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BACKGROUND: The novel coronavirus disease 2019 (COVID-19) has become a global health
emergency. The cumulative number of new confirmed cases and deaths are still increasing
out of China. Independent predicted factors associated with fatal outcomes remain uncertain.

RESEARCH QUESTION: The goal of the current study was to investigate the potential risk
factors associated with fatal outcomes from COVID-19 through a multivariate Cox regres-
sion analysis and a nomogram model.

STUDY DESIGN AND METHODS: A retrospective cohort of 1,590 hospitalized patients with
COVID-19 throughout China was established. The prognostic effects of variables, including
clinical features and laboratory findings, were analyzed by using Kaplan-Meier methods and
a Cox proportional hazards model. A prognostic nomogram was formulated to predict the
survival of patients with COVID-19.

RESULTS: In this nationwide cohort, nonsurvivors included a higher incidence of elderly
people and subjects with coexisting chronic illness, dyspnea, and laboratory abnormalities on
admission compared with survivors. Multivariate Cox regression analysis showed that age =
75 years (hazard ratio [HR], 7.86; 95% CI, 2.44-25.35), age between 65 and 74 years (HR,
3.43; 95% CI, 1.24-9.5), coronary heart disease (HR, 4.28; 95% CI, 1.14-16.13), cerebrovas-
cular disease (HR, 3.1; 95% CI, 1.07-8.94), dyspnea (HR, 3.96; 95% CI, 1.42-11), procalcitonin
level > 0.5 ng/mL (HR, 8.72; 95% CI, 3.42-22.28), and aspartate aminotransferase level > 40
U/L (HR, 2.2; 95% CI, 1.1-6.73) were independent risk factors associated with fatal outcome.
A nomogram was established based on the results of multivariate analysis. The internal
bootstrap resampling approach suggested the nomogram has sufficient discriminatory power
with a C-index of 0.91 (95% CI, 0.85-0.97). The calibration plots also showed good consis-
tency between the prediction and the observation.

INTERPRETATION: The proposed nomogram accurately predicted clinical outcomes of pa-
tients with COVID-19 based on individual characteristics. Earlier identification, more
intensive surveillance, and appropriate therapy should be considered in patients at high risk.

CHEST 2020; 158(1):97-105

KEY WORDS: COVID-19; fatal outcome; nomogram; risk factors

ABBREVIATIONS: ACE2 = angiotensin-converting enzyme 2; AST = procalcitonin; RAS = renin-angiotensin system; SARS-CoV-2 = severe
aspartate aminotransferase; CHD = coronary heart disease; COVID- acute respiratory syndrome coronavirus 2
19 = coronavirus disease 2019; CVD = cerebrovascular disease; AFFILIATIONS: From the National Clinical Research Center for Res-

HENC = high-flow nasal cannula; HR = hazard ratio; IMV = invasive piratory Disease (Drs R. Chen, Liang, Jiang, Guan, Zhan, T. Wang,
mechanical ventilation; NIV = noninvasive ventilation; PCT =
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Since December 2019, China has been experiencing
an outbreak of the novel coronavirus disease 2019
(COVID-19). It has become the newest global health
threat, and > 800,000 people have been infected.
Europe and the United State have become the
epicenters of COVID-19, with a total of 464,212 and
163,199 confirmed cases as of April 1, 2020,
respectively.' Severe cases can develop adverse
outcomes, and the numbers of death are persistently
increasing outside of China. The case fatal ratio in
Italy was up to 11.7%.

As the pandemic evolves, it is urgent that the risk
factors associated with fatal outcomes be identified.
Earlier intensive surveillance or treatment could
then be performed to save lives. Previous reports

