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Objectives: The aim of this study was to evaluate the ability of a modified Nutrition Risk Screening 2002
(modified NRS) compared with other nutrition screening tools such as NRS 2002, Mini Nutrition
Assessment Short Form (MNA-SF), and Malnutrition Universal Screening Tool (MUST) on predicting the
risk of death in patients with coronavirus disease 2019 (COVID-19).
Methods: We retrospectively collected data of patients who were admitted to the West campus of Union
Hospital, Tongji Medical College, Huazhong University of Science and Technology between January 25th,
2020 to April 24th, 2020. The nutritional status of the patients was assessed by modified NRS, NRS 2002,
MNA-SF, and MUST. According to the score of modified NRS, patients were divided into malnutrition risk
group (score �3) and normal nutrition group (score <3). Clinical characteristics were compared between
the two groups. Kaplan meier survival curve was used to analyze the difference of compositing survival
rate between the two groups. The predictive efficacy of different nutritional scales on the outcome of
death was detected by Receiver operating characteristic (ROC) analysis.
Results: The modified NRS, NRS 2002, MNA-SF, and MUST identified malnutrition risk in 71.4%, 57.9%,
73.9%, and 43.4% of the patients, respectively. The patients were divided into malnutrition risk group and
normal nutrition group by modified NRS score. Patients in the malnutrition risk group were older (65 y
vs. 56 y) and with more severe and critical cases (42.30% vs. 5.20%) and diabetes cases (21.50% vs. 9.80%),
worse prognosis (death of 13.80% vs. 0.50%), longer hospital stay (29 days vs. 23 days), lower albumin
(31.85 g/L vs. 38.55 g/L) and prealbumin (201.95 mg/L vs. 280.25 mg/L) compared with the normal
nutrition group (P were <0.001, respectively). There were more patients with chronic respiratory disease
in malnutrition risk group (9.70 vs. 2.10%, P ¼ 0.001). BMI was lower in malnutrition risk group (23.45 kg/
m2 vs. 24.15 kg/m2, P ¼ 0.017). Kaplan meier survival curve demonstrated that the survival of malnu-
trition risk group was significantly lower than normal nutrition group (P < 0.001). The area under the
ROC curve (AUC) of the modified NRS scale (0.895) outperformed NRS 2002 (0.758), MNA-SF (0.688), and
MUST (0.485). The former three scales could predict the risk of death (Pwere < 0.001), while MUST could
not (P ¼ 0.690).
Conclusions: Patients with COVID-19 at risk of malnutrition have a worse prognosis than those with
normal nutrition. The modified NRS scale could effectively predict the risk of death among patients with
COVID-19.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

COVID-19, caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has been an ongoing pandemic all
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over the world [1]. Malnutrition and risk of malnutrition are
prevalent in COVID-19 patients, which is associated with increased
mortality and poor long-term outcomes [2]. Patients under
malnutrition or malnutrition risk benefit from early and individu-
alized nutritional therapy [3]. Therefore, timely identification of
malnutrition or malnutrition risk is particularly important.

At present, many nutritional screening tools were used to
evaluate the nutritional status of COVID-19 patients in different
y Elsevier Ltd. All rights reserved.
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countries. Among them, mostly used scales were NRS 2002, MNA-
SF and MUST. According to literature reports, nutritional risk was
identified in 27.5%e85.1% of participants screened by NRS 2002,
MNA-SF, and MUST. NRS 2002, MNA-SF and MUST demonstrated
high sensitivity, MUST had better specificity [4,5]. However, it is
unclear whether these nutritional assessment scales can predict
the prognosis of COVID-19 and the predictive value of various
nutritional assessment scales.

Based on NRS 2002, a modified NRS has been developed by the
expert team of medical nutrition diagnosis and treatment of Hubei
Province for assessing the nutritional status among patients in the
first wave of COVID-19 in Wuhan, China [6]. The assessment of
disease severity of COVID-19 is added into the scale. This study
compared the new modified NRS scale with the classical nutrition
screening tools such as NRS 2002, MNA-SF, and MUST to evaluate
its efficacy on predicting death of COVID-19 patients.

