EGYPTIAN JOURNAL OF ANAESTHESIA
2020, VOL. 36, NO. 1, 288-296
https://doi.org/10.1080/11101849.2020.1848240

Taylor & Francis
Taylor & Francis Group
8 OPEN ACCESS W) Check for updates

Modified NUTRIC score and outcomes in critically ill patients: A meta-analysis
Dalia A. Ibrahim(®?, Reem H. Elkabarity?, Moustafa E. Moustafa® and Hanaa A. El-Gendy (»?

aDepartment of Anesthesia, Intensive Care, and Pain Management, Faculty of Medicine, Ain Shams University, Cairo, Egypt; PDepartment
of Community, Environment, and Occupational Medicine, Faculty of Medicine, Ain Shams University, Cairo, Egypt

ABSTRACT ARTICLE HISTORY
Early identification of malnourished, critically ill patients helps initiate prompt treatment and Received 15 September 2020
improve patients’ outcomes. Most nutrition screening tools were not suitable for critically ill patients. Revised 19 October 2020

This study was conducted to evaluate the modified nutrition risk in critically ill (NNUTRIC) score as ~ Accepted 5 November 2020
a screening tool for nutrition risk in critically ill patients. Search was conducted in Medline, PubMed, KEYWORDS

and the Egyptian Knowledge Bank for cohort studies that were published in English until Nutrition; risk; critically ill;
1 March 2019. Eight studies with a total number of 4076 patients were included in this meta- mNUTRIC score; screening
analysis. Estimates and their 95% confidence intervals (Cl) were calculated, then pooled for analysis.

High mNUTRIC score (5 or above) in critically ill patients was related to increased risk of 28-day

mortality (relative risk = 2.025; 95% Cl = 1.488-2.758; p < 0.001; risk difference = 0.159; 95%

Cl = 0.120-0.198; p < 0.001), increased ICU length of stay (95% Cl = 1.78-4.99 days; p < 0.001),

and longer duration of mechanical ventilation (95% Cl = 3.01-4.73 days; p < 0.001). Association of

High mNUTRIC score with these parameters indicates that it might be used as a tool to predict

poorer clinical outcomes in those patients.

1. Introduction The prevalence of malnutrition was reported to
range from 38% to 78% in acute critically ill patients
[5]. It is estimated that one in three patients at admission
suffer from malnutrition in developing countries [6].

Early identification of patients who are at high risk of
malnutrition is essential to start appropriate and prompt
treatment [2], which may improve patients’ outcomes
[7]. Unfortunately, there is no unified standard protocol
for screening of malnutrition, resulting in variations in
practice across ICUs [3]. Most nutritional screening tools
are not suitable in ICU settings because of the difficulty
to obtain some parameters, such as accurate history of
dietary intake and weight loss [3].

Heyland et al. [8] developed NUTRIC score to quan-
tify the risk of adverse outcomes in critically ill
patients that may be improved by nutrition therapy.
Patients who are at high nutritional risk are likely to
benefit more than patients with low risk by therapeu-
tic nutritional intervention [9]. Recent studies suggest
using the modified NUTRIC (mNUTRIC) score for
screening and subjective global assessment of nutri-
tional status in adjunction with other parameters,
such as laboratory markers, sarcopenia index, and
handgrip strength [10].

This meta-analysis was carried out to evaluate
mNUTRIC as a screening tool for nutrition risk in critically
ill patients. The objectives of the meta-analysis included
assessment of the association between the score and the
28-day mortality (primary outcome), the length of ICU
stay, the duration of mechanical ventilation, the incidence

Malnutrition is a nutritional status that is caused by either
shortage or excess of micro and/or macronutrients, which
adversely affects the body size, function, composition,
and clinical outcomes. By this definition, malnutrition is
a term that encompasses both under and over nutrition.
Undernutrition is usually the prevalent form of malnutri-
tion encountered in critical care settings [1].

Patients admitted to ICUs are at high risk of develop-
ing malnutrition, which is caused mainly by stress-
induced catabolism and inadequate dietary intake.
During the early phase of critical illnesses, catabolic
hormones are secreted (e.g., glucagon, cortisol, and
catecholamines), resulting in mobilization of amino
acids and free fatty acids from muscles and adipose
tissues for the generation of energy. Moreover, pro-
inflammatory cytokines are released, contributing to
the catabolic processes. Inflammation seems to play an
important role in the pathogenesis of malnutrition in
ICU patients [2]. The second stage of critical illness is
characterized by loss of body cell mass [3]. In addition,
ICU patients are likely to suffer from malnutrition before
admission to ICU due to chronic illness or cancer [2].

