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Abbreviation List

ACE: angiotensin-converting enzyme

ACEI: angiotensin-converting enzyme inhibitor
ALT: alanine aminotransferase

ARB: angiotensin Il receptor blocker

AST: aspartate aminotransferase

CFR: case fatality rate

CHD: coronary heart disease

CK: creatine kinase

COPD: chronic obstructive pulmonary disease
COVID-19: coronavirus disease 2019

Cr: creatinine

CRP: C-reactive protein

CRRT: continuous renal replacement therapy
CVD: cerebrovascular disease

ECMO: extracorporeal membrane oxygenation
IMV: invasive mechanical ventilation

LDH: lactate dehydrogenase

NIV: non-invasive ventilation

PCT: procalcitonin

RAS: renin-angiotensin system

TBIL: total bilirubin



Risk factors of fatal outcome in hospitalized subjets with coronavirus disease

2019 from a nationwide analysis in China

BACKGROUND:

The novel coronavirus disease 2019 (COVID-19) hasolme a global health
emergency. Cumulative number of new confirmed easkdeath are still increasing
out of China. However, the independent predictedofa associated with the fatal

outcome remain uncertain.

METHODS:

A retrospective cohort of 1590 hospitalized sulgeatth COVID-19 throughout
China was established. The prognostic effects nabkes, including clinical features
and laboratory findings, were analyzed using Kap&er method and Cox
proportional hazard model. A prognostic nomograns iemulated to predict the

survival of patient with COVID-19.

RESULTS:

In this nationwide cohort, non-survivors showedhleigincidence of elderly people,
subjects with co-existing chronic illness, dyspreeal laboratory abnormalities on
admission, compared with survivors. MultivariatexQmgression analysis showed
that age75 (HR: 7.86, 95% CI. 2.44-25.35), age between $5¢&ars (HR:3.43,
95%CI: 1.24-9.5), coronary heart disease (HR:4.285%CI:1.14-16.13),
cerebrovascular disease(HR:3.1, 95%CI:1.07-8.94)yspnea  (HR: 3.96,
95%CI:1.42-11), procalcitonin>0.5ng/mI(HR:8.72, 9593.42-22.28), aspartate
aminotransferase>40U/liter (HR: 2.2, 95% CI. 1.173 were independent risk
factors associated with fatal outcome. A nomograas wstablished based on the
results of multivariate analysis. The internal lst@p resampling approach suggested
the nomogram has sufficient discriminatory powethvthe C-index of 0.91 (95%ClI
0.85-0.97). The calibration plots also demonstragedd consistence between the

prediction and the observation.
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CONCLUSIONS:
The proposed nomogram accurately predict clinicalcames of patients with
COVID-19 based on individual characteristics. Earidentification, more intensive

surveillance and appropriate therapy should beidered in patients with high risk.

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



Introduction

Since December 2019, China has been experiencingpudioreak of a novel
coronavirus disease 2019 (COVID-19). Up to datéas become the newest global
health threats and over 800 thousands people heefe infected. The European and
the Unite State of America have become the epiceofethe COVID-19which has a
total of 464212 and 163199 confirmed cases by Al respectively. Since severe
cases might develop adverse outcome, the numbetbeofieath are persistently

increasing outside of China. The case fatal raieR) in Italy was up to 11.7%.

As the pandemic evolves, it is urgent to identhg risk factors associated with the
fatal outcome. Earlier intensive surveillance @atment then could be performed to
saves lives. Previous reports had descried thealicharacters of the patients with
COVID-19. The difference between the mild and se\arbjects were compared
Nonetheless, previous studies have limitationsudfidg the relatively small sample
sizes, single center observations and using theatate analysis along. The
independent predicted factors of fatal outcome rernacertain. What more, it has
been suggested that the use of a single risk facbald hardly estimate the
comprehensive clinical outcome of individual patieh Therefore, based on a
national cohort, our study attempts to investighte potential risk factors associated

with fatality through multivariate Cox regressiamagysis and nomogram model .