2. Methods

2.1. Study design and participants

This retrospective cohort analysis consecutively enrolled a series
of patients who were admitted to the West campus of Union
Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China, one of the major hospitals to treat
COVID-19 patients in Wuhan between January 25th, 2020 to April
24th, 2020. Patients diagnosed with COVID-19, older than 18 years,
and hospitalized with a length of stay of >24 h were enrolled in this
study. Patients with missing data for screening of nutrition status
Fig. 1. Flow diagram of participa
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were excluded from this study. Finally, 678 participants were
included in the analysis (Fig. 1). The clinical outcomes were
monitored until April 28, 2020, by which date, all the patients
either died or were discharged. This study was approved by the
ethics committee of Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology.

A diagnosis of COVID-19 required the following [7]: (1) history
of epidemiological exposure; (2) clinical symptoms such as a fever
(armpit temperature �37.3 �C), cough, sputum symptoms, or
gastrointestinal symptoms; (3) laboratory test results, indicating
either that the total number of white blood cells was normal or
decreased in early onset, or that the lymphocyte count decreased;
(4) pulmonary imaging changes showing multiple small, patchy
shadows or interstitial changes in the early stage, and later findings
that extra pulmonary bands were present and had progressed in
both lungs, with ground-glass infiltration and infiltration, or pul-
monary consolidation. Pleural effusion was rare; and (5) positive
detection of SARS-CoV-2 nucleic acid by quantitative real-time
reverse-transcription e polymerase chain reaction (qRT-PCR) us-
ing pharyngeal swab specimens.

2.2. Data collection

Data on age, gender, comorbidities, length of hospital stay, al-
bumin, prealbumin, body mass index (BMI), and disease severity
were retrospectively collected from electronic medical records for
each participant. Albumin and prealbumin were the results of the
first test after admission. BMI come from the data on admission.
Nutrtional status was assessed the next day after admission.
nts inclusion and exclusion.
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2.3. Nutritional risk screening tools

2.3.1. Nutrition risk screening (NRS) 2002
The NRS 2002 scoring system consists of three parts according

to ESPEN guidelines [8]. The first part of NRS 2002 assesses the
nutritional status of the patient, which is based on the changes in
weight in the recent 3 months, dietary intake one-week before
hospitalization, and the BMI. The second part of the NRS 2002 as-
sesses the severity of the disease, which could be scored by its
impact on the increased nutritional requirements of patients. The
scores for the first two parts of the NRS 2002 vary from 0 to 3. The
last part of the NRS 2002 is the age assessment. If the patient is 70
years or older, add 1 score. Therefore, the final score of NRS 2002
can range from 0 to 7. Patients with a total NRS 2002 score of �3
indicate a high nutritional risk (Table 1).
2.3.2. Modified nutrition risk screening (NRS) 2002
The modified NRS adds the assessment of disease severity of

COVID-19 to the second part of NRS 2002 [5]. The mild and mod-
erate cases of COVID-19 was scored 1. The severe cases of COVID-19
was scored 2. The critical cases of COVID-19 was scored 3. The scale
is scored out of a total of 7 points. A score of <3 points indicating
normal nutrition and a score of �3 points indicating a risk of
malnutrition (Table 1).
2.3.3. Mini nutrition assessment short-form (MNA-SF)
The MNA-SF consists of six items: decline in food intake, weight

loss, mobility, psychological stress or acute disease, neuropsycho-
logical problems, and the BMI. The scale is scored out of a total of 14
points and values below a threshold of 12 were used to identify at-
risk patients [9].
2.3.4. Malnutrition universal screening tool (MUST)
The MUST includes three components, such as BMI, unplanned

weight loss in past 3e6 months, and absence or inadequacy of di-
etary intake for >5 day due to the presence of acute disease [10].
The score for each component varies from 0 to 2. Overall risk of
malnutrition according toMUST is rated as low (score¼ 0), medium
(score ¼ 1), or high (score � 2). Patients with a score of 0 was
Table 1
Comparison of the modified NRS and NRS 2002 scoring criteria.

