrition[Title/Abstract]) OR
Undernutrition[Title/Abstract]) OR Nutritional Status[Title/Abstract]) OR Status, Nutritional[Title/Abstract]) OR Nutrition Status[Title/
Abstract]) OR Status, Nutrition[Title/Abstract]) OR Nutrition Assessment[Title/Abstract]) OR Assessments, Nutrition[Title/Abstract])
OR Nutrition Assessments[Title/Abstract]) OR Nutritional Assessment[Title/Abstract]) OR Assessment, Nutritional[Title/Abstract]) OR
Assessments, Nutritional[Title/Abstract]) OR Nutritional Assessments[Title/Abstract]) OR Assessment, Nutrition[Title/Abstract]) OR
Nutritional risk[Title/Abstract]) OR Nutrition screening[Title/Abstract]) OR nutritional risk screening[Title/Abstract]) OR Nutrition
Risk in the Critically Ill[Title/Abstract]) OR Modified NUTRIC Score[Title/Abstract]) OR NUTRIC[Title/Abstract]) OR Nutrition Risk
Screening  2002([Title/Abstract]) OR  NRS-2002[Title/Abstract]) OR Subjective Global Assesment[Title/Abstract]) AND
(CCeeeeeeauctct(critical -~ Care[Title/Abstract]) OR Care, Critical[Title/Abstract]) OR Intensive Care[Title/Abstract]) OR Care,
Intensive[Title/Abstract]) OR Surgical Intensive Care[Title/Abstract]) OR Care, Surgical Intensive[Title/Abstract]) OR Intensive Care,
Surgical[Title/Abstract]) OR Intensive Care Units[Title/Abstract]) OR Care Unit, Intensive[Title/Abstract]) OR Care Units,
Intensive[Title/Abstract]) OR Intensive Care Unit[Title/Abstract]) OR Unit, Intensive Care[Title/Abstract]) OR Units, Intensive
Care[Title/Abstract]) OR Critical llinesses[Title/Abstract]) OR lliness, Critical[Title/Abstract]) OR llinesses, Critical[Title/Abstract]) OR

Critically Il[Title/Abstract]) OR Critical lliness[Title/Abstract]) OR Critically Il Patients[Title/Abstract])

as well as the reference lists of eligible studies, were
manually screened.

Eligibility criteria

Studies were considered eligible if they reported data on
the prevalence of NR and its association with clinical
outcomes (ie, death, ICU LOS, MV duration) or data
about the effect of nutritional intervention on outcomes
according to the NR in critically ill patients (age
> 18years). Editorials, reviews, and abstracts without
full-text articles were excluded.

Process of study selection

The EndNote reference manager software program
(version X7.17 [2011]; Thomas Reuters, New York, NY)
was used to coordinate the review and track process.
Two trained reviewers (A.C. and I.C.E.) independently
screened the titles and abstracts, and subsequently eval-
uated the full-text versions of all potentially relevant
articles. A third reviewer (F.M.S.) resolved all cases of
disagreement.

Data extraction

Data extraction was performed in Google Forms
(Google, Mountain View, CA) and exported to
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Microsoft Office Excel (Microsoft, Redmond, WA). It
was guided by a standardized electronic form, indepen-
dently performed by 3 reviewers grouped in 2 pairs
(A.C. and I.C.E; A.C. and J.E.B.). Disagreements were
discussed, analyzed, and resolved through the arbitra-
tion of a fourth reviewer (F.M.S.). Characteristics
extracted from each study included the first author’s
name, publication year, study location, study design,
age and sex of participants, sample size, characteristics
of ICU, severity of disease, NR screening tools and clas-
sification of risk, clinical outcomes (ie, ICU LOS, dura-
tion of MV, and death), and nutritional intervention
prescribed and received. Authors were contacted in
case of doubts regarding the study.

