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ABSTRACT

Background: The corona virus disease 2019 (COVID-19) has made a big threat on the global public health. The aim
of the study is to comprehensively explore the risk factor for severe disease events (intensive care, invasive ventilation,
or death) in patients with COVID-19, and to establish a prognostic scoring system.

Methods: Patients with laboratory-confirmed COVID-19 admitted to the Wuhan Leishenshan Hospital from
February 13 to March 14, 2020, was retrospectively analyzed. Demographic data, symptoms, laboratory values at
baseline, comorbidities, treatments and clinical outcomes were extracted. The LASSO and multivariate logistic
regression models were developed to explore the risk factors for critical-ll events. A risk model was established via
nomogram.

Results: 463 COVID-19 patients were included, of whom 397 were non-critically ill and 66 were critically ill. The
LASSO identified four risk factors (hypersensitive cardiac troponin I [cTnl], Blood Urea Nitrogen [BUN],
haemoglobin, and Interleukin-6 [IL-6]) contributing to the critical-ill events. Multivariable regression showed
increasing odds of in-hospital critical-ill events associated with hypersensitive cTnl greater than 0.04 ng/mL (OR,
95% CI: 20.98, 3.51-125.31), BUN greater than 7.6 mmol/L (OR, 95% CI: 5.22, 1.52-17.81), decreased haemoglobin
(OR, 95% CI: 1.06, 1.04-1.10), and higher IL-6 (OR, 95% CI: 1.05, 1.02-1.08) on admission. The risk model
constructed by the selected four risk factors showed high calibration (Hosmer-Lemeshow, p=1.00).

Conclusion: Elevated hypersensitive ¢Tnl, BUN, IL-6, and decreased hemoglobin were risk factors of critical-ill
events. The risk model could help clinicians with early identification of patients with COVID-19 who will progress to
severe disease.
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INTRODUCTION established that patients with mild disease have fever along with

respiratory signs and symptoms, such as dry cough [2]. Sepsis,
An ongoing outbreak of the novel corona virus disease 2019  respiratory failure, Acute Respiratory Distress Syndrome
(COVID-19) pneumonia associated with the Severe Acute (ARDS), and septic shock are commonly observed in critically ill
Respiratory Coronavirus 2 (SARS-CoV-2), started in December, patients [3]. Epidemiological features, clinical presentation, and
2019, in Wuhan, China, has spread rapidly around the world  clinical outcomes of patients with COVID-19 have been well
[1]. As of May 1, 2021, the total number of patients has raised documented [4-7]. However, risk factors for critical-ill events
sharply to 150 million around the world, with more than (intensive care, invasive ventilation, or death) have not yet been

3,000,000 deceased. The clinical spectrum of COVID-19  well delineated.

pneumonia ranges from mild to critically ill cases. It is well

Correspondence to: Ran Cui, Department of Rheumatology and Immunology, Shanghai Jiao Tong University Affiliated Sixth People's Hospital,
Shanghai, China, E-mail: cr_wyl130401@yeah.net

Sheng-Ming Dai, Department of Rheumatology and Immunology, Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai,
China, E-mail: shengmingdai@163.com

Received date: May 27, 2021; Accepted date: June 10, 2021; Published date: June 17, 2021

Citation: Yang S, Ma L, Wang Y, Tong Q, Yu D, Dai SM, et al. (2021) Risk Factors and a Prognostic Scoring System for Severe Disease in Patients
with COVID-19: A Retrospective Cohort Study. ] Clin Trials. 11:470.

Copyright: © 2021 Yang S, et al. 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 author and source are credited.

J Clin Trials, Vol.11 Iss.4 No:1000470 1



Yang S, et al.

In this retrospective cohort study, we identified the risk factors
associated with the critical-ill events among cases from early
stage of the epidemic who were admitted to Wuhan
Leishenshan Hospital. In addition, a prediction model of
probability for the critical-ill events was established.

METHODOLOGY

Study design and participants

This retrospective cohort study included two cohorts (non-
critically ill and critically ill) of adult patients (aged > 18 years)
with COVID-19 from Wuhan Leishenshan Hospital. All
patients who received intensive care or died or were discharged
between February 13 and March 14, 2020, were included in this
study. For patients who were alive by March 14, 2020, their
living status was followed up and confirmed on March 28, 2020.
The study was approved by the Research Ethics Commission of
Yangpu Hospital, Tongji University (LSS/
PNEUMOLOGY-20200301-V.1.0).

Data collection

Demographic, clinical, laboratory, treatment, and outcome data
were extracted from electronic medical records using a
standardized data collection form. Especially, to avoid the
selection bias, we only collect the first routine blood samples
after hospitalization.

Laboratory procedures

Methods for laboratory confirmation of SARS-CoV-2 infection
have been described elsewhere [2]. Routine blood examinations
were complete blood count, coagulation profile, serum
biochemical tests (including renal and liver function, and
electrolytes), myocardial enzymes, interleukin-6 (IL-6), C-reactive
protein and procalcitonin.

