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ABSTRACT



Objective: the Controlling Nutritional Status (CONUT) score is an
objective tool widely used to assess nutritional status of patients.
We aimed to investigate the value of CONUT score on predicting
length of hospital stay (LOS) and the risk of long COVID in patients
with COVID-19.

Methods: a total of 151 patients with COVID-19 were enrolled for
analysis. Patients were followed up for two years from three months
after the onset of SARS-CoV-2 infection. CONUT score was calculated
on admission. The correlation between CONUT score and LOS were
assessed by Spearman’s rank correlation coefficient and
multivariate linear analysis. The association between different
CONUT grade and long COVID was evaluated by Kaplan-Meier
survival curves with log-rank test and Cox proportional hazard
models.

Results: Spearman’s rank correlation coefficient showed that
CONUT scores were positively correlated with LOS (r = 0.469, p <
0.001). Multivariate linear analysis showed that CONUT score is the
only independent determinant of LOS (B 2.055, 95 % Cl: 1.067-
3.043, p < 0.001). A total of 53 (35.10 %) patients with long COVID
were identified. Kaplan-Meier cumulative survival curves and Cox
proportional hazards analyses showed that the incidence of long
COVID in patients with a higher CONUT score was significantly
higher than in patients with lower CONUT score (p < 0.001).
Conclusions: higher CONUT score predicts longer LOS and the risk
of long COVID in patients with COVID-19. The CONUT score might be
useful for risk stratification in COVID-19 patients and help to develop

new nutritional treatment strategies for long COVID.
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RESUMEN

Objetivo: la escala de control del estado nutricional CONUT es una
herramienta objetiva ampliamente utilizada para evaluar el estado
nutricional de los pacientes. Nuestro objetivo fue investigar el valor
de la puntuacién CONUT para predecir la duraciéon de la estancia
hospitalaria (LOS) y el riesgo de COVID persistente en pacientes con
COVID-19.

Métodos: se inscribieron para el andlisis un total de 151 pacientes
con COVID-19. Los pacientes se sometieron a un seguimiento de dos
anos a partir de los tres meses posteriores al inicio de la infeccién
por SARS-CoV-2. La puntuacién CONUT se calculé al ingreso. La
correlaciéon entre la puntuaciéon CONUT y la LOS se evalué mediante
el coeficiente de correlacién de rangos de Spearman y el analisis
lineal multivariante. La asociacion entre diferentes grados CONUT y
COVID persistente se evalué mediante curvas de supervivencia de
Kaplan-Meier con prueba de rango logaritmico y modelos de riesgo
proporcional de Cox.

Resultados: el coeficiente de correlacion de rango de Spearman
mostré6 que las puntuaciones CONUT se correlacionaron
positivamente con LOS (r = 0,469, p <0,001). El analisis lineal
multivariante mostré6 que la puntuacién CONUT es el Unico
determinante independiente de LOS (B 2,055, IC 95 %: 1,067-3,043,
p < 0,001). Se identificaron un total de 53 (35,10 %) pacientes con
COVID persistente. Las curvas de supervivencia acumulada de
Kaplan-Meier y los analisis de riesgos proporcionales de Cox

mostraron que la incidencia de COVID persistente en pacientes con



una puntuacién CONUT mas alta fue significativamente mayor que
en pacientes con una puntuacién CONUT mas baja (p < 0,001).

Conclusiones: una puntuacién CONUT mas alta predice una LOS
mas larga y el riesgo de COVID persistente en pacientes con COVID-
19. La puntuacién CONUT podria ser util para la estratificacién de
riesgo en pacientes con COVID-19 y ayudar a desarrollar nuevas

estrategias de tratamiento nutricional para COVID persistente.

Palabras clave: COVID-19. Estado nutricional. Puntuacién CONUT.

