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Abstract

Objectives The aim of this study was to assess the nutritional risks among older patients with COVID-19 and their
associated clinical outcomes using four nutritional risk screening (NRS) tools: Nutrition Risk Screening 2002 (NRS 2002),
Malnutrition Universal Screening Tool (MUST), Mini Nutrition Assessment Shortcut (MNA-sf), and Nutrition Risk
Index (NRI).

Methods We retrospectively analyzed the data of patients with COVID-19 older than 65 years who were treated in our
hospital from January 28, 2020 to March 5, 2020, and explored the relationship between nutritional risk and clinical
outcomes.

Results A total of 141 patients with COVID-19 (46 common COVID-19, 73 severe COVID-19, and 22 extremely severe
COVID-19) were enrolled in the study. NRS 2002 identified 85.8% of patients as having risk, with being identified 41.1%
by MUST, 77.3% by MNA-sf, and 71.6% by NRI. The agreement strength was moderate between NRS 2002 and MNA-sf,
NRI, fair between MUST and MNA-sf, NRI, fair between MNA-sf and NRI, poor between NRS 2002 and MUST (P <
0.01). After adjustment for confounding factors in multivariate regression analysis, patients in the risk group had sig-
nificantly longer LOS, higher hospital expenses (except MNA-sf), poor appetite, heavier disease severity, and more weight
change(kg) than normal patients by using NRS 2002, MNA-sf, and NRI(P < 0.05).

Conclusions The NRS 2002, MNA-sf, and NRI are useful and practical tools with respect to screening for patients with
COVID-19 who are at nutritional risk, as well as in need of additional nutritional intervention.

Introduction

At present, coronavirus disease 2019 (COVID-19) has
developed into a worldwide outbreak. The case detection
rate is changing every day, and it can be tracked nearly in
real time on the website provided by Johns Hopkins Uni-
versity [1]. According to official data, as of March 28, 2020,
the number of confirmed cases worldwide has reached
598,130, with 27,033 deaths, and a mortality rate of 4.5% or
higher in areas with a concentrated outbreak.
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According to the literature, nutritional deficiency is
common and serious in the elderly, with studies reporting
malnourishment in 35-65% of elderly hospitalized patients
and 25-60% of institutionalized older adults [2, 3]. Because
COVID-19 is an acute inflammatory process, severely
affected patients even have to withstand the blow of the
resulting inflammatory storm, which manifests as fever,
decreased appetite, and weight loss as an inevitable trend.
Up to 44% of cases in Hubei Province are patients older
than 60 years [4]. While some malnourishment stems from
underlying illness, much is due simply to inadequate intake,
which should be reversible if detected. Nutrition Risk
Screening 2002 (NRS 2002), Malnutrition Universal
Screening Tool (MUST), Mini Nutrition Assessment
Shortcut (MNA-sf), and Nutrition Risk Index (NRI) are
currently commonly used clinical nutrition screening
methods [5-8]. Previous studies have validated the role of
these non-disease-specific nutritional risk screening (NRS)
tools to identify nutritional risks in hospitalized patients
with multiple diseases [9, 10]. However, little research had
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been reported on the use of these NRS tools for a specific
disease: COVID-19, which has the potential to put patients
at nutritional risk. To date, whether or not malnourished
patients with COVID-19 have poor clinical results has also
not been reported.

In this study, we retrospectively analyzed the data of
patients older than 65 years with COVID-19 who were
treated in our hospital from January 28, 2020 to March 5,
2020. We screened these patients for nutritional risk with
four NRS tools in order to explore the relationship between
nutritional risk and clinical outcome. We also investigated
the ability of the NRS tools to predict worse-than-average
clinical outcomes, and we analyzed the agreement of
nutritional risk classification between the NRS tools.

Patients and methods
Patients

This retrospective cohort analysis consecutively enrolled a
series of patients who were admitted to the Department of
Infectious Diseases at our hospital between January 28,
2020 and March 28, 2020. Patients diagnosed with COVID-
19, older than 65 years, and hospitalized with a length of
stay (LOS) of >24h were enrolled in this study. Patients
with the following features were excluded from this group:
(1) patients unable to get out of bed to measure weight
because of a serious condition, (2) patients with missing
data, (3) patients with mild COVID-19, and (4) patients
with chronic disease.

