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BACKGROUND: Malnutrition is a common occurrence in critically ill patients, and has been related to poor prognosis in various
diseases. Here, we assess the prognostic value of malnutrition using nutritional indices in intensive care units (ICU) patients.
METHODS: We retrieved information on 2060 patients from the Medical Information Mart for Intensive Care Ill, and randomized the
patients into training and validation cohorts, at a ratio of 7:3. We estimated their nutritional indices using prognostic nutritional
index (PNI), geriatric nutritional risk index (GNRI), and controlling nutritional status (CONUT) score. Both multivariate regression
analysis and the Kaplan—-Meier (KM) survival curve were used to examine the prognostic role of nutritional indices in ICU mortality.
Then we evaluated the additional predictive significance of each nutritional index beyond the baseline model including
conventional risk factors.

RESULTS: Multivariate regression analysis revealed that PNI, GNRI, and CONUT were independent predictors of in-hospital and
1-year mortality (all P <0.001). KM curves showed higher 1-year mortality rates in having nutritional risk patients (PNI < 38 or
GNRI < 98 or CONUT = 2). Moreover, subgroup analyses revealed a significant association between each nutritional index and 1-year
mortality in patients with different comorbidities. We also observed a pronounced additional impact on the predictive value of
1-year mortality when PNI, GNRI, and CONUT were separately added to the baseline model. The additional role of each nutritional
index was further verified in the validation cohort.

CONCLUSIONS: Our results revealed that the nutritional indices at admission are significantly correlated with increased mortality

rates in ICU adult patients.
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INTRODUCTION

Malnutrition in critically ill patients is a universal concern, owing to
the fact that nutritional status of patients in intensive care units
(ICU) deteriorated very early and rapidly especially during the first
week of critical illness [1]. Previous studies have shown that
malnourished patients are prone to higher complications,
prolonged hospital stays, increased mortality, and healthcare
costs [2, 3]. Although patients in ICU have a high risk of
developing malnutrition, little is known regarding their initial
nutrition status. Prognostic nutritional index (PNI), geriatric
nutritional risk index (GNRI), and controlling nutritional status
(CONUT) are different nutritional scoring systems that were
generated by body mass index (BMI), total cholesterol (TC), serum
albumin, and total lymphocyte count. Previous findings have
reported that these three nutritional indices are correlated with
unfavorable outcomes in patients with cancer [4, 5], heart failure
(HF) [6, 7], acute myocardial infarction [8, 9], stable coronary artery
disease (CAD) [10], and those on dialysis [11]. Assessment of PNI,
GNRI, and CONUT is an inexpensive, and readily available
approach, and is not biased by the operator. However, the
association between nutritional indices and prognosis of ICU

patients was not fully investigated. Therefore, we sought to assess
the prognostic significance of nutritional indices on all-cause
mortality in ICU patients.

MATERIALS AND METHODS

Study design

This was a retrospective and observational analysis, based on data
obtained from the Medical Information Mart for Intensive Care Il (MIMIC-
11l). Briefly, MIMIC-III contains rich deidentified clinical data for over 50,000
patients admitted to the ICU at the Beth Israel Deaconess Medical Center in
Boston, Massachusetts, USA, between 2001 and 2012 [12]. To access the
database, we completed the National Institutes of Health's web-based
course and passed the Protecting Human Research Participants exam. The
study was exempted for ethical review by the Institutional Review Boards
of Beth Israel Deaconess Medical Center and the Massachusetts Institute of
Technology since the patients were anonymized to protect their personal
information.

Inclusion and exclusion criteria
Patients aged above 18 years, at their first admission, with an ICU stay of
22 days were included in the study. Conversely, those who met the
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following criteria were excluded: (1) had missing data for serum albumin or
lymphocyte count or TC or weight or height; and (2) were diagnosed with
hematological diseases, such as leukemia or lymphoma. For patients with
more than once ICU admission, we only used the data from the first
admission.

