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Abstract

Background & Aim: Appropriate nutrition intake is important for the outcome of critically 

ill patients. The NUTRIC (NUTrition RIsk in Critically ill) score and modified NUTRIC 

score are intensive care unit (ICU)-specific nutrition risk assessment tools that have been 

validated in many studies. The present study compared the accuracy of the NUTRIC score 

with the modified NUTRIC score for predicting 28-day mortality and investigated the 

relation between nutritional support and 28-day mortality using the modified NUTRIC score 

in patients with sepsis. 

Methods: This was a retrospective cohort study in the medical ICU of a tertiary referral 

hospital. We included patients with sepsis admitted to Asan Medical Center between January 

2011 and June 2017 who were at least 18 years old and stayed for more than 24 hours in the 

ICU. The NUTRIC or modified NUTRIC score was calculated using data within 24 hours of 

admission to the ICU. Nutritional support was categorized into <20, 20 to <25, and ≥25 

kcal/kg energy intake and <0.8, 0.8 to <1.2, and ≥1.2 g/kg protein intake at day 7 after ICU 

admission. Multivariable logistic regression analysis was used for 28-day mortality as 

outcome.

Results: A total of 482 patients were analyzed. The area under the curve (AUC) of the 

NUTRIC score and modified NUTRIC score for predicting 28-day mortality was 0.762 (95% 

confidence interval [CI] 0.718–0.806) and 0.757 (95% CI 0.713–0.801), respectively. There 

was no significant difference between the two scores (P=0.45). In the group with high (≥5) 

modified NUTRIC scores, higher energy intake was significantly associated with lower 

mortality (20 to <25 kcal/kg: adjusted odds ratio [aOR] 0.373, 95% CI 0.169–0.740; ≥25 

kcal/kg: aOR 0.367, 95% CI 0.182–0.740). Higher protein intake was significantly 

associated with lower mortality (0.8 to <1.2 g/kg: aOR 0.364, 95% CI 0.191–0.693; ≥1.2 

g/kg: aOR 0.362, 95% CI 0.150–0.871). In patients with a low modified NUTRIC score (<5), 

higher energy intake (20 to <25 kcal/kg: aOR 0.185, 95% CI 0.046–0.744; ≥25 kcal/kg: aOR 

0.111, 95% CI 0.032–0.384) and higher protein intake (0.8 to <1.2 g/kg: aOR 0.128, 95% CI 

0.040–0.407; ≥1.2 g/kg: aOR 0.109, 95% CI 0.021–0.582) were significantly associated with 
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lower mortality.

Conclusions: The modified NUTRIC score was a good nutritional risk assessment tool for 

critically ill septic patients. High (≥5) modified NUTRIC scores were associated with high 

mortality. Adequate nutrition intake in the first week after ICU admission may improve 28-

day mortality in patients with both high and low modified NUTRIC scores.

Keywords: nutrition, modified NUTRIC score, septic patients, mortality, intensive care unit
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Introduction

Malnutrition is very common among critically ill patients, with a prevalence of 20–50% 

1-4). Malnourished patients have increased morbidity and mortality 5-9). Sepsis and septic 

shock are the leading causes of mortality in the intensive care unit (ICU). Hypermetabolism 

from excessive acute phase response and gastrointestinal dysfunction result in greater risk of 

malnutrition in patients with sepsis 10). 

There have been many studies in recent decades on the importance of adequate nutrition 

support among critically ill patients, but the prevalence of hospital malnutrition has not 

changed much during the same period. It is important to assess nutrition status and provide 

adequate nutritional support in critically ill patients 11). Adequate or aggressive nutritional 

support reduces hospital malnutrition and improves patient outcomes 12, 13). Although many 

nutritional risk systems, 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, these systems are unsuitable for patients in the

intensive care unit (ICU) 14-16). Nutritional risk systems such as the NRS 2002, SGA, and 

SNAQ comprise factors that are difficult to obtain in critically ill patients, such as change of 

body weight, change of food intake in recent months, and gastrointestinal symptoms 17). In 

addition, most ICU patients are classified as high-risk patients. Recently, Helyland et al. 

developed the Nutrition Risk in the Critically ill (NUTRIC) score as the first nutritional risk 

assessment tool for ICU patients, which 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 18). The NUTRIC score helps in identifying critically ill patients 

who may receive greater benefit from aggressive nutritional therapy. Although the NUTRIC 

score is based on variables including acute and chronic starvation, acute and chronic 

inflammation, and severity of underlying illness, measurement of IL-6 levels is not 

performed routinely in the critical care setting. Rahman et al. demonstrated the validity of 

the modified NUTRIC score, except for IL-6 19). Several studies have confirmed that the 

modified NUTRIC score is associated with clinical outcomes 20, 21). However, the modified 
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NUTRIC score has not yet been validated in patients with sepsis.