A diagnosis of COVID-19 required the following [11]:
(1) history of epidemiological exposure; (2) clinical symp-
toms 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 pro-
gressed in both lungs, with ground-glass infiltration and
infiltration. In severe cases, pulmonary consolidation.
Pleural effusion was rare; and (5) RT-PCR: respiratory
specimens or blood specimens for detection of COVID-19
nucleic acid demonstrating a positive result.

COVID-19 was categorized into mild, common, severe,
and extremely severe in accordance with the 6th edition of
Diagnostic Standards for COVID-19 [11]. Consequently,
mild COVID-19 was considered to be associated with mild
clinical symptoms, with no pneumonia manifestations on
imaging. Patients with common COVID-19 had fever,
respiratory tract, or other symptoms, and imaging that

showed pneumonia. Severe COVID-19 was considered to
meet one of the following conditions: (1) shortness of
breath, RP 2 30 breaths/min; or (2) in the resting state, pulse
oxygen saturation <93%, arterial blood oxygen pressure
(PaO,)/oxygen concentration (FIO;) <300 mmHg
(1 mmHg = 0.133 kpa). Extremely severe COVID-19 nee-
ded meet one of the following conditions: (1) development
of respiratory failure requiring mechanical ventilation; (2)
shock; or (3) combined organ failure requiring ICU mon-
itoring and treatment.

As our hospital was a designated hospital for severe
COVID-19, the patients admitted were confirmed cases
transferred from lower-level hospitals. These patients were
treated with oral antiviral drugs in local hospitals, and
patients with hypertension and/or diabetes routinely
received antihypertensive and/or hypoglycemic treatment
before and after admission. Anthropometric examination
and laboratory testing were performed by nurses within the
first 24 h after admission. Weight was measured at admis-
sion and discharge (high accuracy to 0.5 cm, without shoes;
weight accurate to 0.5 kg, fasting, in ward clothes). We
assessed the patient’s disease severity during the consulta-
tion. All of the measurements were performed using a
standardized protocol and calibrated equipment.

Nutritional screening tools

NRS 2002 was designed to predict clinical effects of
nutritional treatment in hospital settings with two levels.
Level 1 and level 2 both contain the factors of BMI status,
weight loss history, nutritional intake, and disease severity,
while level 2 also includes a grading of their severity (mild
[score 1], moderate [score 2], and severe [score 3]) [5].

The MNA-sf was designed to detect undernourishment
of the elderly in home care programs, nursing homes, and
hospitals, as well as ascertain the risk of undernourishment
progressing. The MNA-sf consists of six parts to assess
food intake loss, weight loss, mobility, physical stress or
acute illness, cognitive status, and BMI [6].

MUST was designed to identify need for nutritional
treatment as well as establishing nutritional risk on the basis
of the association between impaired nutritional status and
impaired function. It includes a BMI score, a weight loss
score, and an acute disease score [7].

NRI was calculated by a simple equation that uses serum
albumin and recent body weight loss. Nutritional Risk
Index = (1.519 x serum albumin, g/L)+ 0.417 X (present
weight/usual weight x 100) [8].

Patients were classified into either a normal group or a
nutritional risk group according to the criterion of each NRS
tool. The number of patients enrolled in each NRS tool was
same in the present study. All of the tools were filled out
based on medical records.

SPRINGER NATURE



878

G. Liu et al.

Statistical analysis

Continuous variables were expressed as the mean + SD or
median (range) and categorical data as percentages, as
appropriate. Differences between the groups were assessed
using a Student’s ¢ test or Mann—Whitney U test for con-
tinuous variables, or y* test for categorical data as appro-
priate. The associations between nutritional risk
classifications and clinical outcomes were analyzed by
using multivariate regression analysis adjusted for age, sex,
presence of comorbidities, and BMI. The performance of
each tool in predicting the occurrence of worse-than-
average clinical outcomes was assessed using receiver
operating characteristic (ROC) curves, and the parameters
of ROC analyses were defined as an LOS over 30 (mean)
days, weight loss>2.6kg, loss of appetite, and hospital
expenses incurred over 56,163.4 ¥ (mean). Cohen’s
coefficient was used to analyze agreement between the NRS
tools and was interpreted in accordance with the Altman
classification, which considers the k coefficient of 1-0.81 as
very good, 0.80-0.61 as good, 0.60-0.41 as moderate,
0.40-0.21 as fair, and <0.20 as poor [12]. A P value <0.05
was considered to be statistically significant. Statistical
analyses were performed with SPSS 25.0 (IBM, USA).