Assessment of study quality

The methodological quality of the studies was assessed
by 3 reviewers grouped in 2 pairs (A.C. and I.C.E; A.C.
and J.E.B.) using the Newcastle Ottawa Scale (NOS) for
cohort studies."® A fourth reviewer (F.M.S.) resolved
cases of disagreement. The NOS evaluates 3 quality
parameters (selection, comparability, and outcome) di-
vided across 8 specific items, which slightly differ when
scoring case-control and longitudinal studies. Each item
on the scale was scored from 1 point, except compara-
bility, which could be adapted to the specific topic of in-
terest to score up to 2 points. Thus, the maximum score
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Records identified through
database search (n = 15 669)

Duplicates removed (n = 8998)

Records screened (n = 6671)

v

Records excluded (n = 6615)

Records remaining after
screening (n = 56)

Records added after
review of references and annals of congresses (n = 8)

Records assessed for
eligibility (n = 64)

Studies included in the
systematic review (n = 36)

Records excluded (n = 28)

Reason:

No evaluation of nutritional risk (n = 4)

Only patients at low nutritional risk (n=1)

Method adopted for nutritional risk screening (n = 2)
Association between nutritional risk and outcomes
was not assessed (n=11)

No description of nutritional risk prevalence (n = 1)
Full text unavailable (n = 9)

Figure 1: Study flow diagram.

for each study was 9, and studies having <7 points
were identified as having a high risk of bias."”

Data synthesis

Results of eligible studies were summarized qualitatively
in text and tables describing NR prevalence, predictive
validity of nutritional screening tools, and interaction
between caloric-protein balance and NR in outcome
prediction. Prevalence data of NR were reported as the
proportion of patients at NR as classified according to
the specific tool used. Predictive validity was deter-
mined by bivariate analysis for outcome comparison
(ie, ICU LOS, duration of MV, and 28-day ICU and
hospital mortality rate) between patients with and those
without or with low NR or results of multivariate analy-
sis or area under the receiver operating characteristics
curve (aROC).

A meta-analysis was not performed because studies
used different screening tools and outcome measures,
and patient characteristics differed in primary studies.
Furthermore, most studies presented risk of bias.

Nutrition Reviews® Vol. 78(12):1052—-1068

RESULTS

Selection and general characteristics of included
studies

A total of 15669 articles were initially identified
through database searches, of which 8998 were dupli-
cates. Additional records through manual search and
review of grey literature amounted to 8 articles. The full
text of 64 studies was assessed for eligibility. The pre-
sent systematic review included 36 studies addressing
NR in critically ill patients (Figure 1).'*'*?°">* The gen-
eral features of eligible studies are presented in Table 2.
Regarding study designs, 25 were of prospective
cohorts,'#22730-327404246.47.49°5153 ¢ rere of retrospec-
tive cohorts, and 1 was a post hoc
analysis of a randomized clinical trial.'* The studies in-
cluded were conducted between 2008 and 2019 in 17
countries, most of them in Brazil (n=6 stud-
jes)?2324951-53 4nd Singapore (n=>5 studies).?”"2936:37
Of the 36 studies included, 19 were performed in mixed
ICUS)12,22,23,26—29,31,33—35,40,42,43,47,48,52,53 8 in medical

20,21,25,30,36,44,50,51 . . ,41,4!
ICUs,20:21:25:30.36:44,50.51 3 4 surgical ICUs,*®**> and 1

20,21,31,41,43-45,48,52
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in a trauma ICU.** Five studies did not provide this
information,'*?72%464?

The mean number of patients included for eligible
studies was 474.8 (range, 48*” to 2853"7). The mean age
of patients was 61.0 years (range, 32.9°* to 79.1° years)
and the proportion of male patients was 59.9% (range,
44.0%’" to 83.2%"). To quantify severity of patient ill-
ness, 31 studies'>2021:23-31,33-38,00-0951-53 (g yhe
Acute Physiology and Chronic Health Evaluation II
(APACHE II) and the average score was 20.5 (range,
6.5 to 31.0%7), and 23 studies!>2021:23:26-30.32-36.38.43.46-
#3153 ysed the Sepsis-Related Organ Failure
Assessment (SOFA) tool, with an average score of 7.7
(range, 1.0°" to 13.5%%).