There are insufficient studies on nutrition support for patients with sepsis. Most 

guidelines of nutritional support for septic patients are based on the results of studies among 

critically ill patients that include heterogenous groups 11, 22). The effect of underfeeding in 

critically ill patients is controversial. Two randomized controlled trials (RCTs) comparing 

underfeeding with standard feeding in critically ill patients showed no difference in clinical 

outcomes 23, 24). Arabi et al. showed that 90-day mortality in a subgroup of 292 patients with 

sepsis was not different between a hypocaloric feeding group and standard feeding group 24). 

Another study showed that near-target caloric intake is associated with adverse outcomes 

such as increased hospital mortality and infectious complications 25). Conversely, hypocaloric 

nutrition in critically ill patients is associated with more nosocomial infection 26). Recently, 

many studies have shown the importance of the protein supply in nutrition support 27). In the 

International Protein Summit, it was suggested that high doses of protein may be required in 

ICU settings, to optimize nutrition support and improve mortality rates 28). Some guidelines 

recommend a protein intake of 1.2–2 g/kg/day for patients with sepsis 11). An optimal protein 

supply may improve mortality among critically ill patients 29, 30). A prospective observational 

study found that reaching both protein and energy targets is associated with decreased 28-

day mortality, but only reaching the energy target is not associated with reduced mortality 29). 

In an international, multicenter observational study, greater protein and energy intake was 

found to be associated with lower mortality and faster time to discharge alive in high-risk 

patients, using the modified NUTRIC score 31).

The present study was conducted to compare the accuracy of the NUTRIC score with 

the modified NUTRIC score for predicting 28-day mortality, and to investigate the relation 

between nutrition support and 28-day mortality using the modified NUTRIC score in 

patients with sepsis.
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Materials and Methods

Study participants 

This was a retrospective cohort study conducted in the medical ICU of Asan Medical 

Center, a tertiary referral hospital in Seoul, South Korea. From January 2011 to June 2017, a 

cohort of 518 patients with sepsis who were at least 18 years old and remained more than 24 

hours in the ICU were included in the study. Patients who were discharged or died within 24 

hours and those who were not evaluable for 28-day mortality were excluded. IL-6 was 

measured in blood samples from 482 patients included in the study. The study protocol was 

approved by the Institutional Review Board of Asan Medical Center. The requirement for 

informed consent was waived owing to the retrospective nature of the analysis.

Data collection

We reviewed patient data from electronic medical records of Asan Medical Center. We 

collected information of demographics, height, weight, comorbidities, diagnosis, length of 

stay (LOS) in the ICU, mechanical ventilation (MV), vasopressor drug use, and renal 

replacement therapy (RRT). Scores were calculated using data from the first 24 hours after 

ICU admission. We calculated the NUTRIC score (0–10) and modified NUTRIC score (0–9) 

using the available data. Scores ≥6 or ≥5 were considered high NUTRIC score and modified 

NUTRIC score, respectively 18, 19).

Energy (25–30 kcal/kg/day) and protein (1.2–1.5 g/kg/day) requirements were calculated 

using a simplistic weight-based equation 11). The achieved daily energy and protein intakes 

were calculated by combining enteral nutrition (EN) and parenteral nutrition (PN) for 1, 3, 

and 7 days. Our nutrition support protocol was as follows: nutrition intake should reach 20–

25 kcal/kg/day for energy and 0.8–1.2 g/kg/day for protein within one week. Nutritional 

adequacy was categorized into <20, 20 to <25, and ≥25 kcal/kg for energy and <0.8, 0.8 to 

