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INTRODUCTION 

Patients with malnutrition are at a high risk of poor clinical outcomes, including increased 

morbidity, mortality, and prolonged intensive care unit (ICU) stay [1-5]. Furthermore, rapid 

protein loss in ICU patients is most likely to be associated with proinflammatory conditions 

and severe catabolism due to increased stress-related cytokines and hormones [6]. Therefore, 

it is important to evaluate the nutritional status of and provide appropriate nutritional sup-

port for ICU patients [7]. 

Heyland et al. [8] developed the Nutrition Risk in the Critically Ill (NUTRIC) score, which 
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is the first nutritional risk assessment tool for ICU patients 

and incorporates age, number of comorbidities, days from 

hospital admission to ICU admission, Acute Physiology and 

Chronic Health Evaluation (APACHE) II score, Sequential 

Organ Failure Assessment (SOFA) score, and serum interleu-

kin (IL)-6 level. Because IL-6 level is not routinely measured, 

Rahman et al. [9] validated the modified NUTRIC (mNUTRIC) 

score, which includes all variables except IL-6 level. 

The APACHE II score, a prognostic index used in ICUs, was 

published in 1985 using clinical, physiological, and laboratory 

data shown during the first 24 hours after admission to the 

ICU [10]. The calibration of a prognostic model typically wors-

ens over time owing to changes in ICU admission and dis-

charge criteria, the advances in support, and changes in the 

availability and effectiveness of various treatments for specific 

situations. Therefore, technological and scientific advances in 

critical care medicine have led physicians to search for better 

tools than APACHE II to predict outcomes [11]. APACHE II 

requires clinical, physiological, and laboratory data acqui-

sition during the first 24 hours after admission to the ICU 

[12]. Moreover, several studies using modern databases have 

shown the inadequacy of APACHE II in performance evalua-

tion and benchmarking. [13,14]. 

In this context, several studies have reported that the 

Simplified Acute Physiology Score (SAPS) II is superior to 

APACHE II in predicting mortality [15-18]. Therefore, the pur-

pose of this study was to propose a new mNUTRIC-S2 (S2 as 

a reference to SAPS II) scoring system to replace the outdated 

APACHE II with SAPS II and to compare the ICU mortality 

prediction ability of the mNUTRIC and mNUTRIC-S2 scores. 

The hypothesis is that the mNUTRIC-S2 score will work as 

well as the mNUTRIC score in discriminating ICU mortality in 

critically ill patients. 

MATERIALS AND METHODS 

This study was approved (No. 1607-138-777) and the require-

ment for written informed consent was waived by the Insti-

tutional Review Board of Seoul National University Hospital. 

This study was conducted in accordance with the tenets of the 

Declaration of Helsinki. 

Study Design and Participants 
This retrospective cohort analysis included adult patients 

admitted to the medical ICU of a tertiary hospital between Jan-

uary 2020 and September 2020. Patients who remained in the 

ICU for less than 24 hours, those readmitted during the study 

period, and those who did not have data on the Seoul National 

University Hospital-Nutrition Screening Index (SNUH-NSI) 

evaluation items due to lack of cooperation were excluded. 

We investigated the following data from the patients' elec-

tronic medical records: age; sex; body mass index (BMI); 

comorbidity; hospital length of stay; ICU length of stay; pre-

admission conditions; ICU admission diagnosis; APACHE II, 

SOFA, and SAPS II scores at ICU admission; and treatment 

received in the ICU (mechanical ventilation, ventilation days, 

prone position, tracheostomy, extracorporeal membrane oxy-

genation, and renal replacement therapy). Comorbidities were 

identified based on International Classification of Diseases, 

10th revision codes, registered prior to the ICU admission date. 

ICU fellows recorded ICU admission and discharge records. 

IL-6 was not routinely measured in our ICU; therefore, we cal-

culated the mNUTRIC score (0–9) from the available data. In-

formation regarding each patient’s lab data was obtained from 

the patient’s SNUH-NSI sheet. 