Result
Patient characteristics

A total of 141 patients with COVID-19 (46 with common
COVID-19, 73 with severe COVID-19, and 22 with
extremely severe COVID-19) were enrolled in the study.
Twenty-three patients were excluded from the analysis.
Fifteen patients could not be measured for weight and
height because of their severe condition at admission, and
eight patients, of whom two later died, were excluded due to
incomplete records. In the present study, there were 68
males and 73 females, and the average age was 71.688 +
5.851 years. The minimum age was 65 years and the
maximum was 87 years. There were 77 cases accompanied
by hypertension or/and diabetes.

No statistically significant differences were observed
between the groups of all four NRS tools with respect to
sex, age, presence of comorbidities, BMI (except MUST),
Hemoglobin (HB) or fever duration (except NRS 2002)
(P>0.05). There were also no statistically significance
differences in ALB (g/L), Total protein (TP), LOS, hospital
expenses, or disease severity by using the MUST (P > 0.05).
A significant difference was observed in ALB, TP, weight
loss, weight change, change in appetite, LOS, hospital
expenses, and disease severity between normal group and
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nutritional risk group when NRS 2002, MNA-sf, and NRI
were used (P <0.05) (Table 1).

Classification and agreement between nutritional
risk tools

All of the study participants were divided into two cate-
gories: normal and nutritional risk. When broken down by
the analysis tool used, the percentages of normal nutrition
and nutritional risk were: NRS 2002 21 normal (14.9%) and
120 at risk (85.1%), MUST 83 normal (58.9%) and 58 at
risk (41.1%), MNA-sf 32 normal (22.7%) and 109 at risk
(77.3%), and NRI 40 normal (39.6%) and 101 at risk
(60.4%). The percentage of the group found to be at risk
varied significantly between NRS 2002, MUST, and NRI,
as well as between MUST, MNA-sf, and NRI (P <0.05)
(Fig. 1). Subsequently, we utilized Cohen’s « coefficient to
analyze the agreement between the nutritional risk classifi-
cation tools. The results suggested that the strength of
agreement was moderate between NRS 2002, MNA-sf, and
NRI, fair between MUST, MNA-sf, and NRI, fair between
MNA-sf and NRI, and poor between NRS 2002 and MUST
(P<0.01) (Table 2).

Risk classification and anthropometric measures

No significant differences in anthropometric measures were
observed between the normal group and nutritional risk
group when the NRS 2002, MNA-sf, and NRI tools were
used (P> 0.05) (Table 1). However, BMI was significantly
lower in patients with nutritional risk than in those not at
risk when MUST was employed (P < 0.05). Among the 141
patients enrolled in this study, 72, 27, 68, and 61 patients in
NRS 2002, MUST, MNA-sf, and NRI with normal BMI,
respectively, were assigned to the nutritional risk group, and
41, 14, 34, and 33 overweight patients were assigned to the
nutritional risk group (Table 3).