Eight NR screening tools were evaluated in the eli-
gible studies in this systematic review. The most fre-
quently used tools were mNUTRIC (n=26
studies)!320-2326-31333436-38.434446-53 14 NRS-2002
(n =7 studies).”**>*>**441>3 The components of nu-
tritional screening tools with a frequency of >2 studies
and the respective cutoff points for risk classification
are described in Table 3. Predictive validity assessment
was described in all included studies. The outcomes of

death, MV duration, and ICU LOS were evaluated in
30, 12:13.20-25,27,29,30,32-37,39-46,48-53 g 23,30,32-38,44,46,48,50
bl bl

. 20,21,23-25,30-33,36-38,40,43,44,46,50,52,53
and 19 studies, re-

spectively. Eight studies evaluated if a nutritional inter-
vention modified the association between NR and
clinical outcomes,'>!321,26:28,36,44.47

Quality assessment

The detailed description of risk of bias in individual
studies assessed by NOS is presented in Table4. The
mean score was equal to 6 points (range, 4°' to
72227:32,33,36,4042,45.47.50.5%) 40 d ot of the studies
(69.4%) presented high risk of bias (NOS score
< 7). 1213.19.20.22-25,27-30,33,34,36-38,40.42,43,45.47,48,51,52

Regarding the component selection, only 1 study re-
ceived the maximum points®”; most studies received 3
pOintS (77.8%)‘l2,13,22—30,32,34—42,45—47,49—51,53 For the
comparability criteria, the majority of studies (66.7%)
received no pointS,IZ,l3,20,21,23—26,28—31,33—39,44,46,48,49,51,52

whereas in the component outcome, 30 studies (88.9%)
received 3 points,1>13:20-2426-30,32-40.42-50,52,53

Nutritional risk prevalence

The mean prevalence of NR in critically ill patients was
55.9% (range, 16.0%>> to 99.5%%). These data were
reported by 33 of the 36 eligible studies. The prevalence
of NR reported among studies using any version of
NUTRIC ranged from 16.0%* to 91.1%.”° Considering
studies reporting NR identified by NRS-2002,

Nutrition Reviews® Vol. 78(12):1052—-1068

prevalence ranged from 39.4%>° to 99.5%.”> According
to other screening tools applied, the prevalence of NR
ranged from 47.7%** to 94.7%.”®

When considering studies conducted in surgical ICUs,
the mean prevalence of NR was 59.1% (range, 22.4%"° to
94.7%%), whereas in clinical ICU, the mean was 60.7%
(range, 27.7%°" to 91.1%°). In mixed ICUs, the mean
prevalence of NR was 51.0% (range, 16.0°° t0 99.5%%).

Predictive validity of nutritional screening tools

Different statistical methods were applied to evaluate
the association between NR and clinical outcomes in
the studies included in this review. Detailed informa-
tion on clinical outcomes evaluated by the included
studies is reported in Table 5.

Of 31 studies in which mortality was evaluated as
an outcome, 15 reported 28-day mortality
data,12,13,20,21,27,33,36,37,41,42,44—46,48,49 7 reported ICU
mortality data,’*?>?*>45052 ¢ studies did not spec-
ify,”>"*>*>! and 3 studies reported 6-week mortality®
and hospital mortality data.””>> Bivariate analysis was
performed in 20 studies, and a significant difference of
death incidence between patients with NR and those
without or with low NR was demonstrated in 16 stud-
jes 202324:2627.3133,3436.3741-434653 [CU mortality and
28-day mortality were significantly associated with NR
in 3°>°%°? of 4 studies and in 7°"***7*17%34 of 9 stud-
ies, respectively. Fourteen studies used aROC curve
construction to test the predictive validity of NR for
death and a satisfactory accuracy (> 75%) to predict 28-
day mortality was observed in 4."****** Studies using
aROC curve construction and reporting ICU**** and
hospital*” deaths did not demonstrate satisfactory accu-
racy to predict death. Finally, by multivariate analysis,
NR was a predictor of 28-day mortality in 5°*>24>%°
of 6 studies, and the risk for death ranged from 1.48°
to 4.04* in patients with NR in comparison with
patients without or with low NR. Four studies®>*>*>*°
demonstrated that NR was also a predictor of ICU mor-
tality; the risk of death ranged from 1.71°° to 3.77.*
Studies reporting hospital,””>> 6-week,” and unspeci-
fied** mortality data demonstrated a risk of death rang-
ing from 2.34°> to 33.65" in patients with NR in
comparison with patients without NR.

