Yildirim et al. BMC Anesthesiology ~ (2024) 24:473 BMC Anesthesio|ogy
https://doi.org/10.1186/512871-024-02866-2

. ®
Effect of the modified NUTRIC score D
in predicting the prognosis of patients

admitted to intensive care units

Mustafa Yildirim"", Zahide Sahin Yildirim' and Mustafa Deniz?

Abstract

Background Nutritional deficiency is common in critically ill hospitalized patients. This condition may be aggravated
by increased dietary requirements and deficiencies in nutrient absorption. This study aimed to evaluate the
associations between the modified Nutritional Risk in Critically ill (mNUTRIC) score and mortality and morbidity in
patients with sepsis.

Methods In this prospective observational study, 78 patients with sepsis were enrolled in the general intensive care
unit over a 3-month period. Demographic and clinical data and laboratory results were recorded and followed up.
The nutrition of each patient was started by the nutrition team, and a modified score (MNUTRIC) was calculated. This
score was used to assess the patients’ nutritional status and mortality risk.

Results The mean age of the patients was 77.2+9.9 years, and the majority were men. The median mNUTRIC score
was 6. The cohort was divided into two groups: 31 patients (39.7%) with low scores and 47 patients (60.3%) with high
mNUTRIC scores. A high mNUTRIC score was associated with an increased need for vasoactive drugs (p <0.001) and
mechanical ventilation (p <0.001), as well as increased acute kidney injury (p=0.014) and prolonged hospital stay
(p<0.001) during ICU follow-up. The mNUTRIC score showed high accuracy in predicting mortality (p <0.001).

Conclusions In this study, to predict the prognosis of patients with sepsis in the ICU, the mNUTRIC score was
associated with mortality. The inclusion of nutritional assessment scoring tools in the routine clinical evaluation of ICU
patients is important.
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Introduction

Nutritional deficiency is common among hospitalized
patients. When the increased nutritional requirements of
critically ill patients in intensive care units (ICUs) due to
hypermetabolism and defects in nutrient absorption and
utilization are considered, the situation becomes even
more severe [1]. Sepsis and septic shock are the leading
causes of mortality in patients admitted to the ICU [2].
The consequences of malnutrition in critically ill patients
include prolonged hospitalization, nosocomial infections,
ventilator dependency, poor functional status at ICU dis-
charge, increased morbidity and mortality, and increased
hospital costs [3, 4].

Owing to the association with increased complications,
morbidity, and mortality rates, the nutritional status of
patients should be evaluated at admission, leading to
early recognition of critical patients and the provision of
appropriate nutritional support. Compared with patients
at low nutritional risk, those at high nutritional risk may
benefit more from treatment options [5, 6]. This reduces
the incidence of malnutrition and associated complica-
tions [7]. The European Society for Clinical Nutrition and
Metabolism (ESPEN) and the American Society for Par-
enteral and Enteral Nutrition (ASPEN) have published
guidelines recommending nutritional scores for the early
identification of nutritional risk in critically ill patients.
However, there is no consensus on the scoring system
that should be applied [7, 8].

Most traditional scores do not consider inflammation,
which results in hypermetabolic status and sarcopenia
in critically ill patients [9]. Heyland et al. argued that
nutritional risk should be assessed differently in critically
ill patients and framed the Nutritional Risk in Critically
Il Patients Score (NUTRICs) [5]. This score takes into
account the response to inflammatory stress and pro-
tein catabolism and can identify patients who need more
aggressive nutrition. The developed model accounted for
age, number of comorbidities, number of days between
hospitalization and ICU admission, Acute Physiol-
ogy and Chronic Health Evaluation (APACHE II) score,
Sequential Organ Failure Assessment (SOFA) score, and
interleukin-6 (IL-6) level. Accordingly, the patients were
divided into two groups: those at high nutritional risk
and those at low nutritional risk. As IL-6 is not routinely
used in all hospitals, Rahman et al. defined a new version
of the score by removing this parameter. The new version,
called the modified NUTRIC (mNUTRIC) score, has
been validated [10]. The parameters of the mNUTRIC
score also provide information regarding prognosis, as
they are used in the assessment of mortality. This study
aimed to evaluate the prognostic value of the mNUTRIC
score in patients with sepsis and the ability of this score
to differentiate patients at nutritional risk.
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Methods