Tang, Sang, Jiaxing Liu, X. Liu, Cheng, F. Ye, J. Zheng, Zhang, Y. Li,
He, S. Li, and Zhong), State Key Laboratory of Respiratory Disease,
Guangzhou Institute of Respiratory Health, the First Affiliated Hospital
of Guangzhou Medical University, Guangzhou, Guangdong, China;
Wuhan Jin-yin tan Hospital (Dr Ni), Wuhan, Hubei, China; Union
Hospital (Dr Yu Hu), Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, Hubei, China; Shenzhen Third
People’s Hospital (Dr L. Liu), Shenzhen, China; The Second Affiliated
Hospital of Southern University of Science and Technology (Dr L. Liu),
National Clinical Research Center for Infectious Diseases, Shenzhen,
China; The Fifth Affiliated Hospital of Sun Yat-sen University (Dr
Shan), Zhuhai, Guangdong, China; Guangzhou Eighth People’s Hos-
pital (Dr Lei), Guangzhou Medical University, Guangzhou, Guang-
dong, China; The Central Hospital of Wuhan (Dr Y. Peng), Wuhan,
Hubei, China; Wuhan No. 1 Hospital (Dr Wei), Wuhan Hospital of
Traditional Chinese and Western Medicine, Wuhan, Hubei, China;
Chengdu Public Health Clinical Medical Center (Dr Y. Liu), Chengdu,
Sichuan, China; Huangshi Central Hospital of Edong Healthcare
Group (Dr Yahua Hu), Affiliated Hospital of Hubei Polytechnic Uni-
versity, Huangshi, Hubei, China; Wuhan Pulmonary Hospital (Dr P.
Peng), Wuhan, Hubei, China; Tianyou Hospital Affiliated to Wuhan
University of Science and Technology (Dr J. Wang), Wuhan, Hubei,
China; The First Hospital of Changsha (Dr Jiyang Liu), Changsha,
Hunan, China; The Third People’s Hospital of Hainan Province (Dr Z.
Chen), Sanya, Hainan, China; Huanggang Central Hospital (Dr G. Li),
Huanggang, Hubei, China; Wenling First People’s Hospital (Dr Z.
Zheng), Wenling, Zhejiang, China; The Third People’s Hospital of
Yichang (Dr Qiu), Yichang, Hubei Province, China; Affiliated Taihe
Hospital of Hubei University of Medicine (Dr Luo), Shiyan, China;
Xiantao First People’s Hospital (Dr C. Ye), Xiantao, China; and The
People’s Hospital of Huangpi District (Dr Zhu), Wuhan, China.
FUNDING/SUPPORT: The authors have reported to CHEST that no
funding was received for this study.

Drs R. Chen, Liang, Jiang, Guan, and Zhan contributed equally as co-
first authors.

CORRESPONDENCE TO: Shiyue Li, MD, National Clinical Research
Center for Respiratory Disease, State Key Laboratory of Respi-
ratory Disease, Guangzhou Institute of Respiratory Health, the
First Affiliated Hospital of Guangzhou Medical University, 151
Yanjiang Rd, Guangzhou, Guangdong, 510120 China; e-mail:
lishiyue@188.com

Copyright © 2020 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOT: https://doi.org/10.1016/j.chest.2020.04.010

have described the clinical characteristics of patients
with COVID-19, and differences between subjects
with mild and severe disease were compared.”*
Nonetheless, these previous studies have limitations,
including relatively small sample sizes, single-center
observations, and use of the univariate analysis
alone. Independent predicted factors of fatal
outcome remain uncertain. It has also been
suggested that the use of a single risk factor could
not thoroughly estimate the comprehensive clinical
outcome of individual patients.” Therefore, based on
a national cohort, the current study attempted to
investigate the potential risk factors associated with
fatality by using a multivariate Cox regression
analysis and a nomogram model.

Patients and Methods
Study Patients

Led by the National Health Commission of the People’s Republic of
China, a retrospective cohort to study COVID-19 admitted cases
from 575 hospitals throughout China was established.” The diagnosis
of COVID-19 was made based on the World Health Organization
interim guidance.” The diagnosis was confirmed by a positive result
of real-time reverse transcriptase-polymerase chain reaction assay or
high-throughput sequencing findings from nasal or pharyngeal swab
specimens. By the cutoff time of January 31, 2020, a total of 2,007
cases diagnosed with laboratory-confirmed COVID-19 were
collected, and 417 cases were excluded because of incomplete
medical records.

The study was approved by the ethics commission of the First
Affiliated Hospital of Guangzhou Medical University (Institutional
Review Board: 202092). Due to the urgent need to collect data on
this emerging infectious disease, the requirement for written
informed consent was waived.

