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Abstract: The NUTRIC (Nutrition Risk in the Critically Ill) and modified NUTRIC scores are nutrition
risk assessment tools specifically for intensive care unit (ICU) patients. A modified NUTRIC score is
composed of all variables except for IL-6 level in the NUTRIC score. Their use in qualifying critically
ill patients at nutritional risk has been extensively evaluated, although not in studies of patients with
sepsis, when interleukin 6 levels, which are not included in the modified NUTRIC score, may be
elevated. The present study was a retrospective comparison of the accuracy of the NUTRIC and
modified NUTRIC scores in predicting 28-day mortality of 482 adult patients with sepsis who were
admitted to the medical ICU of a tertiary referral hospital in South Korea between January 2011 and
June 2017 and who had ICU stays longer than 24 h. The NUTRIC and modified NUTRIC scores
were calculated using data from the patients’ electronic medical records relating to the first 24 h of
admission to the ICU. The area under the curve of the NUTRIC Score for predicting 28-day mortality
was 0.762 (95% confidence interval (CI): 0.718–0.806) and of the modified NUTRIC Score 0.757 (95%
CI: 0.713–0.801). There was no significant difference between the two scores (p = 0.45). The modified
NUTRIC score was a good nutritional risk assessment tool for critically ill septic patients.
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1. Introduction

Malnourished patients often have negative clinical outcomes including increased morbidity and
mortality [1–5]. It is important to assess nutritional status and provide adequate nutritional support
for critically ill patients [6]. Sepsis and septic shock are major causes of mortality among critically ill
patients in the intensive care unit (ICU) [7]. Gastrointestinal dysfunction, enhanced energy expenditure,
and hypermetabolism result in greater risk of malnutrition in critically ill septic patients [8]. However,
there are few nutritional risk assessment protocols for ICU patients with sepsis.

Despite many studies in recent decades on the importance of adequate nutritional support for
critically ill patients, the prevalence of hospital malnutrition has hardly changed during the same
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period. Adequate or aggressive nutritional support reduces hospital malnutrition and improves patient
outcomes [9,10]. Although many nutritional risk tools, such as the Nutritional Risk Screening 2002
(NRS 2002), Subjective Global Assessment (SGA), and Short Nutritional Assessment Questionnaire
(SNAQ), have been developed for outpatients and inpatients, they are unsuitable for patients in
the ICU [11–13]. Recently, Helyland et al. have developed the Nutrition Risk in the Critically Ill
(NUTRIC) Score; this is the first nutritional risk assessment tool for ICU patients and consists of
age, Acute Physiology and Chronic Health Evaluation (APACHE) II score, Sequential Organ Failure
Assessment (SOFA) score, number of comorbidities, days from hospital admission to ICU admission,
and serum interleukin 6 (IL-6) level [14]. The NUTRIC Score helps identify critically ill patients who
may receive greater benefit from aggressive nutritional therapy. In addition, Özbilgin et al. reported
that the NUTRIC Score is an important indicator of morbidity and mortality in postoperative surgical
patients [15]. Although the NUTRIC Score is based on variables including acute inflammation and
severity of underlying illness, measurement of IL-6 levels is not performed routinely in the critical
care setting. Rahman et al. have demonstrated the validity of a modified NUTRIC Score including all
variables except for IL-6 level. There is a strong positive association between nutritional adequacy and
28-day mortality in patients with a high NUTRIC score, but this association diminishes with decreasing
NUTRIC score [16]. Several studies have confirmed that the modified NUTRIC Score is associated
with clinical outcomes [17,18]. Mukhopadhyay et al. showed that increased nutritional adequacy may
reduce the 28-day mortality in patients with a high modified NUTRIC score [18]. However, it has not
yet been validated in patients with sepsis, which is closely associated with IL-6 levels.

The present study was conducted to compare the accuracy of the NUTRIC Score and the modified
NUTRIC Score in predicting 28-day mortality in patients with sepsis.

2. Materials and Methods

2.1. Study Participants

This study retrospectively analyzed the data of ASAN Sepsis Cohort in the medical ICU of Asan
Medical Center, a tertiary referral hospital in Seoul, South Korea between January 2011 and June 2017.
During this period, 518 patients who were at least 18 years old were admitted to the ICU with sepsis
and had ICU stays of more than 24 h. We excluded patients who were discharged or died within
24 h, those for whom 28-day mortality could not be evaluated, and those from whom IL-6 levels from
blood samples were not available; the remaining 482 patients were included in the analysis. The study
was conducted in accordance with the Declaration of Helsinki and the protocol was approved by the
Institutional Review Board of Asan Medical Center (IRB 2017-0833). The requirement for informed
consent was waived owing to the retrospective nature of the analysis.