In our study, patients admitted to the ICU for sepsis were
prospectively observed. The study was approved by the
Bolu Abant izzet Baysal University Clinical Research
Ethics Committee (decision no: 2023/237, dated 18 July,
2023) and was conducted in the Bolu izzet Baysal State
Hospital General ICU. The study duration was 3 months
(19 July, 2023 to 19 October, 2023). After consent was
obtained from the patients and/or their relatives, 78
patients aged>18 years who remained in the ICU for
>24 h were included. Patients who were discharged or
died within 24 h were excluded.

Demographic data (age and sex), clinical characteristics
(comorbidities, vasoactive drug use, renal replacement
therapy, mechanical ventilator requirements, develop-
ment of acute renal failure, and number of days of hospi-
talization), and laboratory results (complete blood count,
albumin, total bilirubin, AST, ALT, creatinine, sodium,
potassium, magnesium, and CRP) were recorded within
the first 24 h. The patients were followed up until dis-
charge or death in the ICU. Mortality rates were recorded
at the end of the follow-up in ICU period.

Each patient was started on enteral/parenteral nutri-
tion by the nutrition team. The energy requirement was
calculated at 25-30 kcal/kg.

The mNUTRIC scores of the patients were calculated
and used to evaluate their nutritional status and mortal-
ity risk. The score includes age, APACHE II score, SOFA
score, number of comorbidities, and length of hospital-
ization before the ICU. Each component was assessed
on the basis of a specific score. The total score can range
from O to 9 points, and a score of 5 points and above is
considered a high NUTRIC score.

To summarize the data obtained from the study,
descriptive statistics were utilized. For continuous
(numeric) variables, on the basis of their distribution,
the results are presented in table format either as the
meanzstandard deviation or as the median, minimum,
and maximum. Categorical variables were summarized
by their counts and percentages. The normality of the
numeric variables was assessed via the Shapiro-Wilk,
Kolmogorov-Smirnov, and Anderson-Darling tests.

To compare the differences between groups in terms
of categorical variables, the Pearson chi-square test was
employed for 2 x2 tables where the expected counts were
5 or above. When the expected counts were less than 5
in those tables, Fisher’s exact test was applied. For RxC
tables where the expected counts were less than 5, the
Fisher Freeman Halton test was used.

For comparisons between two independent groups,
if numeric variables showed a normal distribution, the
independent samples t test was applied. For numeric
variables that did not display a normal distribution, the
Mann-Whitney U test was used.
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The predictive efficacy of the Nutric score was assessed
via receiver operating characteristic (ROC) curve analy-
sis. The performance of the predictive model in prognos-
tic evaluations was quantified by the area under the curve
(AUC) value.

Cutoft values were chosen to balance sensitivity and
specificity. The model’s true positive and negative rates
were determined via sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV).

Logistic regression analysis was performed to investi-
gate the relationships among the Nutric score, various
clinical conditions, and ICU patient mortality outcomes.

Table 1 Descriptive statistics of demographic and clinical
characteristics in intensive care unit patients and pairwise
comparisons in terms of mortality during follow-up

Overall  Mortality p-values
(n=78)  survived Non-
(n=41) survived
(n=37)
Age (Years)' 772499 750+£93 796+10.1 0.038***
Gender*
Female 42(53.8) 20(488) 22(59.5) 0.473*
Male 36 (46.2)  21(51.2) 15
Comorbidities*
Diabetes Mellitus, 24(30.8) 8(19.5) 16 (43.2) 0.043*
present
Hypertension, 23(29.5) 12(293) 11(9.7) 0.999*
present
Heart Disease, 14(179)  8(19.5) 6(16.2) 0.934*
present
Chronic Obstructive 20 (25.6) 12(29.3)  8(21.6) 0.608*
Pulmonary Disease
(COPD), present
Malignant Tumor, 110140 5022 6(16.2) 0.854*
present
Neurological Dis- 28(359) 16(39.0) 12(324) 0.712*
ease, present
Nutrition Assess- 6.0 40 6.0 <0.001**
ment Score® [20-80] [20-80] [2.0-80]
Low Score * 31(39.7) 27659 4(10.8) <0.001*
High Score ¥ 47 (603) 14(34.1) 33(89.2)
Vasoactive Drug Use, 48 (61.5) 17(415) 31(83.8) <0.001*
yes*
Renal Replacement  18(23.1) 3 (7.3) 15 (40.5) 0.001*
Therapy Status, yes*
Mechanical Ventila- 52 (66.7) 18(439) 34(91.9) <0.001*
tion Requirement,
yes’
Acute Kidney Injury, 32(410) 11(268) 21(56.8) 0.014*
present’
ICU Stay Duration 14.0 9.0 18.0 <0.0071**
(Days)§ [40-35.0] [4.0-29.0] [5.0-35.0]