Definitions

Critically ill patients were defined as those admitted to the ICU
who required mechanical ventilation or had a fraction of
inspired oxygen (FiO2) of at least 60% or more [8]. Fever was
defined as axillary temperature of at least 37.3°C. ARDS was
diagnosed according to the Berlin Definition [9]. Sepsis and
septic shock were defined according to the 2016 Third
International Consensus Definition for Sepsis and Septic Shock
[10]. Acute cardiac injury was diagnosed if serum level of high
sensitivity cardiac troponin 1 (cTnl) exceeded upper reference
limit set by Wuhan Leishenshan Hospital, or if new
abnormalities were shown in electrocardiography and
echocardiography. Acute Kidney Injury (AKI) was diagnosed
according to the Kidney Disease Improving Global Outcomes
(KDIGO) clinical practice guidelines [11]. Acute liver injury was
defined as elevated Alanine Aminotransferase (ALT) and/or
Aspartate Aminotransferase (AST) and treatment was given
determined by the treating physician. Hypoproteinaemia was
defined as blood albumin of less than 40 g/L set by Wuhan
Leishenshan Hospital. The disease severity status of COVID-19
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was defined according to the Chinese management guideline for

COVID-19 (version 7.0) [12].

Statistical analysis

Continuous and categorical variables were presented as median
(IQR) and n (%), respectively. Mann-Whitney U test, ¥? test, or
Fisher’s exact test were utilized to compare differences between
patients with and without critical-ill events where appropriate.
To explore the risk factors associated with criticalill events
(intensive care, invasive ventilation, or death), LASSO and
binary logistic regression models were used. The LASSO
regression is a machine learning method that suitable for the
reduction of high-dimensional data and collinearity. The
LASSO regression model analysis was performed using the
glmnet package of R. The Receiver Operating Characteristic
(ROC) with Area Under the Curve (AUC) was used to
determine accuracy of the LASSO. The prediction model that
incorporated the independent risk factors was developed and
presented as the nomogram. Nomogram was obtained using the
rms and regplot packages of R. We used a Kaplan-Meier plot for
survival data. Tests were two-sided with significance set at a. less
than 0.05. The Stata/SE 15.1 software (StataCorp, College
Station, TX, USA) and R software 3.5.1 were applied for all

analyses.

RESULTS

463 adult patients hospitalized in Wuhan Leishenshan Hospital
with laboratory-confirmed COVID-19 were included in this
study. 397 were non-critically ill and 66 were critically ill. 27
patients died during hospitalization (all from the ICU) at 35
days. The median age of the 463 patients was 60.0 years (IQR
50.0-69.0) (Table 1). Hypertension was the most common
comorbidity, followed by diabetes, and cardiovascular disease.
The most common symptoms on admission were dry cough and
fatigue, followed by chest tightness, shortness of breath, myalgia,
and fever. Lymphocytopenia occurred in 36.1% (131/463)
patients. Moderate to severe anemia occurred in 13.4 %
(63/463) patients. The median time from illness onset to
hospital admission was 10.0 days (IQR 5.0-17.0) and the median
time from admission to death or discharge was 19.0 days (IQR
13.0-37.0) (Table 1).

Total Non- Critically ill p value
critically ill patients

Demograph (n=463) patients (n=66)

ics and (n=397)

clinical

characteristi

cs

Age, years 60.0 58.0 69.0 <0. 0001
(50.0-69.0)  (49.0-67.0)  (60.5-79.5)

Sex . . . 0.007

Men 231 (49.9%) 188 (47.4%) 43 (65.2%)
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Women 232 (50.1%) 209 (52.6%) 23 (34.8%) .. Signs and
symptoms
Any . . . .
comorbidity Fever 51 (11.0%) 32 (8.1%) 19 (28.8%) <0.0001
(temperatur
Diabetes 80 (17.3%) 62 (15.6%) 18 (27.3%) 0.02 e > 37.3°C)
Hypertensio 179 (38.7%) 146 (36.8%) 33 (50.0%) 0.041 Respiratory 54 (11.7%) 34 (8.6%) 20(30.3%) <0.0001
n rate >24
breaths per
Cardiovascu 34 (7.3%) 20 (5.0%) 14 (21.2%)  <0.0001 min

lar disease

Pulse > 120 23(5.0%) 20(5.0%) 3 (4.5%) 0.743

Arrhythmia 12 (2.6%) 7 (1.8%) 5(7.6%) 0.008 beats  per
min
Malignancy 11 (2.4%) 8 (2.0%) 3 (4.5%) 0.128
Systolic 0 0 0 NA
Bronchial 7 (1.5%) 6 (1.5%) 1 (1.5%) 0.584 blood
asthma pressure <
90 mm Hg
Cerebrovasc 25 (5.4%) 12 (3.0%) 13 (19.7%)  <0.0001
ular disease Peripheral 43 (93%) 19 (48%) 24 (364%) <0.0001
oxygen
Chronic 18 (3.9%) 11 (2.8%) 7 (10.6%) 0.002 saturation,
kidney without
disease inhaling
oxygen ( <
Chronic 13(2.8%) 10(2.5%) 3(4.5%)  0.87 93%)