Materials and Methods

Study Subjects

Led by the national health commission of the PeéspRepublic of China, a
retrospective cohort to study the COVID-19 admitteses from 575 hospitals
throughout China was establisfied@he diagnosis of COVID-19 was made based on
the World Health Organization interim guidahcé was confirmed by a positive
result of real-time reverse transcriptase-polymeidsin-reaction assay or high
throughput sequencing findings from nasal or phgeah swab specimens. By the
cut-off time of January 31st 2020, a total of 20@3ses diagnosed with
laboratory-confirmed COVID-19 were collected, arky £ases were excluded due to
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incomplete medical record. The study was approwethé ethics commission of the
First Affiliated Hospital of Guangzhou Medical Uensity (IRB:202051). Due to the
urgent need to collect data on this emerging indest disease, the requirement for

written informed consent was waived.
Design and Data extraction

After careful medical chart review, the clinical tala(including epidemiological
history, demographic data, clinical symptoms arghsi comorbidities, Radiologic
assessments, laboratory findings upon admissieatnrents, clinical outcome) were
extracted from electronic medical records. Labagatassessments consisted of
complete blood count, blood chemistry, coagulatiest, liver and renal function,
electrolytes, C-reactive protein, procalcitoninctéde dehydrogenase and creatine
kinase, etc.. All medical records were copied att 0 the data processing center in
Guangzhou, under the coordination of the Nationaalth Commission. A team of
experienced respiratory clinicians reviewed andrabted the data. Data were entered
into a computerized database and cross-checkethelfcore data were missing,
requests of clarification were immediately senthe coordinators who subsequently
contacted. The primary endpoint of outcome is delatbependent predicted factors

associated with the fatal outcome would be investid.
Statistical Analysis

Continuous variables were described using meamatdn deviation, SD) or

median( interquartile range, IQR). Categorical afales were described as number
(percentage). Statistical comparisons between mmontis variables were performed
with independent t-test. for normally distributedtal otherwise, the Mann-Whitney
test was performed. Chi-square test and Fishedstarst were applied to categorical
variables as appropriate. Survival curves wereeplatsing the Kaplan-Meier method

and compared using the log-rank test.

Cox regression analysis was used for univariatenamitivariate analyses.To estimate
risk factors associated with fatal outcome, vagabhcluding baseline characteristics,
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laboratory findings were analyzed by univariate Gegression analyses. A final
model selection was performed via a backward st@pdselection process with the
Akaike information criterion. A nomogram was bulltdbased on the results of
multivariate analysis and through the rms package R version 3.3.1

(http://www.r-project.org/). The maximum score aifch variable was set as 100. The
performance of the nomogram was measured baseukeaddarrel concordance index
(C-index). The nomogram was also evaluated by compa between

nomogram-predicted and observed Kaplan—Meier etgsnaf survival probability.

Bootstraps of 1000 resamples were set, and cabhratirves were calculated by the
regression analysis. All statistical analysis wasfgrmed using R version3.3.1.

P-value <0.05 was considered statistically significa
Results:

Of the 1590 cases included in this cohort, 50 casse reported death by Jan 31st.
The median age of fatal cease was 69 years (r&ig&6 years). Thirty of them were
male. The median duration from initial treatmendeath was 11(IQR:7-16.5) days.
Thirty-five (70%) cases reported 1 or more co-aéxgsiliness : twenty-eight (56.0%)
with hypertension, thirteen(26.0%) with diabetegh#16.0%) with coronary heart
disease(CHD), six(12.0%) with cerebrovascular disgavD), six (12.0%) with
chronic obstructive pulmonary disease (COPD), {ii®@.0%) with renal disease(Fig
1A). The most common symptoms since the diseasast arere fever (87.5%), cough
(77.1%) and dyspnea (74.0%). The incidence of dggpn fatal cases was higher
than that in non-fatal cases(19.19%)<0.001). Other symptoms included fatigue,
headache, Myalgia, nausea or vomiting, diarrheacand(Appendix Table E1).

