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the nutrition status of COVID�19 patients and evaluate the prog�

nostic value of the controlling nutritional status (CONUT) score in

these patients. 348 severe patients with COVID�19 were collected.

Based on the CONUT score, 161 (46.3%) patients had mild

malnutrition while 139 (39.9%) patients had moderate�severe

malnutrition. Compared to the patients in normal and mild

groups, the patients in moderate�severe group were older, more

male, had higher counts of white blood cell and neutrophil as

well as higher serum levels of C�reactive protein. Nearly half of

patients (44.6%) in moderate�severe group developed acute

cardiac injury, while 6.3% and 15.5% patients in normal and mild

group, respectively. Patients with moderate�severe malnutrition

exhibited a higher mortality than those patients with normal and

mild malnutrition. Multivariate regression analysis showed the

CONUT score was the independent predictor of death in patients

with COVID�19 (odds ratio: 1.410; 95%CI: 1.089–1.825; p = 0.009).

Malnutrition is significantly associated with poor outcome of

COVID�19, while the prognosis of patients with normal nutrition

status is relative favorable. The CONUT score independently

predicts the prognosis of COVID�19 patients, which can help

physicians to clarify patients with poor prognosis.

Key Words: 2019�nCoV, COVID�19, malnutrition, 

the CONUT score, prognosis

IntroductionA novel coronavirus, named 2019-nCoV by the World Health
Organization (WHO) was first found in December 2019 in

China, causing an outbreak of pneumonia (COVID-19) in the
following month. It is human-to-human transmission and rapidly
transmitted. Although most patients present mild symptoms and
quickly recover, the disease can cause severe respiratory disease,
multiple organ dysfunction and even death.(1) Nowadays, COVID-
19 has spread to many other countries around the world, including
Italy, Spain, Iran, South Korea, Japan, and the United States.
3,024,059 confirmed cases have been reported worldwide by
WHO as of April 30, 2020, including 208,112 deaths. Now, it has
been a global health threat. Unfortunately, there is still no specific
therapeutic and preventive treatment.

As the nutritional status of the host exerts a crucial role in the
defense against infection, individuals with nutritional deficiency
are more susceptible to a series of infectious disease which can
result a detrimental consequence.(2,3) Malnutrition has been
considered as an independent risk factor for increased complica-
tions and higher mortality in hospitalized patients.(4) The basic
nutritional status of elderly patients with chronic diseases is
always poor, which makes them tend to be critically ill after
infection.(1) Therefore, it is important to evaluate nutritional status

of the patients accurately.
The controlling nutritional status (CONUT) score is a novel

comprehensive index, which is calculated from lymphocyte
counts, total cholesterol (TC) and serum albumin levels.(5) As a
simple, economic and efficient screening tool to detect the
nutritional status of inpatients without requiring extra skills, the
CONUT score has been applied in many tumors for its prognostic
value.(6,7) Recently, it was reported that the CONUT score was
independently associated with the poor prognosis in many
cardiovascular disease.(8,9) Recently, Restrepo and colleagues
proposed a view that “pneumonia as a cardiovascular disease”.(10)

Therefore, whether there is an association between the CONUT
score and COVID-19 should be determined.

To our best knowledge, almost all studies have focused on the
description of the epidemiology and clinical characteristics of
patients with COVID-19 while there is nearly no study to assess
the nutritional status in these patients. So, we aimed to investigate
the clinical impact of nutritional screening in patients with
COVID-19 and evaluate the prognostic value of the CONUT
score in these patients.

Materials and Methods

Patients. In this retrospective and single-center study, we
recruited 348 consecutive severe patients with confirmed COVID-
19 who were hospitalized from January 3, 2020 to March 11,
2020, at Renmin Hospital of Wuhan University. The patients were
all severe cases and diagnosed according to the guidelines issued
by the China National Health Commission, which met at least
one of the following criteria: (1) symptoms of tachypnea with
respiratory rate ³30 times/min; (2) the saturation level of blood
oxygen under resting state decreased to £93%; (3) oxygenation
index (PaO2/FiO2) £300 mmHg (1 mmHg = 0.133 kPa); (4) lung
infiltrates more than 50% within 24 to 48 h.(11) The study was
approved by the Ethics Committees of Qilu Hospital of Shandong
University and Renmin Hospital of Wuhan University.