Tiempo de hospitalizacién. COVID persistente.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an emerging respiratory
disease that is caused by a novel coronavirus (first: 2019-nCov,
then: SARS-CoV-2) and was first detected at the end of 2019 in
Wuhan, China (1). The spread of COVID-19 has reached pandemic
proportions and then became a global health emergency.
Considering an increasing risk of overwhelming healthcare
infrastructures, it is of great importance to identify reliable
demographic, clinical and laboratory indicators which are needed to
evaluate the length of hospital stay (LOS) of the disease, thus
enabling stratified management of patients and optimize allocation
of limited medical resources.

As the global COVID-19 pandemic has progressed, the number of
patients with long-term persistent multiorgan symptoms and
complications beyond the initial period of acute infection and illness
is noteworthy (2-4). This group of symptoms was called “long
COVID” by the World Health Organization (WHO) (2-4). Reports of
the prevalence of long COVID range from 6.2 % to 87 % of COVID-19



survivors (1,5). Detailed risk factor evaluation is essential for the
characterization of this syndrome.

Malnutrition has been recognized as an independent risk factor of a
long LOS, high hospital costs, high rate of hospital readmission and
adverse clinical events in patients with various disease spectrums
(6-8). Appropriate nutrition is an essential component of intensive
care management of patients with COVID-19 (9). Several studies
have demonstrated that nutritional status was associated with
disease severity and prognosis in patients with COVID-19 (10-16).
However, few studies have focused on the predicted value of
nutritional parameters on LOS and especially on the risk of long
COVID in these patients.

Nutritional assessment in COVID-19 patients should be practical,
noninvasive, and easy to perform. The Controlling Nutritional Status
(CONUT) score is an efficient nutritional assessment tool which is
calculated from three peripheral blood parameters: serum albumin
level, peripheral Ilymphocyte count, and total cholesterol
concentration (17). Compared with other comprehensive nutritional
cores, the CONUT score helps evaluate not only protein reserves and
calorie depletion but also immune defenses, which s
clinically meaningful for patients with COVID-19. Therefore, the
primary goal of this study was to elucidate the value of CONUT score
on predicting LOS and the risk of long COVID in patients with COVID-
19 in Wuhan.

MATERIAL AND METHODS
Study population

We retrospectively reviewed and analyzed 162 patients diagnosed



with laboratory-confirmed COVID-19 and admitted to two designated
isolation medical centers (Tumor Center of the Union Hospital
Affiliated to Tongji Medical College and Eastern Courtyard of Renmin
Hospital Affiliated to Wuhan University) from February 15, 2020 to
March 31, 2020. Clinical outcomes were followed up to June 30,
2022. The protocol was approved by the Research Ethics Committee
of the Fujian Medical University Union Hospital (project identification
code 2020KY208).

COVID-19 was diagnosed according to the Guidelines for the
Diagnosis and Treatment of Novel Coronavirus (2019-nCoV) Infection
published by the National Health Commission on February 4, 2020
(1). Severe cases were defined as either: respiratory rate > 30/min,
or oxygen saturation = 93 %, or PaO/FiO; ratio = 300 mmHg (18).
Patients cured were discharged when respiratory symptoms
improved significantly with no fever for at least three days, obvious
absorption of inflammation in pulmonary imaging, and SARS-CoV-2
nucleic acid was negative for negative results for at least two
consecutive tests (48 hours interval at least).

Exclusion criteria were as follows: six patients who died during their
hospitalization (two patients died of massive cerebral hemorrhage,
one patient died of unidentified hypertonic dehydration within 24
hours of admission, and three patients died of multisystem organ
failure in Intensive Care Unit); one patient who lacked a serum
albumin, peripheral lymphocyte count or total cholesterol measure;
and four patients who were lost to follow-up. At last, a total of 151

patients were selected for final analysis.

