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Background & aims: In the newly emerged Coronavirus Disease 2019 (COVID-19) disaster, little is known
about the nutritional risks for critically ill patients. It is also unknown whether the modified Nutrition
Risk in the Critically ill (mNUTRIC) score is applicable for nutritional risk assessment in intensive care
unit (ICU) COVID-19 patients. We set out to investigate the applicability of the mNUTRIC score for
assessing nutritional risks and predicting outcomes for these critically ill COVID-19 patients.
Methods: This retrospective observational study was conducted in three ICUs which had been specially
established and equipped for COVID-19 in Wuhan, China. The study population was critically ill COVID-19
patients who had been admitted to these ICUs between January 28 and February 21, 2020. Exclusion
criteria were as follows: 1) patients of ＜18 years; 2) patients who were pregnant; 3) length of ICU stay of
＜24 h; 4) insufficient medical information available. Patients' characteristics and clinical information
were obtained from electronic medical and nursing records. The nutritional risk for each patient was
assessed at their ICU admission using the mNUTRIC score. A score of �5 indicated high nutritional risk.
Mortality was calculated according to patients’ outcomes following 28 days of hospitalization in ICU.
Results: A total of 136 critically ill COVID-19 patients with a median age of 69 years (IQR: 57e77), 86
(63%) males and 50 (37%) females, were included in the study. Based on the mNUTRIC score at ICU
admission, a high nutritional risk (�5 points) was observed in 61% of the critically ill COVID-19 patients,
while a low nutritional risk (<5 points) was observed in 39%. The mortality of ICU 28-day was signifi-
cantly higher in the high nutritional risk group than in the low nutritional risk group (87% vs 49%, P ＜
0.001). Patients in the high nutritional risk group exhibited significantly higher incidences of acute
respiratory distress syndrome, acute myocardial injury, secondary infection, shock and use of vaso-
pressors. Additionally, use of a multivariate Cox analysis showed that patients with high nutritional risk
had a higher probability of death at ICU 28-day than those with low nutritional risk (adjusted HR ¼ 2.01,
95% CI: 1.22e3.32, P ¼ 0.006).
Conclusions: A large proportion of critically ill COVID-19 patients had a high nutritional risk, as revealed
by their mNUTRIC score. Patients with high nutritional risk at ICU admission exhibited significantly
higher mortality of ICU 28-day, as well as twice the probability of death at ICU 28-day than those with
low nutritional risk. Therefore, the mNUTRIC score may be an appropriate tool for nutritional risk
assessment and prognosis prediction for critically ill COVID-19 patients.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
, Intensive Care Unit, Tongji
y of Science and Technology,

for Clinical Nutrition and Metabo
1. Introduction

Since December 2019, the Coronavirus Disease 2019 (COVID-19)
has affected more than 1,300,000 patients worldwide and caused
more than 70,000 deaths. In the early stage of 2019 novel corona-
virus (2019-nCoV) outbreak, one-third of the patients in Wuhan
were admitted to intensive care units (ICUs) [1]. Reducingmortality
lism. All rights reserved.
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Abbreviations

2019-nCoV 2019 novel coronavirus
APACHE II Acute Physiology and Chronic Health Evaluation II
ARDS acute respiratory distress syndrome
ASPEN American Society for Parenteral and Enteral Nutrition
BMI body mass index
CI confidence interval
COVID-19 Coronavirus Disease 2019
CRRT continuous renal replacement therapy
ECMO extracorporeal membrane oxygenation
EN enteral nutrition
ESPEN European Society for Parenteral and Enteral Nutrition
GCS Glasgow coma scale

HR hazard ratio
ICU intensive care units
IL-6 Interleukin-6
IQR interquartile range
LOS length of stay
MERS Middle East respiratory syndrome
mNUTRIC modified Nutrition Risk in the Critically ill
MV mechanical ventilation
NRS 2002 Nutritional Risk Screening 2002
NUTRIC Nutrition Risk in the Critically ill
PN parenteral nutrition
SARS severe acute respiratory syndrome
SOFA Sequential Organ Failure Assessment
TPN total parenteral nutrition
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in ICU is crucial in the treatment of COVID-19. Among the
comprehensive treatment of critically ill COVID-19 patients, nutri-
tional therapy must not be ignored. The nutritional status of each
COVID-19 patient, particularly those in ICUs, should be evaluated
before the administration of general treatments [2].