Data collection. Information of enrolled patients was ob-
tained through the electronic medical record system, including
epidemiological, clinical and laboratory characteristics, treatment
options and outcomes. The CONUT score was calculated on
admission. As previous described,(5) the CONUT score was
calculated from lymphocyte counts, TC and serum albumin levels
(Supplemental Table 1*). Based on the CONUT score, patients
were categorized into three groups: normal nutritional status
(CONUT 0–1), mild malnutrition (CONUT 2–4), and moderate-
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severe malnutrition (CONUT ³5). Higher score suggested a worse
undernutrition of the patients. Acute cardiac injury was defined as
serum cardiac troponin I levels (cTnI) were above the upper limit
of the reference range (>0.04 ng/ml).

Statistical analyses. All data were statistically analyzed
using SPSS statistics for Windows 25.0 (SPSS Inc. Chicago, IL).
We assessed the normal distribution of continuous variables by
the Shapiro-Wilk test before statistical analysis. Non-normally
distributed variables were presented as median (IQR) and the
Mann-Whitney U test and Kruskal-Wallis ANOVA were used
for comparisons between groups. Categorical variables were
expressed as number (percentage) and were compared using the c2

test or Fisher’s exact test. Univariate logistic regression analysis
and multivariate logistic regression analysis were performed to
determine Independent prognostic factors. Only those variables
that were identified as significant in the univariate analysis were
included in the multivariate analysis. With the CONUT score as
test variable and prognosis as state variable, receiver operating
characteristic (ROC) curve was formulated and the diagnostic
value of the CONUT score was evaluated based on area under the
curve (AUC). The optimal cut-off value was determined using the
Youden index. All of the statistical tests were two-sided, and
p<0.05 was considered to be statistically significant.

Results

Presenting characteristics. A total of 348 patients meeting
the criteria for severe COVID-19 were included in this study.
Among them, the median age was 66 years (IQR 56–73 years),
including 47.7% female and 52.3% male. There was no case in
children and adolescence while over half of cases were 65 years of
age or older. Many patients also suffered from underlying disease,
including hypertension (42.2%), diabetes (17.5%), coronary artery
disease (CAD, 13.5%), cancer (2.9%), chronic kidney disease
(CKD, 2.6%), and chronic obstructive pulmonary disease (COPD,
1.7%). Most patients had fever (84.8%) and cough (62.9%).
Others common symptoms included fatigue (48.9%), short of
breath (30.5%), dyspnea (16.4%), and diarrhea (15.5%).

Based on the system of CONUT score, 48 (13.8%) patients had
normal nutritional status, 161 (46.3%) patients had mild malnutri-
tion, and 139 (39.9%) patients had moderate-severe malnutrition.
There was no significant difference in symptoms, heart rate and
blood pressure among the three groups of patients (Table 1).

Laboratory findings. Compared to patients with normal
and mild malnutrition, patients in moderate-severe group were
older and more male (p<0.05). The patients with moderate-severe
malnutrition suffered from more hypertension and diabetes.
Compared to the patients in normal and mild groups, the counts of
white blood cell and neutrophil and the serum levels of C-reactive
protein (CRP), aspartate aminotransferase (AST), lactate dehydro-
genase (LDH), creatine kinase-myocardial isoenzyme (CK-MB)
were higher, while lymphocytes, platelet, albumin, and TC values
were lower in moderate-severe group (p<0.05). According to the
serum levels of cTnI, nearly half of patients (44.6%) in moderate-
severe group developed acute cardiac injury, while 6.3% and
15.5% patients in normal and mild group, respectively (p<0.05).
Importantly, patients with moderate-severe malnutrition exhibited
a lower survival to discharge and a higher mortality than those
with normal and mild malnutrition (50.4% vs 100.0% vs 82.0%;
43.2% vs 0.0% vs 13.0%, respectively, p<0.05, Table 1).