Design and Data Extraction

After careful medical chart review, clinical data (including
epidemiologic history, demographic data, clinical symptoms and
signs, comorbidities, radiologic assessments, laboratory findings
upon admission, treatments, and clinical outcome) were extracted
from electronic medical records. Laboratory assessments consisted
of CBC, blood chemistry, coagulation test, liver and renal function,
electrolytes, C-reactive protein, procalcitonin (PCT), lactate
dehydrogenase, and creatine kinase. All medical records were
copied and sent to the data-processing center in Guangzhou
Institute of Respiratory Health, under the coordination of the
National Health Commission. A team of experienced respiratory
clinicians reviewed and abstracted the data, and data were entered
into a computerized database and cross-checked. The primary end
point of outcome was death. Independent predicted factors
associated with the fatal outcome were investigated.

Statistical Analysis

Continuous variables are described by using mean £ SD or median
(interquartile range). Categorical variables are described as number
(percentage). Statistical comparisons between continuous variables
were performed with an independent Student ¢ test for normally
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distributed data; otherwise, the Mann-Whitney U test was performed.
The % test and Fisher exact test were applied to categorical variables as
appropriate. Survival curves were plotted by using the Kaplan-Meier
method and compared by using the log-rank test.

Cox regression analysis was used for univariate and multivariate
analyses. To estimate risk factors associated with fatal outcome,
variables (including baseline characteristics and laboratory findings)
were assessed by using univariate Cox regression analyses. A final
model selection was performed via a backward stepdown selection
process with the Akaike information criterion. A nomogram was

built based on the results of multivariate analysis and through the
rms package in R version 3.3.1 (R Foundation for Statistical
Computing; http://www.r-project.org/). The maximum score of each
variable was set as 100. The performance of the nomogram was
measured based on the Harrell concordance index (C-index). The
nomogram was also evaluated by comparing between nomogram-
predicted and observed Kaplan-Meier estimates of survival
probability. Bootstraps of 1,000 resamples were set, and calibration
curves were calculated by using regression analysis. All statistical
analysis was performed by using R version 3.3.1. P values < .05 were
considered statistically significant.

Results

Of the 1,590 cases included in this cohort, 50 deaths
were reported by January 31, 2020. The median age of
fatal cases was 69 years (range, 51-86 years); 30 of these
subjects were male. The median duration from initial
treatment to death was 11 days (interquartile range, 7-
16.5 days). Thirty-five (70%) cases reported one or more
co-existing illness: 28 (56.0%) with hypertension, 13
(26.0%) with diabetes, eight (16.0%) with coronary heart
disease (CHD), six (12.0%) with cerebrovascular disease
(CVD), six (12.0%) with COPD, and five (10.0%) with
renal disease (Fig 1A). The most common symptoms
since disease onset were fever (87.5%), cough (77.1%),
and dyspnea (74.0%). The incidence of dyspnea in fatal
cases was higher than that in nonfatal cases (19.1%; P <
.001). Other symptoms included fatigue, headache,
myalgia, nausea or vomiting, diarrhea, and chills
(e-Table 1).

On admission, the following abnormalities of laboratory
findings were observed in the fatal cases: lymphopenia
(97.6%), elevated levels of C-reactive protein (100%),
lactose dehydrogenase (91.4%), D-dimer (87.2%),
aspartate aminotransferase (AST) (68.6%), alanine
aminotransferase (54.3%), leukocytes (42.5%), PCT
(41.2%), and total bilirubin (39.0%). Compared with
nonfatal cases, more prominent laboratory
abnormalities and abnormal chest radiographs were
observed in fatal cases (ie, leukopenia, lymphopenia,
elevated C-reactive protein, PCT, lactose dehydrogenase,
AST, alanine aminotransferase, total bilirubin, creatine
kinase, creatinine, D-dimer level) according to
univariate analysis (e-Table 1).