Data extraction and calculations

The following parameters were selected from the MIMIC-IIl database: age,
gender, weight, height, heart rate, systolic blood pressure (SBP), diastolic
blood pressure (DBP), vasoactive drug use, and first Sequential Organ Failure
Assessment (SOFA) score. These parameters, including weight, height, heart
rate, BP, and SOFA score, were obtained from the first measured after
admission. Vasoactive drugs comprised dopamine, dobutamine, epinephrine,
and norepinephrine. Comorbidities included hypertension, diabetes, atrial
fibrillation (AF), CAD, chronic kidney disease (CKD), acute kidney injury (AKI),
chronic obstructive pulmonary disease (COPD), stroke, liver cirrhosis, HF,
malignancy, and sepsis. Laboratory parameters included white blood cell
(WBC) count, hemoglobin, platelet, neutrophil, and lymphocyte counts, as well
as blood urea nitrogen (BUN), serum creatine (SCr), serum sodium, serum
potassium, serum glucose, serum albumin, and TC levels. In cases where the
subject received the same laboratory test more than once during
hospitalization, we only selected results from the first laboratory test.
BMI was calculated as weight in kilograms/(height in meters)?,
neutrophil-lymphocyte ratio (NLR) as total neutrophil count/total lymphocyte
count, whereas platelet-lymphocyte ratio (PLR) was calculated as total platelet
count/total lymphocyte count. We then applied PNI, GNRI, and CONUT to
evaluate the nutritional status of all patients at admission. Specifically, PNI was
calculated using the following formula: 10 x serum albumin (g/dl) + 0.005 x
total lymphocyte count (/ul) [6], while GNRI was calculated as follows: 14.89 x
serum albumin (g/dl) + 41.7 x BMI/22 [13]. On the other hand, CONUT score
was calculated based on serum albumin, and lymphocyte counts, as well as
TC levels (Supplementary Table 1) [14]. We used previously reported cut-offs
of 38, 2, 98 for PNI, CONUT score, and GNRI, respectively, to classify patients
into having nutritional risk or no risk [6, 13, 14]. Follow-up time referred to the
time from hospital admission to mortality, while primary and secondary
outcomes were 1-year and in-hospital mortality, respectively.

Statistical analyses

Data were randomized into training and validation cohorts (at a ratio of 7:3).
We used the training cohort to determine the association between nutritional
indices at admission with mortality rates in ICU patients, whereas the validation
cohort was carried out to validate the results. According to the Harrell
guideline, the covariates in the prediction model should be less than 1/10 of
the number of events. Data from continuous variables were reported as
median (interquartile ranges), whereas categorical variables were reported as
counts (percentage), after analysis using Mann-Whitney U and Pearson x* tests,
respectively. Logistic regression models with odds ratios (OR) and Cox
proportional hazards models with hazard ratios (HR) were used to determine
in-hospital mortality and 1-year mortality rates, respectively, at 95% confidence
interval (Cl). The variables (P < 0.05) were included into a multivariate model to
identify the independent predictors of mortality in ICU. We also included
respective PNI, GNRI, and CONUT scores in the multivariable analyses, then
generated Kaplan—-Meier curves with the log-rank test to explore whether each
nutritional index could predict the long-term mortality risk of ICU patients.
Moreover, we applied interaction tests to determine whether the results
persisted with different comorbidities. Stratification analyses included
hypertension, CAD, and malignancy, since these were the only diseases that
showed statistical significance across all multivariate Cox regression analyses.
C-statistics, net reclassification improvement (NRI), and integrated discrimina-
tion improvement (IDI) were constructed to assess the additional predictive
significance of each nutritional index beyond the baseline model including
conventional risk factors (variables were P<0.05 in multivariate Cox
proportional hazards analyses). Furthermore, we generated area under the
curve (AUC) for different models then compared them using DelLong's test. All
statistical analyses were conducted using packages implemented in R software
(version 3.6.3) and MedCalc version 19.1 (MedCalc Software, Belgium). Data
followed by P < 0.05 were regarded as statistical significance.