Clinical outcomes of patients by risk classification

The nutritional risk group was significantly associated with
longer LOS, higher hospital expenses, worse disease
severity, and more weight change (in kg) than the normal
group as assessed by the NRS 2002, MNA-sf, and NRI
tools (P <0.05) (Table 1). Univariate analysis also showed
that patients with nutritional risk had longer LOS (NRS
2002: F=33.452, P=0.000; MNA-sf: F=7.673, P=
0.006; NRI: F=16.862, P =0.000), more hospital expen-
ses (except MNA-sf) (NRS 2002: F=4.748, P=0.031;
NRI: F=5.639, P=0.017), poor appetite (NRS 2002: F =
29.763, P =0.000; MNA-sf: F=82.197, P=0.000; NRI:
F=7936, P=0.006), heavier disease severity (except
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MNA-sf) (NRS 2002: F=21.723, P=0.000; NRI: F=
8.358, P=0.004), and more weight change (kg) (NRS
2002: F=15.687, P=0.000; MNA-sf: F=28.010, P=
0.000; NRI: F=21.213, P=0.000) than normal patients
when NRS 2002, MNA-sf, and NRI were used. Adjusted
for age, sex, presence of comorbidities, and BMI, the
multivariate logistic regression models revealed that
according to NRS 2002, MNA-sf, and NRI tools, patients
who remain at nutritional risk incurred a longer LOS, higher
hospital expenses (except MNA-sf), poorer appetite, worse
disease severity, and more weight change (kg) than normal
patients (P <0.05). However, MUST only demonstrated
that at-risk patients had a poorer appetite and more weight
change (kg) (P<0.05), and no correlation between

160
140
120
100
80
60
40
20

0

NRS2002 MUST MNA-SF NRI

Normal Nutritional risk

Fig. 1 Comparison of percentage of risk groups between each
tools. *compared with NRS2002, P <0.05, #compared with MUST,
P<0.05.

comorbidities and clinical outcomes (P >0.05) (Table 4).
The results of ROC curve analysis showed that NRS, MNA,
and NRI were more effective in predicting the occurrence of
worse-than-average clinical outcomes (P <0.05), whereas
MUST and BMI were less effective (Table 5).

Discussion

The results of the present study show that patients with
COVID-19 who classified as having a nutritional risk had
significantly poorer clinical outcomes than those classified
as normal following assessments by NRS 2002, MNA-sf,
and NRI. In multivariate regression analysis, prolonged
LOS, more hospital expenses, poorer appetite, and greater
weight loss remained significantly associated with nutri-
tional risk compared with patients who were not at risk after
controlling for the relevant confounding factors. Agreement
was strong between the NRS 2002, MNA-sf, and NRI tools.
Therefore, our findings suggest that the NRS 2002, MNA-
sf, and NRI are useful and practical tools for identifying
older adult patients with COVID-19 who are at
nutritional risk.

COVID-19 not only manifests as pneumonia, but also
includes dyspnea, severe respiratory failure, septic shock,
and/or multiple organ dysfunction or failure [4]. Patients
often have fever manifestations, and some patients show
anorexia, poor short-term appetite, weight loss, and mal-
nutrition. Malnutrition interacted with infections in a
vicious cycle whereby it not only increased the risk and
severity of infections, but could also be a result of infection

Table 2 Agreement of

nutritional risk between the Normal Nutritional risk x (95% CI) P value
different NRS tools. NRS 2002 compared with MUST (n = 141) 0.193 (0.101-0.2845) 0.000
Normal 20 63
Nutritional risk 1 57
NRS 2002 compared with MNA-sf (n = 141) 0.425 (0.241-0.609) 0.000
Normal 14 18
Nutritional risk 7 102
NRS 2002 compared with NRI (n = 141) 0.491 (0.328-0.653) 0.000
Normal 18 22
Nutritional risk 3 98
MUST compared with MNA-sf (n = 141) 0.314 (0.204-0.425) 0.000
Normal 31 52
Nutritional risk 1 57
MUST compared with NRI (n = 141) 0.302 (0.178-0.426) 0.000
Normal 35 5
Nutritional risk 48 53
MNA-sf compared with NRI (n = 141) 0.294 (0.120-0.468) 0.001
Normal 17 23
Nutritional risk 15 86
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Table 3 BMI within nutritional risk groups for each NRS tools by the chi-squared test.