$:n (%), t: Mean = Standard Deviation, §: median [Min.-Max.]
* Pearson Chi-Square or Fisher’s Exact test

** Mann-Whitney U test

*** Independent Samples T-Test

Page 3 of 7

Univariate analysis revealed preliminarily significant
associations, whereas multivariate analysis refined these
relationships, adjusting for potential confounders.

The Kaplan-Meier survival analysis was used to present
the survival probabilities on the basis of patients’ nutri-
tional scores, illustrating the survival impact of categori-
cal variables in ICU contexts.

Statistical analyses were conducted via the Jamovi
(Version 2.3.28) and JASP (Version 0.17.3) software pro-
grams. A significance level of 0.05 (p value) was used for
the statistical evaluations.

Results

The average age of patients admitted to the intensive
care unit was 77.219.9 years. The study included 78
patients, including 42 females (53.8%) and 36 males
(46.2%). Comorbidities were present in significant pro-
portions, with 24 patients (30.8%) suffering from dia-
betes, 23 (29.5%) from hypertension, 14 (17.9%) from
heart disease, 20 (25.6%) from COPD, 11 (14.1%) from
malignant tumors, and 28 (35.9%) exhibiting neurologi-
cal comorbidities. The median Nutric score was 6, segre-
gating the cohort into 31 patients (39.7%) with low scores
and 47 patients (60.3%) with high Nutric scores. Critical
interventions were common, with 48 patients (61.5%)
necessitating the use of vasoactive drugs and 18 (23.1%)
receiving renal replacement therapy. Upon admission
to the intensive care unit, 52 patients (66.7%) required
mechanical ventilation, and 32 (41.0%) were diagnosed
with acute kidney injury. The median duration of hospital
stay was 14 days (refer to Table 1 for additional details).

During the observation period in the intensive care
unit, several factors were significantly associated with
higher mortality rates. These included older age, a greater
incidence of diabetes mellitus (DM), greater nutritional
score values, a greater proportion of patients with ele-
vated nutritional scores, increased utilization of vaso-
active drugs, more frequent renal replacement therapy,
a greater incidence of mechanical ventilation require-
ments, a greater occurrence of acute kidney injury, and
extended hospital stays (p<0.05 for all mentioned param-
eters). In contrast, factors such as sex and the presence
of other comorbidities, including hypertension (HT),
cardiac disease, chronic obstructive pulmonary disease
(COPD), malignant tumors, and neurological disorders,
were not significantly different between the nonsurvivor
and survivor groups (p>0.05 for each). These findings
further emphasize the multifactorial nature of outcomes
in intensive care settings (detailed statistics are available
in Table 1).

Notably, hemoglobin and albumin levels were signifi-
cantly lower in the nonsurvivor group than in the sur-
vivor group (p=0.009 and p<0.001, respectively). In
contrast, other hematological and biochemical indices
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Table 2 Descriptive statistics of hematological and biochemical
parameters in ICU patients and pairwise comparisons for
mortality during follow-up