NRS 2002 Modifi

Normal nutritional status
Impaired nutritional status:
Mild: Weight loss >5% in 3 months or food intake below 50e75% of

normal requirement in preceding week
Unch

Moderate:Weight loss >5% in 2months or BMI 18.5e20.5 plus impaired
general condition or food intake 25e50% of normal requirement in
preceding week

Severe: Weight loss >5% in 1 month (or 15% in 3 months) or BMI <18.5
plus impaired general condition or food intake 0e25% of normal
requirement in preceding week

Severity of disease:
Normal nutritional requirements
Mild: Hip fracture, chronic patients in particular with acute

complications, cirrhosis, COPD, chronic hemodialysis, diabetes,
oncology

Mild:
COVID

Moderate: Major abdominal surgery, stroke, severe pneumonia,
hematologic malignancy

Mode
patien

Severe: Head injury, bone marrow transplantation, intensive care
patients (APACHE II > 10)

Sever
patien

Patients with age � 70 years Unch

Presence of nutritional risk Total

BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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assigned in normal nutrition group and a score �1 was assigned in
malnutrition risk group in this study.

2.4. Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges (IQR) and categorical variables as a number and
percentage (%). Patients were classified into malnutrition risk and
normal nutrition groups based on the four nutritional risk
screening tools and ManneWhitney test was used to test the fre-
quency of malnutrition risk. Kaplan meier analysis was performed
for survival curves. Features of the malnutrition risk group and
normal nutrition group were compared using the ManneWhitney
or chi-squared tests. Receiver operating characteristic (ROC)
curves were used for assessing the performance of the modified
NRS, NRS 2002, MNA-SF, and MUST in predicting mortality risk of
patients with COVID-19. The SPSS13.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analyses. Statistical significance was
considered at P value of <0.05.

3. Results

In the study cohort, 68 (10.00%) of the 678 COVID-19 patients
died during hospitalization, and 610 (90.00%) were discharged.
First, we analyzed the characteristics of 678 COVID-19 patients
(Table 2). In the participants, 49.3% were male. Most of the partic-
ipants weremoderate cases (60.3%). The median age of the patients
were 60.3 years. The median albumin concentration 33.9 g/L was
lower than the lower limit of range of normal (35e55 g/L).

Secondly, we performed the nutritional assessment of the pa-
tients using the four nutrition screening scales (Table 3). We found
that 43.4%e73.9% of the patients were at risk of malnutrition ac-
cording to the scales. MNA-SF detected the highest prevalence of
risk of malnutrition (73.9%). The second was modified NRS (71.4%).
NRS-2002 followed with 57.9%. MUST had the lowest probability of
detecting the risk of malnutrition (43.4%). Patients were divided
into malnutrition risk group and normal nutrition group by
modified NRS. Differences in characteristics of participants be-
tween malnutrition risk group and normal nutrition group were
compared (Table 4). Patients in the malnutrition risk group were
ed NRS Score in the present study

Normal nutritional status: Score 0
anged Mild: Score 1

Moderate: Score 2

Severe: Score 3

Normal nutritional requirements: Score 0
Add mild and moderate
-19 patients

Mild: Score 1

rate: Add severe COVID-19
ts

Moderate: Score 2

e: Add critical COVID-19
ts

Severe: Score 3

anged Age < 70 years: score 0
Age � 70 years: score 1

score �3



Table 2
Characteristics of study participants.

Variable All subjects (n ¼ 678)

Age (years) 62.00 (53.00, 70.00)
Male 343.0 (49.30)
BMI (kg/m2) 23.56 (21.68, 25.64)
Length of hospital stay (days) 27.00 (19.75, 39.00)
Chronic respiratory disease 51.00 (7.500)
Hypertension 241.0 (35.50)
Malignancy 41.00 (6.000)
Diabetes 123.0 (18.10)
Renal inadequacy 22.00 (3.200)
Coronary heart disease 83.00 (12.20)
Albumin (g/L) 34.20 (29.90, 37.70)
Prealbumin (mg/L) 230.5 (148.4, 292.0)
Severity of disease
Mild cases 54.00 (7.900)
Moderate cases 409.0 (60.30)
Severe cases 104.0 (15.40)
Critical cases 111.0 (16.40)