2.2. Data Collection

We reviewed patient data from the electronic medical records of Asan Medical Center and
collected information on demographics, height, body mass, comorbidities, diagnosis, length of stay
(LOS) in the ICU, mechanical ventilation (MV), vasopressor use, and renal replacement therapy (RRT).
The NUTRIC score (0–10) and modified NUTRIC score (0–9) were calculated using data from the
first 24 h after ICU admission. NUTRIC and modified NUTRIC scores ≥6 and ≥5, respectively, were
considered high [14,16].

2.3. Statistical Analysis

We compared high and low nutritional risk using the NUTRIC and modified NUTRIC scores.
Categorical variables were compared using the chi-square test and continuous variables using Student’s
t-test or the Wilcoxon–Mann–Whitney test. The model’s discrimination for predicting 28-day mortality
was assessed by the area under the receiver operating characteristic (ROC) curve for both the NUTRIC
Score and modified NUTRIC Score. The ROC curves of the two scores were compared using MedCalc
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software (version 1.76; MedCalc Software, Ostend, Belgium). All other statistical analysis was
conducted using SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA). All significance tests
were two-sided; a p-value < 0.05 was considered significant.

3. Results

3.1. Participants

Characteristics of the 482 participants are shown in Table 1 according to NUTRIC Score and
modified NUTRIC Score risk groups. The median age of all participants was 66 years (interquartile
range (IQR): 56–74 years), the median BMI was 23 (IQR: 20–25) kg/m2, and 32% of patients were
female. The median APACHE II score was 21 (IQR: 16–28), the median SOFA score was 10 (IQR:
7–14), and the median number of co-morbidities was 2 (IQR: 1–3). There were 223 patients (46.3%)
with neoplasms, and the median LOS in the ICU was 7 (4–14) days. MV was used in 312 (64.7%)
patients, 417 patients (86.5%) received vasopressors, and 152 patients (31.5%) underwent RRT. A total
255 patients (52.9%) had high NUTRIC scores and 316 patients (65.6%) high modified NUTRIC scores.

Table 1. Patient characteristics according to NUTRIC score and modified NUTRIC score.

Variable
NUTRIC Score (n = 482) Modified NUTRIC Score (n = 482)

Low Score
(n = 227)

High Score
(n = 255) p-Value Low Score

(n = 166)
High Score

(n = 316) p-Value

Age, years 63 (52–72) 68 (57–75) <0.001 62 (48–71) 68 (57–75) <0.001
Height, cm 163 (158–170) 163 (155–170) 0.175 163 (158–170) 163 (155–170) 0.456
Weight, kg 59 (52–66) 58 (51–67) 0.945 59 (52–67) 59 (52–66) 0.842

BMI, kg/m2 23 (20–25) 23 (20–25) 0.456 23 (20–25) 22 (20–25) 0.827
Female, n (%) 68 (30) 86 (33.7) 0.376 52 (31.3) 102 (32.3) 0.831

APACHE II score 16 (13–20) 27 (22–32) <0.001 15 (12–18) 25 (21–31) <0.001
SOFA score 7 (5–10) 13 (11–16) <0.001 6 (5–9) 12 (10–15) <0.001

Days from hospital to ICU 0 (0–0) 0 (0–9) <0.001 0 (0–0) 0 (0–8) <0.001
Co-morbidities 1 (1–2) 2 (1–3) <0.001 1 (1–2) 2 (1–3) <0.001

IL-6, pg/mL 71 (21–169) 366 (54–1910) <0.001
LOS in ICU, days 5 (3–9) 9 (4–17) <0.001 5 (3–9) 8 (4–17) <0.001

MV 102 (44.9) 210 (82.4) <0.001 65 (20.8) 247 (78.2) <0.001
Vasopressor use 172(75.8) 245 (96.1) <0.001 123 (74.1) 294 (93.0) <0.001

RRT 26 (11.5) 126 (49.4) <0.001 17 (10.2) 135 (42.7) <0.001
Diagnosis 0.693 0.465