The comparison of CONUT score between survivors and
non�survivors. Until March 11, 2020, 250 (71.8%) patients
discharged while 81 (23.3%) patients died. In addition, 17 (4.9%)
patients were still hospitalized. After excluding these 17 inpa-
tients, 331 patients were divided into two groups: survival and
non-survival groups. For survivors, the median of CONUT score
was 3.0 (IQR 2.0–5.0) while 6.0 (IQR 4.0–7.0) in non-survivors
(p<0.05). In subgroup analysis based on the counts of lympho-

cytes (³0.8 ´ 109/L), we found the median of CONUT score was
3.0 in 196 survivors, while 4.0 in 27 non-survivors. When the
lymphocytes were less than 0.8 ´ 109/L, the CONUT score was
5.0 in 54 survivors while 6.0 in 54 non-survivors. The results
indicated that the CONUT score is significantly higher in non-
survivors than those in survivors regardless of the counts of
lymphocyte. (p<0.05, Table 2).

The CONUT score predicts the prognosis of patients with
COVID�19. The data of 331 patients (survivors and non-
survivors) were analyzed in the univariate and multivariable
logistic regression model. The multivariate logistic regression
analysis determined that the CONUT score remained an indepen-
dent predictor of all-cause mortality even after adjusting the model
for multiple covariates (odds ratio: 1.410; 95%CI: 1.089–1.825;
p = 0.009). In addition, we found that advanced age, dyspnea,
CAD, higher serum levels of CRP and LDH levels, and acute
cardiac injury were also independently associated with increased
mortality (Table 3).

ROC analysis was also used to assess the power of CONUT
score in the prognosis of patients with COVID-19. The CONUT
score and prognosis of patients were used as the test variable or the
state variable, respectively. The area under the ROC curve was
0.798 (95%CI: 0.847–0.956, p<0 .001). The large area under ROC
curve shows the comparatively high predictive value of prognosis
of COVID-19 patients based on the CONUT score. For all of the
COVID-19 patients, the CONUT score  =  4.5 had a maximizing
the Youden index, with a sensitivity and specificity of 74.1% and
72.0%, respectively (Fig. 1).

Discussion

Nutritional status can influence viral genome mutations from a
benign or mildly pathogenic virus to a highly virulent one and its
spread in hosts.(3) Therefore, evaluating the nutritional status of
patients precisely is helpful for clinicians to identify the disease
progression and apply therapy strategy. However, the assessment
of nutritional status of subjects has not been regarded as a
beneficial factor to viral infectious diseases and always ignored
clinically. There were four main findings in our present study.
Firstly, inflammatory indicators and acute cardiac injury were
significantly higher in patients combined with COVID-19 and
moderate-severe malnutrition; Secondly, patients in moderate-
severe group had a lower survival to discharge and a higher
mortality than those in normal and mild groups; Thirdly, non-
survivors had a higher CONUT score than survivors in patients
with COVID-19, suggesting they had a worse nutrition state;
Fourthly, the CONUT score was an independent predictor for
mortality in patients with COVID-19. To our best knowledge, this
study is the first to reveal the relationship between the nutritional
status and the prognosis in patients with COVID-19.

The CONUT score can be easily calculated for evaluation the
nutritional status of inpatients and without requiring the extra
anthropometric parameters.(5) In the present study, 348 severe
cases were enrolled and their nutritional status were evaluated by
CONUT score. We found the patients combined COVID-19 and
moderate-severe malnutrition were older, more male and had
more comorbidities. Therefore, the patients with an elderly age or
having chronic diseases should receive a nutrition screening.