The nutritional status of each patient was evaluated using 

the SNUH-NSI, a nutritional search tool developed and used 

by Seoul National University Hospital, and classified into 

high-risk, moderate-risk, and low-risk groups for malnutri-

tion. The nutritional evaluation index of the SNUH-NSI con-

sists of 11 items. Indicators included weight change at hospi-

talization, appetite status, the patient's subjective statement 

of gastrointestinal disorders, and the most recent (at or within 

2 weeks of admission) blood albumin, total blood cholester-

ol, total lymphocyte count, hemoglobin, C-reactive protein 

(CRP), diet type, age, and BMI [19]. SNUH-NSI evaluation 

items and risk stratification are presented in Supplementary 

Table 1. If the patient was unable to give information regard-

ing his or her state of appetite, weight change, and subjective 

■ The modified Nutrition Risk in the Critically Ill (mNU-
TRIC)-S2 score, which uses the Simplified Acute Physiol-
ogy Score (SAPS) II instead of the Acute Physiology and 
Chronic Health Evaluation (APACHE) II, was significantly 
associated with intensive care unit (ICU) mortality.

■ The suggested cutoff score of 5 was appropriate to screen 
Korean critically ill patients.

■ Patients with mNUTRIC-S2 score ≥5 had a higher risk of 
ICU mortality, which was not observed with mNUTRIC 
score.

KEY MESSAGES
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symptoms, the appointed nutritionist contacted family mem-

bers for information.  

Statistical Analysis 
The sample size was based on the similar accuracy of the 

mNUTRIC and mNUTRIC-S2 scores. Therefore, considering 

a difference of 0.1 in the area under the curve between the 

mNUTRIC and mNUTRIC-S2 scores, a correlation of 0.7 posi-

tive and 0.5 negative between scores, a type I error of 5%, and 

a sample power of 80%, approximately 218 patients should 

be included at a 1/1 sample size ratio. Student t-test and 

Mann-Whitney U-test were used for continuous variables. 

Chi-square or Fisher’s exact test was used for categorical 

variables. A linear regression model was used to detect the 

SAPS II cutoff point, representing a similar APACHE II cutoff 

point to that used for the mNUTRIC score (SAPS II equa-

tion=14.98+1.58×APACHE II, P<0.001, R2=0.554). 

The model’s discrimination for predicting ICU mortality 

was assessed by the area under the receiver operating charac-

teristic (ROC) curve for both the mNUTRIC and mNUTRIC-S2 

scores. Delong’s method was used to calculate the differences 

between the score areas under the curves. The cutoff value 

corresponding with the Youden’s index J was demarcated as 

the optimal value according to the Youden’s index method. 

Then, using the optimal stratification approach, the value pre-

senting the greater sensitivity and specificity to discriminate 

mortality was used as the cutoff point of the scores. 

Cox progressive and conditional regression models ad-

justed for covariates were performed by applying stepwise 

selection with backward elimination to determine ICU mor-

tality between the mNUTRIC and mNUTRIC-S2 scores. The 

mortality risk estimates were presented as adjusted hazard ra-

tios (aHRs) and their 95% confidence intervals (CIs), and the 

estimated ICU mortality rates were calculated for the groups 

using the Kaplan-Meier curve adjusted by Cox regression. Sta-

tistical significance was set at P<0.05. The ROC curves of the 

two scores were compared using MedCalc software (version 

20.110; MedCalc Software, Ostend, Belgium). All other statis-

tical analysis was conducted using IBM SPSS version 26.0 (IBM 

Corp., Armonk, NY, USA). 

RESULTS 

A total of 220 patients was enrolled in the study (Figure 1). 

Patient characteristics are shown in Table 1. Among the 220 

patients, 162 (72.8%) were ICU survivors, who had significantly 

lower APACHE II, SOFA, and SAPS II scores than non-ICU sur-

vivors. The nutritional statuses of the patients are compared in 

Table 2. The majority of the patients admitted to the ICU were 

classified as high-risk according to the mNUTRIC (62.3%) and 

mNUTRIC-S2 (60.0%) scores. Non-survivors also had signifi-

cantly higher median mNUTRIC and mNUTRIC-S2 scores. 