Overall Mortality p-values*
(n=78) survived Non-
(n=41) survived
(n=37)
Hemoglobin (g/dL)®  99[63- 110 9.2 0.009
16.0] [6.6-160] [6.3-16.0]
White Blood Cell 120 12 120 0465
Count (/uL)° [2.8- [40-260] [2.8-32.0]
3201
Lymphocyte Count 09 0.9 06 0437
(/uL)° [01-23] [02-20] [0.1-23]
PIateIetCount(/uL)§ 200.5 202.0 199.0 0.525
Mo-  [730- [11.0-
52701 4440] 527.0]
Albumin (g/dL)° 240 26.0 220 <0.001
[170-  [190-390] [17.0-380]
39.0]
Total Bilirubin (mg/ 09 0.9 09 0.441
dL)°® [03-50] [03-26] [0.5-50]
ALT (U/L)® 230 250 220 0.752
[5.0- [5.0-2380] [5.0-170.0]
238.0]
AST (U/L)® 24.5 210 26.0 0.122
[5.0- [11.0- [5.0-1650]
16601  166.0]
Creatinine (mg/dL)° 1.1 1.1 1.1 0.605
[03-29] [05-23] [03-29]
Sodium (mEq/L)° 1390 1400 1380 0495
[1260- [1260-  [126.0-
16601  166.0] 150.0]
Potassium (mEq/L)° 39 40 39 0353
[28-55] [28-51] [2.8-55]
Magnesium (mEq/L)° 2.0 20 20 0.553
[1.2-40] [13-40] [1.2-25]
C-Reactive Protein 90.5 70.0 99.0 0.126
(mg/dL)° [5.0- [7.0-1690] [5.0-154.0]
169.0]

§: median [Min.-Max.]
* Mann-Whitney U test

did not significantly differ between the groups (p>0.05
for each), underscoring the particular impact of specific
nutritional and hematological factors on patient out-
comes (refer to Table 2 for a detailed breakdown).
Patients in the intensive care unit with higher Nutric
scores demonstrated a significantly increased incidence
of acute kidney injury, the need for vasoactive drugs,
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Table 3 Comparison of mortality and serious clinical parameters
according to nutric score categories

Nutric score p-values*
category
Low High
Score Score
(n=31) (n=47)
Mortality* Survived 27(87.1)  14(298) <0.001
Non-survived 4 (12.9) 33(70.2)
Acute Kidney  Absent 26(83.9) 20(426) 0.001
Injury’
Present 5(16.1) 27 (57.4)
Vasoactive No 21(67.7)  9(19.1) <0.001
Drug Use*
Yes 10(32.3)  38(80.9)
Mechanical No 18(58.1) 8(17.0) <0.001
Ventilation Yes 13(419)  39(83.0)
Requirement?
F:n (%)

* Pearson Chi-Square or Fisher’s Exact test

and the need for mechanical ventilation. Furthermore,
these patients exhibited a markedly higher mortality rate
(»<0.001 for each of these criteria). (Table 3).

The predictive capacity of the Nuntric score was evalu-
ated through receiver operating characteristic (ROC)
analysis, which revealed substantial prognostic efficacy
across multiple critical conditions. For mortality pre-
diction, an AUC value of 0.788 was achieved, indicat-
ing a high level of accuracy. When a cutoff value of >5
was used, the model demonstrated an accuracy rate of
76.92%, with a PPV of 70.21%, an NPV of 87.10%, a sen-
sitivity of 89.19%, and a specificity of 65.85% (p<0.001),
highlighting its reliability in clinical scenarios (Table 4).

Similarly, the need for vasoactive drug use was effec-
tively predicted, with an AUC of 0.772. With a more con-
servative cutoff of >4, the predictive model maintained a
robust accuracy rate of 78.21%, a PPV of 79.25%, an NPV
of 76.00%, a sensitivity of 87.50%, and a specificity of
63.33% (p<0.001), confirming its utility in predicting this
specific intensive care requirement (Table 4).

The analysis extended to the prediction of mechanical
ventilation necessity, where the model exhibited an AUC
of 0.739. With a cutoff value of >5, the accuracy rate was
73.08%, complemented by a PPV of 82.98%, an NPV of
58.06%, a sensitivity of 75.00%, and a specificity of 69.23%
(p=0.001), indicating a balanced predictive capability
(Table 4).