RESULTS

Baseline patient characteristics

A total of 2060 subjects met our study criteria, and were enrolled
in this study (Supplementary Fig. 1). These were randomized into
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training (n = 1444) and validation cohorts (n=616). The total,
training, and validation cohorts revealed in-hospital mortalities of
154 (7.5%), 109 (7.5%), and 45 (7.3%) patients, respectively, and
there were no statistical significance among groups (P = 0.848).
Moreover, the total, training, and validation cohorts recorded
1-year mortality rates of 19.7% (405/2060), 20.1% (290/1444), and
18.7% (115/616), respectively, although no significant difference
were found among the groups (P = 0.460). Other variables were
also not significantly different between the training cohort and
validation cohort (Table 1). Patients in the training cohort were
split into two groups, based on occurrence or lack of, in-hospital
death. Their baseline characteristics are reported in Supplemen-
tary Table 2. Patients who died during hospitalization had
significantly higher levels of CONUT, or lower levels of PNI or
GNRI (all P<0.001, Supplementary Table 2).

Relationship between nutritional indices and mortality
Logistic regression and Cox proportional hazards models were
utilized to examine significant predictors of in-hospital and 1-year
mortality rates. Univariate logistic regression analysis, in the
training cohort, revealed that age, SBP, hypertension, diabetes,
CKD, AKI, sepsis, vasoactive, SOFA score, BUN, PLR, NLR, PNI, GNRI,
and CONUT were correlated with increased risk of in-hospital
mortality (details are shown in Supplementary Table 3). Even after
accounting for these confounders, PNI, GNRI, and CONUT were still
significant predictors of in-hospital mortality [OR (95% Cl): 0.94
(0.92-0.97), P<0.001, for PNI; OR (95% Cl): 0.98 (0.96-0.99), P <
0.001, for GNRI; OR (95% Cl): 1.24 (1.14-1.34), P < 0.001, for CONUT,
respectively] (Table 2). Multivariate COX regression analysis
showed similar results. PNI, GNRI, and CONUT were significantly
independently related to 1-year mortality (all P < 0.001, Table 2),
independent of variables (including age, SBP, hypertension, CAD,
HF, AF, AKI, malignancy, sepsis, vasoactive, SOFA score, WBC
count, hemoglobin, BUN, Scr, PLR, and NLR) that were significant
in univariate COX regression analysis in training set (details are
shown in Supplementary Table 3).

Kaplan-Meier curves reported the 1-year cumulative survival
rates, according to different nutritional status (Fig. 1). In the
training cohort, patients in the low PNI (PNI<38) group had
significantly higher risks of 1-year mortality than those in high PNI
(PNI> 38) group (Log-rank P < 0.001, Fig. 1A). Compared with high
GNRI (GNRI >98) group, 1-year cumulative mortality rates were
remarkably higher in the low GNRI (GNRI < 98) group (Log-rank P
<0.001, Fig. 1B). Patients with high CONUT (CONUT = 2) scores
showed higher incidence of 1-year mortality than those with low
CONUT (CONUT < 2) scores (Log-rank P<0.001, Fig. 1C). Similar
results were observed in the validation cohort (all Log-rank P <
0.001, Fig. 1D-F).

Subgroup analyses

Subgroup analysis indicated the relationship between each
nutritional index with 1-year mortalities of ICU patients with
different comorbidities (Fig. 2). Specifically, both PNI and GNRI
were consistently correlated with 1-year mortality across different
subgroups, including those with or without hypertension, CAD,
and malignancy. Notably, the predictive value of PNI and GNRI
seemed to be more prominent in patients with CAD (Pinteraction =
0.017 and Pjnteraction = 0.004 for PNI and GNRI, respectively) and
patients with malignancy (Pinteraction = 0.03 and Pinteraction = 0.011
for PNl and GNRI, respectively). We found no significant
interaction between CONUT scores with any of the subgroups
@Il Pinteraction > 0.05).