Malnutrition is associated with increased patient
mortality and morbidity, including prolonged ICU
stay, decreased immunity, increased rate of hospital-
acquired infection, poor wound healing, and muscle
wasting (leading to decreased ventilatory drive) [4].
Therefore, malnutrition is considered among the
main causes of increased health care costs [3].

CONTACT Dalia A. Ibrahim €) drdaliaahmed1976@yahoo.com; dr.dalia.ahmed78@gmail.com ) Assistant Professor of Anesthesia, Intensive Care, and
Pain Management, Faculty of Medicine, Ain Shams University, Ramsis Street, , Cairo, Egypt
© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0003-0335-9548
http://orcid.org/0000-0003-4493-1635
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11101849.2020.1848240&domain=pdf&date_stamp=2020-11-18

of infection and its relationship with APACHE Il and SOFA
scores (secondary outcomes).

2. Methods
2.1. Ethical considerations

This meta-analysis was conducted in accordance with
the guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines
[11]. Ethical approval was not required because this
study was a literature-based work.

2.2. Search strategy for identification of studies

The related studies were retrieved from the electronic
databases of Medline, PubMed, and the Egyptian
Knowledge Bank, using the search keywords of modified
NUTRIC score, malnutrition, critically ill, and intensive
care. Filters were used to include only cohort studies
that were published in English until 1 March 2019.

2.3. Inclusion criteria

Articles were included if they fulfilled the following
criteria: cohort in design; focused on assessing
mNUTRIC score in critically ill patients admitted to
ICUs who are above 20-years-old; relative risks were
reported with their corresponding 95% Cls or original
data were available to allow for computing them; and at
least one of these outcomes was assessed: a) 28-day
mortality, b) length of ICU stay, C) duration of mechan-
ical ventilation and d) incidence of infection. A critically
ill patient was defined as patient who has a life-
threatening multisystem process that can result in sig-
nificant morbidity and mortality, and in most cases is
preceded by a period of physiological deterioration [12].

2.4. Exclusion criteria

The following types of publications were excluded
from this meta-analysis: duplicate reports, abstracts,
case reports, review articles, editorials, and clinical
guidelines. In addition, studies with unavailable full
text or incomplete data were excluded.

2.5. Data extraction

A copy of each identified paper was obtained, and
relevant data were extracted by two independent
reviewers for a quantitative overview. The point esti-
mates of the assessed outcomes along with their 95%
Cls and the country where the study was carried out
were also ascertained. Any disagreements between the
two reviewers were resolved either by consensus or by
consulting a third reviewer.
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2.6. Examination of publication bias

Publication bias was assessed by examination of the
funnel plots of the effect size measures, the Begg-
Mazumdar rank correlation, and Egger regression test.

2.7. Statistical considerations

Statistical analysis was conducted using an R-based
software (Openmeta). Studies included in the meta-
analysis were tested for heterogeneity of the estimates
using the Cochran Q chi-square test and I-square (%)
index. Statistically significant Cochran Q chi-square test
(p < 0.1) denoted heterogeneity among the studies. An
l-square (1) index = 30% to 60% indicated moderate
heterogeneity, from 50% to 90% indicated substantial
heterogeneity, and from 75% to 100% denoted con-
siderable heterogeneity.

Outcomes from included studies were combined
using either fixed or random effect models. Reasons
for heterogeneity for studies were explored. If hetero-
geneity across studies was moderate or low (I < 50%),
the fixed effects model was utilized for pooling esti-
mates using the Mantel-Haenszel fixed-effects method.
The random effects model was utilized if I* was 50% or
above [13], using the Der Simonian laird random-
effects method. Comparison of outcomes was done
by estimation of the risk ratios with their 95% Cl and
risk difference with their 95% Cl. P-values < 0.05 were
considered statistically significant.

3. Results
3.1. Literature search

We identified forty-five studies that were potentially
relevant to the present meta-analysis. We excluded 25
studies that were duplicate reports, case reports,
review articles, abstracts or clinical guidelines.
Assessment of the full-text of the remaining 20 studies
led to removal of nine of them because their objectives
differed from the objectives of the current meta-
analysis. After reviewing the remaining eleven articles,
3 studies were excluded due to unclarity or absence of
data about the assessed outcomes or the number of
patients with high and low mNUTRIC score. One study
[8] among the three excluded articles reported the full
NUTRIC score, not the mNUTRIC score. Therefore, eight
studies were considered eligible for inclusion in the
current meta-analysis [14-21]. Figure 1 is the flow dia-
gram that outlines the search process, the included
and excluded articles, and the causes of exclusion.