All studies using NUTRIC (n= 2)'%2% demon-
strated accuracy in predicting death, considering an
aROC curve > 75%, whereas 4°%*®*>>! of 11 studies us-
ing mNUTRIC had satisfactory level of accuracy to pre-
dict death. The others tools for which accuracy in
predicting mortality was assessed were NRS-2002,>*
MUST,*® NUTRIC-CRP,* and Nutritional Score Risk
(NSR),” and the results were not clinically relevant
(aROC curve <0.75). Multivariate analysis by

1059

20z Iudy 0} U 1s0nB AQ 2229G85/2S01L/Z /8 ./BIOIE/SMBIABILONLINU/WOO"dNO"dILSPESE/:SARY WOI) PEPEOUMO(



Table 3 Components of the different screening tools applied at least twice in the eligible studies to identify patients at
nutritional risk

Characteristic NUTRIC mNUTRIC NUTRIC-CRP NRS-2002 MUST
Age X X X X
APACHE Il X X X
SOFA X X X
Comorbidities X X X
Days from hospital to ICU X X X
admission
IL-6 X
CRP X
BMI X X
Percentage of weight loss X X
Energy intake compared with X
energy requirement
Severity of disease X X
Energy delivery before ICU X
admission
Nutrition risk classification < 5: Low risk < 4: Low risk < 5: Low risk < 3:No risk 0: Low risk
> 6: High risk > 5: High risk > 6: High risk > 3: Risk 1: Medium risk
> 5: High risk > 2: High risk
No. of studies using the tool 2 26 2 7 2

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il; BMI, body mass index; CRP, C-reactive protein; ICU, inten-
sive care unit; IL-6, interleukin-6, MUST, Malnutrition Universal Screening Tool; mNUTRIC, modified Nutrition Risk in the Critically Ill
Score; NUTRIC, Nutrition Risk in the Critically Ill; NRS-2002, Nutritional Risk Screening; SOFA, Sepsis-Related Organ Failure Assessment.

Table 4 Quality assessment of primary studies

Reference Selection (points) Comparability (points) Outcome (points) Total score (out of 9 points)

Ata ur-Rehman et al (2018)*° 3 0 3 6/9
Auiwattanakul et al (2019)" 3 1 2 6/9
Brascher et al (2019)°" 3 0 2 5/9
Candido et al (2019)2 2 0 3 5/9
Chittawatanarat et al (2016)* 3 1 3 7/9
Chourdakis et al (2019)* 3 0 3 6/9
Compher et al (2017)* 3 1 3 7/9
de Vries et al (2018)* 2 0 3 5/9
Gonzalez et al (2019)* 3 0 3 6/9
Heyland et al (2011)? 3 0 3 6/9
Hsu et al (2018)>° 3 1 3 7/9
Jeong et al (2018)%° 2 0 3 5/9
Jeong et al (2019)' 2 0 3 5/9
José et al (2019)% 3 1 3 7/9
Kalaiselvan et al (2017)% 3 0 3 6/9
Késeoglu et al (2011)** 3 0 3 6/9
Kiiciikardali et al (2008)* 3 0 2 5/9
Lee et al (2018)% 3 0 3 6/9
Lew et al (2018)% 3 1 3 7/9
Lew et al (2018)%® 3 0 3 6/9
Lew et al (2019)%° 3 0 3 6/9
MacEachern et al (2019)*' 2 0 2 4/9
Maciel et al (2019)*? 3 1 3 7/9
Marchetti et al (2019)3 3 1 3 7/9
Mendes et al (2017)* 4 0 3 7/9
Moretti et al (2014)** 3 0 3 6/9
Moretti et al (2018)* 3 0 3 6/9
Mukhopadhyay et al (2017)% 3 1 3 7/9
Mukhopadhyay et al (2018)*’ 3 0 3 6/9
Ozbilgin et al (2016)* 3 0 3 6/9
Rahman et al (2016)" 3 0 3 6/9
Ramirez et al (2008)*° 3 0 3 6/9
Shpata et al (2015)* 3 1 3 7/9
Tripathy et al (2014)* 3 1 3 7/9
Tsai et al (2019)* 2 1 3 6/9
Wang et al (2018)** 2 0 3 5/9
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regression models were used in 8 stud-
ies?®2%273336:43:49,30.53 y5ing mNUTRIC and predicted a
high risk of death in patients with a high score in com-
parison with patients with a low score (range, 1.48* to
33.64%%). On the other hand, 3 of 4 studies demon-
strated a significant increase in death risk (range, 2.10°>
to 2.68"°) in patients identified with NR by NRS-2002.
A significant association between NR and death was
also demonstrated in 1 study using Bhumibol Nutrition
Triage/Nutrition Triage (BNT/NT)* and in another
study using MUST as a screening tool.*?