Incremental prognostic value of each nutritional indices

The addition of PNI improved the predictive power of 1-year
mortality, as evidenced by a significant increase in the AUC (P <
0.001, Table 3). Moreover, inclusion of GNIR yielded a remarkable
increase in the AUC (P=0.034), while addition of CONUT to the
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baseline model caused a remarkable increase in the AUC (P<
0.001, Table 3). NRI and IDI significantly improved following
addition of PNI, GNRI, and CONUT to the baseline model (all P <
0.001, Table 3).

The validation cohort corroborated these results (Table 4).
Briefly, C-statistics analysis revealed an increase in the predictive
value of 1-year mortality when PNI, GNRI, and CONUT were
separately added to the baseline model (all P < 0.05). Furthermore,
addition of PNI, GNRI, and CONUT to the baseline model mediated
a significant increase in NRI and IDI (all P < 0.05).

Y. Shao et al.

DISCUSSION

This paper was the first to demonstrate that the nutritional indices at
admission are significant predictors for mortality in ICU adult patients;
and adding PNI, GNRI, and CONUT, respectively, to the baseline model
significantly improved prognostic ability in ICU mortality.

Previous studies have reported use of multiple tools in screening
for nutritional parameters in patients. For example, Mini-Nutritional
Assessment [15] and Subjective Global Assessment [16], which are
based on subjective assessments by trained professionals, have been
described. In contrast, PNI, GNRI, and CONUT, which can only be

Table 1. Demographic and clinical characteristics of patients.

Variables Whole population
(n =2060)

Male, n (%) 1205 (58)

Age, years 66.64 (55.9-76.7)

BMI, kg/m? 27.62 (24.1-32.1)

Heart rate, bpm 88 (77-100)

SBP, mmHg 120 (105-137)

DBP, mmHg 61 (52-73)

Hypertension, n (%) 925 (45)

Diabetes, n (%) 699 (34)

CAD, n (%) 871 (42)

COPD, n (%) 37 (2)

HF, n (%) 834 (40)

AF, n (%) 679 (33)

CKD, n (%) 497 (24)

AKI, n (%) 828 (40)

Stroke, n (%) 243 (12)

Liver cirrhosis, n (%) 143 (7)

Malignancy, n (%) 310 (15)

Sepsis, n (%) 217 (11)

Vasoactive, n (%) 539 (26)

SOFA score 5(3-7)

White blood cell count, k/ul

Hemoglobin, g/dl

10.1 (7.5-14.0)
11.3 (9.9-12.9)

Serum albumin, g/dl 3.3 (2.8-3.7)
BUN, mg/dl 21 (14-33)
SCr, mg/dl 1.1 (0.8-1.6)
Serum sodium, mEg/I 139 (136-141)
Serum potassium, mEg/I 4.1 (3.7-4.5)

Serum glucose, mg/dl
TC, mg/dl

129 (104-172)
150 (121-183)

Lymphocyte count, k/ul 1.2 (0.7-2.0)
PLR 165.3 (99.3-289.7)
NLR 6.4 (3.6-11.7)
PNI 39.7 (33.5-45.7)
GNRI 102.4 (91.7-113.3)
CONUT 5 (3-7)
In-hospital mortality, n (%) 154 (7.5)

1-year mortality, n (%) 405 (19.7)

Training cohort Validation cohort P
(n=1444) (n=616)

833 (58) 372 (60) 0.275
66.28 (56.0-76.5) 67.5 (55.8-77) 0.545
27.67 (24.0-32.3) 27.6 (24.2-31.6) 0.731

88 (77-100) 8 (77-101) 0.990

120 (105-137) 121 (105-138) 0.268

62 (52-73) 61 (53-73) 0.856

651 (45) 274 (44) 0.839

506 (35) 193 (31) 0.115

617 (43) 254 (41) 0.562

25 (2) 2(2) 0.874

589 (41) 245 (40) 0.703

473 (33) 206 (33) 0.801

350 (24) 147 (24) 0.900

592 (41) 236 (38) 0.276

172 (12) 1(12) 0.862

100 (7) 43 (7) 1.000

223 (15) 87 (14) 0.484

147 (10) 0(11) 0.470

383 (27) 156 (25) 0.609

5(3-7) 5 (3-7) 0.838
10.15 (7.4-14.0) 10.1 (7.7-13.8) 0.896
11.3 (9.8-12.9) 11.35 (10-13) 0.292
3.3 (2.8-3.7) 3 (2.8-3.8) 0.299
21 (15-33) 1 (14-33) 0.908
1.1 (0.8-1.5) 1 (0.8-1.6) 0.653