<1.2, and ≥1.2 g/kg for protein at day 7 after ICU admission. This categorization was 

selected to ensure that nutritional intake was properly provided according to our nutrition 

protocol and to confirm 28-day mortality according to nutritional adequacy.
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Statistical analysis

We compared high nutritional risk and low nutritional risk using the NUTRIC score and 

modified NUTRIC score, respectively. Categorical variables were compared using the chi-

square test, and continuous variables were compared using the Student’s t-test or Wilcoxon–

Mann–Whitney test. The model 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 curve of the two scores was compared using 

MedCalc (version 1.76; MedCalc Software bvba, Ostend, Belgium). We used logistic 

regression analysis in the univariable and adjusted multivariable analysis to compare variable 

differences in 28-day mortality with variable selection. We selected variables for the 

multivariable analysis if their P-value was 0.2 or lower in the univariable analysis. 

Multivariable logistic regression analysis with dummy variables for nutrition intake was used 

with 28-day mortality as outcome. All tests of significance were two sided; a P-value <0.05 

was considered statistically significant. All statistical analyses were done using SPSS 

software (version 21.0; SPSS Inc., Chicago, IL).
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Results

Characteristics of the 482 included patients are shown in Table 1, according to risk 

group in NUTRIC score and modified NUTRIC score. Overall, the median age of patients 

was 66 (56–74) years, the median BMI was 23 (20–25) kg/m2, and 32% of patients were 

female. The median APACHE II score was 21 (16–28), the median SOFA score was 10 (7–

14), and the median number of co-morbidities was 2 (1–3). There were 223 patients (46.3%) 

with neoplasm, 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 vasopressor drugs, and 152 patients (31.5%) 

received RRT. A total 255 (52.9%) and 316 patients (65.6%) had high NUTRIC score and 

modified NUTRIC score, respectively. Sixty-one patients with low score of NUTRIC score 

were changed to high score of modified NUTRIC score (Fig. 1). In these 61 patients, the 

median APACHE II score was 20 (17–23), the mean SOFA score was 9 (7–11), and 12 

patients died within 28 days. The 28-day mortality increased with increased NUTRIC score 

and modified NUTRIC score (Fig. 2). The 28-day mortality for maximum NUTRIC score 

and modified NUTRIC score was 66.7% and 62.5% (Fig. 2), respectively. The area under the 

curve (AUC) of the NUTRIC score and modified NUTRIC score for predicting 28-day 

mortality was 0.762 (95% confidence interval [CI], 0.718–0.806) and 0.757 (95% CI, 0.713–

0.801), respectively (Fig. 3). There was no significant difference in a comparison of ROC 

curves between the two scores (P=0.45). In the ROC curve of modified NUTRIC score, the 

best cutoff was found at 6 (sensitivity and specificity 75% and 65%, respectively), and the 

Youden index was 0.401 (Table 2). Nutrition profiles of patients, according to the modified 

NUTRIC score, are shown in Table 3. The mean energy target at week 1 was 1522 kcal/day 

and the mean achieved energy intake was 50.5%, 89.6%, and 99.8% of the energy target at 1, 

3, and 7 days, respectively. The mean protein target at week 1 was 71.3 g/day and mean 

achieved protein intake was 31.5%, 70.2%, and 81.6% of the protein target at 1, 3, and 7 

days, respectively. The rate of reaching the protein targets was relatively low compared with 

that of reaching the energy targets. In the low modified NUTRIC score group, enteral 

nutrition was started at day 3, on average, and 56.6% of patients received nutrition support as 

enteral nutrition on day 7. In the high modified NUTRIC score group, enteral nutrition was 
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started at day 4, on average, and 26.3% of patients received enteral nutrition support on day 

7. 