liver disease

Dry cough 316 (68.3%) 281 (70.8%) 35 (53.0%) 0.004

Anemia* 17 (3.7%) 10 (2.5%) 7(10.6%)  0.002

Sputum 33 (7.1%) 27(6.8%)  6(9.1%) 0.447

CURB-65  0.0(0.0-1.0) 0.0(0.0-1.0) 2.0(1.0-2.0) <0.0001

score Chest 101 21.8%) 83 (20.9%) 18(27.3%)  0.246
tightness
Disease . . . .
severity Shortness of 117 (25.3%) 100 (25.2%) 17 (25.8%) 0.922
status breath
Mild 3(0.6%) 3(0.7%) 0 <0.0001 Dyspnea 25 (5.4%) 14 (3.5%) 11 (16.7%)  <0.0001
General 356 (76.9%) 356 (89.7%) 0 . Myalgia 68 (14.7%) 64 (16.1%) 4 (6.1%) 0.033
Severe 38(8.2%) 38(9.6%) O B Fatigue 162 (35.0%) 143 (36.0%) 19 (28.8%) 0.254
Critical 66 (14.3%) 0 66 (100%) .. Anorexia 35(7.6%)  32(8.1%)  3(4.5%) 0.452
Deaths 27(5.8%) O 27 (40.9%)  <0.0001 Diarrhoea 34 (7.3%) 31 (7.8%) 3 (4.5%) 0.451
Time from 10.0 9.0 11.0 0.001 Laboratory
illness onset (5.0-172.0)  (4.0-15.0)  (7.0-30.0) findings
to hospital
admission, White 58 (4.6-11) 5.6 (4.56.6) 9.6 <0.0001
days blood  cell (6.6-12.6)
count X
Time from 19.0 20.0 14.5 0.005 10°/L
admission  (13.027.0)  (14.027.0)  (7.3-21.8)
w0 death or <4 57(12.3%)  52(13.1%) 5(1.6%)  <0.0001
discharge,

>4t0<10 365 (78.8%) 334 (84.1%) 31 (47.0%)

days
> 10 41 (8.9%) 11(2.8%)  30(45.4%)
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Lymphocyte 1.5 (1.1-1.9) 1.6(1.2-2.0) 0.8 (0.5-1.3) <0.0001 Creatine 1.1(0.8-1.8) 1.0(0.8-1.4) 3.0(2.26.2) <0.0001
count x kinase-MB,
10°/L ng/ml
<11 121 (26.1%) 78 (19.6%) 43 (65.2%) <0.0001 >6.36 24 (5.2%) 2 (0.5%) 22 (33.3%)  <0.0001
Haemoglobi 122.0 124.0 85.0 <0.0001 Lactate 190.0 185.0 329.0 <0.0001
n, g/L (107.5-133.0) (113.0-135.0) (68.0-104.5) dehydrogen  (165.0-230.8) (162.0-211.0) (236.0-483.0)
ase, U/L
<60 9 (1.9%) 1(0.3%) 8 (12.1%) <0.0001 >245 108 (23.3%) 63 (15.9%) 45(68.2%) <0.0001
>60t0<90 53 (11.4%) 20 (5.0%) 33 (50.0%) .. Hypersensiti 0.01 0.01 0.04 <0.0001
ve troponin (0.01-0.01)  (0.01-0.01)  (0.02-0.24)
> 90 401 (86.6%) 376 (94.7%) 25(37.9%) .. I, ng/mL
Platelet 214.0 220.0 163.0 <0.0001 >0.04 45 (9.7%) 6 (1.5%) 39 (59.1%) <0.0001
count x (172.8-270.0) (183.0-272.0) (78.0-260.0)
10°/L D-dimer, 0.5 0.4 (0.20.9) 3.0(1.4-74) <0.0001
mg/L (0.2-1.26)
<100 28 (6.0%) 10 (2.5%) 18 (27.3%)  <0.0001
<0.5 209 (45.1%) 206 (51.9%) 3 (4.5%) <0.0001
Alanine 23.0 23.0 22.5 0.741
aminotransf (14.0-40.0)  (14.5-39.0)  (12.0-45.8) >0.5t0<1l  91(19.7%) 86 21.7%) 5 (7.6%)
erase, [lU/L
>1 163 (35.2%) 105 (26.4%) 58 (87.9%)
>40 114 (24.6%) 95 (23.9%) 19 (28.8%) 0.396
Prothrombi 11.4 11.3 13.2 <0.0001
Aspartate 21.0 20.0 31.0 <0.0001 n time (10.9-12.0)  (10.8-11.6)  (12.3-15.2)
aminotransf (16.0-30.0)  (16.0-27.0)  (21.0-49.0)
erase, [U/L >13 52 (11.2%) 13 (3.3%) 39(59.1%) <0.0001
>40 69 (14.9%) 46 (11.6%) 23 (34.8%) <0.0001 Activated 21.2 26.4 38.6 <0.0001
partial (24.1-:32.0)  (23.6-29.8)  (32.545.9)
Albumin, 379 38.3 32.2 <0.0001 thrombopla
/L (34.840.5)  (35.7-40.8)  (28.8-36.3) stin time
<40 335(72.4%) 275 (69.3%) 60(90.9%) 0.0003 >40 38 (8.2%) 10 (2.5%) 28 (42.4%) <0.0001
Total 9.4 9.4 9.1 (6.1-17.2) 0.927 C-reactive 1.5(0.5-8.0) 1.0(0.5-3.8) 46.3 <0.0001
bilirubin, (7.1-13.4) (7.2-13.0) protein, (8.5-98.8)
pumol/L mg/L
>26 23 (5.0%) 13 (3.3%) 10 (15.2%)  0.0005 <4 262 (56.6%) 250 (63.0%) 12 (18.2%)  <0.0001
Creatinine, 62.9 62.1 83.4 <0.0001 >4t0<10 110 (23.8%) 106 (26.7%) 4 (6.1%)
umol/L (52.4-75.8)  (52.3-72.6)  (55.0-199.6)
> 10 91 (19.7%) 41 (10.3%) 50 (75.8%)
>133 31 (6.7%) 8 (2.0%) 23 (34.8%) <0.0001
Procalcitoni  0.04 0.03 0.38 <0.0001
Blood urea 4.9(3.86.3) 4.7(3.75.7) 115 <0.0001 n, ng/mL (0.03-0.07) (0.03-0.05) (0.13-2.88)
nitrogen, (5.8-19.7)
mmol/L <0.1 313 (67.6%) 300 (75.6%) 13 (19.7%)  <0.0001
>7.6 67 (14.5%) 24 (6.0%) 43 (65.2%) <0.0001 > 01 to 23(5.0%) 10 (2.5%) 13 (19.7%)
<0.25
Creatine 49.0 48.0 63.0 0.005
kinase, (34.0-74.3)  (34.0-68.0) (34.3-143.8) > 025 to 12(2.6%) 5(1.3%) 7 (10.6%)
IU/L <0.5
>185 20 (4.3%) 11 (2.8%) 9 (13.6%) 0.001 >0.5 115 (24.8%) 82 (20.7%) 33 (50.0%)
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L6, pg/mL 5.4 (1.65.4) 5.4(1554) 108.7
(36.4-411.8)