SNUH-NSI evaluation parameters were not different between 

the two groups. Although the SNUH-NSI is not a nutritional 

screening tool specifically for ICU patients, most patients 

admitted to the ICU were also at high risk for malnutrition 

according to the SNUH-NSI (64.5%). However, no statistical 

difference was observed between survivors and non-survivors. 

The linear regression model between APACHE II and SAPS II 

yielded the SAPS II equation=14.98+1.58×AP ACHE II, P<0.001. 

Therefore, the points used in the mNUTRIC score for APACHE 

II were replaced according to the formula used to establish 

the mNUTRIC-S2 score (Table 3). The correlation between 

mNUTRIC and mNUTRIC-S2 scores was R2=0.83, P<0.001, 

95% CI=0.86–0.97 (equation: mNUTRIC-S2 score=0.099+0.961 

mNUTRIC score).  

The areas under the ROC curve were similar in terms of the 

discriminatory power of the scores. The ROC curve for pre-

dicting ICU mortality was 0.64 for the mNUTRIC score versus 

0.67 for the mNUTRIC-S2 score. The difference between the 

areas was 0.03 (95% CI, –0.01 to 0.06; P=0.09). A cutoff point of 

mNUTRIC-S2 score ≥5 resulted in a sensitivity of 81.0% and a 

specificity of 47.5%; on the other hand, a cutoff point of mNU-

TRIC score ≥5 resulted in a sensitivity of 81.0% and a specificity 

Figure 1. Flowchart of patient group selection. ICU: intensive care 
unit; SNUH-NSI: Seoul National University Hospital-Nutrition 
Screening Index.

305 Adults patients admitted to the medical 
ICU of a tertiary hospital between January 

2020 and September 2020

220 Patients

162 Survivors 58 Non-survivors

Exclusion
35 Remained less than 24 hr in the ICU
10 Readmitted during the study period
40 No data of SNUH-NSI
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of 44.4%. The area under the ROC curve was 0.67 for APACHE 

II, 0.72 for SAPS II, and 0.65 for SOFA (Figure 2).  

In the Cox regression model for predicting ICU mortality, 

patients with mNUTRIC-S2 score ≥5 had a greater risk of ICU 

mortality (HR, 3.64; 95% CI, 1.85–7.14; P<0.001) (Figure 3), 

whereas no such relationship was observed with the mNU-

TRIC score (HR, 1.69; 95% CI, 0.62–4.62; P=0.31). Our analysis 

showed that ICU mortality increased with higher mNUTRIC 

(Figure 4A) and mNUTRIC-S2 scores (Figure 4B). The ICU 

mortality for the maximum mNUTRIC score was 86.0% (Figure 

4A), and that of the maximum mNUTRIC-S2 score was 81.2% 

(Figure 4B). 

DISCUSSION 

This study found that the mNUTRIC-S2 score, which uses 

SAPS II instead of APACHE II, was significantly associated with 

ICU mortality. A Cox logistic model recognized this proposed 

Table 1. Characteristics of the study population

Variable
ICU mortality

P-value
All patients (n=220) Survivor (n=162) Non-survivor (n=58)