Relation between nutrition intake and 28-day mortality are shown in Table 4. The 28-

day mortality was 32.8% (12.0% vs. 43.7% for low and high scores, respectively). The 28-

day mortality decreased with increasing energy or protein intake. Univariable and 

multivariable logistic regression analysis for 28-day mortality in the total patients is shown 

in Table 5. Higher energy intake was significantly associated with lower mortality (20 to <25 

kcal/kg: adjusted odds ratio (aOR) 0.346, 95% CI 0.172–0.694; ≥25 kcal/kg: aOR 0.303, 

95% CI 0.164–0.557). Higher protein intake was significantly associated with lower 

mortality (0.8 to <1.2 g/kg: aOR 0.317, 95% CI 0.181–0.555; ≥1.2 g/kg: aOR 0.301, 95% CI 

0.139–0.652). Results of univariable and multivariable logistic regression analyses for 28-

day mortality in low modified NUTRIC score group are shown in Table 6. Among patients 

with low scores, higher energy intake was significantly associated with lower mortality (20 

to <25 kcal/kg: aOR 0.185, 95% CI 0.046–0.744; ≥25 kcal/kg: aOR 0.111, 95% CI 0.032–

0.384). Higher protein intake was significantly associated with lower mortality (0.8 to <1.2 

g/kg: aOR 0.128, 95% CI 0.040–0.407; ≥1.2 g/kg: aOR 0.109, 95% CI 0.021–0.582). Results 

of univariable and multivariable logistic regression analyses for 28-day mortality in high 

modified NUTRIC score group are shown in Table 7. With high scores, higher energy intake 

was significantly associated with lower mortality (20 to <25 kcal/kg: aOR 0.373, 95% CI 

0.169–0.826; ≥25 kcal/kg: aOR 0.367, 95% CI 0.182–0.740). Higher protein intake was 

significantly associated with lower mortality (0.8 to <1.2 g/kg: aOR 0.364, 95% CI 0.191–

0.693; ≥1.2 g/kg: aOR 0.362, 95% CI 0.150–0.871).
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Table 1. Patient characteristics according to NUTRIC score and modified NUTRIC 
score

NUTRIC score (n = 482) Modified NUTRIC score (n = 482)

Low score High score Low score High score

Variable (n = 227) (n = 255) P-value (n = 166) (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).
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Fig 1. Changes between NUTRIC score and modified NUTRIC score
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Fig 2A. The 28-day mortality according to NUTRIC score

Fig 2B. The 28-day mortality according to modified NUTRIC score
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Fig 3. Performance of NUTRIC score and modified NUTRIC score in predicting 28-
day mortality
NUTRIC score: AUC=0.763 (95% CI, 0.718–0.806); modified NUTRIC score: 

AUC=0.757 (95% CI, 0.713–0.801).
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Table 2. Change in sensitivity and specificity according to cutoff

mNUTRIC score, modified NUTRIC score.

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
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Table 3. Nutrition data profile of patients according to modified NUTRIC score

Low score
(n = 166)

High score
(n = 316)

P-value

Energy target (kcal/d) 1503 (248) 1533 (242) 0.201

Energy intake (kcal/d) D1: 761 (425) D1: 746 (409) 0.713

D3: 1405 (340) D3: 1292 (384) 0.002

D7: 1528 (299) D7: 1458 (329) 0.024

Energy intake (% goal/d) D1: 51.5 (29.4) D1: 49.9 (29.3) 0.578

D3: 95.5 (25.9) D3: 86.3 (28.9) 0.001

D7: 103.9 (23.9) D7: 97.4 (25) 0.008

Protein target (g/d) 70.8 (11.4) 71.6 (12) 0.498

Protein intake (g/d) D1: 22.8 (21.4) D1: 21.4 (19.3) 0.464

D3: 52.6 (17.9) D3: 46.7 (18) <0.001

D7: 59.8 (13) D7: 55 (14.2) <0.001

Protein intake (% goal/d) D1: 32.7 (31) D1: 30.9 (28.9) 0.528

D3: 75.5 (27.1) D3: 67.2 (28) 0.001

D7: 86.2 (20.8) D7: 78.9 (23.3) 0.001
Nutrition data were unavailable for some patients on D3, D7; the number of patients with available data was as 
follows: D1: 482,  D3: 466, D7: 428.
Data are presented as mean (SD).
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Table 4. Relation between nutrition intake and 28-day mortality

Low score (n = 159) P-value High score (n = 269) P-value

Energy intake (kcal/kg) <20 20 to <25 ≥25 <20 20 to <25 ≥25
No. of patients 19 (11.9) 41 (25.8) 99 (62.3) 57 (21.2) 74 (27.5) 138 (51.3)
Deaths 7 (36.8) 4 (9.8) 6 (6.1) <0.001 30 (52.6) 21 (28.4) 41 (29.7) 0.007