Evaluation of CONUT score

Baseline CONUT score was calculated from serum albumin levels,



total cholesterol levels and total lymphocyte counts, which were
measured on admission: serum albumin = 3.5 g/dl = 0 points, 3.0-
3.4 g/ dl = 2 points, 2.5-2.9 g/dl = 4 points and < 2.5 g/dl = 6
points; total cholesterol = 180 mg/dl = 0 points, 140-179 mg/dl = 1
point, 100-139 mg/dl = 2 points and < 100 mg/dl = 3 points; and
total lymphocyte count = 1,600/ml = 0 points, 1,200-1,599/ml| =1
point, 800-1,199/ml = 2 points and < 800/ml = 3 points (18).
CONUT scores range from 0 to 12. An individual with higher scores
indicates worse nutritional status. Patients in the present study were
also divided into three groups based on their CONUT score: low-
CONUT (0-1, n = 50), mild-CONUT (2-4, n = 75), high-CONUT (= 5, n
= 26).

Definition of long COVID

The long COVID was defined as “the continuation or development of
new symptoms three months after the initial COVID-19 infection,
with these symptoms lasting for at least two months with no other
alternative diagnosis” by the WHO (3). The common symptoms
defined as long COVID in this study include fatigue, dyspnea,
insomnia, concentration or memory deficit, mood changes, chest
and joint pains, palpitations, myalgia, smell and taste dysfunctions,
cough, headache, rash or hair loss, persistent abdominal pain, and

diarrhea (3).

Data collection

We extracted demographic characteristics, clinical symptoms and
signs, laboratory findings and medications from electronic medical
records during hospitalization. Included patients were followed up

for two years from three months after the onset of SARS-CoV-2



infection. Telephone interviews were conducted by uniformly trained
investigators to complete the questionnaires to collect data on the

long COVID symptoms.

Statistical analyses

Data normality was analyzed using the Kolmogorov-Smirnov test.
Normally distributed continuous variables were presented as mean
+ SD, and continuous variables with a skewed distribution were
expressed as median and interquartile range (25" to 75%
percentile). Categorical and ordinal variables were presented as
numbers and percentages. Comparison among the groups was
performed using one-way analysis of variance test, Kruskal-Wallis
test or Chi-squared test as indicated. Spearman’s rank correlation
coefficient and multivariate linear analysis was employed to assess
the correlation between the variables and LOS. The association
between different CONUT grade and long COVID was evaluated by
Kaplan-Meier survival curves with log-rank test and Cox proportional
hazard models after adjustment for potential confounding
covariates. p values less than 0.05 (two-tailed) was considered as
statistical significance. All data were analyzed using SPSS 22.0 for

windows (SPSS Inc., Chicago, lllinois, United States).

RESULTS

Baseline characteristics and intergroup comparisons

Baseline characteristics stratified by CONUT score categories were
shown in table I. The median (range) CONUT score was 2 (1-4)
points. The high-CONUT group had significantly lower albumin,
lymphocyte (LY), total cholesterol (TC), hemoglobin (Hb), low density
lipoprotein cholesterol (LDL-c), and high density lipoprotein



cholesterol (HDL-c) levels, and significantly higher fasting blood
glucose (FBG), creatinine (Cre), brain natriuretic peptide (BNP), C-
reactive protein (CRP) and high-sensitivity cardiac troponin | (hs-
cTnl) levels than the low-CONUT group. The overall LOS was
significantly longer in the high-CONUT group than in the low-CONUT
group (Table 1). Similar differences were observed between the mild-
CONUT and low-CONUT group (Table 1). Of the 151 patients, 111
(74 %) were severe cases. Severe cases were more prevalent in the

high-CONUT and mild-CONUT group.

Spearman’s correlation analysis

Spearman’s correlation analysis was explored to assess the
correlation between variables and LOS. The results showed that
CONUT scores were positively correlated with LOS (Table Il). Besides,
albumin, LY, Hb, HDL-c, BNP, CRP and hs-cTnl levels were also
significantly correlated with LOS.

Multivariate linear regression analysis

Multivariate linear regression analysis was performed to determine
the independent parameters correlated with LOS. The result showed
that CONUT score is the only independent determinant of LOS (Table
).