NRI

MNA-sf

MUST

NRS 2002

Nutritional risk P value

Nutritional risk P value Normal

Nutritional risk P value Normal

Nutritional risk P value Normal

Normal

0.291

7 (6.9%)

0 (0%)
25 (62.5%) 61 (60.4%)

15 (37.5%) 33 (32.7%)

7 (6.4%) 0.206

0 (0%)
18 (56.3%) 68 (62.4%)

14 (43.8%) 34 (31.2%)

7 (12.1%) 0.001

0 (0%)
49 (59.0%) 37 (63.8%)

0.776
34 (41.0%)

7 (5.8%)

0 (0%)
14 (66.7%) 72 (60.0%)

Normal (18.5 < BMI < 25)
Overweight (BMI > 25)

Thin (BMI £ 18.5)

14 (24.1%)

7 (333%) 41 (34.2%)

[13]. The purpose of nutritional screening is to identify
patients at nutritional risk, aiming to prevent further
declines in nutritional status during hospitalization and, in
turn, improve clinical outcomes. In this study, multivariate
regression analysis revealed that prolonged LOS, more
hospital expenses, poorer appetite, and greater weight loss
were significantly associated with nutritional risk. There-
fore, we recommend early intervention for patients with
COVID-19 who are found to be at nutritional risk.

In the present study, 72 patients with normal BMI
(18.5<BMI<25) and 41 overweight patients (BMI >25)
were classified as having nutritional risk according to the
NRS 2002. Furthermore, 37, 68, and 61 patients with
normal BMI (18.5 <BMI < 25), and 14, 34, and 33 over-
weight patients (BMI>25) as determined by MUST,
MNA-sf, and NRI, respectively, were included in the
nutritional risk group. This could indicate a poor match
between anthropometric measurements and the risk classi-
fications of the NRS tools. Previous studies also suggested
that there was no correlation between BMI and clinical
outcomes [14, 15]. Weight gain and weight loss are not
reliable indicators of body composition changes due to fluid
collection, such as ascites or body edema. In addition,
people tend to lose muscle mass and gain fat as they get
older. Therefore, patients with similar BMIs can have dif-
ferent nutritional status. ROC curve analysis in this study
showed that NRS 2002, MNA-sf, and NRI performed
better than BMI in predicting worse-than-average clinical
outcomes. Therefore, our findings indicate that, instead of
basing nutritional assessments simply on height and
weight, the NRS 2002, MNA-sf, and NRI tools should be
applied for screening all of the patients with COVID-19
admitted to a hospital.

In this study, NRS 2002, MNA-sf, and NRI showed
good performance in predicting worse-than-average clin-
ical outcomes, but MUST did not. The correlation between
MUST and changes in BMI, appetite, and weight may be
related to its focus points of BMI, unintentional weight
loss, and whether the patient is in an acute disease state [7],
while the other screening tools also account for factors,
such as mobility and mental state of patients in MNA-sf,
and ALB in both NRS 2002 and NRI [5, 6, 8]. According
to MUST criteria, if the patient was in an acute disease
state, the patient was rated two points. All of the patients
with COVID-19 were in an acute disease state, and thus
they were all rated as two points or more. However, A
MUST score greater than or equal to two points was
considered high risk, so all of the patients had nutritional
risk and could not be analyzed statistically. Therefore, we
rated a score of two points as normal for statistical analysis
in the study. These showed that MUST is not suitable for
nutritional screening in patients with COVID-19. Further
studies also should be done to explore the relationship
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between specific nutritional support in hospitalized
COVID-19 patients found to be malnourished by the NRS
tools and clinical outcomes, in order to determine which
nutrition screening tools are more useful for patients with
COVID-19.

This study has several limitations. First, the number of
patients enrolled in this study was small. Second, we did not
conduct dynamic NRS and Unable to find the changing
characteristics of nutritional status in the acute phase and
recovery phase. Third, BMI is not an accurate measure of
body composition, but is a gross index of body fat. Sarco-
penia, a very useful parameter to assess nutritional status in
the elderly, was not covered in this article. Fourth, we did
not do randomized controlled interventions to confirm the
results. Despite these limitations, this study has areas of
strength. This is the first article specifically aimed at nutri-
tional screening of COVID-19 patients, using different
screening tools to mutually verify their screening cap-
abilities, and provide ideas for nutritional screening meth-
ods for the disease.

Conclusion

The present study shows that the NRS 2002, MNA-sf, and
NRI are useful and practical tools with respect to screening
for patients with COVID-19 who are at nutritional risk, as
well as in need of additional nutritional intervention.
Moreover, our findings will heighten clinicians’ awareness
about the importance of nutritional screening in patients
hospitalized with COVID-19, as well as spreading aware-
ness that strengthening nutrition can improve disease
outcomes.
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