Age (yr) 65.7±14.8 67.0±14.6 61.9±14.9 0.024
Male 136 (61.8) 99 (61.1) 37 (63.8) 0.839
BMI (kg/m2) 23.2±4.4 22.8±4.2 24.2±4.6 0.032
APACHE II score 20.8±9.1 19.5±8.4 24.5±9.8 <0.001
SOFA score 9.1±7.4 8.7±8.2 10.3±4.5 <0.001
SAPS II 48.0±19.7 43.9±17.5 59.4±20.9 <0.001
Hospital to ICU admission day 4.0 (0.0–13.0) 2.0 (0.0–9.0) 9.5 (1.0–21.0) 0.001
Hospital day 29.0 (16.0–62.5) 37.0 (19.0–70.0) 20.0 (7.0–29.0) <0.001
ICU day 5.0 (2.0–11.0) 5.0 (2.0–10.0) 5.0 (2.0–14.0) 0.829
ICU admission diagnosis
 Respiratory disease 134 (60.9) 97 (59.9) 37 (63.8) 0.713
 Cardiovascular disease 49 (22.3) 36 (22.2) 13 (22.4) 1.000
 Neurological disease 3 (1.4) 1 (0.6) 2 (3.4) 0.171
 Sepsis 41 (18.6) 27 (16.7) 14 (24.1) 0.290
 Renal disease 42 (19.1) 27 (16.7) 15 (25.9) 0.182
 Other 42 (19.1) 32 (19.8) 10 (17.2) 0.824
Comorbidity
 Hypertension 75 (34.1) 57 (35.2) 18 (31.0) 0.681
 Diabetes 78 (35.5) 57 (35.2) 21 (36.2) 1.000
 Chronic lung disease 56 (25.5) 48 (29.6) 8 (13.8) 0.028
 Chronic kidney disease 53 (24.1) 40 (24.7) 13 (22.4) 0.866
 Chronic liver disease 24 (10.9) 17 (10.5) 7 (12.1) 0.932
 Solid tumor 71 (32.3) 49 (30.2) 22 (37.9) 0.363
 Hematologic malignancy 38 (17.3) 19 (11.7) 19 (32.8) 0.001
 Immunodeficiency 102 (46.4) 61 (37.7) 41 (70.7) <0.001
 Chronic neurological disease 18 (8.2) 17 (10.5) 1 (1.7) 0.047
Mechanical ventilation 167 (75.9) 110 (67.9) 57 (98.3) <0.001
Ventilation day 3.0 (1.0–7.5) 3.0 (0.0–6.0) 4.0 (2.0–14.0) 0.001
Prone 27 (12.3) 14 (8.6) 13 (22.4) 0.012
Tracheostomy 44 (20.0) 34 (21.0) 10 (17.2) 0.674
ECMO 18 (8.2) 12 (7.4) 6 (10.3) 0.577
RRT 81 (36.8) 46 (28.4) 35 (60.3) <0.001

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
ICU: intensive care unit; BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: 
Simplified Acute Physiology Score; ECMO: extracorporeal membrane oxygenation; RRT: renal replacement therapy.
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mNUTRIC-S2 score as an independent variable, predicting 

ICU mortality with a hazard rate multiplied 3.64 (95% CI, 1.85–

7.14; P<0.001) in patients who presented with an mNUTRIC-S2 

score ≥5. In comparison, an mNUTRIC score ≥ 5 did not show 

the same performance (HR, 1.69; 95% CI, 0.62–4.62; P=0.31). 

Using the mNUTRIC-S2 score, we can easily identify patients 

more likely to benefit from aggressive nutritional therapy. 

Prognostic estimates of predictive models are gradually less 

accurate as the time between their advancement, update, and 

application increases. Therefore, predictive models require pe-

riodic retesting, which requires re-estimation if accuracy is de-

graded, and variables with a significant prognosis are checked 

for inclusion. In this context, we have considered using the 

more recently updated APACHE IV or SAPS III for the mNU-

TRIC score. However, APACHE IV is much more complex, 

making its rapid application in clinical settings difficult. In 

addition, a previous study comparing the mortality predictive 

power of SAPS II and SAPS III found that both scores provided 

unreliable predictions, but unexpectedly, the newer SAPS III 

overpredicted mortality over the older SAPS II [20]. Conse-

quently, SAPS II was considered appropriate for this study. 

Several studies have assessed the nutritional risk in critically 

ill Korean patients using the NUTRIC and mNUTRIC scores. 

The mortality prediction of the NUTRIC and mNUTRIC scores 

was not different in Korean patients with sepsis [21]. Moreover, 

inadequate caloric supplementation in high mNUTRIC scores 

Table 2. The mNUTRIC, mNUTRIC-S2 scores, and SNUH-NSI evaluation items of the study population