Some 2019-nCoV-infected patients progress rapidly, accom-
panied with acute respiratory distress syndrome (ARDS), multiple
organ failure and even death. One study enrolling 41 patients
showed that 15% patients died and the mortality rate was 38% in
patients requiring ICU admission.(12) Recently, another study
enrolling 52 critically ill adult patients with COVID-19 reported
that 32 (61.5%) patients died at 28 days.(13) This heterogeneity of
the results may be due to the difference in severity of enrolled
patients. In this study, we enrolled 348 severe cases and found the
mortality was 23.3%. In the patients combined with COVID-19
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Table 1. Demographics characteristics, laboratory findings and clinical outcome of patients with COVID�19

Data were presented as n (%) or median (IQR). *p<0.05 vs normal group; †p<0.05 vs mild malnutrition group. SBP, systolic blood pressure; DBP,
diastolic blood pressure; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C�reactive
protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; HDL�C, high density lipoprotein cholesterol; LDL�C,
low density lipoprotein cholesterol; TG, triglyceride; LDH, lactate dehydrogenase; CK�MB, creatine kinase�myocardial isoenzyme.

CONUT score

All Patients 
(n = 348)

Normal 
(n = 48)

Mild malnutrition 
(n = 161)

Moderate�severe malnutrition 
(n = 139)

Age (years) 66.0 (56.0–73.0) 63.0 (52.8–67.0) 64.0 (52.0–70.0) 70.0 (63.0–77.0)*,†

Gender

Male 182 (52.3%) 13 (27.1%) 82 (50.9%)* 87 (62.6%)*,†

Female 166 (47.7%) 35 (72.9%) 79 (49.1%)* 52 (37.4%)*,†

Signs and symptoms

Fever 295 (84.8%) 36 (75.0%) 138 (85.7%) 121 (87.1%)

Dry cough 219 (62.9%) 32 (66.7%) 98 (60.9%) 89 (64.0%)

Fatigue 170 (48.9%) 23 (47.9%) 75 (46.6%) 72 (51.8%)

Short of breath 106 (30.5%) 13 (27.1%) 41 (25.5%) 52 (37.4%)

Dyspnea 57 (16.4%) 4 (8.3%) 26 (16.1%) 27 (19.4%)

Diarrhea 54 (15.5%) 4 (8.3%) 29 (18.0%) 21 (15.1%)

Heart rate (bpm) 85.0 (77.0–96.8) 82.5 (74.5–97.3) 86.0 (78.0–97.5) 84.0 (77.0–96.0)

SBP (mmHg) 128.0 (119.0–142.0) 124.0 (119.0–141.5) 127.0 (118.5–139.5) 130.0 (119.0–145.0)

DBP (mmHg) 78.0 (70.0–85.0) 78.0 (71.0–84.5) 78.0 (70.0–85.0) 77.0 (70.0–85.0)

Comorbidity

Hypertension 147 (42.2%) 21 (43.8%) 57 (35.4%) 69 (49.6%)†

Diabetes 61 (17.5%) 2 (4.2%) 26 (16.1%)* 33 (23.7%)*

CAD 47 (13.5%) 5 (10.4%) 19 (11.8%) 23 (16.5%)

Cancer 10 (2.9%) 0 (0.0%) 5 (3.1%) 5 (3.6%)

CKD 9 (2.6%) 0 (0.0%) 4 (2.5%) 5 (3.6%)

COPD 6 (1.7%) 1 (2.1%) 1 (0.6%) 4 (2.9%)

Laboratory findings

White blood cells (109/L) 5.71 (4.33–7.81) 6.40 (4.97–7.57) 5.29 (4.17–6.71) 6.51 (4.40–9.13)†

Neutrophils (109/L) 3.98 (2.71–6.06) 3.69 (2.38–5.09) 3.43 (2.38–4.97) 5.15 (3.22–8.09)*,†

Lymphocytes (109/L) 1.01 (0.68–1.47) 1.84 (1.61–2.12) 1.21 (0.88–1.49)* 0.68 (0.45–0.92)*,†

Hemoglobin (g/L) 122.0 (111.0–134.0) 123.0 (116.0–132.0) 124.0 (113.0–136.5) 121.0 (106.0–131.0)

Platelet (109/L) 210.5 (156.3–274.5) 252.5 (203.3–371.3) 222.0 (168.5–284.5)* 178.0 (138.0–249.0)*,†