138 (136-141) 139 (136-141) 0.107

4.1 (3.7-4.5) 1 (3.7-4.5) 0.770

130 (104-174) 128 (102-167) 0.220

149 (119-182) 153 (125-184) 0.083

1.2 (0.7-1.9) 3 (0.8-2.0) 0.198
164.8 (97.9-290.0) 165.64 (103.8-284.0) 0.950

6.5 (3.7-12) 1(3.6-11) 0.169

39.5 (33.5-45.3) 40.2 (33.5-46.8) 0.102
102.1 (91.2-113.3) 102.5 (92.7-113.1) 0.638

5(3-7) 4 (2-7) 0.113

109 (7.5) 5 (7.3) 0.848

290 (20.1) 115 (18.7) 0.460

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, CAD coronary artery disease, COPD chronic obstructive pulmonary disease,
HF heart failure, AF atrial fibrillation, CKD chronic kidney disease, AKI acute kidney injury, SOFA score Sequential Organ Failure Assessment score, BUN blood urea
nitrogen, SCr serum creatine, TC total cholesterol, PLR platelet-lymphocyte ratio, NLR neutrophil-lymphocyte ratio, PN/ prognostic nutritional index, GNRI

geriatric nutritional risk index, CONUT controlling nutritional status.
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obtained from objective data, are widely applied for malnutrition
assessment. Moreover, nutritional assessment using multiple indices
may better reflect the actual status of a patient. Numerous studies
have reported that PNI, GNRI, and CONUT scores are associated with
adverse outcomes across various cardiovascular diseases, including
HF [17-19], stable CAD [10, 20, 21], and acute myocardial infarction
[9, 22, 23]. Other research works have shown that these three
nutritional indices are vital markers for predicting mortality rates in
differ cancers [4, 5, 24]. PNI was correlated with short-term and long-
term adverse prognosis in patients receiving coronary artery bypass
grafting [25]. On the other hand, GNRI was not only correlated with
unfavorable outcomes in dialysis patients [26], but also with adverse
outcomes in patients with non-dialysis stage 3-5 CKD [27]. Additional
evidence have demonstrated the relationship between GNRI and
CONUT with poor prognosis in patients with stroke [28, 29]. Taken
together, the aforementioned evidences may explain the potential

relationship between the three nutritional indicators with ICU
mortality rates observed in the present study. Patients in ICU often
have various complications, and their clinical situation is often
complex. Our analysis further extends the population to critically il
patients. Multivariate analysis revealed that the three nutritional
indices were significant predictors of mortality in the ICU patients,
even after adjusting for potential confounders.

Diseases have been shown to cause or aggravate malnutrition
in a variety of ways [30]. Our subgroup analysis revealed that the
association between PNI, GNRI, and CONUT with 1-year mortality
rates persisted in this group of patients, and this was further
stratified by hypertension, CAD, and malignancy. This shows that
the prognostic value of nutritional indices in the ICU may be not
affected by the disease types. Interestingly, the predictive
significance of PNI and GNRI seemed to be more pronounced in
patients with CAD and malignancy, suggesting that both

Table 2.
Regression models In-hospital mortality®

OR (95% CI)

Univariate

PNI 0.93 (0.91-0.95)
GNRI 0.97 (0.95-0.98)
CONUT 1.30 (1.22-1.40)
Multivariate

PNI 0.94 (0.92-0.97)
GNRI 0.98 (0.96-0.99)
CONUT 1.24 (1.14-1.34)

ORs and HRs with 95% Cls for mortality associated with nutritional indices in training cohort.