On admission, abnormalities of laboratory findingsre found in the fatal cases:
lymphopenia (97.6%); elevated levels of C-reactivetein (CRP) (100%), lactose
dehydrogenase (LDH) (91.4%) , D-dimer (87.2%), daspp@ aminotransferase (AST)
(68.6%), alanine aminotransferase (ALT) (54.3%\ictecyte (42.5%), procalcitonin
(PCT) (41.2%), total bilirubin (TBIL) (39.0%). Coraped with non-fatal cases, more
prominent laboratory abnormalities and abnormaktieray were observed in fatal

8



cases (i.e. leukopenia, lymphopenia, elevated ®&H, LDH, AST, ALT, TBIL, CK,

Cr, D-dimer level) by univariate analysis (Appendixble E1).

All fatal patients had received antibiotics therapyti-fungal therapy was given to
22% of them. 36.1% of patients received oseltamawid 56.3% of them received
systemic glucocorticoid. non-invasive ventilatioNI{) and invasive mechanical
ventilation(IMV) were performed in 68.8% and 62.586 cases, respectively. The
median age of fatal cases who received NIV and WBfe 69 years (range: 53-84
years), 66 years (range: 51-82 years), respecti¥l$% of cases were given ECMO,
21.1% with CRRT therapy. Acute respiratory distreggsdrome, secondary infection,
septic shock were the common reported complicat{figure 1B&C). Figure E1 in

appendix showed a progression of a 63-year-olepaith a fatal outcome.

The multivariate Cox regression model finally demsioated some independent
predicted factors for the fatal outcome. Agé (HR: 7.86, 95% CI. 2.44-25.35), age
between 65-74 vyears (HR:3.43, 95%CIl. 1.24- 9.5), DCH(HR:4.28,
95%Cl:1.14-16.13), CVD (HR:3.1, 95%CI:1.07-8.94), yspnea(HR: 3.96,
95%Cl:1.42-11), PCT>0.5ng/mI(HR:8.72, 95%CI:3.4228), AST>40Ulliter (HR:
2.2, 95% CI: 1.1- 6.73) were independent risk fext@associate with fatal
outcomes(Figure 2). Kaplan-Meier survival plots tbese prognostic factors are

shown in Figure 3.

The nomogram was constructed based on the findi-wrariate model. To calculate
14 days, 21 days and 28 days overall survival fntibg we first identify each factor
based on the points scale at the top of the nomograd then sum the points of each
factor. Finally, the 14 days, 21 days and 28 dayerall survival probability was
obtained based on the bottom point scale of theogoam (Figure 4). The calibration
plots on bootstrap resampling validation are iHaigtd in Figure 5. The C-index for
prediction of overall survival was 0.91 (95%CI 0@97), demonstrating that the

nomogram is consistent with the actual observdtopatients with COVID-19.



Discussion:

Out study unraveled the clinic features and risgtdies for the fatal outcome in
subjects with laboratory confirmed COVID-19 basedaonational cohort. By January
31st 2020, the National Health Commission had i$sdé&,791 patients with
laboratory-confirmed COVID-19 in China. Our cohogpresent 13.5% of infected
patients and is able to provide a more panorantittigd regarding on the fatal cases

with COVID-19.

In our study, some independent risk factors forfétal outcome were found using a
multivariate Cox regression analysis. Further, study firstly developed a nomogram
model to accurately predict clinical outcomes ofigggs with COVID-19 based on
individual characteristics risk factors. The progin® nomogram performed well in
predicting survival, supported by the C-index (0.®5%CI 0.85-0.97) and the
calibration curve, which is helpful for further wrdtanding and improve clinical

strategies against the disease.

In our cohort, an overall confirmed case fataldyio is 3.14%, which resemble that in
WHO report in March 8 (3.399%)This is lower than the earlier reports from single
site in Wuhan?#® It might due to difficulty of insufficient laboraty diagnosis ability
and admission of infected patients with mild symptat early stage of disease
outbreak. Though the CFR is obviously lower tharRS£L0%$ and Middle Eastern
respiratory syndrome MERS(36%)the transmissibility of COVID seem to be much
higher. Recent study has found the 2019-nCoV (SARS-2) spike (S) is
approximately 10- to 20-fold higher affinity tharABS-CoV binding to functional
host-cell receptor- angiotensin-converting enzyif#CE?2), which may be a potential