All patients with fatal outcomes had received antibiotic
therapy. Antifungal therapy was administered to 22%;
36.1% of patients received oseltamivir; and

56.3% received systemic glucocorticoids. Noninvasive
ventilation (NIV) and invasive mechanical ventilation
(IMV) were performed in 68.8% and 62.5% of cases,
respectively. The median age of fatal cases who received

NIV and IMV were 69 years (range, 53-84 years) and 66
years (range, 51-82 years). Overall, 10.8% of cases were
given extracorporeal membrane oxygenation,

21.1% with continuous renal replacement therapy.
ARDS, secondary infection, and septic shock were the
most commonly reported complications (Fig 1B, 1C).
e-Figure 1 shows the progression of a 63-year-old
patient with a fatal outcome.

The multivariate Cox regression model displays some
independent predicted factors for the fatal outcome.
Age = 75 years (hazard ratio [HR], 7.86; 95% CI, 2.44-
25.35), age between 65 and 74 years (HR, 3.43; 95% CI,
1.24-9.5), CHD (HR, 4.28; 95% CI,1.14-16.13), CVD
(HR, 3.1; 95% CI, 1.07-8.94), dyspnea (HR, 3.96;

95% CI,1.42-11), PCT > 0.5 ng/mL (HR, 8.72; 95% CI,
3.42-22.28), AST > 40 U/L (HR, 2.2; 95% CI, 1.1-6.73)
were independent risk factors associated with fatal
outcomes (Fig 2). The univariate Cox analysis of

risk factors related to the fatal outcome is shown in
e-Table 2. Kaplan-Meier survival plots for these
prognostic factors are shown in Figure 3.

The nomogram was constructed based on the final
multivariate model. To calculate 14-, 21-, and 28-day
overall survival probability, we first identified each factor
based on the points scale at the top of the nomogram
and then summed the points of each factor. Finally, the
14-, 21-, and 28-day overall survival probability was
obtained based on the bottom point scale of the
nomogram (Fig 4). The calibration plots on bootstrap
resampling validation are shown in Figure 5. The
C-index for prediction of overall survival was 0.91
(95% ClI, 0.85-0.97), indicating that the nomogram is
consistent with the actual observation for patients with
COVID-19.

Discussion
Our study unraveled the clinic features and risk factors

for fatal outcome in subjects with laboratory-confirmed
COVID-19 based on a national cohort. By January 31,
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Figure 1 - A-C, Clinical characteristics of 50 fatal cases with
coronavirus disease 2019. The percentages of coexisting chronic
illness in fatal cases (A), treatments in fatal cases (B), and
complications in fatal cases (C). ARF = acute renal failure;

CRRT = continuous renal replacement therapy; DIC = disseminated
intravascular coagulation; ECMO = extracorporeal membrane
oxygenation; IMV = invasive mechanical ventilation; NIV =
noninvasive ventilation.

2020, the National Health Commission had documented
11,791 patients with laboratory-confirmed COVID-19 in
China. The current cohort represents 13.5% of infected
patients and is able to provide a more panoramic picture
regarding the fatal cases with COVID-19.

In our study, some independent risk factors for fatal
outcome were found by using a multivariate Cox
regression analysis. The study first developed a
nomogram model to accurately predict clinical
outcomes of patients with COVID-19 based on
individual characteristic risk factors. The prognostic
nomogram performed well in predicting survival,
supported by the C-index (0.91; 95% CI, 0.85-0.97) and
the calibration curve, which is helpful for further
understanding and improving clinical strategies against
the disease.

The overall confirmed case fatality ratio was 3.14% in
the current cohort, which resembles that in the March 8,
2020, World Health Organization report (ie, 3.39%)."
This is lower than the earlier reports from the single site
in Wuhan, China.”® The difference might be due to the
difficulties in performing diagnosis tests for all suspected
subjects and insufficient admission for mild patients at
the early stage. Although the case fatal ratio is obviously
lower than that of severe acute respiratory syndrome
(SARS) (10%)” and Middle Eastern respiratory
syndrome (36%),"" the transmissibility of COVID seems
to be much higher. A recent study has found the the
novel 2019 coronavirus (SARS coronavirus 2 [SARS-
CoV-2]) spike protein has an approximately 10- to 20-
fold higher affinity than SARS-CoV binding to
functional host-cell receptor angiotensin-converting
enzyme 2 (ACE2), which may be a potential mechanism
for the large number of infected people around the
world."’