1-year mortality®

P HR (95% CI) P

<0.001 0.95 (0.93-0.96) <0.001
<0.001 0.98 (0.97-0.98) <0.001
<0.001 1.22 (1.17-1.27) <0.001
<0.001 0.96 (0.94-0.97) <0.001
<0.001 0.98 (0.97-0.99) <0.001
<0.001 1.18 (1.13-1.24) <0.001

OR odds ratio, HR hazard ratio; Cl confidence interval, PNI prognostic nutritional index, GNRI geriatric nutritional risk index, CONUT controlling nutritional status.
“The baseline model includes variables that are significant in univariate logistic proportional hazard analysis, including age, SBP, hypertension, diabetes, CKD,
AKI, sepsis, vasoactive, SOFA score, BUN, PLR, and NLR (details shown in Supplementary Table 3).

*The baseline model includes variables that are significant in univariate COX proportional hazard analysis, including age, SBP, hypertension, CAD, HF, AF, AKI,
malignancy, sepsis, vasoactive, SOFA score, white blood cell count, hemoglobin, BUN, Scr, PLR, and NLR (details shown in Supplementary Table 3).
“Multivariate model included baseline model plus PNI, GNRI, and CONUT, respectively.
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Fig. 1

Kaplan-Meier curves for 1-year accumulative survival rates by PNI, GNRI and CONUT categories. Kaplan-Meier curves in training

cohort (A-C) and validation cohort (D-F). PNI prognostic nutritional index, GNRI geriatric nutritional risk index, CONUT controlling nutritional

status.
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Subgroup Hazard Ratio(95%CIl) P P for interaction
PNI
Hypertension 0.217
No = 0.96 [0.94,0.97] <0.001
Yes — 0.96 [0.93, 0.99] 0.004
CAD 0.017
No ——— 0.97 [0.95, 0.99] 0.006
Yes —— 0.92[0.90,0.96] <0.001
Malignancy 0.03
No H— 0.96 [0.95,0.98] <0.001
Yes —— 0.92[0.88,0.96] <0.001
GNRI
Hypertension 0.744
No - 0.98[0.97,0.99] <0.001
Yes — 0.99[0.97, 1.00] 0.029
CAD 0.004
No (=] 0.99[0.98, 1.00] 0.027
Yes — 0.96 [0.95,0.98] <0.001
Malignancy 0.011
No -— 0.98 [0.98, 0.99] 0.001
Yes — 0.97 [0.95,0.98] <0.001
CONUT
Hypertension 0.161
No —_— 1.18[1.11,1.25]  <0.001
Yes —_— 1.18[1.09, 1.28]  <0.001
CAD 0.374
No —_— 1.16[1.09, 1.22]  <0.001
Yes —_— 1.22[1.11,1.33]  <0.001
Malignancy 0.067
No —_— 1.16[1.10, 1.22]  <0.001
Yes 1.29[1.16,1.45]  <0.001

osts0s 08 1 105 11 Thé";sﬁmai; 125 13 185 14 145
Fig. 2 Forest plot of hazard ratios for the correlation of nutritional indices and mortality in intensive care units. Cox proportional hazard
analysis and interaction tests were conducted in each subgroup. PNI prognostic nutritional index, GNRI geriatric nutritional risk index, CONUT
controlling nutritional status, CAD coronary artery disease.

Table 3. Evaluation of predictive models for 1-year mortality in training cohort.

ROC curve analysis Category-free NRI IDI

AUC 95% Cl P Index Z value P Index Z value P
Baseline model® 0.751 0.728-0.773 RF RF RF RF RF RF RF
-+PNI 0.773 0.750-0.794 <0.001 0.172 5.212 <0.001 0.028 5.186 <0.001
+GNRI 0.764 0.741-0.785 0.034 0.176 5.867 <0.001 0.021 4.897 <0.001
+COUNT 0.778 0.755-0.799 <0.001 0.240 6.316 <0.001 0.044 6.254 <0.001

ROC receiver-operating characteristic, AUC area under the curve, C/ confidence interval, RF reference, NRI net reclassification improvement, /DI integrated
discrimination improvement, PN/ prognostic nutritional index, GNRI geriatric nutritional risk index, CONUT controlling nutritional status.