Nutritional risk is defined as the risk of adverse effects on clin-
ical outcomes which are dependent on nutritional factors [3]. Pa-
tients who are at high nutritional risk should be recognized earlier
during ICU stay, as such a risk is directly associated with adverse
clinical outcomes [4]. Additionally, these patients could benefit
more from nutritional interventions than those at lower nutritional
risk [5]. Therefore, adequate assessment of nutritional risk should
be a standard procedure for ICU patients.

The Nutritional Risk Screening 2002 (NRS 2002) score is a rec-
ommended tool for nutritional risk screening [3]. However, it was
established based on data from general patients, rather than ICU
populations. The Nutrition Risk in the Critically ill (NUTRIC) score,
another recommended screening tool, was the first to be developed
specifically for ICU patients [5,6]. In its newer, briefer version, the
modified NUTRIC (mNUTRIC) score, the use of Interleukin-6 (IL-6)
as a variable was excluded [7].

In the newly emerged COVID-19 disaster, little is known about
the nutritional risks for critically ill COVID-19 patients. It is also
unknown whether the mNUTRIC score is applicable for nutritional
risk assessment for COVID-19 patients in the ICU. Therefore, we
conducted a retrospective observational study in multiple COVID-
19 specific ICUs in Wuhan, aiming to investigate the applicability
of the mNUTRIC score for assessing nutritional risks and predicting
outcomes for critically ill COVID-19 patients.

2. Materials and methods

2.1. Ethical considerations

This retrospective observational study was given approval by
the Institutional Review Board of Tongji Hospital (Tongji Medical
College, Huazhong University of Science and Technology, Wuhan,
China; No.TJ-IRB20200226). The clinical trial was registered and
verified at the Chinese Clinical Trial Registry (ChiCTR2000030816).

2.2. Study population and protocol

This retrospective observational study was conducted in three
ICUswhich had been specially established and equipped for COVID-
19 in Tongji Hospital, affiliated to Tongji Medical College, Huazhong
University of Science and Technology inWuhan, China. The Chinese
government has urgently assigned Tongji Hospital as a designated
hospital for severely or critically ill COVID-19 patients. These ICUs
were managed by three independent teams of intensivists,
including one local team from Tongji Hospital and two teams of
volunteers from Beijing and Shanghai. Full life support was pro-
vided for all the patients until cardiac death. Nutritionmanagement
plans were determined independently by the bedside team.

The study population was critically ill COVID-19 patients who
had been admitted to one of the three ICUs between January 28 and
February 21, 2020. All patients were diagnosed and classified ac-
cording to the Guidance for Coronavirus Disease 2019 (6th edition),
released by the National Health Commission of China [8].

Patients were excluded from the study if they were: 1) ＜18
years; 2) pregnant; 3) had a length of ICU stay ＜24 h; 4) had
insufficient medical information.
2.3. Data collection

Patients' characteristics and clinical information were obtained
from the hospital's electronic medical and nursing records. Trained
reviewers validated and expanded the data using standardized data
collection forms. The following datawere retrieved: demographics;
clinical and laboratory data; history; medical complications; main
treatments; nutritional support pattern; and outcome.

Complications were defined as follow. Acute respiratory distress
syndrome (ARDS) and shock were defined according to the interim
clinical management guidance of World Health Organization for
COVID-19 [9]. Acute myocardial injury was defined as serum levels
of cardiac biomarkers (eg, high-sensitivity cardiac troponin I) above
the 99th percentile upper reference limit, or new abnormalities
shown in electrocardiography and echocardiography [10]. Acute
liver dysfunction was defined as elevated serum levels of alanine
transaminase, aspartate aminotransferase and/or total bilirubin
[11]. Acute kidney injury was defined according to the kidney dis-
ease improving global outcomes classification [12]. Secondary
infection was defined as clinical symptoms or signs of nosocomial
pneumonia or bacteremia and a positive culture of a new pathogen
was obtained from lower respiratory tract specimens or blood
samples after admission [13].

Each patient was evaluated according to the Acute Physiology
and Chronic Health Evaluation II (APACHE II) [14] and Sequential
Organ Failure Assessment (SOFA) [15] scoring criteriawithin 24 h of
their admission to the ICU. The nutritional risk for each patient was
assessed at ICU admission using the mNUTRIC score. This score
(0e9 points) was calculated based on the NUTRIC score by elimi-
nating IL-6 values. It consisted of five variables: age, APACHE II
score at admission, SOFA score at admission, number of comor-
bidities and pre-ICU hospital length of stay (LOS) [7]. A score of �5
indicated that a patient had a high nutritional risk. Mortality was



P. Zhang et al. / Clinical Nutrition 40 (2021) 534e541536
calculated according to the patients’ outcomes at 28-day hospital-
ization in ICU.