Respiratory disease 103 (45.4) 118 (46.3) 69 (41.6) 152 (48.1)
Liver/GI disease 60 (26.4) 63 (24.7) 48 (28.9) 75 (23.7)

Cardiovascular disease 4 (1.8) 6 (2.4) 2 (1.2) 8 (2.5)
Renal disease 22 (9.7) 18 (7.1) 17 (10.2) 23 (7.3)

Febrile neutropenia 14 (6.2) 14 (5.5) 9 (5.4) 19 (6)
SSTI 10 (4.4) 10 (3.9) 9 (5.4) 11 (3.5)

Other 14 (6.2) 26 (10.2) 12 (7.2) 28 (8.9)

BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ
Failure Assessment; TIA, transient ischemic attack; CRP, C-reactive protein; LOS, length of stay; ICU, intensive care
unit; MV, mechanical ventilation; RRT, renal replacement therapy; GI, gastrointestinal; SSTI, skin and soft tissue
infection. Data are presented as number (%) or median (IQR).

3.2. Discrepancy between Scores

Among the study group, 61 patients (26.9%) had a low NUTRIC score but a high modified
NUTRIC score. Of these 61 patients, the median APACHE II score was 20 (IQR: 17–23), the mean SOFA
score was 9 (IQR: 7–11), and 12 patients died within 28 days of admission to the ICU.

3.3. 28-Day Mortality According to Score

Our analysis showed that 28-day mortality increased with both higher NUTRIC score and higher
modified NUTRIC score (Figure 1): 28-day mortality for the maximum NUTRIC score was 66.7% and
for the maximum modified NUTRIC score was 62.5% (Figure 1).
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Figure 1. (A) The 28-day mortality according to NUTRIC score; (B) The 28-day mortality. According
to modified NUTRIC score. Multivariable logistic regression analyses showed that RRT (adjusted
OR: 1.91; 95% CI: 1.19–3.07; p = 0.007), MV use (adjusted OR: 2.96; 95% CI: 1.64–5.34; p < 0.001), and
modified NUTRIC score (adjusted OR: 1.68; 95% CI: 1.42–1.98; p < 0.001) were significantly associated
with higher 28-day mortality (Table S1).

3.4. Area under the Curve of Scores for Predicting 28-Day Mortality

The area under the curves (AUCs) of the NUTRIC Score and modified NUTRIC Score for
predicting 28-day mortality were 0.762 (95% confidence interval (CI): 0.718–0.806) and 0.757 (95% CI:
0.713–0.801), respectively (Figure 2). There was no significant difference in ROC curves between the
two scores (p = 0.45). In the ROC curve of modified NUTRIC score, the best cutoff was at 6 (sensitivity
75% and specificity 65%), and the Youden index was 0.401 (Table 2).
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Figure 2. Performance of NUTRIC score and modified NUTRIC score in predicting 28-day mortality.
NUTRIC score: AUC = 0.762 (95% CI, 0.718–0.806); modified NUTRIC score: AUC = 0.757 (95% CI,
0.713–0.801).

Table 2. Change in sensitivity and specificity according to cutoff.

NUTRIC Score mNUTRIC Score
(Cutoff = 5) p-Value mNUTRIC Score

(Cutoff = 6) p-Value

Sensitivity 0.797 0.873 <0.001 0.753 0.016
Specificity 0.602 0.451 <0.001 0.648 <0.001

Youden index 0.399 0.324 0.401

mNUTRIC score, modified NUTRIC score.

The AUCs of APACHE II score and SOFA score were 0.826 (95% CI: 0.787–0.866) and 0.761 (95%
CI: 0.713–0.809), respectively (Figure 3).

Nutrients 2018, 10, x FOR PEER REVIEW    5 of 9 

 

two  scores  (p  =  0.45).  In  the  ROC  curve  of modified  NUTRIC  score,  the  best  cutoff  was  at  6 

(sensitivity 75% and specificity 65%), and the Youden index was 0.401 (Table 2). 

 

Figure 2. Performance of NUTRIC score and modified NUTRIC score in predicting 28‐day mortality. 

NUTRIC score: AUC = 0.762 (95% CI, 0.718–0.806); modified NUTRIC score: AUC = 0.757 (95% CI, 

0.713–0.801). 

Table 2. Change in sensitivity and specificity according to cutoff. 