Consistent with previous reports,'"” the current study

indicated that all age groups are susceptible to SARS-
CoV-2. However, elderly patients have more severe
disease and generally have a higher probability of a fatal
outcome. Previous reports indicated that elderly people
were more commonly critically ill with COVID-19.2-4
Our study showed that advanced age is the strongest risk
factor for a fatal outcome. It also found that risk of death
was increased 7.86-fold in patients aged = 75 years and
increased 3.43-fold in patients aged between 65 and 74
years, compared with patients aged < 65 years. In the
nomogram model, age was the most important predictor
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Variables Level HR 95% CI P value
Age, y 65-74 vs <65 3.43 1.24-9.5 —-— .018
Age, y 275 vs <65 7.86  2.44-25.35 = <.001

CHD Yes vs No 4.28 1.14-16.13 = .032

CvD Yes vs No 3.1 1.07-8.94 —-— .037
Dyspnea Yes vs No 3.96 1.42-11 —-— .008

PCT, ng/mL >0.5 vs <0.5 8.72 3.42-22.28 = <.001
AST, U/L >40 vs <40 2.2 1.1-6.73 —-— .03
TBIL, pmol/L 2171vs <171 2.25 0.94-5.35 ~—-— .068
Creatinine, pmol/L 2133 vs <133 2.87 0.84-9.83 —I— .093

01I éll EI! 1I2 1I6 2IO 2I4 2I8

Figure 2 — Risk factor of the fatal outcome in the multivariate Cox proportional hazards regression model. The figure presents the HRs and the 95% ClIs
associated with the end point. AST = aspartate aminotransferase; CHD = coronary heart disease; CVD = cerebrovascular disease; HR = hazard ratio;
PCT = procalcitonin; TBIL = total bilirubin.
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Figure 3 - Kaplan-Meier survival plots for different prognostic factors. The figure displays the Kaplan-Meier survival plots according to (A) age, (B)
CHD, (C) CVD, (D) dyspnea, (E) PCT, and (F) AST. See Figure 2 legend for expansion of abbreviations.
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Figure 4 — Prognostic nomogram for predicting the overall survival probability of patients with coronavirus disease 2019. Prognostic patient’s value is
located on each variable axis, and a line is drawn upward to determine the number of point nomogram for predicting overall survival probability of
patients with coronavirus disease 2019. The sum of these numbers is located on the Total Points axis, and a line is drawn downward to the survival axes
to determine the likelihood of 14-day, 21-day, and 28-day survival. See Figure 2 legend for expansion of abbreviations.

for the fatal outcome. Based on a report from the China
Center for Disease Control and Prevention that included
44,672 confirmed cases (updated through February 11,
2020), the case-fatality rate reached 14.8% in patients

aged = 80 years (208 of 1,408) and 8.0% in patients aged

70 to 79 years (312 of 3,918)."” More intensive
surveillance is needed in elderly patients. Earlier reports
showed that male individuals were more commonly
infected, which may be due to a higher probability of
occupational exposure.3’8 However, subsequent reports
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Figure 5 - Calibration curves of the nomogram predicting OS in patients with coronavirus disease 2019. Calibration curves of the nomogram predict
14-day (A), 21-day (B), and 28-day (C) OS in patients with coronavirus disease 2019. Nomogram-predicted probability of OS is plotted on the x-axis;

actual OS is plotted on the y-axis. OS = overall survival.
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showed an equivalence of sex distribution in infected
cases.'* The current study indicates that sex is not the
core factor accounting for death based on the
multivariate Cox regression analysis.

Nonsurvivors present with a higher proportion of
various coexisting chronic illness in univariate analysis.
Previous studies reported similar findings.>*'> CHD
and CVD are confirmed to be independent risk factors
for death through the multivariate Cox regression
analysis and were entered into the nomogram model. As
the functional receptor of SARS-CoV-2, ACE2 is mainly
expressed not only in lung alveolar type II epithelial cells
but also in blood vessels.'”'”ACE2 also serves as a
negative regulatory factor for the renin-angiotensin
system (RAS) via the ACE2/angiotensin-(1-7) axis.'®
Exhaustion of ACE2 could activate RAS and enhance
susceptibility to heart failure or pulmonary edema."”
SARS-CoV-2 may act similarly as SARS-CoV and result
in an overactivation of RAS in patients with preexisting
chronic cardiovascular diseases, which leads to a fatal
outcome.”’ Although hypertension is common in
nonsurvivors, whether RAS inhibitors (ACE inhibitors
or angiotensin II receptor blockers) in patients with
hypertension is a protector requires further
investigation.