2.4. Statistical analysis

Quantitative continuous variables were expressed as medians,
with interquartile ranges (IQRs) compared using ManneWhitney U
tests. Qualitative and categorical variables were compared using
Pearson c2 test, continuity correction or Fisher's exact test, as
appropriate. A KaplaneMeier curve was used to depict survival
following 28 days in ICU and was stratified by nutritional risk ac-
cording to the mNUTRIC score. Association of nutritional risk with
ICU 28-day mortality risk was assessed using univariate and
multivariate Cox proportional hazards regression analyses. Age,
mean arterial pressure, white blood cells, lymphocytes, neutro-
phils, platelets, prothrombin time, d-dimer, albumin, prealbumin,
creatine kinase, urea, creatinine, high-sensitivity C-reactive pro-
tein, high-sensitivity cardiac troponin I, n-terminal pro brain
natriuretic peptide, procalcitonin and pH of arterial blood gas were
adjusted in the multivariate Cox regression model. Statistical ana-
lyses were performed using SPSS version 20.0 software (IBM Corp.)
while GraphPad Prism version 4.0 software (GraphPad Software
Inc.) was used to develop a KaplaneMeier survival plot. All tests
were two-sided. A P-value of <0.05 was considered statistically
significant.

3. Results

3.1. Characteristics of the study population

A total of 136 critically ill COVID-19 patients, including 86 (63%)
males and 50 (37%) females, were included in the study. Figure 1
shows the flow diagram. The study population was predomi-
nantly elderly, with a median age of 69 years (IQR: 57e77). Some
63% of patients were older than 65 years. One or more comorbid-
ities were frequently seen, the most common of which were
Fig. 1. Flow diagram
hypertension and diabetes (50% and 41%, respectively). Other
comorbidities included cardiovascular disease, malignancy, chronic
obstructive pulmonary disease, chronic kidney disease, liver
cirrhosis and immunopathy. Patients’ initial symptoms included
fever, cough, dyspnea, diarrhea and hemoptysis. The median time
from disease onset to ICU admission was 14 days (IQR: 10e18). At
the time of ICU admission, patients had a median Glasgow coma
scale (GCS) score of 13, a median APACHE II score of 18, and a
median SOFA score of seven. During the ICU stay, patients devel-
oped several complications, including ARDS (88%), acute myocar-
dial injury (54%), acute liver dysfunction (29%), acute kidney injury
(41%), secondary infection (65%), shock (67%), embolization/
thrombosis (2%) and pneumothorax (5%). Patients received oxygen
therapy in different forms. A total of 51% of patients received
noninvasive ventilation (bi-level), while 66% of patients received
invasive mechanical ventilation (MV). The proportion of patients
who were treated with vasopressors was high (66%). Other specific
treatments also included continuous renal replacement therapy
(CRRT; 21%) and extracorporeal membrane oxygenation (ECMO;
5%). The mortality of ICU 28-day was high (72%). Detailed charac-
teristics of the study participants can be seen in Table 1.
3.2. Nutritional risk and outcomes

Based on mNUTRIC scores at ICU admission, a high nutritional
risk (�5 points) was observed in 61% of critically ill COVID-19 pa-
tients. A low nutritional risk (<5 points) was observed in 39%.

We divided the study population into high nutritional risk
(mNUTRIC score �5 points) and low nutritional risk (mNUTRIC
score <5 points) groups. Respective differences between these two
groups were annotated and can be seen in Table 2. The high
nutritional risk group exhibited significantly greater incidences of
ARDS, acute myocardial injury, secondary infection, shock and use
of vasopressors. Finally, the mortality of ICU 28-day was signifi-
cantly higher in the high nutritional risk group than in the low
nutritional risk group (87% vs 49%, P ＜0.001).
of the study.



Table 1
Characteristics of the study participants.

Variable n (%)

Number of patients 136
Age, median (IQR), years 69 (57e77)
�65 86 (63)
＜65 50 (37)

Gender
Male 86 (63)
Female 50 (37)

Comorbidities
Hypertension 68 (50)
Diabetes 56 (41)
Cardiovascular disease 26 (19)
Malignancy 8 (6)
Chronic obstructive pulmonary disease 12 (9)
Chronic kidney disease 5 (4)
Liver cirrhosis 1 (1)
Immunopathy 4 (3)

Initial symptoms
Fever 124 (91)
Cough 104 (77)
Hemoptysis 7 (5)
Dyspnea 130 (96)
Diarrhea 28 (21)
Time from disease onset to ICU admission, median (IQR), days 14 (10e18)
GCS score, median (IQR) 13 (8e15)
APACHE II score, median (IQR) 18 (14e22)
SOFA score, median (IQR) 7 (4e10)