  NUTRIC Score 
mNUTRIC Score   

(Cutoff = 5) 
p‐Value 

mNUTRIC Score   

(Cutoff = 6) 
p‐Value 

Sensitivity  0.797  0.873  <0.001  0.753  0.016 

Specificity  0.602  0.451  <0.001  0.648  <0.001 

Youden index  0.399  0.324    0.401   

mNUTRIC score, modified NUTRIC score. 

The AUCs of APACHE II score and SOFA score were 0.826 (95% CI: 0.787–0.866) and 0.761 (95% 

CI: 0.713–0.809), respectively (Figure 3). 
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4. Discussion

In this study, we found that the modified NUTRIC score was a good prognostic substitute for
the NUTRIC score in patients with sepsis. The baseline components of the two scores are similar,
except for IL-6 level. We found no significant difference between the two tools in the ability to predict
28-day mortality. Therefore, IL-6 level may not be a critical item in a nutritional risk scoring system
of septic patients. A cutoff score of 6 for the modified NUTRIC score (versus a cutoff of 5) was better
in predicting 28-day mortality. We classified 61 patients (26.9%) with a low NUTRIC score as having
a high modified NUTRIC score; all these patients had IL-6 levels of zero, giving a score of 5 on both
the NUTRIC and modified NUTRIC Scores. We postulate, therefore, that using IL-6 level as part of a
nutritional assessment of septic patients may also be superfluous. Using the modified NUTRIC score
enables nutritional risk to be assessed more easily, as IL-6 levels—which are not routinely measured by
many institutions—are not required.

The Surviving Sepsis Campaign recommended early enteral nutrition as the preferred feeding
regimen in patients with sepsis or septic shock who could be fed enterally [19]. In the NUTRIREA-2
study, early isocaloric enteral nutrition did not reduce mortality or the risk of ICU-acquired infections,
but was associated with a greater risk of gastrointestinal complications compared with early isocaloric
parenteral nutrition in critically ill patients in shock [20]. In the early phase of sepsis or septic shock,
enteral feeding may not be feasible because of hemodynamic instability, feeding intolerance or digestive
complications. In such cases, clinicians should decide whether to start parenteral nutrition early to
meet nutritional goals. It is important to be able to identify ICU patients with sepsis who would benefit
from adequate nutritional support, and the NUTRIC score is an important nutritional scoring system
that can assess the risk of malnutrition and is, additionally, a useful prognostic marker. Özbilgin et al.
reported that the modified NUTRIC score was a good predictor of morbidity and mortality in the
postoperative acute care unit [15]. However, our study showed that modified NUTRIC score was as
good a predictor as the NUTRIC score, of the 28-day mortality in the septic patients.

In addition, the NUTRIC score is an important nutritional risk assessment tool to guide the
nutrition intervention in critically ill patients. Several studies have shown that the beneficial effects of
adequate nutritional support are more evident in high-risk patients [21,22]. Heyland et al. showed
that the 28-day mortality increases with the NUTRIC score, and demonstrated that patients with
high NUTRIC score benefit from adequate provision of nutrition requirements, but patients with low
NUTRIC score did not [14]. However, post-hoc analysis of the PermiT Trial showed that permissive
underfeeding was associated with similar outcomes as standard feeding in patients with high and low
score using a modified NUTRIC score [23]. These results may be due to unrestricted protein supply.
Nonetheless, many studies using modified NUTRIC score showed that adequate nutrition, especially
at high nutritional risk, improves the mortality [16,18,24]. The modified NUTRIC score may be helpful
in guiding clinicians in providing adequate nutritional support for septic patients. Adequate nutrition
reduces hospital malnutrition and improves outcomes such as morbidity and mortality.

The NUTRIC score is scored from 0 to 10 and the modified NUTRIC score from 0 to 9. When
NUTRIC and modified NUTRIC scores were compared, 28-day mortality increased similarly as scores
on both assessments increased. The 28-day mortality rate of patients with the maximum NUTRIC
score was 66.7% and with the maximum modified NUTRIC score 62.5%. No patients with a score of 0
or 1 on either scale died. Our results are similar to those of other validation studies [14,16]. The AUC
of the original development sample for predicting 28-day mortality was 0.783, which was similar to
that of our study [14]. Upon comparing APACHE II score, SOFA score, and mNUTRIC score, APACHE
II score was found to be a better predictor of 28-day mortality. The mNUTRIC score did not have an
advantage over APACHE II score in the prediction of prognosis. However, the mNUTRIC score may
be not only a predictor of prognosis but also a nutritional risk assessment tool. Unlike NUTRIC score,
the mNUTRIC score can be used easily with the exception of IL-6. We found that the best cutoff of the
ROC curve for modified NUTRIC score was at 6 (sensitivity 75% and specificity 64%) and the Youden
index was 0.391. However, in another study, the best cutoff was at 5 (sensitivity 72% and specificity
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63%, respectively) and the Youden index was 0.34 [18]. The simple method of subtracting 1 from the
NUTRIC score to find the modified NUTRIC score may be inaccurate because the IL-6 level is excluded
from the modified NUTRIC Score. Further investigation is needed to find the best cutoff score for the
high-risk group in the modified NUTRIC Score.