A significantly longer ICU LOS in patients with
NR, when compared with patients without or with low
NR, was demonstrated in 1220:232530:31,33,36,37.43,4452,53
of 17 studies that performed this comparison by a bivar-
iate analysis. Two studies reported a positive correlation
between ICU LOS and NR when using NRS-2002; the
correlation was 0.118 in 1 study’® and 0.527 in the
other.>* On the other hand, Ozbilgin et al®® demon-
strated a negative correlation of mNUTRIC (-0.134)
and Mini Nutritional Assessment (MNA-SF; -0.030)
with ICU LOS.”® According to multivariate analysis,
NR was a predictor of longer ICU LOS in all 3 studies
that performed this analysis.”>*>*° The risk for longer
ICU LOS in patients with NR compared with patients
without or with low NR ranged from 1.18° to 1.72°? in
studies using mNUTRIC and was 1.80* in the study us-
ing NRS-2002.

Nine studies compared the duration of MV be-
tween patients grouped according to NR by bivariate
analysis, and a significantly longer duration of MV was
found 5 of the 9 studies in patients with NR when com-
pared with those without or with low NR.>%7®374%0
Two studies reported the correlation between duration
of MV and NR. It was equal to —0.076 in 1 study using
the MNA-SF tool; the same study demonstrated a posi-
tive correlation with NRS-2002 (0.161) and mNUTRIC
(0.245).%® The second study also reported a positive cor-
relation between NR and MV in patients (range, 0.162
with mNUTRIC to 0.195 with NUTRIC with C-reactive
protein.”* By multivariate analysis, NR was a predictor
of longer MV duration in the 2 studies that performed
this analysis, and the risk ranged from 1.46> to 1.54°
in patients with NR compared with patients without or
with low NR as assessed by mNUTRIC. One study eval-
uated the accuracy of mNUTRIC and MUST in predict-
ing longer MV duration by aROC curve construction;
the results were not clinically relevant.*®

Interaction between caloric-protein balance and NR in
outcome prediction

Among the included studies, 8 evaluated if a nutritional
intervention could modify the association between NR
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.. 12,13,21,26,28,36,44,47 -
score and clinical outcomes. Six stud-

ies reported no significant difference in mortality rates
in low-NR patients grouped according to the nutritional
therapy,'>!>21:2%364447 ywhereas Lee et al* reported that
the risk of death was 6.30 times higher in a group of
patients at low NR who received at least two-thirds of
their prescribed energy in comparison with those who
received a lower amount of energy.”® On the other
hand, in patients at high NR, the results indicated the
group that received adequate nutritional therapy (ie, en-
ergy and/or protein intake as defined by the authors)
had a lower incidence of death compared with the con-
trol group.

The definition of adequate nutrition therapy was
heterogeneous among studies and included parameters
such as protein intake (a difference of 10% from the
goal) and energy intake (a difference of 10% from the
goal)’®"’; reaching the amount of energy pre-
scribed'*'?; > 25kcal/kg for energy, and > 1.2 g/kg for
protein®'; receiving at least two-thirds of prescribed en-
ergy’® every 1000 extra kcal/d’®; and energy inta-
ke > 800 kcal/d.**

DISCUSSION

In this systematic review, NR data of critically ill
patients were evaluated by an analysis of 36 stud-
ies.'>'*2°7>* Eight screening nutritional tools were ap-
plied among the eligible studies and the prevalence of
NR ranged from 16.0% to 99.5%.> The most fre-
quently used screening tools were mNUTRIC (in 26
studies! 320-23:26-31:33:3436-38.43.44.46-53) 414 NIRS-2002
(in 7 studies®**>*284%4133y ‘Nytritional risk was an in-
dependent predictor of 28-day mortality,>******>** Jon-
ger ICU LOS,*>*>*° and duration of MV***" in some of
the studies evaluated. Data about interaction between
caloric-protein balance and NR in the outcome predic-
tion are heterogeneous.