Complications during ICU stay
ARDS 119 (88)
Acute myocardial injury 74 (54)
Acute liver dysfunction 40 (29)
Acute kidney injury 56 (41)
Secondary infection 88 (65)
Shock 91 (67)
Embolization/Thrombosis 3 (2)
Pneumothorax 7 (5)

Treatments in ICU
CRRT 29 (21)
Vasopressors 90 (66)
Oxygen therapy
Nasal cannula 26 (19)
Face mask with reservoir bag 27 (20)
Noninvasive ventilation (bi-level) 69 (51)
Invasive mechanical ventilation 90 (66)
Prone positioning 20 (15)
ECMO 7 (5)

Outcomes
Death at ICU 28-day 98 (72)

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; ARDS,
acute respiratory distress syndrome; CRRT, continuous renal replacement therapy;
ECMO, extracorporeal membrane oxygenation; GCS, Glasgow coma scale; ICU,
intensive care units; IQR, interquartile range; SOFA, Sequential Organ Failure
Assessment.
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The median survival time of patients in the high nutritional risk
groupwas 8 days (95% confidence interval, CI: 6e10) and 16 days in
the low nutritional risk group (95% CI: 12e20). Use of univariate
Cox proportional hazards regression analysis revealed a signifi-
cantly higher mortality risk in the high nutritional risk group than
the low nutritional risk group (hazard ratio, HR ¼ 2.80, 95% CI:
1.78e4.40, P ＜0.001). Use of univariate Cox analysis also found
elevated urea (increasing by one unit) as a risk factor of ICU 28-day
mortality (HR ¼ 1.05, 95% CI: 1.03e1.07, P ＜0.001), while elevated
prealbumin (increasing by one unit) was found to be a protective
factor (HR ¼ 0.99, 95% CI: 0.989e0.999, P ¼ 0.029). Further, use of
multivariate Cox analysis demonstrated that patients with a high
nutritional risk had a higher probability of death at ICU 28-day
(adjusted HR ¼ 2.01, 95% CI: 1.22e3.32, P ¼ 0.006; Fig. 2). In this
multivariatemodel, elevated urea remained a risk factor (HR¼ 1.04,
95% CI: 1.01e1.06, P ¼ 0.005), and elevated prealbumin remained a
protective factor (HR ¼ 0.99, 95% CI: 0.989e0.998, P ¼ 0.011) of ICU
28-day mortality.

We compared the scoring details of each item in the mNUTRIC
score among survivals and non-survivals at ICU 28-day, which can
be seen in Table 3. We observed significant distribution differences
between the two groups in the items of age, APACHE II score, SOFA
score and comorbidities. Compared to the survivals, the non-
survivals were significantly older, had higher APACHE II and SOFA
scores and more comorbidities. Finally, the non-survival group
exhibited significantly higher mNUTRIC score comparing to the
survival group. However, we did not observe significant difference
of pre-ICU hospital LOS in the two groups.

3.3. Nutritional status and support of critically ill COVID-19
patients

In this study population of 136 critically ill COVID-19 patients,
the median level of albumin was 30 g/L (IQR: 27e32) at admission
to the ICU. Among the patients, only 11% presented a typical albu-
min level (�35 g/L), while 56% presented an albumin level of less
than 30 g/L. Patients’ median prealbumin level was 86 mg/L (IQR:
80e128), while the median hemoglobin level was 128 g/L (IQR:
115e140).

During their stay in ICUs, most patients (57%) received enteral
nutrition (EN). Some 10% received total parenteral nutrition (TPN),
while 22% received EN plus PN. The remaining 11% did not receive
any nutritional support as a result of contraindications. For patients
receiving EN, the major feeding route was via nasogastric tube
(75%). Some 47% received oral feeding, while only 2% were fed via a
nasal jejunal tube. EN intolerance occurred in some patients.
Vomiting or gastric retention occurred in 32%, while hyperglycemia
occurred in 63%. Others included diarrhea (5%) and hypoglycemia
(3%). Patients’ detailed nutritional status, respective risk and sup-
port can be seen in Table 4.

4. Discussion

The nutritional risks and applicability of the mNUTRIC score for
critically ill COVID-19 patients are largely unknown. In this study,
we for the first time report that a large proportion of critically ill
COVID-19 patients had a high nutritional risk (mNUTRIC score �5
points). Patients with high nutritional risk at ICU admission
exhibited significantly higher mortality of ICU 28-day, as well as
twice the probability of death at ICU 28-day than those with low
nutritional risk. Our data suggest that the mNUTRIC score may be
an appropriate tool for nutritional risk assessment and prognosis
prediction for critically ill COVID-19 patients.