mechanism for the large number of infected popategiround world™*

Consistent with previous repofts® our study indicated that SARS-CoV-2 is
susceptible to all aged groups. However, the eldeatients are more severe and

generally have a higher probability of the fatatamme. Previous report indicated
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elderly people were more common in critical ill easvith COVID-19%* Our study
demonstrated that advanced age is the most strskdactor for the fatal outcome.
Our study showed that risk of death was increas@é-fold in patients older than 75
years and 3.43-fold in patients of age between ®5%, compared with patients
younger than 65 years old. In the nomogram modg, \was the most important
predictor for the fatal outcome. Base the repartnfrChina CDC including 46172
confirmed cases(updated through February 11), €2askty rate reach 14.8% in
patients age& 80 years (208 of 1408), 8.0% in patients aged 7@&&s (312 of
3918)%. More intensive surveillance is needed in eldgsitients. Earlier reports
showed that male seems more common in infecteérgatiwhich may be due to a
higher probability of occupational exposdfe.However, the subsequent reports
showed equivalence of gender in infected cab@&ur study indicates that gender is
not the core factor accounting for death basedhennultivariate Cox regression

analysis.

Non-survivors present higher proportion of variausexisting chronic illness in
univariate analysis. Previous studies reportedlairfindings>***CHD and CVD are
confirmed to be independent risk factors for dethttough the multivariate Cox
regression analysis and enter the nomogram modelthA functional receptor of
SARS-CoV-2, ACE2 is mainly expressed not only imgualveolar type Il (AT2)
epithelial cells but also in blood vess#I$’ACE?2 also serves as a negative regulatory
factor for the renin-angiotensin system (RAS) vi@E#2/Ang 1-7 axis® Exhaustion

of ACE2 could activate RAS and enhance suscetititi heart failure or pulmonary
edema’ SARS-CoV-2 may act similarly as SARS-CoV and rednl an over
activation of RAS in patients with pre-existing chic cardiovascular diseases, which
lead to a poor outcome of fatalfyThough hypertension is common in non-survivors,
whether taking RAS inhibitors (ACEI or ARB) in paiits with hypertension would be

a protector or not need further investigation.

Dyspnea was found in 74% of fatal cases at diseaset and it was proved to be an

independent risk factor for developing death. Wtk progress of disease in some



cases , hypoxemia would get worse and acute réspirdistress syndrome(ARDS)
may develop. It is needed to identify these pasiemith hypoxemia and provide
appropriate intervention. ARDS, is the most comngeomplication associated with
death , following by secondary infection and sepliock. A pathological evidence of
ARDS in case with COVID-19 showed obvious desquamabf pneumocytes,

hyaline membrane formation and pulmonary ed&hvehich is similar to those seen
in SARS and MERS coronavirus infection. In our adhoNIV(noninvasive

ventilation) and IMV were performed in 68.8% and32 of fatal cases, respectively.
11% of cases were given ECMO. There is still cordrey the usage of the high flow
nasal cannula(HFNC) or NIV in patients with ARDSowtver, two recent study
indicated that early application of HFNC or HFNCtlwprone positioning could be
considered as first-line therapy in acute respiyat@ilure, and may help avoid

intubation in patients with ARD%?®

A series of laboratory abnormalities on admissi@resmore common in fatal cases,
compared with the survivors. Some independent &boy predictors of the fatal
outcome were found via multivariate Cox regressioalysis. Procalcitonin (PCT) is
a calcitonin pro-peptide synthesized by C cellghefthyroid gland and released from
leukocytes, which is significantly increased in teai@l infections and the SEPSIS. It
has been proved a high specificity for bacterigddtion and an good correlation with
severity of illnes$’ Procalcitonin (PCT)-guided antibiotic stewardsliBS) has
been shown to reduce antibiotics, with lower sitfeets and an improvement in
clinical outcome$? In the nomogram model of our study , an elevassellof PCT
(>0.5ng/ml) was a strong reliable predictor forecéatality. The results indicated that
secondary bacterial infections on the earlier stagg play an important role in

progressive of the disease .