*The baseline model includes variables that are significant in multivariate Cox proportional hazard analysis, including age, hypertension, CAD, malignancy,
BUN, and vasoactive.

Table 4. Evaluation of predictive models for 1-year mortality in validation cohort.

ROC curve analysis Category-free NRI IDI

AUC 95% Cl P Index Z value P Index Z value P
Baseline model® 0.687 0.648-0.723 RF RF RF RF RF RF RF
+PNI 0.735 0.698-0.770 0.010 0.186 3.196 0.007 0.043 4.468 0.007
-+GNRI 0.746 0.710-0.780 0.003 0.185 2.765 0.020 0.046 3.979 0.007
+COUNT 0.737 0.701-0.772 0.010 0.196 3.141 <0.001 0.050 4.286 <0.001

ROC receiver-operating characteristic, AUC area under the curve, C/ confidence interval, RF reference, NRI net reclassification improvement, /DI integrated
discrimination improvement, PNI prognostic nutritional index, GNRI geriatric nutritional risk index, CONUT controlling nutritional status.

“The baseline model includes variables that are significant in multivariate Cox proportional hazard analysis, including age, hypertension, CAD, malignancy,
BUN, and vasoactive.
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nutritional indices may be more suitable for nutritional assessment
of patients with CAD and cancer.

The predictive value of nutritional indices under complex clinical
conditions shows that there are common pathways, although the
specific mechanisms may be different. Several risk factors have been
implicated in malnutrition, with diseases representing one of the
most significant players. Most chronic and acute diseases, especially
critical illness, negatively affect appetite and absorption, leading to
insufficient intake [30]. In addition, disease-related inflammatory
responses upregulate catabolic cytokines and accelerate muscle
catabolism, thereby increasing losses [31, 32]. On the other hand,
proinflammatory cytokines, such as interleukin-6 or tumor necrosis
factor-alpha, affect albumin synthesis in hepatocytes, causing
malnutrition [33, 34]. Since patients in ICU are basically confined to
bed, prolonged immobility and stress-related hypercortisolemia
cause severe catabolism that reduce muscle protein synthesis [35].
Critically ill patients often require a large number of oral or
intravenous drugs, such as radiotherapy, chemotherapy, digoxin,
sedative, and antipsychotic drugs, which may cause side effects
thereby suppressing appetite. Apart from these reasons, negligence
by clinicians may also contribute to the development of under-
nutrition. Only a small part of patients with malnutrition received
nutritional treatment. It has been reported that the rate of nutritional
support for patients with nutritional risk was between 14 and 25%
[36, 37]. Malnutrition mainly suppresses immunity and delays
recovery from illnesses, thereby predisposing patients to increased
morbidity and mortality. A previous retrospective study, comprising
1171 critically ill patients, showed that increasing caloric intake to
70% of resting energy expenditure was enough to lower mortalities
[38], whereas another randomized double-blind study in HF patients
with cachexia identified that appropriate oral nutritional supplemen-
tation could improve the quality of life of patients [39].

Some limitations of our analysis should be considered. First,
although we performed internal validation and successfully verified
our results, it is a pity that we did not conduct an external validation.
Second, three nutritional indicators were evaluated only once at
admission. Dynamic changes in nutritional indicators, which may be
better predictors of unfavorable outcomes, were not evaluated in our
paper. Finally, although we attempted to minimize the confounding
covariates, our analysis was prone to selection bias owing to its
retrospective nature. In the future, a multicenter prospective study is
needed to validate the observed association between nutritional
status at admission with ICU mortality.

CONCLUSION

In summary, our findings indicate that undernutrition at admission
is strongly correlated with the mortality rates of patients in ICU.
We recommend use of these simple nutritional scores during
identification of patients at nutritional risk, as they can guide
development of effective and timely intervention measures.
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