Protein intake (g/kg) <0.8 0.8 to <1.2 ≥1.2 <0.8 0.8 to <1.2 ≥1.2
No. of patients 22 (13.8) 103 (64.8) 34 (21.4) 73 (27.1) 151 (56.1) 45 (16.7)
Deaths 8 (36.4) 7(6.8) 2(5.9) 0.001 37 (50.7) 44 (29.1) 11 (24.4) 0.001

Data are presented as number (%).
P-values were calculated using chi-square test for trend. 
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Table 5. Univariable and multivariable logistic regression analysis for 28-day 
mortality

Univariate analysis Multivariate analysis*

Variables Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age 0.997 (0.983–1.010) 0.628 .. ..

BMI 1.050 (0.999–1.104) 0.056 .. ..

APACHE II score 1.203 (1.160–1.247) <0.001 1.157 (1.111–1.204) <0.001

SOFA score 1.274 (1.206–1.346) <0.001 .. ..

Days from hospital to ICU 1.023 (1.009–1.037) 0.001 1.014 (1.001–1.027) 0.041

Co-morbidities 1.150 (0.954–1.388) 0.143 .. ..

Energy intake (kcal/kg)

<20 Reference Reference

20 to <25 0.293 (0.156–0.551) <0.001 0.346 (0.172–0.694) 0.003

≥25 0.261 (0.150–0.453) <0.001 0.303 (0.164–0.557) <0.001

Protein intake (g/kg)

<0.8 Reference Reference

0.8 to <1.2 0.279 (0.168–0.463) <0.001 0.317 (0.181–0.555) <0.001

≥1.2 0.219 (0.107–0.449) <0.001 0.301 (0.139–0.652) 0.002

BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 
Failure Assessment; OR, odds ratio; CI, confidence interval. 
* Variables in the multivariable analysis were age, BMI, APACHE II score, SOFA score, days from hospital 
admission to the ICU, energy (or protein) intake.
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Table 6. Univariable and multivariable logistic regression analysis for 28-day 
mortality in low modified NUTRIC score group

Univariate analysis Multivariate analysis*

Variables Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age 0.997 (0.966–1.029) 0.852 .. ..

BMI 1.014 (0.893–1.153) 0.828 .. ..

APACHE II score 1.155 (1.044–1.277) 0.005 .. ..

SOFA score 1.155 (1.007–1.326) 0.039 .. ..

Days from hospital to ICU 1.039 (0.984–1.096) 0.170 .. ..

Co-morbidities 0.636 (0.355–1.141) 0.129 .. ..

Energy intake (kcal/kg)

<20 Reference Reference

20 to <25 0.185 (0.046–0.744) 0.017 0.185 (0.046–0.744) 0.017

≥25 0.111 (0.032–0.384) 0.001 0.111 (0.032–0.384) 0.001

Protein intake (g/kg)

<0.8 Reference Reference

0.8 to<1.2 0.128 (0.040–0.407) <0.001 0.128 (0.040–0.407) <0.001

≥1.2 0.109 (0.021–0.582) 0.009 0.109 (0.021–0.582) 0.009

BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 
Failure Assessment; OR, odds ratio; CI, confidence interval. 
*Variables in the multivariable analysis were APACHE II score, SOFA score, days from hospital admission to 
the ICU, co-morbidities, energy (or protein) intake.
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Table 7. Univariable and multivariable logistic regression analysis for 28-day 
mortality in high modified NUTRIC score group

Univariate analysis Multivariate analysis*

Variables Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age 0.980 (0.963–0.997) 0.019 .. ..

BMI 1.061 (1.001–1.125) 0.045 .. ..

APACHE II score 1.218 (1.161–1.278) <0.001 1.170 (1.110–1.235) <0.001

SOFA score 1.248 (1.163–1.339) <0.001 .. ..

Days from hospitalto ICU 1.014 (1.001–1.027) 0.038 1.011 (0.998–1.024) 0.1

Co-morbidities 1.024 (0.822–1.275) 0.833 .. ..