Values are median (IQR) or n (%), respectively.
BMI, body mass index.
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older (65 y vs. 56 y) and with more severe and critical cases (42.30%
vs. 5.20%), more diabetes cases (21.50% vs. 9.80%), worse prognosis
(death of 13.80% vs. 0.50%), longer hospital stay (29 days vs. 23d
ays), lower albumin (31.85 g/L vs. 38.55 g/L) and prealbumin
(201.95 mg/L vs. 280.25 mg/L) compared with the normal nutrition
group (Pwere <0.001, respectively). There were more patients with
chronic respiratory disease in malnutrition risk group (9.70% vs.
2.10%, P ¼ 0.001). BMI was lower in malnutrition risk group
(23.45 kg/m2 vs. 24.15 kg/m2, P ¼ 0.017). Most patients in malnu-
trition risk group hadmalignant tumor (7.4% vs. 2.6%, P¼ 0.016) and
coronary heart disease (13.80% vs. 8.20%, P¼ 0.045). Survival rate of
patients at risk of malnutrition was much lower than those with
normal nutrition (P < 0.001) (Fig. 2).
Table 3
Nutritional status of 678 patients classified by modified NRS, NRS-2002, MNA-SF and MU

Malnutrition risk group, n (%) N

Modified NRS 484.0 (71.40) 19
NRS 2002 393.0 (57.90) 28
MNA-SF 501.0 (73.90) 17
MUST 294.0 (43.40) 38

Table 4
Characteristics of patients in malnutrition risk group and normal nutrition group accord

Malnutrition risk group (n ¼ 194) Norma

Age (years) 65.00 (56.00, 72.00) 56.00
Male, n (%) 263.0 (54.30%) 80.00
Death n (%) 67.00 (13.80%) 1.000
BMI (kg/m2) 23.45 (21.63, 25.46) 24.15
Length of hospital stay (days) 29.00 (21.00, 40.00) 23.00
Chronic respiratory disease, n (%) 47.00 (9.700%) 4.000
Hypertension, n (%) 182.0 (37.60%) 59.00
Malignancy, n (%) 36.00 (7.400%) 5.000
Diabetes, n (%) 104.0 (21.50%) 19.00
Renal inadequacy, n (%) 18.00 (3.700%) 4.000
Coronary heart disease, n (%) 67.00 (13.80%) 16.00
Albumin (g/L) 31.85 (28.40, 34.70) 38.55
Prealbumin (mg/L) 201.9 (127.0, 269.7) 280.2
Severity of disease, n (%)
Mild cases 26.00 (5.400%) 28.00
Moderate cases 253.0 (52.30%) 156.0
Severe cases 94.00 (19.40%) 10.00
Critical cases 111.0 (22.90%) 0 (0.0%

Values are median (IQR) unless otherwise indicated.
BMI, body mass index.
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Finally, the efficacy to predict the risk of death of modified NRS,
NRS 2002, MNA-SF, and MUST were compared in the 678 patient
using ROC analysis. Their AUCs for predicting the risk of death were
0.895 (95% CI, 0.854e0.935), 0.758 (95% CI, 0.705e0.812), 0.685
(95% CI, 0.621e0.749), and 0.485 (95% CI, 0.410e0.561), respectively.
The former three scales could predict the risk of death (P were
<0.001), while MUST could not (P ¼ 0.690). The corresponding
sensitivities were 90.50%, 63.00%, and 61.10%, and the specificities
were 75.00%, 77.90%, and 66.20%, respectively (Table 5, Fig. 3).