<0.0001

Data are median (IQR), n (%); or n/N (%); p values were calculated
by Mann-Whitney U test; %2 test; or Fisher’s exact test; as appropriate.
COVID-19: Coronavirus disease 2019; IL-6: Interleukin-6; MB:
Muscle and Brain type; NA: not applicable.

*Anemia events were recorded according to patients’ history of
present illness.

Table 1: Demographic, clinical, and laboratory findings of
patients with COVID-19 on admission.

Patients who were non-critically ill received much more antiviral
treatment (83.9% vs. 45.5%) and Traditional Chinese medicine
(84.4% vs. 9.1%) than critically ill patients, whereas the critically
ill patients received much more antibiotics, systematic
corticosteroids, human serum albumin, renal replacement
therapy, and convalescent plasma transfusion than non-critically
ill patients (Table S1). Thirty-six critically ill patients in ICU
required invasive mechanical ventilation, of whom 20 (55.6%)
died. Extracorporeal Membrane Oxygenation (ECMO) was used
in four critically ill patients and two survived. Among critically
ill patients, respiratory failure was the most frequently observed
life-threatening complication, followed by acute cardiac injury,
acute kidney injury, ARDS, and septic shock (Table S1).

Previous studies have shown male, older age, Sequential Organ
Failure Assessment (SOFA) score, d-dimer, and the
comorbidities such as hypertension, diabetes, and cardiovascular
disease were associated with higher odds of critical events
(intensive care or death) [3,13-15]. In LASSO regression, we
divided the full dataset (n=463, 66 with critical-ill events and
397 without) in a 7:3 ratio into training set (n=324) and
validation set (n=139). A total of 19 variables (age, gender,
comorbidities and laboratory data) were inputted and four
variables (haemoglobin, ¢Tnl, Blood Urea Nitrogen (BUN), and
IL-6) were finally selected in the training set (Figure S1). The
AUC in the training set was 0.984 (95% CI 0.959-1.000) and
the AUC in the validation set was 0.959 (95% CI 0.898-1.000)
(Figure S2), indicating that this feature selection model was of
goodness of fit.

Univariable p value Multivariab p value

le
Demograph OR  (95% OR (95%
ics and CI) CI
clinical
characteristi

Cs

Age, years*  1.06 <0.0001
(1.04-1.09)

Male vs. 2.08 0.008

female (1.21-3.58)
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Comorbidit

y  present

(vs. not

present)

Diabetes 1.67 0.142
(0.84-3.30)

Hypertension 1.72 0.043
(1.02-2.90)

Cardiovascu  4.93 <0.0001

lar disease (2.22-10.97)

Arrhythmia  3.33 0.075
(0.89-12.54)

Malignancy  2.08 0.371
(0.42-10.28)

Bronchial 5.60 0.0003

asthma (2.23-14.09)

Cerebrovasc  1.23 0.854

ular disease  (0.13-11.29)

Chronic 3.23 0.041

kidney (1.059.94)

disease

Chronic 1.43 0.653

liver disease  (0.30-6.92)

Anemia 3.45 0.039
(1.07-11.16)