Table 4 ROC Analysis Outcomes of Nutrition Assessment Score for various clinical endpoints

Nutrition Assessment Score

AUC Accuracy (%) PPV (%) NPV (%) Sensitivity (%) Specificity (%) CutOff 95% Cl p

Mortality 0.788 76.92 70.21
Vasoactive Drug Use 0.772 7821 79.25
Mechanical Ventilation Requirement 0.739 73.08 82.98
Acute Kidney Injury 0674 67.95 5745

87.10
76.00
58.06
83.87

89.19 65.85 >5 0.681-0.872 <0.001
87.50 63.33 >4 0.663-0.859 <0.001
75.00 69.23 >5 0627-0.832  0.001
84.37 56.52 >5 0.558-0.776  0.004

AUC: Area Under the Curve, PPV: Positive Predictive Value, NPV: Negative Predictive Value, Cl: Confidence Interval
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Table 5 The effect of nutric score and clinical conditions on
mortality in intensive care unit patients
Univariate Logistic

Multivariate Lo-

Regression gistic Regression
OR. p-values OR. p-val-
[95%Cl] [95%Cl] ues
Albumin (g/dL) 0.78 <0.001 0.81 0.016
[0.68-0.89] [0.69-0.96]
Vasoactive Drug  7.29 <0.001 1.07 0.927
Use [2.50-21.32] [0.23-4.98]
Mechanical 14.48 <0.001 8.11 0.009
Ventilation [3.82-54.86] [1.68-39.21]
Requirement
Nutrition Assess- 1591 <0.001 9.79 0.002
ment Score: [4.69-54] [2.25-42.6]
High Score vs. Low
Score

OR: Odds Ratio, CI: Confidence Interval

Finally, the forecast of acute kidney injury had an AUC
of 0.674. At a similar cutoff value of >5, the model’s accu-
racy was slightly moderated at 67.95%, accompanied by a
PPV of 57.45%, an NPV of 83.87%, a sensitivity of 84.37%,
and a specificity of 56.52% (p=0.004) (Table 4).

A comprehensive logistic regression analysis was con-
ducted to ascertain the influences of the nutritional score
and various clinical conditions on mortality outcomes
in intensive care unit patients. The univariate analysis
revealed significant associations between mortality and
several key factors, including albumin levels, vasoactive
drug utilization, the need for mechanical ventilation, and
classification within the high nutritional score category
(p<0.001 for each). Remarkably, a one-unit elevation in
the serum albumin concentration correlated with a 22%
decrease in mortality risk. Conversely, the initiation of
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vasoactive drugs, the imposition of mechanical ventila-
tion, and inclusion in the high nutritional score bracket
were implicated in mortality risk increases by factors of
7.29.

Subsequent multivariate analyses nuanced these find-
ings. While the use of vasoactive drugs diverged sig-
nificantly (p=0.927), the remaining variables preserved
their critical roles. Specifically, each unit increase in the
serum albumin concentration was associated with a 19%
reduction in mortality. In stark contrast, the necessities
of mechanical ventilation and categorization in the high-
Nutric score echelon were potentiated, increasing mor-
tality risk by 8.11 and 9.79 times, respectively.

These insights, consolidated in Table 5, underscore the
multifaceted nature of mortality determinants in inten-
sive care contexts, with nutritional status, emergent clini-
cal interventions, and severity assessments via the Nutric
score proving pivotal.

As depicted in Fig. 1, the Kaplan-Meier survival curves
distinctly demonstrate a significant divergence in survival
probabilities within the intensive care context, contin-
gent upon patients’ Nutric scores. Notably, individuals
with lower nutritional scores had a greater likelihood of
prolonged survival than did those with elevated scores
(p<0.001). This statistically significant disparity, derived
from Kaplan-Meier analysis, highlights the critical prog-
nostic implications of Nutric scores, suggesting their
consideration as substantial determinants in patient sur-
vival projections and consequent healthcare strategizing
within intensive care units.