Elevated AST (>40U/liter) was also associated vatlyreater risk for death in the
nomogram model. Increased creatinird33 pmol/liter) and total bilirubin(>17.1
umol/liter) might associated with the death outco®iace ACE2 is widely expressed

in multiple organs besides lung , it is possiblattBARS-CoV-2 could invade the
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local tissues and lead to a direct damage and ecddidamage. The following
activation of immune response and cytokines storiiralgo play an important role in
the organ dysfunction. Over activation of periphdrecells, present as increase of
CC4+CCR6+Th17 and high cytotoxicity of CD8 T cellmay contribute to the
immune injury in severe case with COVID-{9What's more, the usage of the
nonsteroidal anti-inflammatory drugs, antivirustikiotics, and traditional Chinese
medicine which might associated with liver and tanpry. These findings call for

multidisciplinary cooperation and monitoring of thgan dysfunction.

There are some limitations of this study. Firstsome cases, there were incomplete
documentation of the history, symptoms or labosatbndings in the electronic
database, even after trying effort to feedback asabllect. Some diagnosis of
co-existing illness were from patients’ self-regoat admission, which might lead to
the recalling bias. Although the cohort had a brocadgerage of all patients and
regions, the non-responsive bias cannot be fulgjueted. Second, as a retrospective
and observational study, we currently could notugea validation cohort to assess the
predictive accuracy due to the urgent timeline urides special situation. However,
we use the bootstrap resampling cohort and showtlieaC-index is ideal, suggesting
the nomogram is a good model for predicting outcamekewise, the calibration
curves for survival probability also demonstratedjad consistence between the

prediction and the observation.

Collectively, our study provided the evidence thdvanced age, dyspnea, coronary
heart disease, cerebrovascular disease, elevat€edaR€C AST are independent risk
factors associated with fatal outcome. The nomogmamposed in our study
objectively predicted the prognosis of patientshwtOVID-19. Earlier identification,
more intensive surveillance and appropriate therstpguld be considered in these

patients with high risk.
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Figure Legend

Fig 1. Clinical characteristics of 50 fatal casethwCOVID-19. (A) The percentages of coexisting
chronic illness in fatal cases. (B) The treatmeimsfatal cases. (C) The percentages of
complications in fatal cases. Abbreviations: CORBronic obstructive pulmonary disease, NIV:
noninvasive ventilation, IMV: invasive mechanica&ntilation, ECMO: extracorporeal membrane

oxygenation, CRRT: continuous renal replacemengghe

Fig 2. Risk factor of the fatal outcome in the Nkdriate Cox proportional hazards regression
model. Shown in the figure are the hazards ratie)(eind the 95% confidence interval (95%CI)

associated with the endpoint. Abbreviations: CH8rooary heart disease, CVD: cerebrovascular
disease, PCT: Procalcitonin, AST: Aspartate amarsferase, TBIL: Total bilirubin, Cr:

Creatinine

Fig 3. Kaplan-Meier survival plots for differentggnostic factors. Shown in the figure are the
Kaplan-Meier survival plots according to (A) Ag8) (CHD, (C) CVD, (D) Dyspnea, (E) PCT, (F)
AST. Abbreviations: CHD: coronary heart disease, DC\Vcerebrovascular disease, PCT:

Procalcitonin, AST: Aspartate aminotransferase.

Fig 4. Prognostic nomogram for predicting overatvéval probability of patients with COVID-19.

Prognostic patient’s value is located on each bkriaxis, and a line is drawn upward to
determine the number of point nomogram for predictbverall survival probability of patients

with COVID-2019. (To use the nomogram, an individisareceived for each variable value. The
sum of these numbers is located on the Total Paixits and a line is drawn downward to the
survival axes to determine the likelihood of 14-d#lday, 28-day survival). Abbreviations: CHD:
coronary heart disease, CVD: cerebrovascular diseRET: Procalcitonin, AST: Aspartate

aminotransferase.

Fig 5. Calibration curves of the nomogram predgtverall survival in patients with COVID-19.
Calibration curves of the nomogram predict (A)14:d8) 21-day and (C) 28-day overall survival
in COVID-19 patients. Nomogram-predicted probapilif overall survival is plotted on the

x-axis; actual overall survival is plotted on thexyis.
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