Variable
ICU mortality

P-value
All patients (n=220) Survivor (n=162) Non-survivor (n=58)

mNUTRIC score 5.0 (4.0–7.0) 5.0 (3.0–7.0) 6.0 (5.0–7.0) 0.001
 High risk 137 (62.3) 90 (55.6) 47 (81.0) 0.001
mNUTRIC-S2 score 5.0 (3.0–7.0) 5.0 (3.0–7.0) 6.0 (5.0–8.0) <0.001
 High risk 132 (60.0) 85 (52.5) 47 (81.0) <0.001
Appetite 0.098
 Bad 63 (28.6) 41 (25.3) 22 (37.9)
 Normal/good 157 (71.4) 121 (74.7) 36 (62.1)
Change of weight, yes 43 (19.5) 33 (20.4) 10 (17.2) 0.747
Difficulty in digesting, yes 49 (22.3) 31 (19.1) 18 (31.0) 0.092
Diet type 0.806
 Fluid diet 2 (0.9) 2 (1.2) 0
 Soft blended diet or NPO 130 (59.1) 97 (59.9) 33 (56.9)
 Normal regular diet 88 (40.0) 63 (38.9) 25 (43.1)
Albumin (g/dl) 3.0±0.6 3.1±0.6 2.9±0.7 0.171
Cholesterol (mg/dl) 111.0±50.5 111.4±46.8 109.6±60.1 0.828
Total lymphocyte count (cells/mm3) 736.0 (381.0–1,346.0) 708.0 (412.0–1,307.0) 792.0 (276.5–1,551.5) 0.823
Hemoglobin (g/dl) 10.1 (8.7–12.1) 10.5 (8.8–12.3) 9.8 (8.6–11.1) 0.170
C-reactive protein (mg/dl) 6.5 (2.6–17.0) 7.3 (2.6–16.5) 5.6 (2.7–17.6) 0.937
Status of malnutrition by SNUH-NSI 0.387
 High 142 (64.5) 100 (61.7) 42 (72.4)
 Medium 64 (29.1) 51 (31.5) 13 (22.4)
 Low 14 (6.4) 11 (6.8) 3 (5.2)

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
mNUTRIC: modified Nutrition Risk in the Critically Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology Score II as one of the variables instead 
of the Acute Physiology and Chronic Health Evaluation II Score; SNUH-NSI: Seoul National University Hospital-Nutrition Screening Index; ICU: intensive care unit; 
NPO: nothing by mouth.

Table 3. Correlating the APACHE II cutoff point to the SAPS II cutoff 
points
NUTRIC scoring APACHE II SAPS II
0 <15 <38.68
1 15–19 38.68–46.58
2 20–27 46.58–59.22
3 ≥28 ≥59.22

SAPS II equation=14.98+1.58×APACHE II, P<0.001 (R2=0.554).
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified 
Acute Physiology Score; NUTRIC: Nutrition Risk in the Critically Ill.
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has been associated with higher mortality in Korean postop-

erative [22,23] and septic patients [24]. This study is one of the 

first to use mNUTRIC and mNUTRIC-S2 scores for nutritional 

risk assessment in general, non-surgical, and critically ill Kore-

an patients. 

In a previous study comparing mortality rates during hos-

pitalization using SNUH-NSI at the time of admission, the 

mortality rate of patients in the low-risk group for malnutrition 

was 0.14%, whereas that of patients in the high-risk group was 

5.9% [19]. Unlike the mNUTRIC score, the high-risk group for 

SNUH-NSI in this study showed a higher ICU mortality rate 

than the moderate- or low-risk groups. This is probably be-

cause the SNUH-NSI is a validated nutritional search tool for 

all inpatients, rather than critically ill patients [19,25,26]. 