Kaplan-Meier Survival Curve based on Nutric Score

10 L —— Low Score
- High Score
0.8}
2
506}
©
el
°
=%
s
>
< 0.4}
a
p < 0.001
02}
0.0}
0 5 10 15 20 25 30 35

Days in Hospital

Fig. 1 K-M survival curves for intensive care unit survival times in the low- and high-nutrient score groups
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Discussion

The importance of nutritional assessment for critically
ill patients has increased in recent years. To predict the
prognosis of critically ill patients with sepsis in the ICU,
this study aimed to determine the effectiveness of using
the mNUTRIC score. Patients were classified as having
high (60.3%) or low (39.7%) mNUTRIC scores. We aimed
to assess nutritional risk in patients admitted to the ICU
and demonstrate the use of the mNUTRIC score as a
convenient method to predict patient prognosis.

The power of the mNUTRIC score for assessing dis-
ease severity and patient prognosis in patients with sep-
sis in our study was consistent with the broader literature
on this topic. The findings of our study were consistent
with the reported associations of the use of vasoactive
drugs, the need for renal replacement therapy, the need
for mechanical ventilation, and the length of ICU stay
with mortality [11, 12]. Mahmoodpoor et al. investigated
445 patients and reported that the mNUTRIC score was
strongly associated with ICU mortality and vasopressor
use; however, its ability to determine the length of hos-
pital stay was poor [13]. In their study of postoperative
patients in the care unit, Ozbilgin et al. reported a sig-
nificant correlation between the NUTRIC score and the
development of atrial fibrillation, renal failure, inotropic
agent requirements, and mechanically ventilated (MV)
requirements [14]. In a retrospective analysis of the pre-
dictive power of the NUTRIC and mNUTRIC scores for
28-day ICU mortality, Jeong et al. reported no signifi-
cant difference between the two scores. They character-
ized the mNUTRIC score as a good assessment tool,
with an AUC of 0.757 (95% CI: 0.713—0.801) [15]. Welna
et al. reported that a high NUTRIC score was associ-
ated with increased mortality and the need for MV, renal
replacement therapy, and steroids and blood products
in patients with sepsis admitted to the ICU. The nursing
workload was found to be greater in patients with high
NUTRIC scores [16]. Kucuk et al. reported that the need
for invasive MV, acute kidney injury, and vasopressor use
was greater in patients with high NUTRIC scores who
were followed-up in the ICU due to COVID-19. In the
same study, the NUTRIC score was not found to be supe-
rior to the mNUTRIC score [17].

According to the results of the multivariate logistic
regression analysis performed to determine the effects of
various clinical conditions and the mNUTRIC score on
mortality outcomes in ICU patients, the use of vasoactive
drugs was not statistically significant (p=0.927), whereas
the need for MV and being categorized into a high mNU-
TRIC score maintained their critical role (p=0.009,
p=0.002). The requirement for MV and categorization in
the high-mNUTRIC score stratum increased the mortal-
ity risk by 8.11 and 9.79 times, respectively. The multivar-
iate analysis of high mNUTRIC scores in different studies
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was similar to that in our study [18, 19]. Mendes et al., in
their multicenter study involving 15 ICUs, reported that
patients with a score>5 had higher 28-day mortality. A
NUTRIC score=5 was associated with prolonged ICU
stay and a decreased MV requirement [20].

The predictive capacity of the NUTRIC score was eval-
uated by receiver operating characteristic (ROC) curve
analysis, and significant prognostic efficacy was deter-
mined in multiple critical conditions. In the mortality
prediction analysis, the AUC was 0.788, indicating a high
level of accuracy. Our findings demonstrate the power of
the modified NUTRIC score for prognostic assessment,
especially in patients followed in the ICU.

Our study had several limitations. Although data from
78 patients were evaluated, the number of patients could
have been greater in this prospective study. There was no
randomization because this was an observational study.
Furthermore, this was a single-center study. Additionally,
frailty and malnutrition may have affected each other, and
we were unable to assess the frailty status of the patients.

Conclusion

The mNUTRIC score is a useful tool that is easier to
compute, and its association with mortality has been
demonstrated in several studies. This study, which aimed
to predict the prognosis of patients with sepsis in the
ICU, revealed that the mNUTRIC score was associ-
ated with mortality. Our study contributes to the grow-
ing body of evidence emphasizing the importance of
nutritional assessment, especially the mNUTRIC score,
in ICU patients. Given the important implications of
these findings, it would be worthwhile to include nutri-
tional assessments in routine clinical evaluations of ICU
patients.
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