CRP (mg/L) 42.3 (5.5–77.7) 5.0 (0.0–28.2) 25.0 (2.6–55.6)* 65.5 (37.4–111.5)*,†

ALT (U/L) 24.0 (16.0–38.0) 23.0 (14.3–35.0) 23.0 (15.5–39.0) 26.0 (17.0–39.0)

AST (U/L) 29.0 (19.0–42.0) 21.5 (18.0–34.8) 26.0 (19.0–37.5) 33.0 (23.0–50.0)*,†

Albumin (g/L) 36.5 (33.1–39.3) 39.8 (37.6–42.2) 37.8 (36.1–40.3)* 33.0 (31.1–34.6)*,†

Creatinine (mmol/L) 61.0 (50.0–79.8) 56.0 (47.5–68.0) 60.0 (50.0–74.0) 67.0 (53.0–90.0)*,†

Total bilirubin (mmol/L) 10.85 (8.20–15.18) 10.55 (7.95–14.25) 10.10 (7.95–14.75) 11.60 (8.40–16.20)

Blood glucose (mmol/L) 5.81 (5.02–7.46) 5.25 (4.76–6.17) 5.53 (4.88–7.10) 6.78 (5.47–8.79)*,†

TC (mmol/L) 3.83 (3.32–4.37) 4.80 (4.21–5.64) 3.93 (3.43–4.50)* 3.46 (3.00–3.94)*,†

HDL�C (mmol/L) 0.91 (0.74–1.11) 1.18 (0.94–1.41) 0.95 (0.81–1.12)* 0.79 (0.66–0.98)*,†

LDL�C (mmol/L) 2.39 (1.85–2.88) 3.09 (2.61–3.61) 2.46 (2.02–2.95)* 2.07 (1.63–2.53)*,†

TG (mmol/L) 1.27 (0.96–1.68) 1.55 (1.12–2.52) 1.25 (0.95–1.64)* 1.24 (0.95–1.60)*

Potassium (mmol/L) 3.98 (3.57–4.40) 4.11 (3.76–4.43) 3.96 (3.61–4.36) 3.91 (3.49–4.38)

Sodium (mmol/L) 141.0 (138.0–145.0) 144.0 (141.0–146.8) 141.0 (139.0–144.0)* 141.0 (137.0–145.0)*

LDH (U/L) 276.0 (208.8–405.3) 204.0 (182.8–284.0) 249.0 (199.5–321.0) 353.0 (271.0–493.0)*,†

CK�MB (ng/ml) 1.21 (0.75–2.69) 1.05 (0.66–1.49) 1.03 (0.72–2.09) 2.01 (0.98–3.41)*,†

Acute cardiac injury 90 (25.9%) 3 (6.3%) 25 (15.5%) 62 (44.6%)*,†

CD4 (/ml) 419.0 (241.0–556.5) 730.5 (573.3–909.0) 430.2 (308.5–560.5)* 277.0 (151.0–430.2)*,†

CD8 (/ml) 220.5 (118.5–317.8) 412.5 (263.5–486.0) 237.8 (146.5–334.5)* 149.0 (67.0–237.8)*,†

Treatment

Antiviral therapy 341 (98.0%) 47 (97.9%) 158 (98.1%) 136 (97.8%)

Antibiotic therapy 276 (79.3%) 31 (64.6%) 125 (77.6%) 120 (86.3%)*

Glucocorticoids 137 (39.4%) 12 (25.0%) 51 (31.7%) 74 (53.2%)*,†

Clinical outcome

Remained in hospital 17 (4.9%) 0 (0.0%) 8 (5.0%) 9 (6.5%)

Discharge 250 (71.8%) 48 (100.0%) 132 (82.0%)* 70 (50.4%)*,†

Death 81 (23.3%) 0 (0.0%) 21 (13.0%)* 60 (43.2%)*,†
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and moderate-severe malnutrition, the mortality increased to
43.2%, which was higher than that in patients with normal and
mild malnutrition. Meanwhile, the patients with moderate-severe
malnutrition showed a lower discharge rate. Therefore, poor
nutritional status may contribute to an increased incidence of
death in COVID-19 patients.