This study has several strengths. To our knowledge, our study is the first to compare the NUTRIC
score with the modified NUTRIC score in patients with sepsis. Second, our study is the first to suggest
the best cutoff for the ROC curve of the modified NUTRIC score; contrary to previous studies, we
found this was 6 in the present study.

Nevertheless, our study has several limitations. First, our study had a retrospective design and
was conducted at a single center; multicenter prospective studies are needed to confirm for our findings.
Second, our study was conducted among an exclusively Asian population; therefore, the results of our
study may not be applicable to patients of other ethnic origins. Third, this study was conducted in a
medical ICU and did not include surgical ICU patients or those from burns units; therefore, our results
may not apply to all septic patients.

5. Conclusions

In this study, we found no significant difference between the NUTRIC and modified NUTRIC
scores in the ability to predict 28-day mortality. The modified NUTRIC score was a good nutritional
risk assessment tool for critically ill septic patients. The modified NUTRIC score is a good substitute
for the NUTRIC score in patients with sepsis. Further investigation is needed to evaluate the cutoff for
the modified NUTRIC score in predicting 28-day mortality.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/7/911/s1,
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Author Contributions: J.W.H. and D.H.J. conceived and designed the study; D.H.J. performed the analysis; J.S.,
Y.K. (Younkyoung Kim) and J.-Y.M. performed the data collection; S.-B.H., C.-M.L. and Y.K. (Younsuck Koh)
provided expert advice on the critical care. All authors contributed to the revision of the manuscript and approved
the final version.

Funding: This research received no external funding.

Acknowledgments: We thank Jung Bok Lee for statistical support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Villet, S.; Chiolero, R.L.; Bollmann, M.D.; Revelly, J.P.; Cayeux, R.N.M.; Delarue, J.; Berger, M.M. Negative
impact of hypocaloric feeding and energy balance on clinical outcome in ICU patients. Clin. Nutr. 2005, 24,
502–509. [CrossRef] [PubMed]

2. Doig, G.S.; Simpson, F.; Finfer, S.; Delaney, A.; Davies, A.R.; Mitchell, I.; Dobb, G. Effect of evidence-based
feeding guidelines on mortality of critically ill adults: A cluster randomized controlled trial. JAMA 2008,
300, 2731–2741. [CrossRef] [PubMed]

3. Schneider, S.M.; Veyres, P.; Pivot, X.; Soummer, A.M.; Jambou, P.; Filippi, J.; van Obberghen, E.; Hebuterne, X.
Malnutrition is an independent factor associated with nosocomial infections. Br. J. Nutr. 2004, 92, 105–111.
[CrossRef] [PubMed]

4. Kyle, U.G.; Pirlich, M.; Schuetz, T.; Lochs, H.; Pichard, C. Is nutritional depletion by nutritional risk index
associated with increased length of hospital stay? A population-based study. J. Parent. Enter. Nutr. 2004, 28,
99–104. [CrossRef] [PubMed]

5. Giner, M.; Laviano, A.; Meguid, M.M.; Gleason, J.R. In 1995 a correlation between malnutrition and poor
outcome in critically ill patients still exists. Nutrition 1996, 12, 23–29. [CrossRef]

http://www.mdpi.com/2072-6643/10/7/911/s1
http://dx.doi.org/10.1016/j.clnu.2005.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15899538
http://dx.doi.org/10.1001/jama.2008.826
http://www.ncbi.nlm.nih.gov/pubmed/19088351
http://dx.doi.org/10.1079/BJN20041152
http://www.ncbi.nlm.nih.gov/pubmed/15230993
http://dx.doi.org/10.1177/014860710402800299
http://www.ncbi.nlm.nih.gov/pubmed/15080604
http://dx.doi.org/10.1016/0899-9007(95)00015-1