Signs  and

symptoms

Respiratory

rate, breaths

per min

<24 1 (ref)

>24 4.84 <0.0001
(2.579.13)

Peripheral

oxygen

saturation

(without

inhaling

oxygen), %

>93 1 (ref)

<93 6.06 <0.0001
(3.03-12.12)

CURB-65 492 <0.0001

score® (3.33-7.26)
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Laboratory Creatinine,
findings pumol/L
White <133 1 (ref)
blood  cell
count, x >133 26.01 <0.0001
10°/L (10.96-61.71)
<4 1 (ref)
Blood urea
>4t0<10 097 0.944 . . nitrogen,
(0.36-2.59) mmol/L
> 10 28.36 <0.0001 . . <17.6 1 (ref)
(8.99-89.46)
>7.6 29.06 <0.0001 5.22 0.008
Lymphocyte (15.12-55.84) (1.53-17.81)
count x
10°/L
Creatine
> 1.1 1 (ref) . . . kinase,
IU/L
<1.1 7.65 <0.0001 . .
(4.35-13.43) <185 1 (ref)
Haemoglobi 0.93 <0.0001 0.94 <0.0001 >185 5.54 <0.0001
n, g/L* (0.91-0.94) (0.91-0.96) (2.20-13.96)
Platelet Lactate
count x dehydrogen
10°/L ase, U/L
> 100 1 (ref) . . . <245 1 (ref)
<100 14.51 <0.0001 . . >245 11.36 <0.0001
(6.33-33.25) (6.37-20.37)
Alanine Hypersensiti
aminotransf ve troponin
erase, [lU/L I, ng/mL
<40 1 (ref) . . . <0.04 1 (ref)
>40 1.29 0.397 . . >0.04 94.13 <0.0001 20.98 0.001
(0.72-2.30) (36.63-241.90) (3.51-125.31)
Albumin,
/L D-dimer,
mg/L
>40 1 (ref)
<0.5 1 (ref)
<40 4.44 0.001 .
(1.87-10.55) >0.5t0<1l  3.99 0.062
(0.93-17.08)
Total
bilirubin, >1 3793 <0.0001
umol/L (11.61-123.94)
<26 1 (ref)
Prothrombi
>26 5.28 0.0002 . . n time
(2.21-12.60)
<13 1 (ref)
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>13 42.67 <0.0001
(20.38-89.35)

C-reactive

protein,

mg/L

<4 1 (ref)

>4t0<10 0.79 0.683
(0.25-2.49)

> 10 25.41 <0.0001
(12.47-51.78)

Procalcitoni  1.55 0.0005

nng/mL*  (1.21-1.97)

IL-6, pg/ml* 1.09 <0.0001 1.05 0.001

(1.07-1.12) (1.02-1.08)

Abbreviations: CI: Confidence Interval; IL-6: Interleukin-6; OR:
QOdds ratio; *Per 1 unit increase.

Table 2: Risk factors associated with critical-ill events.

Based on the LASSO feature selection, the above four variables
were included in the binary logistic regression, and we found
that hypersensitive cTnl greater than 0.04 ng/mL (OR 20.98,
95% CI 3.51-135.31; p=0.001), BUN greater than 7.6 mmol/L
(OR 5.22, 95% CI 1.52-17.81; p=0.008), decreased haemoglobin
(OR 1.06, 95%CI 1.04-1.10, per 1 unit decrease (g/L);
p<0.0001), and higher interleukin (IL)-6 (OR 1.05, 95% CI
1.02-1.08, per 1 unit increase (pg/ml); p=0.001) at admission
were significantly associated with increased risk of critical-ll
events (Table 2). When adjusting for other confounders
(CURB-65 score was excluded because itself included BUN),
our model was validated as robust, because the four variables
(haemoglobin, ¢Tnl, BUN, and IL-6) were again selected as the
risk factors contributing to the critical-ill events (Figure S3).

Based on the selected risk factors, we established a risk model
for evaluating the development of critical-ill events via nomogram
(Figure 1).

Points
0 20 30 40 50 60 70 80 90 100
IL-6 |<7 27to<14 2‘14 (pg/ml)
BUN <7.6 >7.6 (mmol/L)
cTnTI <0.04 20.04 (ng/ml)
>90
HGB 260 to <90 <60 (g/L)
Total points to outcome nomogram:
A
Total points | \\ i 167
40 60 80 100 120 140 160 180 200 220 240 260 280
Probability for the critical-ill events 0.853
Se-4 1.5e-3 3.5e-3 8e-3 002 0.06 015 03 05 0.7 0.85 054 098 0.992 0.997 0.999
Figure 1: Total points to outcome nomogram.
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Calibration was employed with bootstrapping to decrease the
bias of overfitting in both training set and validation set. The
internal-bootstrapped calibration plots for the probability of
critical-ill events in training set and validation set showed an
optimal agreement between prediction by nomogram (Hosmer-

Lemeshow, p=1.00) (Figure S4).