Energy intake (kcal/kg)

<20 Reference Reference

20 to <25 0.357(0.173–0.736) 0.005 0.373 (0.169–0.826) 0.015

≥25 0.380 (0.202–0.718) 0.003 0.367 (0.182–0.740) 0.005

Protein intake (g/kg)

<0.8 Reference Reference

0.8 to <1.2 0.400 (0.225–0.713) 0.002 0.364 (0.191–0.693) 0.002

≥1.2 0.315(0.139–0.715) 0.006 0.362 (0.150–0.871) 0.023

BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 
Failure Assessment; 
*Variables in the multivariable analysis were age, BMI, APACHE II score, SOFA score, days from hospital 
admission to the ICU, energy (or protein) intake.
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Discussion

In this study, we found that the modified NUTRIC score was a good prognostic marker 

that could substitute 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. IL-6 level may not be a critical item in 

a nutritional risk scoring system. A cutoff score of 6 for the modified NUTRIC score (versus 

a cutoff of 5 for the NUTRIC score) was better in predicting 28-day mortality. In addition, 

although the modified NUTRIC score classified patients with sepsis into high-risk and low-

risk groups, greater nutritional intake was associated with lower mortality regardless of risk 

group; these effects were more pronounced in the low-risk group. Rates of reaching energy 

or protein targets were higher in the low-risk group than in the high-risk group. This finding 

suggests that active monitoring of nutrition in high-risk patients is needed and reaching 

protein targets is important in critically ill patients. 

Appropriate nutrition in critically ill patients is important. The prevalence of iatrogenic 

underfeeding is high among patients with critical illness worldwide. A prospective, multi-

institutional study showed that patients received 61% of the prescribed energy and 58% of 

the prescribed protein; in addition, 74% of patients failed to reach at least 80% of the energy 

target 32). That study reported that most critically ill patients, including those with high 

nutritional risk, fail to receive proper nutritional support. Adequate nutrition reduces hospital 

malnutrition and improves outcomes such as morbidity and mortality. Critical illness results 

in maintenance of a catabolic state, which leads to increased infection rates, multiple organ 

failure, and long-term hospital admission 5, 33). The mechanisms by which malnutrition affect 

morbidity and mortality are diverse and include impaired immune function, delayed wound 

healing, delayed recovery from illness, and impaired functional status 34, 35). Increased 

hospitalization period and ICU care are directly linked to increased health care costs. In 

some studies, adequate nutritional support has been shown to reduce length of stay and 

treatment costs 36, 37). 

Some studies that include patients with sepsis have suggested that meeting energy 

targets may be associated with improved clinical outcomes, such as mortality, in critically ill 
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patients 38, 39). In our study, greater energy and protein intakes were associated with lower 

mortality, regardless of risk group. Although guidelines suggest early initiation of EN in the 

first 7 days among critically ill septic patients 22), the fulfillment of EN was relatively low in 

the high-risk group. It is difficult to reach nutrition targets with enteral feeding alone. An 

RCT by Heidegger et al. showed that optimization of energy provision with supplemental 

parenteral nutrition could reduce nosocomial infection among patients with critical illness 40). 

As mentioned above, greater nutrition intake could improve clinical outcomes including 

mortality, nosocomial infection, and quality of life. 

Conversely, near-target caloric intake is associated with increased hospital mortality and 

ICU-acquired infections 25). One RCT reported that permissive underfeeding may be 

associated with lower mortality than target feeding in critically ill patients 41). However, 

several studies have showed that underfeeding may not differ with respect to clinical 

outcomes compared with standard feeding 23, 24, 42). One trial reported that hypocaloric 

feeding in a subgroup of 292 patients with sepsis showed no difference in 90-day mortality 

compared with standard feeding 24). In post hoc analysis of the PermiT Trial, in which 33% 

of patients had sepsis, permissive underfeeding had outcomes that were similar to standard 

feeding in both high- and low-risk patients 43). In contrast, our study showed that 

underfeeding up to day 7 was associated with higher mortality in low- and high-risk patients. 

A multicenter cohort study showed that greater nutritional intake during the first week in the 

ICU was associated with longer survival time and faster physical recovery among critically 

ill patients requiring prolonged MV. That study suggested that current recommendations to 

underfeed critically ill patients may cause harm in some long-stay patients 44). Although the 

effect of underfeeding in critically ill patients remains unclear, underfeeding in these patients 

should be considered carefully.