Nutrients 2018, 10, 911 8 of 9

6. McClave, S.A.; Taylor, B.E.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.;
Davanos, E.; Rice, T.W.; Cresci, G.A.; et al. Guidelines for the provision and assessment of nutrition support
therapy in the adult critically ill patient: Society of critical care medicine (sccm) and American society for
parenteral and enteral nutrition (a.S.P.E.N.). J. Parent. Enter. Nutr. 2016, 40, 159–211. [CrossRef] [PubMed]

7. Fleischmann, C.; Scherag, A.; Adhikari, N.K.; Hartog, C.S.; Tsaganos, T.; Schlattmann, P.; Angus, D.C.;
Reinhart, K. Assessment of global incidence and mortality of hospital-treated sepsis. Current estimates and
limitations. Am. J. Respir. Crit. Care Med. 2016, 193, 259–272. [CrossRef] [PubMed]

8. Liu, M.J.; Bao, S.; Napolitano, J.R.; Burris, D.L.; Yu, L.; Tridandapani, S.; Knoell, D.L. Zinc regulates the
acute phase response and serum amyloid a production in response to sepsis through JAK-STA3 signaling.
PLoS ONE 2014, 9, e94934. [CrossRef]

9. Norman, K.; Pichard, C.; Lochs, H.; Pirlich, M. Prognostic impact of disease-related malnutrition. Clin. Nutr.
2008, 27, 5–15. [CrossRef] [PubMed]

10. Tappenden, K.A.; Quatrara, B.; Parkhurst, M.L.; Malone, A.M.; Fanjiang, G.; Ziegler, T.R. Critical role
of nutrition in improving quality of care: An interdisciplinary call to action to address adult hospital
malnutrition. J. Parent. Enter. Nutr. 2013, 37, 482–497. [CrossRef] [PubMed]

11. Detsky, A.S.; McLaughlin, J.R.; Baker, J.P.; Johnston, N.; Whittaker, S.; Mendelson, R.A.; Jeejeebhoy, K.N.
What is subjective global assessment of nutritional status? 1987. Classical article. Nutr. Hosp. 2008, 23,
400–407. [PubMed]

12. Kondrup, J.; Rasmussen, H.H.; Hamberg, O.; Stanga, Z. Nutritional risk screening (NRS 2002): A new
method based on an analysis of controlled clinical trials. Clin. Nutr. 2003, 22, 321–336. [CrossRef]

13. Kruizenga, H.M.; Seidell, J.C.; de Vet, H.C.; Wierdsma, N.J. Development and validation of a hospital
screening tool for malnutrition: The short nutritional assessment questionnaire (SANQ). Clin. Nutr. 2005, 24,
75–82. [CrossRef] [PubMed]

14. Heyland, D.K.; Dhaliwal, R.; Jiang, X.; Day, A.G. Identifying critically ill patients who benefit the most from
nutrition therapy: The development and initial validation of a novel risk assessment tool. Crit. Care 2011, 15,
R268. [CrossRef] [PubMed]

15. Ozbilgin, S.; Hanci, V.; Omur, D.; Ozbilgin, M.; Tosun, M.; Yurtlu, S.; Kucukguclu, S.; Arkan, A. Morbidity
and mortality predictivity of nutritional assessment tools in the postoperative care unit. Medicine 2016, 95,
e5038. [CrossRef] [PubMed]

16. Rahman, A.; Hasan, R.M.; Agarwala, R.; Martin, C.; Day, A.G.; Heyland, D.K. Identifying critically-ill patients
who will benefit most from nutritional therapy: Further validation of the “modified nutric” nutritional risk
assessment tool. Clin. Nutr. 2016, 35, 158–162. [CrossRef] [PubMed]

17. Mendes, R.; Policarpo, S.; Fortuna, P.; Alves, M.; Virella, D.; Heyland, D.K. Nutritional risk assessment and
cultural validation of the modified nutric score in critically ill patients-a multicenter prospective cohort
study. J. Crit. Care 2017, 37, 45–49. [CrossRef] [PubMed]

18. Mukhopadhyay, A.; Henry, J.; Ong, V.; Leong, C.S.; Teh, A.L.; van Dam, R.M.; Kowitlawakul, Y. Association
of modified nutric score with 28-day mortality in critically ill patients. Clin. Nutr. 2016. [CrossRef] [PubMed]

19. Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, J.E.;
Sprung, C.L.; Nunnally, M.E.; et al. Surviving sepsis campaign: International guidelines for management of
sepsis and septic shock: 2016. Intensive Care Med. 2017, 43, 304–377. [CrossRef] [PubMed]

20. Reignier, J.; Boisrame-Helms, J.; Brisard, L.; Lascarrou, J.B.; Ait Hssain, A.; Anguel, N.; Argaud, L.;
Asehnoune, K.; Asfar, P.; Bellec, F.; et al. Enteral versus parenteral early nutrition in ventilated adults
with shock: A randomised, controlled, multicentre, open-label, parallel-group study (nutrirea-2). Lancet
2018, 391, 133–143. [CrossRef]

21. Alberda, C.; Gramlich, L.; Jones, N.; Jeejeebhoy, K.; Day, A.G.; Dhaliwal, R.; Heyland, D.K. The relationship
between nutritional intake and clinical outcomes in critically ill patients: Results of an international
multicenter observational study. Intensive Care Med. 2009, 35, 1728–1737. [CrossRef] [PubMed]

22. Artinian, V.; Krayem, H.; DiGiovine, B. Effects of early enteral feeding on the outcome of critically ill
mechanically ventilated medical patients. Chest 2006, 129, 960–967. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/0148607115621863
http://www.ncbi.nlm.nih.gov/pubmed/26773077
http://dx.doi.org/10.1164/rccm.201504-0781OC
http://www.ncbi.nlm.nih.gov/pubmed/26414292
http://dx.doi.org/10.1371/journal.pone.0094934
http://dx.doi.org/10.1016/j.clnu.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18061312
http://dx.doi.org/10.1177/0148607113484066
http://www.ncbi.nlm.nih.gov/pubmed/23736864
http://www.ncbi.nlm.nih.gov/pubmed/18702178
http://dx.doi.org/10.1016/S0261-5614(02)00214-5
http://dx.doi.org/10.1016/j.clnu.2004.07.015
http://www.ncbi.nlm.nih.gov/pubmed/15681104
http://dx.doi.org/10.1186/cc10546
http://www.ncbi.nlm.nih.gov/pubmed/22085763
http://dx.doi.org/10.1097/MD.0000000000005038
http://www.ncbi.nlm.nih.gov/pubmed/27893697
http://dx.doi.org/10.1016/j.clnu.2015.01.015
http://www.ncbi.nlm.nih.gov/pubmed/25698099
http://dx.doi.org/10.1016/j.jcrc.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/27621112
http://dx.doi.org/10.1016/j.clnu.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/27582120
http://dx.doi.org/10.1007/s00134-017-4683-6
http://www.ncbi.nlm.nih.gov/pubmed/28101605
http://dx.doi.org/10.1016/S0140-6736(17)32146-3
http://dx.doi.org/10.1007/s00134-009-1567-4
http://www.ncbi.nlm.nih.gov/pubmed/19572118
http://dx.doi.org/10.1378/chest.129.4.960
http://www.ncbi.nlm.nih.gov/pubmed/16608945


Nutrients 2018, 10, 911 9 of 9

23. Arabi, Y.M.; Aldawood, A.S.; Al-Dorzi, H.M.; Tamim, H.M.; Haddad, S.H.; Jones, G.; McIntyre, L.;
Solaiman, O.; Sakkijha, M.H.; Sadat, M.; et al. Permissive underfeeding or standard enteral feeding in
high- and low-nutritional-risk critically ill adults. Post hoc analysis of the permit trial. Am. J. Respir. Crit.
Care Med. 2017, 195, 652–662. [CrossRef] [PubMed]

24. Compher, C.; Chittams, J.; Sammarco, T.; Nicolo, M.; Heyland, D.K. Greater protein and energy intake may
be associated with improved mortality in higher risk critically ill patients: A multicenter, multinational
observational study. Crit. Care Med. 2017, 45, 156–163. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1164/rccm.201605-1012OC
http://www.ncbi.nlm.nih.gov/pubmed/27589411
http://dx.doi.org/10.1097/CCM.0000000000002083
http://www.ncbi.nlm.nih.gov/pubmed/28098623
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Participants 
	Data Collection 
	Statistical Analysis 

	Results 
	Participants 
	Discrepancy between Scores 
	28-Day Mortality According to Score 
	Area under the Curve of Scores for Predicting 28-Day Mortality 

	Discussion 
	Conclusions 
	References