Similar to the proposed mNUTRIC-S2 score of this study, 

the NUTRIC-SF score (which combines the modified NUTRIC 

score with a measure of sarcopenia and frailty) [27], the NU-

TRIC-S score (which uses SAPS III instead of APACHE II) [28], 

the NUTRIC score, and CRP [29] are other versions of critical 

nutritional risk assessment tools, in addition to the NUTRIC 

and mNUTRIC scores. First, the NUTRIC-SF score is better 

than the mNUTRIC score, the SARC-CALF (a measure of sar-

copenia risk combined with calf circumference), and the Clin-

ical Frailty Scale alone in predicting and discriminating 60-day 

outcomes [27]. Second, the NUTRIC-S score (S as a reference 

to SAPS III) was recently proposed. This study suggested that 

the NUTRIC-S score may be superior to the NUTRIC score in 

predicting mortality [28]. Third, there was a higher agreement 

between the mNUTRIC and NUTRIC scores with CRP, and 

combining the NUTRIC score with a subjective global assess-

ment could predict mortality more accurately [29]. More infor-

mation usually leads to better predictability. However, nutri-

tional risk screening of critically ill patients should be possible 

even in patients with decreased mentality and hemodynamic 

instability. Questionnaires regarding previous strength and 

physical performance and measurement of calf circumference 

may not be feasible in all patients. Inevitably, the NUTRIC-SF 

score was only applied to patients without lower limb injury 

and neuromuscular diseases [27]. In addition, with respect to 

the NUTRIC-CRP score, there is a limitation regarding the use 

of CRP. This is because CRP, an acute-phase reactant that is 

made by the liver and secreted into the bloodstream within a 

few hours of infection or inflammation, may be low or normal 

for the first 12 hours [30]. The original study of the NUTRIC 

score development did not show any benefit of adding CRP 

instead of IL-6 to the NUTRIC score [8]. Proposal of various 

Figure 2. Comparison of receiver operating characteristic curves among 
the mNUTRIC, mNUTRIC-S2, SAPS II, APACHE II, and SOFA scores.  The 
area under the ROC curve was 0.67 for APACHE II, 0.72 for SAPS II, 
and 0.65 for SOFA. mNUTRIC: modified Nutrition Risk in the Critically 
Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology 
Score II as one of the variables instead of the Acute Physiology and 
Chronic Health Evaluation II Score; SAPS: Simplified Acute Physiology 
Score; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: 
Sequential Organ Failure Assessment.

Figure 3. Intensive care unit (ICU) mortality curve when comparing 
mNUTRIC-S2 score ≥5 and mNUTRIC-S2 score <5. mNUTRIC-S2: 
modified Nutrition Risk in the Critically Ill score by using Simplified 
Acute Physiology Score II as one of the variables instead of the Acute 
Physiology and Chronic Health Evaluation II Score; HR: hazard ratio; 
CI: confidence interval.
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versions of the NUTRIC score shows that identifying nutrition-

al risk in ICU patients is not a simple and straightforward prac-

tice. In a previous systematic review, the prevalence of nutri-

tional risk in ICU patients was very diverse, probably explained 

by the different tools used and the heterogeneity of patients 

assessed [31]. 

Our study had several limitations. First, it included critical-

ly ill patients from a single tertiary hospital, which may limit 

Figure 4. Intensive care unit (ICU) mortality according to mNUTRIC score (A) and mNUTRIC-S2 score (B). mNUTRIC: modified Nutrition Risk in the 
Critically Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology Score II as one of the variables instead of the Acute Physiology 
and Chronic Health Evaluation II Score.

the generalizability of the results. Second, although it was in-

vented more recently, SAPS II still requires the acquisition of 

many variables. A less complicated scoring system with higher 

efficacy and accuracy is required in the clinical field. More-

over, SAPS II does not include traditional nutrition-related 

variables and does not compensate for the existing limitations 

of the mNUTRIC score. Third, the measurement of IL-6 was 

not available in our study population, and we were unable to 
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calculate the NUTRIC score. Fortunately, many studies have 

shown that the mNUTRIC score is non-inferior to the NUTRIC 

score [21,32,33]. As this is one of the first studies suggesting the 

substitution of APACHE II with SAPS II, more multinational 

studies are required to validate these results and incorporate 

them into clinical practice. Last, the SNUH-NSI assessment 

was performed at hospital admission and may not adequately 

represent the patient’s status at the time of ICU admission. 

However, SNUH-NSI was not specifically designed for critical-

ly ill patients, and it was not our intent to compare it with the 

mNUTRIC or mNUTRIC-S2 scores. 

This study found that the mNUTRIC-S2 score, which uses 

SAPS II instead of APACHE II, was significantly associated 

with ICU mortality. Patients with mNUTRIC-S2 score ≥5 had 

a higher risk of ICU mortality, while no such relationship was 

observed with the mNUTRIC score. A cutoff point of 5 is sug-

gested with the mNUTRIC-S2 score which is similar to that of 

the mNUTRIC score. Further studies are needed to assess the 

mNUTRIC-S2 score in detail and to find an optimal nutritional 

screening tool for critically ill patients. 
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