To our knowledge, there is no systematic review of
NR prevalence and its association with clinical out-
comes in critically ill patients. The prevalence of NR
was widely variable, which probably can be explained
by the different tools applied in the studies and, mainly,
the heterogeneous sample analyzed. Higher NR preva-
lence in clinical ICUs in comparison with surgical and
mixed ICUs was observed, which probably was associ-
ated with the number and severity of comorbidities of
patients admitted to clinical ICUs. In fact, in 1 of the
studies with highest prevalence of NR (88.7%), the me-
dian of APACHE score was 22.0,>" whereas in the study
with lowest NR prevalence (16.0%), the mean APACHE
score was 16.7.>> A systematic review including 20 ob-
servational studies about the prevalence of malnutrition
in critically ill patients also demonstrated a wide
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variability in the prevalence of this condition (range,
5.0% to 82.0%), and NR prevalence was higher in
patients with acute kidney injury compared with
patients admitted for cardiac surgery. It is important to
reinforce that in studies included in this review, the
tools applied for malnutrition diagnosis included nutri-
tional screening tools, such as NRS-2002.%*

A recent systematic review summarized data of 12
studies using mNUTRIC score for assessment of NR';
however, the authors did not include 16 studies®®>***~
31,37:43,44,4649°53 that were eligible for the present review.
Two studies™”” were included in the review performed
by Reis et al'* but they did not meet our inclusion crite-
ria because the association between NR and outcomes
were not assessed and because of the method adopted
for NR screening. The authors concluded the
mNUTRIC score is related to clinical outcomes such as
LOS and is appropriate for use in critically ill patients.
In fact, a narrative review about NR in critically ill
patients”” suggested the mNUTRIC should be used. The
results of the present systematic review corroborate this
recommendation if we consider that it was an indepen-
dent predictor of death in all studies that performed a
multivariate analysis. However, the evidence on the pre-
dictive validity of this tool, considering the duration of
ICU and MYV, is scarce; it has been evaluated in <5
studies. Regarding the NRS-2002, the predictive validity
demonstrated in some studies included in the present
review is questionable because the limited number of
studies in which a multivariate analysis was performed
to assess this added to the different cutoff points
adopted for the NR classification (>3 points or >5
points).

The validity of mNUTRIC in predicting worse
clinical outcomes is expected because it includes dis-
ease severity-related variables such as APACHE II and
SOFA, which are recognized predictors of mortality
and clinical outcomes.”®*” Considering that these tools
do not consider any classic and direct nutritional
parameters,”’ their applicability as an indicator of NR is
questionable because the prognostic performance is
not the same as predicting the interaction between NR
in support and nutritional outcomes.””*° In addition,
indirect long-term and short-term variables resulting
in reduced food intake as well as recent weigh loss eval-
uated by “number of comorbidities” and “days from
hospital to ICU admission”® probably cannot be
assessed by > 2 comorbidities and only > 1 day of hos-
pital stay.

Regarding the ability to identify patients in the ICU
who will benefit most from nutritional support, cur-
rently, to our knowledge, no screening tool has eluci-
dated this effect. In this review, 7 of 8 studies that
evaluated this interaction were from a single center and

55,56
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observational,'>?""2¢2%364% Thys  future multicenter
prospective studies and randomized controlled trials
enrolling patients at high versus low risk for NR in the
ICU are necessary for additional confirma-
tion.'>1>?1:262847 Moreover, a systematic review of 7
randomized clinical trials demonstrated divergences be-
tween the concepts of “permissive” and “trophic” un-
derfeeding, varying from 20.0% to 60.0% of energy
requirements.®’ Thus, to establish nutritional interven-
tion, risk score, and outcome interactions, it is essential
to first standardize these key concepts.