According to a recent report from the Chinese Centers for Dis-
ease Control, 14% of confirmed COVID-19 cases are classified as
severe and 5% as critically ill [16]. While the overall mortality rate of
COVID-19 (2%) [16] is much lower than that of severe acute respi-
ratory syndrome (SARS; 10%) [17] or Middle East respiratory syn-
drome (MERS; 37%) [18], COVID-19 has caused more death globally
owning to its rapid transmission and general susceptibilities.
Among the critical cases in China, the case-fatality rate was re-
ported to be 49% [16]. In the current study population, mortality of
ICU 28-day was extremely high (72%). This could be explained by
the fact that patients admitted to Tongji Hospital were either
severely or critically ill, based on the designations of the Chinese
government, and that patients in the three ICUs were most criti-
cally ill among those patients. Additionally, at the early stage of the
COVID-19 outbreak, the shortage of medical resources in Wuhan
may have contributed to the high mortality rate. Some patients
were in an extremely critical condition before being transferred to
Tongji Hospital. Authors of a recent study reported that advanced



Table 2
Comparison of clinical characteristics and initial laboratory indices among patients with high and low nutritional risk.

Variable Reference value High nutritional risk group
(mNUTRIC �5, n ¼ 83), n (%)

Low nutritional risk group
(mNUTRIC ＜5, n ¼ 53), n (%)

P value

Clinical characteristics
Age, median (IQR), years 71 (63e80) 64 (53e70) ＜0.001
�65 60 (72) 26 (49) 0.006
＜65 23 (28) 27 (51)

Gender
Male 54 (65) 32 (60) 0.581
Female 29 (35) 21 (40)

Comorbidities
Hypertension 41 (49) 27 (51) 0.860
Diabetes 35 (42) 21 (40) 0.769
Cardiovascular disease 16 (19) 10 (19) 0.953
Malignancy 6 (7) 2 (4) 0.644
Chronic obstructive pulmonary disease 8 (10) 4 (8) 0.913
Chronic kidney disease 5 (6) 0 0.176
Liver cirrhosis 0 1 (2) 0.390
Immunopathy 1 (1) 3 (6) 0.327

Initial symptoms
Fever 76 (92) 48 (91) 1.000
Cough 60 (72) 44 (83) 0.150
Hemoptysis 5 (6) 2 (4) 0.856
Dyspnea 80 (96) 50 (94) 0.890
Diarrhea 21 (25) 7 (13) 0.089

Vital signs, median (IQR)
Heart rate, bpm 102 (88e120) 99 (84e110) 0.314
Respiratory rate, bpm 30 (25e35) 30 (25e40) 0.870
Mean arterial pressure, mmHg 100 (86e107) 104 (96e112) 0.029

Laboratory indices at ICU admission, median (IQR)
Blood routine
White blood cells, � 109/L 3.5e9.5 14.2 (9.8e19.0) 9.2 (6.2e13.0) ＜0.001
Neutrophils, � 109/L 1.8e6.3 12.7 (8.8e17.7) 8.3 (5.3e11.4) ＜0.001
Lymphocytes, � 109/L 1.1e3.2 0.5 (0.3e0.7) 0.6 (0.4e0.9) 0.007
Hemoglobin, g/L 130e175 128 (115e140) 129 (116e140) 0.756
Platelets, � 109/L 125e350 116 (71e172) 176 (133e24) ＜0.001

Coagulation function
Prothrombin time, s 12e15 17 (15e18) 15 (14e17) ＜0.001
Activated partial thromboplastin time, s 29e42 38 (35e43) 38 (35e41) 0.184
D-dimer, mg/mL ＜0.5 21 (5e21) 7 (2e21) 0.008

Blood biochemistry
Aspartate aminotransferase, U/L �40 36 (25e63) 31 (22e56) 0.349
Alanine transaminase, U/L �41 28 (18e46) 33 (22e49) 0.196
Total bilirubin, mmol/L �26 15 (10e23) 12 (8e16) 0.002
Albumin, g/L 35e52 29 (25e32) 30 (28e32) 0.107
Prealbumin, mg/L 200e400 82 (80e122) 95 (80e128) 0.281
Lactate dehydrogenase, U/L 135e225 593 (405e835) 495 (362e655) 0.063
Creatine kinase, U/L �190 144 (73e342) 143 (54e205) 0.019
Urea, mmol/L 4e10 11 (8e18) 7 (5e9) ＜0.001
Creatinine, mmol/L 59e104 90 (65e144) 67 (54e85) ＜0.001
High-sensitivity cardiac troponin I, pg/mL �34 89 (25e619) 14 (5e45) ＜0.001
N-terminal pro brain natriuretic peptide, pg/mL ＜161 1235 (680e3717) 376 (153e1445) ＜0.001
High-sensitivity C-reactive protein, mg/L ＜1 118 (61e155) 70 (43e127) 0.005
Procalcitonin, ng/mL 0.02e0.05 0.26 (0.20e0.87) 0.24 (0.13e0.28) 0.001