       Recently, the importance of protein supply as well as energy intake has also emerged. 

Allingstrup et al. showed that increased protein intake was associated with lower mortality 

30); 10-day survival rates were 50%, 78%, and 87% in low (0.79 g/kg), medium (1.06 g/kg), 

and high (1.46 g/kg) protein groups. As in that study, we found a greater decline in mortality 

with increased protein intake than with increased energy intake. Nicolo et al. showed that 

achieving at least 80% of the protein target was associated with lower mortality and shorter 
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time to discharge alive in ICU patients (4-day sample: OR 0.68, 95% CI 0.50–0.91; 12-day 

sample; OR 0.60, 95% CI 0.39–0.93) 45). Weijs et al. reported that early high protein intake 

was associated with lower mortality in non-septic critically ill patients; however, there was 

no beneficial effect on mortality among septic patients 46). In that study, there were only 117 

patients with sepsis and the mortality rate of septic patients was 48.6%. In our study, 

adequate protein intake had a beneficial effect on mortality in septic patients. 

The response of nutritional intervention might be different depending on each patient’s 

condition. Patients with sepsis who are malnourished or at risk of malnutrition might benefit 

most from nutritional support 47). Some studies have showed that the beneficial effects of 

adequate nutrition support are more evident in high-risk patients 48, 49). An international 

multicenter observational study conducted by Alberda et al. showed beneficial effects of 

greater energy and protein intakes according to pre-morbid nutritional status 48). Greater 

energy or protein intake was associated with lower mortality in patients with BMI <25 and 

≥35, with no benefit in patients with BMI 25 to <35. EN mainly reduces LOS in ICU and 

hospital mortality in the sickest patients, as defined by quartiles of severity of illness scores 

49). It is therefore important to assess the nutrition status of patients and to identify those who 

would benefit from aggressive nutritional support.  

Greater nutrition intake is associated with lower mortality in patients with high 

NUTRIC score 18, 19, 21, 31). A multicenter, multinational, observational study showed that  

greater protein intake was associated with lower mortality (4-day sample: OR 0.93; 95% CI 

0.89–0.98; P=0.003 and 12-day sample: OR 0.90; 95% CI 0.84–0.96; P=0.003) and greater 

energy intake was associated with lower mortality (4-day sample: OR 0.93; 95% CI 0.89–

0.97; P<0.001 and 12-day sample: OR 0.88; 95% CI, 0.83–0.94; P<0.001) in high-risk but 

not low-risk patients 31). A study by Rahman et al. showed that greater nutritional adequacy is 

associated with lower mortality in patients with a high NUTRIC score 19). In our study, 

however, greater nutrition intake was associated with lower mortality in patients with both 

low and high scores. A likely explanation of these beneficial effects in low-risk patients 

might be related to the relatively low BMI (22.6 kg/m2) of the patients in our study compared 

with those of other studies. In most other studies, the mean patient BMI was more than 25 

kg/m2. In the present study, most patients (75.3%) had BMI less than 25 kg/m2. Another 
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explanation for the beneficial effects of greater nutrition intake in low-risk patients is that we 

included patients with sepsis who had a catabolic stress state. 

      When comparing the NUTRIC score with the modified NUTRIC score, 28-day mortality 

according to increasing score was similar for each score. The 28-day mortality of the 

maximum score was 66.7% and 62.5% for the NUTRIC and modified NUTRIC score, 

respectively. No patients died who had either score of 0 or 1 (0/17 for NUTRIC score and 

0/18 for modified NUTRIC score). These results were similar to the results of other 

validation studies 18, 19). The AUC of the original development sample for predicting 28-day 

mortality was 0.783, which was similar to that of our study 18). In the ROC curve of the 

modified NUTRIC score, the best cutoff was at 6 (sensitivity and specificity, 75% and 64%, 

respectively) and the Youden index was 0.391 in our study. However, the best cutoff was at 5 

(sensitivity and specificity, 72% and 63%, respectively) and the Youden index was 0.34 in 

another study 21). Further investigation is needed to find the best cutoff scores for the 

modified NUTRIC score in predicting 28-day mortality. 