For the death outcome, among 66 critically ill patients with
COVID-19, 27 (40.9%) patients had died at 35 days, and the
median duration from ICU admission to death was 14.5 (IQR
7.3-21.8) days (Figure S5). We further performed survival
analyses stratified by ¢Tnl, BUN, haemoglobin, and IL-6. High
levels of ¢Tnl, BUN, IL-6, and decreased level of haemoglobin
were associated with poor survival probability (Figure S6).

DISCUSSION

This retrospective cohort study identified four risk factors for
critical-ill events (intensive care, invasive ventilation, or death) of
patients with COVID-19 in Wuhan city. Hypersensitive cTnl
greater than 0.04 ng/mL, BUN greater than 7.6 mmol/L,
decreased haemoglobin, and higher interleukin IL-6 were found
to be associated with increasing odds of in-hospital critical-ll
events. Although the risk factors for mortality of adult inpatients
with COVID-19 has been identified by a retrospective cohort
study [3], the authors did not include some important factors
(eg. IL-6 and procalcitonin) in multivariate logistic regression
due to concern of the overfitting. In our study, these four risk
factors were verified by LASSO and multivariate logistic
regression models. Additionally, we developed and validated a
prediction tool based on the selected four variables to evaluate
the risk for critical-ill events for patients with COVID-19, which
might aid in delivering timely treatment.

In COVID-19 patients with elevated inflammatory cytokines,
postmortem pathology has revealed tissue necrosis and
interstitial macrophage and monocyte infiltrations in the lung,
heart and gastrointestinal mucosa [16]. In addition, exhausted
lymphocytes with hyperactivated proinflammatory T cells [16]
and decreased regulatory T cells [17] is commonly seen in
critically ill patients, suggesting dysregulated immune responses.
Among the cytokines
macrophages, IL-6 is one of the key cytokines that closely related
to the Cytokine Release Syndrome (CRS), which may play a
major role in the pathology of COVID-19. Elevated IL-6 levels
were observed in patients with SARS coronavirus (SARS-CoV, a
close counterpart of SARS-CoV-2) and were correlated with
disease severity [18]. However, the elevated IL-6 levels were also
observed in COVID-19 [2,5,19,20] and might serve as a
predictive biomarker for disease severity [21,22]. In addition
maximal interleukin-6 levels (>80 pg/ml) before intubation

showed the strongest association with the need of mechanical

produced by activated

excessive

ventilation [23]. A prospective study regarding the tocilizumab (a
monoclonal antibody that targets the interleukin 6 receptor) for
COVID-19  pneumonia with
hyperinflammatory syndrome and acute respiratory failure

the treatment of severe

showed significant clinical improvement [24]. In our study, IL-6
levels in critically ill patients were far higher than that observed
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in non-critically ill patients. Extreme high IL-6 levels (>5,000
ng/mL) were found in two critically ill patients who were on
ECMO and died due to CRS, coagulopathy, and respiratory
failure.

Decline of hemoglobin was observed in 51% of 99 patients with
SARS-CoV-2 infection reported by Wuhan Jin Yin-tan Hospital
[5]. In the study of 1099 patients with COVID-19, the
hemoglobin level of patients who reached composite endpoint
(admission to ICU, requirement of invasive ventilation, and
death) was lower than in those who did not (125.0 g¢/L (IQR
105.0-140.0) vs. 134.0 g/L (120.0-148.0)) [25]. Inflammatory
changes caused by SARS-CoV-2 infection might interfere with
erythropoiesis, resulting in a decrease in hemoglobin. The low
incidence of moderate or severe anemia in COVID-19 may
attribute to the long life span of erythrocyte and the
induced by
pneumonia associated hypoxia. In our study, among 66 critically
ill patients, 41 (62.1%) had moderate to severe anemia
(hemoglobin<90 g/L), 24 (36.4%) patients’ peripheral oxygen
saturation was less than 93% without inhaling oxygen, and 36
(54.5%) patients received invasive mechanical ventilation. We
speculated that, in critically ill circumstances, excessive

compensatory  proliferation of erythrocyte

inflammation could suppress the erythropoiesis, thereby
hindering proliferation of erythrocyte induced by pneumonia
associated hypoxia. Thus, the reduced hemoglobin levels might
be an indicator of disease progression, and it would be more
worthy of clinical attention.

AKI occurs frequently among patients with COVID-19. It occurs
early and in temporal association with respiratory failure and is
associated with a poor prognosis. Early reports from China
found the rate of AKI in COVID-19 patients to range widely
from 0.5-29% [2-6,14]. Data from the New York hospital
revealed that AKI developed in 36.6% (1,993/5,449) patients
admitted with COVID-19 [26]. However, in critically ill or
decreased patients, the incidence of AKI was much higher, up to
37.5-50% [3,4]. In our study, 19 (28.8%) critically ill patients
developed AKI and 9 (13.6%) patients received renal
replacement therapy. BUN, the main component of azotemia
caused by the AKI, has been listed as a risk factor associated
with developing critical illness [27,28]. Cox proportional hazard
regression confirmed that elevated baseline BUN was an
independent risk factor for in-hospital death (Hazard Ratio [HR]
3.97, 95% CI 2.57-6.14) [29].