3.2. Characteristics of the included studies

Table 1 summarizes the baseline characteristics of the
included studies. They were published between 2017
and 2019, contained a total of 4076 patients (mean
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Figure 1. Flow diagram of the study selection process.
Table 1. Characteristics of the included studies in the meta-analysis.
Authors Country  Study design Sample size Population Score Settings
Kalaiselvan et al. [15] India Prospective 678 Critically ill adult Total 1-9 Single center
with MV < 48 hours Low Risk 0-4
High Risk 5-9
Mukhopadhyay et al. [21] Asia Retrospective 401 Critically ill adult Total 1-9 Single center
ICU Los< 24 hours Low Risk 0-4
High Risk 5-9
Mendes et al. [14] Portugal Prospective 1143 Critically ill adult Total 1-9 Multi- center
ICU Los < 72 hours Low Risk 0-4
High Risk 5-9
Ata Ur-Rehman et al. [17] Islamabad  Prospective 75 Critically ill adult Total 1-9 Single center
Pakistan with MV < 48 hours Low Risk 0-4
High Risk 5-9
Jeong et al. [18] South Korea Retrospective 482 ICU stay longer than 24 hours Total 1-9 Single center
Low Risk 0-4
High Risk 5-9
de Vries et al. [19] Netherlands Retrospective 475 Critically ill mechanically ventilated patients ~ Total 1-9 Single center
Low Risk 0-4
High Risk 5-9
Wang et al. [20] Taiwan Retrospective 742 - Critically ill adult Total 1-9 Multi- center
- On MV > 48 hours and ICU Los > 48 hours Low Risk 0-4
High Risk 5-9
Chourdakis et al. [16] Greece Prospective 80 Critically ill adults Total 1-9 Single center
Greek patients Low Risk 0-4
High Risk 5-9

sample size = 509.5; range: 75-1143 patients). Two
studies were multi-center [14,20], while the other six
were conducted in a single center [15-19,21].

Table 2 shows the number of patients with high and
low mNUTRIC score included in each study, their gen-
der, and age. Three studies reported the lack of statisti-
cally significant difference between high and low
MNUTRIC score regarding the patients’ gender
[16,18,20]. Four studies found that patients with high
mNUTRIC score had a significantly higher mean/median
age than those with low mNUTRIC score [15,16,18,20].

3.3. Meta-analysis of 28-day mortality

Five out of the eight included studies assessed the 28-day
mortality using the risk ratio and risk difference

[15-17,20,21]. The total number of patients with high
mMNUTRIC score in these five studies was 1119 and
death was encountered in 347, while the total number
of patients with low mNUTRIC score was 857 and death
occurred in 160 patients.

Analyses of mortality risk ratio are shown in Table 3
and Figure 2. The heterogeneity test for the five studies
was statistically non-significant 1?2 = 52.69%;
Q (df = 4) = 8.4542; p = 0.0763]. There was no evidence
of publication bias (Begg-Mazumdar: Kendall's tau = 0.6;
p = 0.2333; Egger bias = 1.875646; p = 0.1322). The
funnel plot showed also no evidence of publication
bias. The random effects model was used to calculate
the pooled risk ratio and its 95% Cl. A statistically sig-
nificant difference was detected between the groups
with high and low mNUTRIC score (Risk ratio = 2.025;
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Figure 2. Forest and funnel plots for mortality outcome in the included studies. A: Forest plot - risk ratio; B: Forest plot — risk
difference; C: Forest plot — predictive performance; D: Funnel plot - risk ratio; E: Funnel plot - risk difference; F: Funnel plot -

predictive performance.

95% Cl = 1.488-2.758; p < 0.001). Therefore, the risk of
28-day mortality in cases with high mNUTRIC score was
2.025 times the risk in cases with low mNUTRIC score.