Survival analyses

In total, 53 (35.10 %) patients with long COVID were identified
during the two-year follow-up, and most cases (83.02 %) occurred in
4-10 months after the onset of COVID-19 infection. Cumulative
incidence of long COVID categorized by CONUT grade was shown in

figure 1. The cumulative incidence of long COVID was 14 % in the



low-CONUT group compared to 38.67 % and 65.38 % in the mild-
CONUT and high-CONUT group. Kaplan-Meier cumulative survival
curves showed significant differences in the incidence of long COVID
among patients with different CONUT group (Log-rank p < 0.01) (Fig.
1). Cox proportional hazards models were applied to evaluate the
risk of long COVID according to CONUT grade. As shown in table IV,
both crude and adjusted models showed significantly increased risk
for development of long COVID in the high-CONUT group compared
with that in the mild-CONUT and low-CONUT group.

DISCUSSION

In this pilot study of COVID-19 patients, the value of CONUT score
for predicting hospital stay length and the risk of long COVID based
on the review of the electronic medical record and follow-up were
assessed. It was revealed that higher CONUT score is an
independent predictor of prolonged hospital stay and the
development of long COVID in patients with COVID-19. These
findings underscore the importance of a rapid evaluation tool to
determine the nutritional status of patients with COVID-19 and
identify the need for more aggressive management through
hospitalization or intensive care in those with malnutrition.

Clinical studies have found that the incidence of malnutrition is high
in patients with COVID-19, especially in elderly patients (19). The
CONUT score was an objective screening tool for identifying
undernutrition in a hospital population (17). In the present study, we
found 67 % of patients with COVID-19 were at CONUT score = 2 and
17 % were at CONUT score = 5. This result may be partly attributed
to the fact that components that made up CONUT score were

consumed by the acute inflammatory response to SARS-CoV-2



infection. Besides, SARS-CoV-2 can attack the mucosal epithelium
and cause gastrointestinal symptoms, which will further impair the
nutritional status of the patients (20). This result was consistent with
previous studies and revealed that patients with COVID-19 were at
risk of undernutrition.

Although the nutritional status of the host has not been considered
as a conventional risk factor to the disease progression of viral
infectious diseases, the immune response has often been shown to
be weakened by inadequate nutrition in many viral pandemics
(20,21). The LOS is an important parameter to reflect the clinical
outcome of COVID-19. Most importantly, shortening the
time of hospitalization plays a critical role on timely supply of
medical resources for COVID-19 patients considering the enormous
burden placed by COVID-19 pandemic. In the present study, a
significant positive correlation was found between CONUT scores
and LOS. This correlation was still significant after adjusting for
potential confounders in multivariate linear regression model. This
result may be attributed to the reason that CONUT score provides
information about both energy stores and the severity of
inflammation in the body, which is associated with LOS (22). This
finding is in accordance with a previous study by Bengelloun et al.
and strengthens the potential role of CONUT score for identifying
those at high-risk of prolonged hospital stay in patients with COVID-
19 (13).

Reports of long COVID are rising but little is known about
prevalence, risk factors or whether it is possible to predict a
protracted course early in the disease. Here we examined symptoms
27 months after an acute SARS-CoV-2 infection, and demonstrated

that 35.1 % of hospitalized patients were still troubled with at least



one long COVID symptom after three months after discharge. This
result is in accordance with a previous study by Huang et al. in a
Wuhan cohort (23). Another key finding of the present study was
that CONUT score predicts the risk of developing long COVID in the
future. Kaplan-Meier survival curves, based on the CONUT grade,
showed early and persistent separation during two-year follow-up.
Cox proportional hazards analysis confirmed the results observed in
Kaplan-Meier survival curves after adjustment for potential
confounding factors. The association of patient symptoms along
with blood markers of protein disarrangement and inflammation
suggests ongoing alterations in the metabolism and inflammatory
state which maintains a vicious circle implicated in the persistence
of long COVID. This result highlighted the clinical importance of
CONUT score for predicting the risk of long COVID in patients with
COVID-19.