Arterial blood gas
pH 7.35e7.45 7.38 (7.29e7.45) 7.42 (7.36e7.47) 0.009
PaO2, mmHg 80e100 58 (52e81) 68 (55e79) 0.161
PaCO2, mmHg 35e45 42 (33e51) 38 (34e43) 0.139
Time from disease onset to ICU
admission, median (IQR), days

14 (10e19) 14 (10e16) 0.263

GCS score, median (IQR), points 12 (7e14) 15 (14e15) ＜0.001
APACHE II score, median (IQR), points 21 (18e24) 13 (9e16) ＜0.001
SOFA score, median (IQR), points 9 (7e11) 4 (3e5) ＜0.001

Complications during ICU stay
ARDS 81 (98) 38 (72) ＜0.001
Acute myocardial injury 54 (65) 20 (38) 0.002
Acute liver dysfunction 25 (30) 15 (28) 0.820
Acute kidney injury 38 (46) 18 (34) 0.172
Secondary infection 62 (75) 26 (49) 0.002
Shock 65 (78) 26 (49) ＜0.001
Embolization/Thrombosis 3 (4) 0 0.281
Pneumothorax 5 (6) 2 (4) 0.856

Treatments in ICU
CRRT 16 (19) 13 (25) 0.466
Vasopressors 64 (77) 26 (49) 0.001
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Table 2 (continued )

Variable Reference value High nutritional risk group
(mNUTRIC �5, n ¼ 83), n (%)

Low nutritional risk group
(mNUTRIC ＜5, n ¼ 53), n (%)

P value

Oxygen therapy
Nasal cannula 7 (8) 19 (36) ＜0.001
Face mask with reservoir bag 12 (15) 15 (28) 0.048
Noninvasive ventilation (bi-level) 45 (54) 24 (45) 0.309
Invasive mechanical ventilation 60 (72) 30 (57) 0.059
Prone position 10 (12) 10 (19) 0.273
ECMO 5 (6) 2 (4) 0.856
Duration of noninvasive ventilation, median (IQR), days 1 (0e2) 0 (0e3) 0.865
Duration of mechanical ventilation, median (IQR), days 5 (0e10) 4 (0e11) 0.323

Outcomes
Death at ICU 28-day 72 (87) 26 (49) ＜0.001

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; ARDS, acute respiratory distress syndrome; CRRT, continuous renal replacement therapy; ECMO,
extracorporeal membrane oxygenation; GCS, Glasgow coma scale; ICU, intensive care units; IQR, interquartile range; mNUTRIC, modified Nutrition Risk in the Critically ill;
SOFA, Sequential Organ Failure Assessment.
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age (>60), male sex and comorbidities (particularly hypertension)
are risk factors for serious condition and death from the 2019-nCoV
infection [19]. This is in accordance with the characteristics of
participants in this study. Early comprehensive evaluation along
with high-quality supportive care are urgently needed for patients
deemed to be at high risk.

We found that a great portion of critically ill COVID-19 patients
were at high nutritional risk. According to the mNUTRIC score at
ICU admission, 61% of critically ill COVID-19 patients presented as
having a high nutritional risk. In contrast, Kalaiselvan and col-
leagues [20] reported 43% of mechanically ventilated patients as
having a high nutritional risk (mNUTRIC score �5 points). Mendes
et al. [21] reported that 49% of ICU patients were at high nutritional
risk based on their mNUTRIC scores. Median levels of albumin and
prealbumin in the current study participants were lower than
typical levels, which might reflect a poor nutritional status at ICU
admission. One explanation may be that these patients were crit-
ically ill, with many of them also having multiple organ dysfunc-
tion. This is backed up by the high median APACHE II (18 points)
and SOFA (7 points) scores at ICU admission. Another reason may
be the long period from COVID-19 onset to ICU admission (median:
14 days, IQR: 10e18). During this period, patients’ increased
catabolism and poor nutritional intake, caused by the illness, made
their nutritional status even worse.
Fig. 2. Cumulative probability of mortality in critically ill COVID-19 patients with high and lo
higher probability of death at ICU 28-day than those with low nutritional risk (mNUTRIC s
Nutritional support is crucial for critically ill patients. EN may
impact ICU patients’ outcomes, especially mechanically ventilated
patients [22]. EN is the preferred route for nutritional support if
patients have a functioning gut. Authors of guidelines have
recommend early EN, supplying 20e25 kcal/kg per day during the
acute phase of critical illness [6,23]. However, early initiation of EN
may induce gastrointestinal intolerance and vomiting in 30e70% of
ICU patients, as well as gut ischemia in critically ill patients with
shock [24]. EN should be postponed in patients with shock until full
resuscitation with hemodynamic stability is achieved, according to
guidelines [6,23]. In our study, nearly 80% of participants received
EN; either total EN (57%) or EN plus PN (22%). Approximately 10% of
patients received TPN due to EN contraindications, for example,
shock and gastrointestinal bleeding. Despite this, 11% of patients
had no nutritional support due to hemodynamic instability or short
length of ICU stay.