Analyses of mortality risk differences are also shown
in Table 3 and Figure 2. The heterogeneity test for the
four studies was statistically non-significant [I* = 39.7%;
Q (df = 4) = 6.6335; p = 0.1566]. There was no evidence
of publication bias (Begg-Mazumdar: Kendall's tau = 0.4;
p = 0.4833; Egger bias = 2.078234; p = 0.2118). The
funnel plot showed no evidence of publication bias.
The fixed effects model revealed a statistically signifi-
cant difference between patients with high and low
MNUTRIC score (Risk difference = 0.159; 95%
Cl = 0.120-0.198; p < 0.001). Therefore, the risk of 28-
day mortality in cases with high mNUTRIC score was
15.9% higher than in cases with low mNUTRIC score.

Four studies evaluated the predictive performance of
mNUTRIC score [14,17-19]. The heterogeneity test for
the four studies was statistically significant [ = 82.9%;
Q (df = 3) = 17.567; p < 0.001]; therefore, the random
effects model was chosen. The mNUTRIC score with an
area under the curve of 0.722 (95% Cl = 0.667-0.777)
could fairly predict mortality. The pooled sensitivity,
specificity, positive predictive value, and negative pre-
dictive value were 70.3%, 61.3%, 47%, and 78.9%,
respectively (Table 4 and Figure 2).

3.4. Meta-analysis of the length of ICU stay

Four out of the eight included studies assessed the
length of ICU stay [15,17,18,20], as shown in Table 5
and Figure 3. The heterogeneity test for the four stu-
dies was statistically significant 12 = 93.52%;
Q (df = 2) = 46.323; p < 0.001]. High mNUTRIC score

was significantly associated with increased ICU length
of stay among ICU patients when compared to patients
with low mNUTRIC score by an estimate of the differ-
ence of 3.384 (95% Cl = 1.776-4.992; p < 0.001).

3.5. Meta-analysis of the duration of mechanical
ventilation

Two out of the eight included studies assessed the
duration of mechanical ventilation [17,20], as demon-
strated in Table 5 and Figure 3. The heterogeneity test
was statistically  non-significant 1> = 0%
Q (df = 1) = 0.596; p = 0.440]. Patients with high
score had significantly longer duration of mechanical
ventilation than those with low score (The estimate of
the difference = 3.87; 95% Cl = 3.01-4.73; p < 0.001).

3.6. Meta-analysis of the relationship between
mNUTRIC and APACHE Il scores

Figure 3 shows that five out of the eight included
studies assessed the relationship between mNUTRIC
score and APACHE Il score [15-18,20]. The heteroge-
neity test was statistically significant [I> = 88.5%,
Q (df = 4) = 34.6; p < 0.001]. The estimate of the
difference was 10.6 (95% Cl = 9.3-11.8).

3.7. Meta-analysis of the relationship between
mNUTRIC and SOFA scores

Three out of the eight included studies assessed the
relationship between mNUTRIC score and SOFA score
[15-17], as demonstrated in Figure 3. The heterogene-
ity test was statistically significant [I> = 88.5%;
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Figure 3. Forest plots for secondary outcomes in the included studies. A: Forest plot — ICU length of stay in days; B: Forest plot —
Mechanical ventilation days; C: Forest plot — APACHE Il score; D: Forest plot — SOFA score.

Q (df = 4) = 17.3; p < 0.001]. The estimate of the
difference was 5.0 (95% Cl = 2.7-7.3).

3.8. mMNUTRIC score sensitivity, specificity,
positive predictive value, negative predictive
value, and number of comorbidities

Table 6 shows that mNUTRIC score had a total sensi-
tivity, specificity, positive predictive value, and nega-
tive predictive value of 70.3%, 61.3%, 47%, and 78.9%,
respectively. Also, it shows correlation of higher
mNUTRIC score with comorbidities (p < 0.001).

4. Discussion

This meta-analysis aimed to evaluate mNUTRIC score
as a screening tool for nutrition risk in critically ill
patients. The studied outcomes included the 28-day
mortality (primary outcome), the length of ICU stay,
the duration of mechanical ventilation, incidence of
infection and its relationship with APACHE Il and
SOFA scores (secondary outcomes).

Early identification of malnourished, critically ill
patients is essential to initiate prompt and appropriate
treatment; hence, the patients’ outcomes may
improve. The mNUTRIC score is a promising screening
tool for malnourishment among the ICU patients. Most
of nutrition screening tools before mNUTRIC score
were not suitable for critically ill patients because mal-
nutrition in ICU is linked with inflammation and hyper-
metabolic state, and the previous tools didn't include

these important causes for malnutrition. So, mMNUTRIC
score is considered the first validated specific nutri-
tional screening tool in critically ill patients [22].