The limitations of this study should be considered when interpreting
our results. First, the retrospective design with a relatively small
sample size does not allow the establishment of clear causality and
the results are prone to selection bias. These findings will require
further replication, validation, and qualification in large, longitudinal
population cohorts. Second, these raw data may just reflect local
conditions and are unadjusted for other risk factors such as lifestyle
habits and physical activity, which might significantly affect the
nutritional conditions of patients.

In conclusion, higher CONUT score predicts longer LOS and the risk
of long COVID in patients with COVID-19. If these findings can be
substantiated in larger studies, the CONUT score might be useful for
risk stratification in COVID-19 patients and help to develop new

nutritional treatment strategies for long COVID.
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Table . Baseline characteristics and intergroup comparisons

Variables CONUT score
Total (n = Low-CONUT (n Mild-CONUT (n High-CONUT (n
151) = 50) = 75) = 26)
Age (year) 5991 £ 11.34 59.48 + 9.81 58.31 = 11.84 65.35 + 11.36"
Male, n (%) 73 (48.34) 21 (42.00) 37 (49.33) 15 (57.69)
Severe case, n 111 (74.00) 29 (58.00) 58 (77.33)* 24 (92.31)*1
(%)
Albumin (g/l) 37.76 = 4.92 40.44 = 2.80 38.23 + 4.43* 31.24 = 3.58*1
LY (x10°%1) 1.42 (1.09-1.68) 1.75(1.55-2.17) 1.31(1.10-1.54)* 0.87 (0.64-1.04)*"
TC (mmol/I) 4.27 = 1.00 5.06 + 0.83 3.93 £ 0.71% 3.74 £ 1.15%1
CONUT score 2 (1-4) 1(0-1) 3 (2-4)* 6 (5-8)*"
Hb (g/1) 120.93 £ 19.79 126.87 +£14.07 121.56 £21.51 108.35 + 18.38*"
FBG (mmol/l) 6.15 + 1.93 5.72 £ 1.20 6.06 = 1.64 7.23 £ 3.16*"
LDL-c (mmol/l)  2.20 £ 0.59 2.61 = 0.55 2.03 = 0.44 1.91 + 0.64*"
HDL-c (mmol/l) 1.30 = 0.41 1.51 + 0.39 1.24 + 0.39* 1.05 + 0.30%
Cre (umol/l) 79.22 = 30.03 73.44 =+ 13.90 78.10 = 20.88 93.53 + 58.81*
BNP (ng/I) 18.15 (10.00- 10.00 (10.00- 19.30 (10.00- 57.10 (18.10-
43.05) 24.18) 36.75)* 129.60)*"
CRP (mg/l) 4.55 (3.14- 3.14 (3.14-5.09) 5.80 (3.14- 29.30 (4.86-
25.40) 31.00)* 104.60)*"
hs-cTnl (pg/l) 2.40 (1.40-5.83) 2.00(1.25-3.30) 2.00(1.25-4.25) 6.10 (3.40-
26.70)*"
Hypertension, n 47 (31.13) 14 (28.00) 22 (29.33) 11 (42.31)
(%)
Diabetes, n (%) 25 (16.56) 5 (10.00) 12 (16.00) 8 (30.77)
Smoking, n (%) 25 (16.56) 8 (16.00) 14 (18.67) 3(11.53)
LOS (day) 23.78 £ 7.43 19.90 £ 5.92 23.71 £ 6.37% 31.46 = 7.13*%1

All values are presented as mean = SD, median value (interquartile

range) or n (%). CONUT: Controlling Nutritional Status; LY:



lymphocyte; TC: total cholesterol; Hb: hemoglobin; FBG: fasting
blood glucose; LDL-c: low density lipoprotein cholesterol; HDL-c:
high density lipoprotein cholesterol; Cre: creatinine; BNP: N-terminal
pro-brain natriuretic peptide; CRP: C-reactive protein; hs-cTnl: high-
sensitivity cardiac troponin I; LOS: length of hospital stay. "p < 0.05
compared to low-CONUT group; o < 0.05 compared to mild-CONUT

group.