Virus invasion is able to result in the changes of white blood
cells in peripheral blood, induce a cytokine storm and thereby
generate a series of immune response.(1,14) White blood cell and
neutrophil counts were related to cytokine storms caused by virus
invasion. 2019-nCoV infection can cause exuberant inflammatory
response and uncontrolled pulmonary inflammation may be the
major cause of fatality in COVID-19.(15) Most of patients with
COVID-19 exhibited elevated CRP levels which was more
prominent in severe cases than non-severe cases.(1,16) Inflammation
and malnutrition always exist concomitantly as malnutrition can
enhance the susceptibility to infections; Meanwhile, infections
further promote malnutrition via increased demand for nutrients
and decreased appetite.(17) In one study by Eckart et al.(18) enrolling
2,465 patients, elevated serum CRP concentration was related to
low albumin levels, suggesting increased elevated inflammatory
parameters was independently associated with hypoalbuminemia.
In this study, the patients with moderate-severe malnutrition had
higher counts of white blood cell and neutrophil and elevated
serum levels of CRP, suggesting an active inflammatory state.

Although respiratory failure has been considered as a leading
cause of death in COVID-19 patients, acute cardiac injury is also
one of the important causes of this disease. Virus, inflammation
and hypoxia state can directly trigger cardiac damage, and thereby

some patients may die of fulminant myocarditis.(15) In one study by
Ruan et al.,(15) 36 patients (53%) died of respiratory failure while
40% of deaths were associated with circulatory failure due to
cardiac injury among the 68 fatal cases. Shi et al.(19) reported
that among 416 patients with COVID-19, 82 (19.7%) patients
had cardiac injury, who exhibited a higher in-hospital mortality
than those without cardiac injury (51.2% vs 4.5%). They indicated
that cardiac injury was a common condition among the COVID-19
patients and related to higher risk of mortality.(19) In our study,
we found the patients with moderate-severe malnutrition had
significantly higher serum levels of AST, LDH, and CK-MB.
Moreover, elevated serum cTnI level was observed in nearly
half of patients in moderate-severe group, suggesting that patients
combined with COVID-19 and malnutrition were more likely
to suffer from acute cardiac injury. This may be one of the
contributing causes to the high in-hospital mortality in these
patients combined with COVID-19 and malnutrition.

Immune cells exert a central role in effective host response to
various pathogens while deficiency of immune cells disrupts
immune homeostasis, causing pathological conditions. Recently
Qin et al.,(20) reported that dysregulation of immune system
involved in the pathological process of COVID-19. The patients
with weaker immune functions were more likely infected by 2019-
nCoV.(1) As nutrition and immunity are closely linked, inadequate
nutrition may lead to weakened immune function.(3) Peripheral
lymphocyte count is an indicator of immunological and nutritional
status. Many infected patients experienced lymphopenia in which
the decrease of primary immune cell counts was related to the
severity of disease.(12–14) It commended that in patients with

Table 2. The comparison of CONUT score between survivors and non�survivors

Data were presented as n or median (IQR). CONUT, controlling nutritional status.

Survival (n = 250) non�survival (n = 81) p

All Patients n 250 81

CONUT score 3.0 (2.0–5.0) 6.0 (4.0–7.0) 0.000

Lymphocyte counts ³800 
(/mm3)

n 196 (78.4%) 27 (33.3%)

CONUT score 3.0 (2.0–4.0) 4.0 (3.0–5.0) 0.000

Lymphocyte counts <800 
(/mm3)

n 54 (21.6%) 54 (66.7%)

CONUT score 5.0 (4.0–7.0) 6.0 (5.0–7.0) 0.002

Table 3. Univariate and multivariate analysis for predicting the risk of death in patients with COVID�19