Previous evidence substantiates the presence of acute cardiac
injury in patients with COVID-19, which mainly manifested as
an increase in high sensitivity ¢Tnl levels (>0.028 ng/mL) [2].
However, acute cardiac injury might result in worsening
arrhythmia, myocardial infarction or even cardiac arrest. It is
notable that an observational study on 138 patients hospitalized
with COVID-19 found that 7.2% of patients developed acute
cardiac injury, and patients who received care in the ICU were
more likely to have cardiac injury (22.2%) than non-ICU
patients [6]. Consistently, our study found 39.4% of critically ill
patients with cardiac injury. A large cohort study showed that
patients with cardiac injury suffered more complications
(including ARDS, AKI, electrolyte disturbances,
hypoproteinemia, and coagulation disorders) and had higher
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mortality than those without cardiac injury (HR 3.41, 95%CI
1.62-7.16) [30]. The mechanism of acute myocardial injury might
be related to the SARS-CoV-2 direct attack and the CRS. It is
well established that SARS-CoV-2 binds with high affinity to
human Angiotensin-Converting Enzyme 2 (ACE2) which is used
as an entry receptor to invade target cells [31]. ACE2 is widely
expressed in both lungs and cardiovascular system [32] and,
therefore, ACE2-related signalling pathways might play a role in
heart injury. Other proposed mechanisms of myocardial injury
include a CRS triggered by an imbalanced response by type 1
and type 2 T helper cells [33], and hypoxaemia caused by
COVID-19 pneumonia, resulting in damage to myocardial cells.

Our study has certain strengths. In order to increase the
reliability of the results, the LASSO with training and validation
settings was utilized. Moreover, we constructed a risk nomogram
with good calibration, which might help clinicians with early
identification of patients who will progress to critically ill
COVID-19 and enable better centralized management and early
treatment of severe disease. However, some limitations existed in
our study. First, due to the retrospective nature of the study, not
all laboratory tests (including serum ferritin, IL-8, tumor
necrosis factor-ot and erythrocyte sedimentation rate) were done
in all patients, especially in non-critically ill patients. Thus, their
roles might be underestimated in predicting critical-ill events.
Second, lack of effective antiviral drugs and late transfer from
other community hospitals might have contributed to the
development of critical-ill events in some patients, which may
bias our results. Third, regarding the survival analyses, the p
values for ¢Tnl, haemoglobin, and IL-6 did not reach the
statistical significance might due to inadequate follow-up and
small samples.

CONCLUSION

In summary, our data suggested that hypersensitive cTnl greater
than 0.04 ng/mL, BUN greater than 7.6 mmol/L, decreased
haemoglobin, and high IL-6 were risk factors of critical-ill events
and associated with poor survival probability in patients with
COVID-19. The risk model could help clinicians with early
identification of patients with COVID-19 who will progress to
severe disease.

KEY MESSAGE
Elevated hypersensitive cTnl, BUN, IL-6, and decreased

haemoglobin were risk factors of critical-ill events in patients

with COVID-19.

The risk model could help clinicians with early identification of
patients with COVID-19 who will progress to severe disease.

ACKNOWLEDGMENT

This project was supported by grants from Shanghai Sailing
Program (No. 20YF1444900) and Shanghai Municipal Health
Commission (No. 20204Y0255).



Yang S, et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al. A novel

coronavirus from patients with pneumonia in China 2019. N Engl ]

Med. 2020;382:727-733.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features

of patients infected with 2019 novel coronavirus in Wuhan, China.

Lancet. 2020;395:497-506.

Zhou F, Yu T, Du R. Clinical course and risk factors for mortality of

adult inpatients with COVID-19 in Wuhan, China: A retrospective

cohort study. Lancet. 2020;395:1054-1062.

Yang X, Yu Y, Xu J, Shu H, Liu H, Wu Y, 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.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, 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.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang ], et al. Clinical

with 2019  novel
China. JAMA.

characteristics of 138 hospitalized patients

coronavirus-infected pneumonia in  Wuhan,
2020;323:1061-1069.

Young BE, Ong SWX, Kalimuddin S, Low ]G, Tan SY, Loh J, et al.
Epidemiologic features and clinical course of patients infected with
SARS-CoV-2 in Singapore. JAMA. 2020;323:1488-1494.

Fowler RA, Lapinsky SE, Hallett D, Detsky AS, Sibbald W], Slutsky
AS,; et al. Critically ill patients with severe acute respiratory syndrome.
JAMA. 2003;290:367-373.

Ranieri VM, Rubenfeld GD, Thompson BT, Thompson BT,
Ferguson N, Caldwell E, et al. Acute respiratory distress syndrome:
The Berlin definition. JAMA. 2012;307:2526-2533.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The third international consensus
definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315:801-810.

Khwaja A. KDIGO clinical practice guidelines for acute kidney injury.
Nephron Clin Pract. 2012;120:179-184.

National Health Commission of the People's Republic of China.
Chinese management guideline for COVID-19. 2020.

Wu C, Chen X, Cai Y, Zhou X, Xu S, Huang H, et al. Risk factors
associated with acute respiratory distress syndrome and death in
patients with coronavirus disease 2019 pneumonia in Wuhan, China.
JAMA Intern Med. 2020;180:934-943.

Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical
characteristics of 113 deceased patients with coronavirus disease 2019:
Retrospective study. BM]. 2020;368:1091.

Zheng Z, Peng F, Xu B, Zhao ], Liu H, Peng ], et al. Risk factors of
critical & mortal COVID-19 cases: A systematic literature review and
meta-analysis. ] Infect. 2020;81:16-25.

Xu Z, Shi L, Wang Y, Zhang ], Huang L, Zhang C, et al. Pathological
findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respir Med. 2020;8:420-422.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of
immune response in patients with COVID-19 in Wuhan, China. Clin
Infect Dis. 2020;71:762-768.

J Clin Trials, Vol.11 Iss.4 No:1000470

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

OPEN 8 ACCESS Freely available online

Zhang Y, Li ], Zhan Y, Wu L, Yu X, Zhang W, et al. Analysis of serum
cytokines in patients with severe acute respiratory syndrome. Infect
Immun. 2004;72:4410-4415.

Mazzoni A, Salvati L, Maggi L, Capone M, Vanni A, Spinicci M, et al.
Impaired immune cell cytotoxicity in severe COVID-19 is IL-6
dependent. ] Clin Invest. 2020;130:4694-4703.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical
and immunological features of severe and moderate coronavirus
disease 2019. J Clin Invest. 2020;130:2620-2629.

Gao Y, Li T, Han M, Li X, Wu D, Xu Y, et al. Diagnostic utility of
clinical laboratory data determinations for patients with the severe
COVID-19. ] Med Virol. 2020;92(7):791-796.

Chen X, Zhao B, Qu Y, Chen Y, Xiong J, Feng Y, et al. Detectable
serum SARS-CoV-2 viral load (RNAaemia) is closely correlated
with drastically elevated interleukin 6 (IL-6) level in critically ill
COVID-19 patients. Clin Infect Dis. 2020;71:1937-1942.

Herold T, Jurinovic V, Arnreich C, Lipworth BJ, Hellmuth JC,
Von Bergwelt-Baildon M, et al. Elevated levels of IL-6 and CRP
predict the need for mechanical ventilation in COVID-19. ]
Allergy Clin Immunol. 2020;146:128-136.

Toniati P, Piva S, Cattalini M, Garrafa E, Regola F, Castelli F, et al.
Tocilizumab for the treatment of severe COVID-19 pneumonia
with hyperinflammatory syndrome and acute respiratory failure: A
single center study of 100 patients in Brescia, Italy. Autoimmun
Rev. 2020;19:102568.

Guan W], Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl ]
Med. 2020;382:1708-1720.

Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL, et
al. Acute kidney injury in patients hospitalized with COVID-19.
Kidney Int. 2020;97:829-838.

Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al
Development and validation of a clinical risk score to predict the
occurrence of critical illness in hospitalized patients with
COVID-19. JAMA Intern Med. 2020;180:1081-1089.

Gong J, Ou J, Qiu X, Jie Y, Chen Y, Yuan L, et al. A tool to early
predict severe corona virus disease 2019 (COVID-19): A
multicenter study using the risk nomogram in Wuhan and
Guangdong, China. Clin Infect Dis. 2020;71:833-840.

Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al.
Kidney disease is associated with in-hospital death of patients with
COVID-19. Kidney Int. 2020;97:829-838.

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of
cardiac injury with mortality in hospitalized patients with
COVID-19 in Wuhan, China. JAMA Cardiol. 2020;5:802-810.
Walls AC, Park Y], Tortorici MA, Wall A, McGuire AT, Veesler D.
Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell. 2020;181:281-292.

Turner AJ, Hiscox JA, Hooper NM. ACE2: From vasopeptidase to
SARS virus receptor. Trends Pharmacol Sci. 2004;25:291-294.
Wong CK, Lam CW, Wu AK, Ip WK, Lee NL, Chan IH, et al.
Plasma inflammatory cytokines and chemokines in severe acute
respiratory syndrome. Clin Exp Immunol. 2004;136:95-103.


https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1001/jama.290.3.367
https://doi.org/10.1001/jama.290.3.367
https://doi.org/10.1001/jama.290.3.367
https://doi.org/10.1159/000339789
https://doi.org/10.1159/000339789
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1016/s2213-2600(20)30076-x
https://doi.org/10.1016/s2213-2600(20)30076-x
https://doi.org/10.1016/s2213-2600(20)30076-x
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1128/iai.72.8.4410-4415.2004
https://doi.org/10.1128/iai.72.8.4410-4415.2004
https://doi.org/10.1128/iai.72.8.4410-4415.2004
https://doi.org/10.1172/jci138554
https://doi.org/10.1172/jci138554
https://doi.org/10.1172/jci138554

	Contents
	Risk Factors and a Prognostic Scoring System for Severe Disease in Patients with COVID-19: A Retrospective Cohort Study
	ABSTRACT
	INTRODUCTION
	METHODOLOGY
	Study design and participants
	Data collection
	Laboratory procedures
	Definitions
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	KEY MESSAGE
	ACKNOWLEDGMENT
	REFERENCES