Table Il. Spearman’s rank correlation coefficient between variables and LOS

Variables Correlation p value
coefficient

Age (year) 0.184 0.024
Albumin (g/l) -0.390 < 0.001
LY (x10%/1) -0.473 < 0.001
TC (mmol/l) -0.134 0.10
CONUT score 0.469 < 0.001
Hb (g/l) -0.300 < 0.001
FBG (mmol/l) 0.050 0.543
LDL-c (mmol/l) -0.118 0.150
HDL-c (mmol/l) -0.233 0.004
Cre (umol/l) -0.083 0.311
BNP (ng/l) 0.334 < 0.001
CRP (mg/l) 0.225 0.006
hs-cTnl (pg/l) 0.263 0.001

CONUT: Controlling Nutritional Status; LY: lymphocyte; TC: total
cholesterol; Hb: hemoglobin; FBG: fasting blood glucose; LDL-c: low
density lipoprotein cholesterol; HDL-c: high density lipoprotein
cholesterol; Cre: creatinine; BNP: N-terminal pro-brain natriuretic
peptide; CRP: C-reactive protein; hs-cTnl: high-sensitivity cardiac

troponin |; LOS: length of hospital stay.



Table Ill. Multivariate linear regression analysis for the determinants of LOS

Variables B 95 % ClI p value
Age (year) 0.056 -0.054-0.166  0.316
Albumin (g/l) -0.043 -0.420-0.333  0.820
LY (x10°%1) -0.279 -0.940-0.382  0.405
TC (mmol/I) 1.501 -1.855-4.856  0.378
CONUT score 2.055 1.067-3.043 < 0.001
Hb (g/l) 0.006 -0.058-0.069  0.862
FBG (mmol/l) -0.187 -0.812-0.438 0.554

LDL-c (mmol/l) -0.769 -6.031-4.492 0.773
HDL-c (mmol/l) -1.135 -4.633-2.362 0.522

Cre (pmol/l) -0.053 -0.115-0.009 0.092
BNP (ng/l) 0.007 -0.013-0.028 0.475
CRP (mg/l) -0.011 -0.061-0.038 0.649
hs-cTnl (ug/l) 0.017 -0.080-0.115 0.727

Cl: confidence interval; CONUT: Controlling Nutritional Status; LY:
lymphocyte; TC: total cholesterol; Hb: hemoglobin; FBG: fasting
blood glucose; LDL-c: low density lipoprotein cholesterol; HDL-c:
high density lipoprotein cholesterol; Cre: creatinine; BNP: N-terminal
pro-brain natriuretic peptide; CRP: C-reactive protein; hs-cTnl: high-

sensitivity cardiac troponin I; LOS: length of hospital stay.



Table IV. HRs and 95 % CI for long COVID according to CONUT grade in

Cox proportional hazards models

Variab HR (95 % CI) by CONUT grade p value
les Lower Mild High

Model 1.0 (reference) 3.279 (1.436- 7.189 (2.963- < 0.001

1

7.491) 17.447)

Model 1.0 (reference) 3.452 (1.509- 7.301 (2.980- < 0.001

2

7.894) 17.889)

Model 1.0 (reference) 3.472 (1.506- 7.405 (2.895- < 0.001

3

8.006) 18.941)

Model 1.0 (reference) 3.055 (1.300- 7.444 (2.559- < 0.001

4

7.178) 21.651)

Model 1: non-adjusted model. Model 2: adjusted for age and sex.
Model 3: further adjusted for severe case. Model 4: further adjusted
for cardiac biomarkers including BNP, CRP, and hs-cTnl. CI:
confidence interval; CONUT: Controlling Nutritional Status; HR:
hazard ratio; BNP: N-terminal pro-brain natriuretic peptide; CRP: C-

reactive protein; hs-cTnl: high-sensitivity cardiac troponin I.
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Fig. 1. The cumulative incidence of long COVID is depicted based on

the CONUT grade.