Univariate Multivariate

OR (95%CI) p OR (95%CI) p

CONUT score 1.738 (1.494–2.021) 0.000 1.410 (1.089–1.825) 0.009

Age (years) 1.082 (1.055–1.111) 0.000 1.075 (1.031–1.120) 0.001

Gender 0.552 (0.330–0.923) 0.024

Dyspnea 2.083 (1.119–3.876) 0.021 3.570 (1.157–11.020) 0.027

Hypertension 2.770 (1.655–4.637) 0.000

CAD 3.914 (2.052–7.466) 0.000 4.858 (1.303–18.118) 0.019

Neutrophils (109/L) 1.508 (1.354–1.679) 0.000

Platelet (109/L) 0.990 (0.986–0.994) 0.000

CRP (mg/L) 1.024 (1.018–1.030) 0.000 1.011 (1.002–1.020) 0.012

AST (U/L) 1.032 (1.020–1.045) 0.000

LDH (U/L) 1.012 (1.009–1.014) 0.000 1.010 (1.007–1.014) 0.000

Acute cardiac injury 24.937 (12.867–48.330) 0.000 4.707 (1.830–12.106) 0.001

Creatinine (mmol/L) 1.016 (1.008–1.024) 0.000

Total bilirubin 1.073 (1.036–1.110) 0.000

Blood glucose (mmol/L) 1.136 (1.064–1.214) 0.000

Antibiotic therapy 9.714 (2.966–31.814) 0.000

Glucocorticoids 3.498 (2.073–5.902) 0.000
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COVID-19, more attention should be paid to lymphopenia or an
obviously decrease in the number of CD4 and CD8 T cells.(21) In
our study, lower counts of lymphocyte and CD4 and CD8 T cell
were observed in patients with moderate-severe malnutrition,
indicating a damaged immune function. In order to exclude the
bias caused by lymphopenia, subgroup analysis was performed.
Regardless of the counts of lymphocyte, the CONUT score remained
significantly higher in non-survivors than those in survivors.

In order to clarify the independent predictors of death in patients
with COVID-19, we performed multivariate regression analysis
and found that the CONUT score was a significant and indepen-
dent predictor for death in these patients. In addition, advanced
age, comorbidity, elevated inflammatory indicators and acute
cardiac injury were also independent associated with increased
mortality, which was consistent with previous studies.(15) The
ROC curves also emphasized the predictive value of CONUT
score in the prognosis of the patients with COVID-19, with a
higher sensitivity and specificity.

There were several limitations in this study. First, this was a
retrospective and single-center study. Thus, it may lead to biases
in patient selection. Second, the CONUT score might have been
biased by medicine or the presence of undetected conditions.
A prospective study should be performed to overcome these

limitations.
In conclusion, patients combined with COVID-19 and malnutri-

tion exhibited elevated inflammatory response, more acute cardiac
injury and weakened immune function. Malnutrition is signifi-
cantly associated with poor outcome of COVID-19, while the
prognosis of patients with normal nutrition status is relatively
favorable. Therefore, nutritional status of the patients with
COVID-19 should be paid particular attention and carefully
evaluated at early stage. As a convenient and effective method,
the CONUT score can independently predict the prognosis of
COVID-19 patients. So, CONUT score can help physicians to
clarify patients with poor prognosis and provide individualized
treatment to improve their survival.

Author Contributions

CW, YL, YL, and YZ collected the epidemiological and clinical
data and performed the statistical data. CW and XM drafted the
manuscript. MZ designed the study. MZ and XM are responsible
for summarizing all data. All authors read and approved the final
manuscript.

Acknowledgments

We thank all patients involved in the study. The Program of
Introducing Talents of Discipline to Universities (BP 0719033),
the State Key Program of National Natural Science of China
(No. 81530014), the International Collaboration and Exchange
program of China (No. 81920108003), and the grants of the
National Natural Science Foundation of China (No. 81770442,
No. 81970319).

Abbreviations

ARDS acute respiratory distress syndrome
AST aspartate aminotransferase
AUC area under curve
CAD coronary artery disease
CKD chronic kidney disease
CK-MB creatine kinase-myocardial isoenzyme
CONUT controlling nutritional status
COPD chronic obstructive pulmonary disease
COVID-19 coronavirus disease 2019
CRP C-reactive protein
cTnI cardiac troponin I
LDH lactate dehydrogenase
ROC receiver operating characteristic
TC total cholesterol

Conflict of Interest

No potential conflicts of interest were disclosed.