Different nutritional screening tools validated in
noncritically ill patients were applied in the studies in-
cluded in this review. It is important to reinforce that a
common feature among these tools (ie, NRS-2002,
MNA, MUST, NSR, and BNT/NT) is that they are com-
posed of historical nutrition variables and history of
weight loss in the past 6 months. However, this infor-
mation requires conscious patients or relatives with
knowledge about these aspects to establish an NR score,
which is not easy and common, or may be inaccurate in
this scenario, considering our experience in ICUs. In
particular, the NRS-2002 classifies a patient as at risk if
the APACHE II score is > 10; thus, most patients in the
ICU would be considered at risk regardless of nutri-
tional parameters.””*® ASPEN proposed that an NRS-
2002 score > 5 points should be adopted as a cutoff for
NR in ICUs.® In fact, when this cutoff was adopted in
Brazilian studies, the authors showed a NR prevalence
of 47.6% and 55%, and it was associated with worse
clinical outcomes.>>>? In the present review, only these
2 studies’”” adopted this cutoff for NR classification
and no study was found that looked at the feasibility of
applying the NRS-2002 in the ICU. According to the
latest position of the Academy of Nutrition and
Dietetics, the MST should be used to screen adults for
malnutrition regardless of their age, medical history, or
setting.> However, no 1 study included in the present
review applied this screening tool to confirm this valid-
ity in ICU setting.

Risk of bias was identified in 69.7% of the included
studies,1213:2021:23-26,28-31,34,35,37-3941,43,44,46,48.49  p.
makes the quality of evidence on NR in the ICU ques-
tionable. For observational studies, there is a lack of
consensus on the best risk assessment tool; however,
NOS is one of the best-known scales for assessing the
quality and risk of bias in studies with these designs.
Specific limitations are related to community represen-
tativeness, lack of definition of the “most important
control factor” in the analyses and results, and lack of
differentiation of studies that blind the results from
those that evaluated the results through database
records.”” Another weakness of the NOS is lack of rec-
ommendation on how to evaluate and report the score.
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In this systematic review, we used the cutoffs <7 and
> 7, proposed by Veronese et al."

The present review was conducted following the
Cochrane protocols'® and using 3 large electronic data-
bases. The strengths of this review include a preregistra-
tion protocol that did not limit the literature search to
specific languages or periods. A meta-analysis was not
performed because of the heterogeneity between stud-
ies, especially regarding the nutritional screening tools,
outcomes measurements, and the few multivariate sta-
tistical models. The quality of the body of evidence us-
ing the Grading of Recommendations Assessment,
Development and Evaluation approach® could not be
evaluated because effect size and associated confidence
intervals could not be assessed because no meta-
analysis was performed.

The state of NR in critically ill patients could be
reached by a combination of low or moderate degrees
of impaired nutritional status and low or moderate
degrees of disease severity (stress metabolism). It should
be noted that the term “nutritional risk” in this context
refers to the risk of acquiring complications and other
forms of adverse outcomes that might have been pre-
vented by timely and adequate nutrition support.®
Considering this and the evidence presented in this sys-
tematic review, it is suggested that a tool for nutritional
screening in the ICU include the following 3 concepts:
(1) a severity disease score; (2) at least 1 nutritional pa-
rameter such as reduce food intake, recent weight loss,
or physical examination; and (3) it should be simple
and quick to use, with high sensitivity (its viability
needs to be assessed). In fact, according to Preiser,® the
inclusion of more nutrition-related indices in the
model, such as the tolerance to enteral feeding, or the
magnitude of the catabolic response (eg, insulin resis-
tance, nitrogen balance) could enhance the specificity of
a nutritional score. In addition, its predictive validity
should be tested in robust studies that perform multi-
variate analysis to predict clinical outcomes. After this,
a randomized controlled trial should be performed to
establish whether NR is really a determinant in the in-
teraction between nutritional supply and clinical
outcomes.

CONCLUSION

The prevalence of NR in critically ill patients varies
widely, which probably can be explained by the differ-
ent tools applied and the heterogeneity of patients
assessed. In fact, the identification of NR in critically ill
patients is not a simple and straightforward practice,
but it is clinically relevant. Despite their inherent limita-
tions, NRS-2002 and mNUTRIC could be the current
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available tools for the evaluation of NR, because of their
predictive validity demonstrated in available literature.
However, additional research regarding the best tool for
NR assessment in ICU and the interaction among it,
nutritional supply, and clinical outcomes is necessary.
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