However, the efficacy of mNUTRIC score is subject
to some limitations. The score is mainly concerned
with the administration of macronutrients, protein,
and energy. The score may not detect patients who
may benefit from pharmaconutrient supplementation
(e.g., antioxidants). During the development of the
NUTRIC score, nutritional history and practices were
suboptimally taken into consideration [8].

In the present meta-analysis, we reviewed the eight
retrieved studies [14-21] that assessed the perfor-
mance of mNUTRIC score as a predictor of outcomes
in critically ill patients. The mNUTRIC score is derived
from NUTRIC score after exclusion of interleukin-6
level, which is not routinely assessed in clinical set-
tings. The mNUTRIC score comprises five parameters:
age, SOFA score, APACHE Il score, number of co-
morbidities, and days from hospital to ICU admission
[8]. The modified score has been validated. Multiple
studies confirmed that mNUTRIC score correlated well
with clinical outcomes in ICU patients [14,21-23].

High mNUTRIC score was associated with increased
risk of 28-day mortality. The funnel plot showed no
evidence of publication bias in the studies that used
either risk ratio as the point of estimate or evaluated
the risk difference or the performance of mNUTRIC
score for prediction of mortality.

The mortality rate in Ata Ur-Rehman study was 26%,
which is comparable to that of Kalaiselvan et al. [15] who



Table 6. Systematic review results for mNUTRIC score sensitivity, specificity, positive predictive value, negative predictive value, and number of comorbidities.

Comparison between high score to low score as regards

number of comorbidities

Low mNUTRIC

High mNUTRIC

mNUTRIC score -ve predictive

mNUTRIC score +ve predictive

mNUTRIC score

mNUTRIC score

No. of

score

score

value
68.9%

value

specificity
73.8%

sensitivity

patients

Country

India
Asia

Authors

47.4%

44.5%
72%

678
401

Kalaiselvon et al. (2019)
Mukhopadhyay et al.

63%

[21]

Mendes et al. [14]

88.8%
65.38%

32.7%
34.6%

58.4%

73.25%

1143
75

Portugal

Islamabad

Ata Ur-Rehman et al.

Pakistan
South Korea

[17]

Jeong et al. [18]

< 0.001

N =166

N =316
2 (1-3)

64%

75%

482

1(1-2)

92.5%

73.2%

48.9%

88.4%

475

742
80

Netherlands

Taiwan
Greece

de Vries et al. [19]

Wang et al. [20]

N=35 0.002

15

N =45

Chourdakis et al. [16]

2616

78.9%

47%

61.3%

70.3%

4076

Total
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reported a mortality rate of 31.4%. However, Moretti et al.
[23] reported a higher mortality rate of >50% in mechani-
cally ventilated patients with similar NUTRIC scores.

Higher mNUTRIC score was associated with increased
length of stay (95% Cl 1.175-4.712; p < 0.0001) by total
random effect due to heterogeneity (1> = 93.52%). As
regards days on mechanical ventilation, estimate of the
difference was about 3.87 (95% Cl 3.007-4.728), p < 0.001.

Mendes et al. and Kalaiselvan et al. [14,15] reported
that 48.6% and 42.5% of mechanically ventilated
patients respectively had NUTRIC scores > 5 regardless
of the duration of mechanical ventilation.

We could not assess the incidence of infection in
our study because none of the included eight studies
assessed the incidence of infection.

Up to the best of the authors’ knowledge, this is the
first meta-analysis to evaluate mMNUTRIC as a screening
tool for nutrition risk in critically ill patients. The study
had some limitations that may affect the interpretation
of the results. The sample size was relatively small as
only eight studies were included in this meta-analysis,
which may affect the heterogeneity across the studies
and consequently the pooled analyses. Significant het-
erogeneity across some studies has already been
observed when analysis was performed for predictive
performance of mNUTRIC, length of hospital stay,
APACHE I, and SOFA scores. We were unable to
retrieve unpublished studies or studies published in
languages other than English.

5. Conclusions

The current evidence points that mNUTRIC appears to
be an effective tool for screening of malnutrition in
critically ill patients who are at risk of developing
adverse outcomes. The use of MNUTRIC score is recom-
mended in the settings of critical iliness. However, the
small number of included studies warrants further
research with larger sample sizes for confirmation of
the score’s effectiveness and its association with
adverse patients’ outcomes. Further studies with larger
number of patients are required to prove the correla-
tion of MNUTRIC with the incidence of infection.
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