Gastric intolerance, including vomiting and gastric retention, as
well as pathoglycemia were the most common complications
during the course of EN. The high incidence of diabetes (41%) and
stress associated with being in a critical condition contributed to
the frequent occurrences of hyperglycemia. In the current popula-
tion, the high proportion of positive pressure ventilation, prone
positioning and use of vasopressors might aggravate gastric
intolerance.
w nutritional risk. Patients with high nutritional risk (mNUTRIC score �5 points) had a
core <5 points) (adjusted HR ¼ 2.01, 95% CI: 1.22e3.32, P ¼ 0.006).



Table 3
Comparison of each item in mNUTRIC score among survivals and non-survivals.

Item Score Survivals
(n ¼ 38), n (%)

Non-survivals
(n ¼ 98), n (%)

P value

Age categories, years
<50 0 9 (24) 2 (2) <0.001
50-<75 1 22 (58) 63 (64)
�75 2 7 (18) 33 (34)

APACHE II score categories, points
<15 0 23 (61) 17 (17) <0.001
15-<20 1 10 (26) 32 (33)
20-28 2 5 (13) 38 (39)
�28 3 0 11 (11)

SOFA score categories, points
<6 0 26 (68) 24 (25) <0.001
6-<10 1 9 (24) 40 (41)
�10 2 3 (8) 34 (35)

Comorbidities score categories
0-1 0 15 (40) 18 (18) 0.010
�2 1 23 (61) 80 (82)

LOS in hospital before ICU admission categories, days
0-<1 0 14 (37) 23 (24) 0.116
�1 1 24 (63) 75 (77)

Total mNUTRIC score,
median (IQR), points

3 (2e5) 5 (4e7) <0.001

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; ICU,
intensive care units; IQR, interquartile range; LOS, length of stay; mNUTRIC,
modified Nutrition Risk in the Critically ill; SOFA, Sequential Organ Failure
Assessment.
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The importance of disease severity and inflammation has been
well recognized when characterizing malnutrition [25]. Both NRS
2002 and NUTRIC scoring systems take into account not only
nutritional status but also disease severity, as both of these systems
integrate the APACHE II score. Additionally, the NUTRIC scoring
system includes the SOFA score, which can be used to determine
levels of organ dysfunction and mortality risk in ICU patients [26].
Firstly recommended by the European Society for Parenteral and
Table 4
Nutritional status, risk and support.

Variable n (%)

Number of patients 136
Nutritional status
Hemoglobin, median (IQR), g/L 128 (115e140)
Albumin, median (IQR), g/L 30 (27e32)
�35 15 (11)
30-35 45 (33)
＜30 76 (56)

Prealbumin, median (IQR), mg/L 86 (80e128)
mNUTRIC score
High nutritional risk (�5 points) 83 (61)
Low nutritional risk (＜5 points) 53 (39)

Nutritional support
EN 78 (57)
TPN 13 (10)
EN þ PN 30 (22)
No nutritional support 15 (11)

Route of EN
Oral 51 (47)
Nasogastric tube 81 (75)
Nasal jejunal tube 2 (2)

EN intolerance
Vomiting/gastric retention 34 (32)
Diarrhea 5 (5)
Ileus 0
Hyperglycemia 68 (63)
Hypoglycemia 3 (3)

Abbreviations: EN, enteral nutrition; IQR, interquartile range; mNUTRIC, modified
Nutrition Risk in the Critically ill; PN, parenteral nutrition; TPN, total parenteral
nutrition.
Enteral Nutrition (ESPEN) as the preferred tool for nutritional risk
screening, the NRS 2002 is intended to cover all possible patient
categories in a hospital [3]. However, many of the criteria included
in the NRS 2002 score, such as food intake and anthropometric
data, are hard to obtain in critically ill patients due to MV and
sedation [27].