Dyspnea at disease onset was reported in 74% of fatal
cases, and it was proved to be an independent risk factor
for death. With the progression of disease in some cases,
hypoxemia would worsen, and ARDS may develop. It is
imperative to identify these patients with hypoxemia and
provide appropriate intervention. ARDS is the most
common complication associated with death, following by
secondary infection and septic shock. Pathologic evidence
of ARDS in cases of COVID-19 showed obvious
desquamation of pneumocytes, hyaline membrane
formation, and pulmonary edema,”’ which is similar to
that seen in SARS and Middle East respiratory syndrome
coronavirus infections. In our cohort, NIV and IMV were
performed in 68.8% and 62.5% of fatal cases, respectively.
Eleven percent of cases were managed with extracorporeal
membrane oxygenation. There is still controversy
regarding the use of the high-flow nasal cannula (HFNC)
or NIV in patients with ARDS. However, two studies
indicated that early application of HFNC or HFNC with
prone positioning could be considered as first-line therapy
in acute respiratory failure and may help avoid intubation
in patients with ARDS.***’

A series of laboratory abnormalities on admission were
more common in fatal cases compared with the

survivors. Some independent laboratory predictors of
the fatal outcome were found via multivariate Cox
regression analysis. PCT is a calcitonin propeptide
synthesized by C cells of the thyroid gland and released
from leukocytes, and it is significantly increased in
bacterial infections and sepsis. It has been proved to
have a high specificity for bacterial infection and a good
correlation with severity of illness.”* PCT-guided
antibiotic stewardship has been shown to reduce
antibiotic use, with fewer side effects and an
improvement in clinical outcomes.”” In the nomogram
model of the current study, an elevated level of PCT (>
0.5 ng/mL) was a strong reliable predictor for case
fatality. The results indicate that secondary bacterial
infections at an earlier stage may play an important role
in progression of the disease.

Elevated AST (> 40 U/L) levels were also associated
with a greater risk for death in the nomogram model.
Increased creatinine (=133 pmol/L) and total bilirubin
(> 17.1 pmol/L) levels might be associated with the fatal
outcome. Because ACE2 is widely expressed in multiple
organs besides the lung, it is possible that SARS-CoV-2
could invade the local tissues and lead to both direct and
indirect damage. The ensuing activation of immune
response and cytokine storm will also play an important
role in organ dysfunction. Overactivation of peripheral
T cells, present as increases of CC4"CCR6"Th17 and
high cytotoxicity of CD8 T cells, may contribute to
immune injury in severe cases of COVID-19.”' In
addition, the use of nonsteroidal antiinflammatory
drugs, antivirus agents, antibiotics, and traditional
Chinese medicine may be associated with liver and renal
injury. These findings call for multidisciplinary
cooperation and monitoring of the organ dysfunction.

The current study had some limitations. First, in some
cases, there was incomplete documentation of the
history, symptoms, or laboratory findings in the
electronic database, even after making efforts regarding
feedback and recollection. Some diagnoses of co-existing
illness were from patients’ self-reports at admission,
which might lead to recall bias. Although the cohort had
a broad coverage of all patients and regions, the
nonresponse bias cannot be fully excluded. Second, as a
retrospective and observational study, we currently
could not set up a validation cohort to assess the
predictive accuracy due to the urgent timeline of this
special situation. However, we used the bootstrap
resampling cohort and showed that the C-index is ideal,
suggesting the nomogram is a good model for predicting
outcomes. Likewise, the calibration curves for survival
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probability also showed a good consistency between the

prediction and the observation.

Conclusions

Collectively, the current study provides evidence that
advanced age, dyspnea, CHD, CVD, and elevated PCT

and AST levels are independent risk factors associated

with fatal outcome. The nomogram proposed in this
study objectively predicted the prognosis of patients
with COVID-19. Earlier identification, more intensive

surveillance, and appropriate therapy should be
considered in these patients at high risk.
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