4. Discussion

In this study, there were 43.4%e73.9% patients with COVID-19
were at risk of malnutrition revealed by four nutrition screening
tools: the modified NRS, NRS 2002, MNA-SF, and MUST. According
to the screening of modified NRS, patients were divided into risk of
malnutrition group and normal nutrition group. Patients in the
malnutrition risk group were older, with more severe and critical
cases, more diabetes cases, longer hospital stay, lower albumin and
prealbumin compared with the normal nutrition group. The
probability of survival of patients with risk of malnutrition was
much lower than those with normal nutrition. In ROC analysis, the
modified NRS showed the best performance in predicting the risk
of death among the four malnutrition risk screening tools in pa-
tients with COVID-19.

Malnutrition risk were prevalent in patients with COVID-19. Pa-
tients with COVID-19 frequently presents with a broad clinical spec-
trum of symptoms and complications such as fever, coughing, nasal
cold, shortness of breath, pain during breathing, sore throat, general
malaise, fatigue, general pain symptoms, headache, muscle ache,
stomachache, decreased appetite, ageusia, changed taste, anosmia,
nausea, vomiting and diarrhea [11]. Several of these symptoms are
associated with reduced nutrient intake, increased energy expendi-
ture or decreased nutrient absorption [12]. In addition, psychological
ST.

ormal nutrition group, n (%) Z P

4.0 (28.60) 3.316 <0.001
5.0 (42.10) 4.390 <0.001
7.0 (26.10) 6.007 <0.001
4.0 (56.60) 8.977 <0.001

ing to the modified NRS.

l nutrition group (n ¼ 484) Total (n ¼ 678) Z/X2 P

(44.00, 64.00) 62.00 (53.00, 70.00) �8.074 <0.001
(41.20%) 343.0 (50.60%) 9.510 0.002
(0.5000%) 68.00 (10.00%) 27.26 <0.001
(22.07, 26.18) 23.56 (21.68, 25.64) �2.395 0.017
(17.00, 32.00) 27.00 (19.75, 39.00) �4.968 <0.001
(2.100%) 51.00 (7.500%) 11.64 0.001
(30.40%) 241.0 (35.50%) 3.126 0.077
(2.600%) 41.00 (6.000%) 5.759 0.016
(9.800%) 123.0 (18.10%) 12.75 <0.001
(2.100%) 22.00 (3.200%) 1.211 0.271
(8.200%) 83.00 (12.20%) 4.036 0.045
(36.80, 40.92) 34.20 (29.90, 37.72) �16.30 <0.001
(230.3, 331.7) 230.5 (148.4, 292.0) �9.641 <0.001

95.32 <0.001
(14.40%) 54.00 (8.000%)
(80.40%) 409.0 (60.30%)
(5.20%) 104.0 (15.30%)
) 111.0 (16.40%)



Fig. 2. Cumulative survival in normal nutrition group and malnutrition risk group. Survival rate of patients at risk of malnutrition was much lower than those with normal nutrition
(P < 0.001). Kaplan meier analysis was performed for survival curves.

Table 5
ROC curve analysis of modified NRS, NRS-2002, MNA-SF and MUST in predicting risk of death.

AUC Standard error P 95% CI Optimal boundary value problem Sensitivity Specificity

Modified NRS 0.895 0.021 <0.001 0.854e0.935 0.655 0.905 0.750
NRS 2002 0.758 0.027 <0.001 0.705e0.812 0.409 0.630 0.779
MNA-SF 0.685 0.031 <0.001 0.621e0.749 0.273 0.611 0.662
MUST 0.485 0.039 0.690 0.410e0.561 0.043 0.969 0.074

Fig. 3. ROC analysis of sensitivity and specificity of predicted probabilities for risk of
death among modified NRS, NRS-2002, MNA-SF, and MUST. The efficacy to predict the
risk of death of modified NRS, NRS 2002, MNA-SF, and MUST were compared in the
678 patient using ROC analysis. Modified NRS (AUC ¼ 0.898, 95% CI [0.854e0.935]);
NRS 2002 (AUC ¼ 0.758, 95% CI [0.705e0.812]); MNA-SF (AUC ¼ 0.685, 95% CI
[0.621e0.749]); MUST (AUC ¼ 0.485, 95% CI [0.410e0.561]). ROC, receiver operating
characteristic; AUC, area under the curve.
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stress from COVID-19 increases the risk of depression and anxiety,
further affecting food intake [13]. As a consequence, nutritional re-
quirements of COVID-19 patients are often not being met, which
resulting inweight loss and risk of malnutrition.
5

The risk of malnutrition increases with age, accompanied by
functional limitations, increased morbidity and mortality [14,15].
Age-related changes in swallowing physiology and dysphagia
reduced food intake in aged patients, which contributed to increase
malnutrition risk [16,17]. In addition, increased age may cause a
decline in cognitive functioning and particularly memory. Memory
relates to many aspects of everyday functioning, such as eating, and
in turn may lead to an increased risk of malnutrition [18].