References

1 Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics

of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a

descriptive study. Lancet 2020; 395: 507–513.

2 Zhang L, Liu Y. Potential interventions for novel coronavirus in China: a

systematic review. J Med Virol 2020; 92: 479–490.

3 Guillin OM, Vindry C, Ohlmann T, Chavatte L. Selenium, selenoproteins

and viral infection. Nutrients 2019; 11: 2101.

4 Correia MI, Waitzberg DL. The impact of malnutrition on morbidity, mortality,

length of hospital stays and costs evaluated through a multivariate model

analysis. Clin Nutr 2003; 22: 235–239.

5 Ignacio de Ulíbarri J, González-Madroño A, de Villar NG, et al. CONUT: a

tool for controlling nutritional status. First validation in a hospital population.

Nutr Hosp 2005; 20: 38–45.

6 Liang RF, Li JH, Li M, Yang Y, Liu YH. The prognostic role of controlling

nutritional status scores in patients with solid tumors. Clin Chim Acta 2017;

474: 155–158.

7 Bao Z, Li Y, Guan B, et al. High preoperative controlling nutritional status

score predicts a poor prognosis in patients with localized upper tract urothelial

cancer: a propensity score matching study in a large Chinese center. Cancer

Manag Res 2020; 12: 323–335.

8 Uemura Y, Shibata R, Masuda A, et al. Utility of the nutritional screening in

predicting adverse outcome of patients with overweight/obesity and acute

heart failure. J Card Fail 2020; S1071-9164(19)31645-8.

9 Kunimura A, Ishii H, Uetani T, et al. Impact of nutritional assessment and

Fig. 1. The receiver operating characteristic (ROC) analysis was used to
evaluate the diagnostic value of CONUT score and estimate the optimal
cut�off value. AUC, area under curve.



 J. Clin. Biochem. Nutr. | September 2020 | vol. 67 | no. 2 | 121

©2020 JCBN
C. Wei et al.

body mass index on cardiovascular outcomes in patients with stable coronary

artery disease. Int J Cardiol 2017; 230: 653–658.

10 Restrepo MI, Reyes LF. Pneumonia as a cardiovascular disease. Respirology

2018; 23: 250–259.

11 Interim guidance for novel coronavirus pneumonia (Trial Implementation of

Seventh Edition). National Health Commision of the People’s Republic of

China. http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc

7f5912eb1989.shtml. Accessed 30 Apr 2020.

12 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with

2019 novel coronavirus in Wuhan, China. Lancet 2020; 395: 497–506.

13 Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill

patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,

retrospective, observational study. Lancet Respir Med 2020; 8: 475–481.

14 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized

patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China.

JAMA 2020; 323: 1061–1069.

15 Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality

due to COVID-19 based on an analysis of data of 150 patients from Wuhan,

China. Intensive Care Med 2020; 46: 846–848.

16 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease

2019 in China. N Engl J Med 2020; 382: 1708–1720.

17 Cohen S, Danzaki K, MacIver NJ. Nutritional effects on T-cell immuno-

metabolism. Eur J Immunol 2017; 47: 225–235.

18 Eckart A, Struja T, Kutz A, et al. Relationship of nutritional status, inflam-

mation, and serum albumin levels during acute illness: a prospective study.

Am J Med 2020; 133: 713–722.e7.

19 Shi S, Qin M, Shen B, et al. Association of cardiac injury with mortality in

hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol 2020;

e200950.

20 Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in patients

with COVID-19 in Wuhan, China. Clin Infect Dis 2020; ciaa248.

21 Jin YH, Cai L, Cheng ZS, et al. A rapid advice guideline for the diagnosis

and treatment of 2019 novel coronavirus (2019-nCoV) infected pneumonia

(standard version). Mil Med Res 2020; 7: 4.

This is an open access article distributed under the terms of the Creative

Commons Attribution License, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.