Our study has several limitations. First, this was a single center study with a retrospective 

design. Feeding compliance and cause of interruption to nutrition support might be not 

correct. Second, target energy or protein intakes were calculated based on actual body weight, 

not using indirect calorimetry. Third, the commercial enteral nutrition formulations used in 

the ICU have relatively low protein content (40–48 g/1000 ml); therefore, approaching the 

target protein intake was difficult.
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Conclusion

In this study, the modified NUTRIC score was a good nutritional risk assessment tool in 

critically ill septic patients. In addition, adequate nutrition intake, including energy and 

protein intakes, in the initial 1 week may improve 28-day mortality in septic patients with 

both low and high nutrition scores. Rates of reaching caloric and protein targets were lower 

in the high nutrition score group than the low nutrition score group. Thus, nutrition 

monitoring is particularly important in high-risk patients.
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국문요약

배경:  적절한 영양지원은 중환자 예후에 중요하기 때문에 중환자를 위한 영양위험도

평가도구인 NUTRIC (NUTrition Risk in Critically ill) score 와 modified NUTRIC (except 

Interleukin 6) score 가 많은 연구에서 평가 되어왔다. 본 연구는 패혈증 환자에서 28 일

사망률 예측에 대한 NUTRIC score 와 modified NUTRIC score 의 정확성을 비교하고

modified NUTRIC score 를 이용하여 영양지원과 28 일 사망률 사이의 관계를 확인하고

자 한다.

방법: 본 연구는 3 차 병원의 내과계 중환자실에서 시행한 후향적 코호트 연구이다. 

2011 년 1 월부터 2017 년 6 월까지 아산병원에 입원한 18 세이상, 중환자실 재실기간이

24 시간 이상인 환자를 대상으로 하였다. NUTRIC score 혹은 modified NUTRIC score

는 중환자실 입실 후 24 시간 이내의 정보를 이용하여 계산되었다. 영양지원은 중환자

실 입실 7 일째의 에너지 섭취량에 대해 <20, 20 to <25, ≥25 kcal/kg 군과 단백질 섭취량

<0.8, 0.8 to <1.2, ≥1.2 g/kg 군으로 분류되었다.  결과로써 28 일 사망률에 대해 다변형

회귀분석이 사용되었다.

결과: 총 482 명의 환자가 분석되었다. 28 일 사망 예측력에 대한 NUTRIC score 와

modified NUTRIC score 의 area under the curve (AUC)는 각각 0.762 (95% confidence 

interval [CI] 0.718-0.806), 0.757 (95% CI 0.713-0.801) 였다. 두 score 사이에 유의한 차이

는 없었다. (p = 0.45). The modified NUTRIC score 의 high score(≥5) 군에서, 영양 섭취량

이 더 많을수록 유의하게 더 낮은 사망률과 연관성이 있었다 (20 to <25 kcal/kg: 

adjusted odds ratio [aOR] 0.373, 95% CI 0.169-0.740; ≥25 kcal/kg: aOR 0.367, 95% CI 

0.182-0.740). 또한 단백질 섭취량이 더 많을수록 유의하게 더 낮은 사망률과 연관성이

있었다 (0.8 to <1.2 g/kg: aOR 0.364, 95% CI 0.191-0.693; ≥1.2 g/kg: aOR 0.362, 95% CI 

0.150-0.871). Low score (<5) 군에서도, 영양 섭취량이 더 많을수록 (20 to <25 kcal/kg: 

aOR 0.185, 95% CI 0.046-0.744; ≥25 kcal/kg: aOR 0.111, 95% CI 0.032-0.384) 그리고 단

백질 섭취량이 더 많을수록(0.8 to <1.2 g/kg: aOR 0.128, 95% CI 0.040-0.407; ≥1.2 g/kg: 

aOR 0.109, 95% CI 0.021-0.582) 유의하게 더 낮은 사망률과 연관성이 있었다.

결론: The modified NUTIRC score 는 패혈증 중환자에서 좋은 영양위험도 평가도구이

다. The modified NUTRIC score 의 high score (≥5) 군은 높은 사망률과 연관성이 있었다. 

그리고 패혈증 환자에서 첫 1 주내에 충분한 영양지원은 28 일 사망률의 향상과 연관

성을 보였다..

중심단어: 영양, modified NUTRIC score, 패혈증환자, 사망률, 중환자실
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