Disease-related risk of malnutrition are common [19]. Diabetes
leads to changes in body composition, with reduced fat and fat-free
body mass that often lead to diminished physical and mental
function [20]. Nutritional abnormalities are frequent in different
chronic respiratory diseases such as chronic obstructive pulmonary
disease (COPD), bronchiectasis, and interstitial fibrosis. The nutri-
tional abnormalities result from the interaction of several factors,
including tobacco smoking, low physical activity, systemic inflam-
mation and the imbalance between energy supply and re-
quirements, which essentially lead to a negative balance between
protein breakdown and synthesis [21]. Cancer-associated malnu-
trition occurs through a variety of mechanisms such as the host
response to the tumor and its treatment. These include the various
treatment modalities and systemic and local effects of the cancer
itself, resulting in loss of appetite, alterations in absorption and
metabolism of nutrients, and impaired organ function [22].

In our study, higher mortality was found in patients with
malnutrition risk than with normal nutrition. The immune system
is highly affected by nutrition. Malnutrition leads to decreased
immune responses with consequent augmented risk of infection
and disease severity. Malnutrition has been observed increasing the
susceptibility and severity of SARS-CoV-2 infection [23]. At the
same time, severe and critical patients with COVID-19 have a high
risk of malnutrition [24]. Malnutrition risk is a negative prognostic
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factor in terms of mortality, hospitalization length and clinical
status of the patient at discharge in patients with COVID-19 [25].

The rate of malnutrition risk is different with screening by
different scales because some score items assessing the risk of
malnutrition are different in these scales. Weight loss in recent 3e6
months and low BMI are common evaluation items of these scales.
But there are other different evaluation items in different scales.
Fasting or insufficient intake for more than 5 days due to the impact
of acute diseases is included in MUST [10]. This item usually failed
to be scored during admission evaluation, resulting in low score
and low detection rate of malnutrition risk among the patients who
were admitted to hospital within 5 days after onset. NRS 2002 takes
the severity of diseases as one of the evaluation items. According to
this scale, severe pneumonia with COVID-19 gets 2 points, critical
cases of COVID-19 with mechanical ventilation gets 3 points [8].
However, patients with mild symptoms are not scored. In the
modified NRS, patients with mild or moderate COVID-19 were
assigned a score of 1 [6], which may increase the identification of
patients at risk of malnutrition. Due to the different disease severity
of COVID-19, different scores are assigned in the modified NRS,
which increases its predictive value of risk of death. Compared with
the classical malnutrition risk assessment tools such as NRS 2002,
MNA-SF, and MUST, it showed better predicting efficacy on the risk
of death in patients with COVID-19.

This study has several limitations. First, it is failure to perform
sampling from multicenters. Second, we did not conduct dynamic
nutritional screening and were unable to find the changing char-
acteristics of nutritional status in the acute phase and recovery
phase of the participants. Moreover, we did not obtain data on body
composition. Patients did not have their waist-to-hip ratio
measured, and data concerning central obesity based on waist
circumference were not reported either.

In conclusion, risk of malnutrition is common in hospitalized
patients with COVID-19. Patients with risk of malnutrition have
worse prognosis of death than patients with normal nutrition
compared with NRS 2002, MNA-SF and MUST, the modified NRS
demonstrated better predicting efficacy on the risk of death among
patients with COVID-19. Therefore, the modified NRS could be used
to evaluate the nutritional status and predict disease prognosis in
hospitalized COVID-19 patients.
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