Use of NUTRIC scoring system in ICUs was first proposed by
Canadian researchers [5]. In 2016, the American Society for
Parenteral and Enteral Nutrition (ASPEN) recommended both the
NRS 2002 and the NUTRIC scores for assessing nutrition support in
critically ill patients [6]. The mNUTRIC score is a fast, practical in-
strument which can be incorporated into the routine ICU care,
including COVID-19 specialized ICUs. Since the variables in the
system are objectively obtained from routine data in patients'
medical records, the mNUTRIC score has the advantage of appli-
cation for patients who are unable to respond verbally, as in MV.
We didn't use body mass index (BMI) or other physical measure-
ments, such as triceps skinfold thickness, for nutritional assess-
ment in this study, as these data were missing in most medical
records. Additionally, body weight and bicep circumference might
be affected by patients' illness condition and treatments, such as
water-sodium retention, edema and limb vein thrombus. Through
the use of multivariate Cox analyses, the elevated prealbumin, one
nutrition related indicator, was revealed to be an independent
protective factor of ICU 28-day mortality risk.

Use of the NUTRIC score is not limited to nutritionists, as it can
point out relevant clinical outcomes. The NUTRIC score of patients
at the start of hospitalization in ICU has been shown to be associ-
ated with MV, clinical complications, hospitalization time and
death [28]. Additionally, nutritional risk according to the NUTRIC
score has been shown to be a risk factor associated with survival
time in ICUs [29]. In our study of critically ill COVID-19 patients,
when comparing two groups according to mNUTRIC score, the high
nutritional risk group exhibited significantly higher mortality of
ICU 28-day, higher incidences of ARDS, acute myocardial injury,
secondary infection, shock and use of vasopressors, as well as
shorter survival time than found in the low nutritional risk group.
Additionally, as revealed by multivariate Cox analysis, high nutri-
tional risk was an independent risk factor for ICU 28-day mortality.
Critically ill COVID-19 patients with high nutritional risk at ICU
admission had twice the probability of death at ICU 28-day than
those with low nutritional risk. Therefore, early nutritional risk
screening and appropriate nutritional support must be standard
procedures for critically ill COVID-19 patients in ICUs.

Differ from the recommendation of ASPEN, the NRS 2002 and
the NUTRIC scores are no longer currently recommended by ESPEN
for ICU patients [30]. The NUTRIC score does not directly evaluate
any nutritional parameter, and is more heavily weighted by the
APACHE II and SOFA scores, which emphasize the severity of illness.
Thus it is not surprising to observe the association between the
high NUTRIC score and high mortality. A recent study reported that
the NUTRIC score had the greatest prognostic ability among four
assessment tools in predicting ICU and 60-day mortality but the
correlation was not sustained after adjustment for potential con-
founding factors [31]. It is inconsistent with other studies [21,32], as
well as ours, reporting significant correlation between 28-day
mortality and the NUTRIC score even after adjusting for multivar-
iable analyses. As there is no gold standard to define the mal-
nourishment and nutritional risk in ICU patients, further
development and investigation of acute critical illness specific
nutritional assessment tools are still needed.

Our study has several limitations. Firstly, while patients were
from three independent COVID-19 specific ICUs, they were all
based in the same hospital. Thus, selection bias may exist. Secondly,
only 136 critically ill COVID-19 patients were included. Studies with
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larger sample sizes are needed in the future. Thirdly, we did not
perform dynamic nutritional risk assessments, which may provide
more information and clues for patient outcomes. Finally, the
typical limitations inherent to retrospective observational studies
apply to our statistical analyses. Randomized and controlled studies
would be better placed to determine whether nutrition in-
terventions can improve the outcomes of critically ill COVID-19
patients.

In summary, our study is the first to investigate the use of the
mNUTRIC score for a particular population of critically ill COVID-19
patients. Based on the mNUTRIC score at ICU admission, a high
nutritional risk (�5 points) was observed in 61% of these patients.
The high nutritional risk group demonstrated significantly higher
mortality of ICU 28-day than the low nutritional risk group. Criti-
cally ill COVID-19 patients with high nutritional risk at ICU
admissionwere twice as likely to die at ICU 28-day than those with
low nutritional risk. Therefore, the mNUTRIC score may be an
appropriate tool for nutritional risk assessment and prognosis
prediction in critically ill COVID-19 patients.
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