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Abstract

Background: Coronavirus disease 2019 (COVID-19) has become a public health emergency of global concern. We
aimed to explore the risk factors of 14-day and 28-day mortality and develop a model for predicting 14-day and 28-
day survival probability among adult hospitalized patients with COVID-19.

Methods: In this multicenter, retrospective, cohort study, we examined 828 hospitalized patients with confirmed
COVID-19 hospitalized in Wuhan Union Hospital and Central Hospital of Wuhan between January 12 and February
9, 2020. Among the 828 patients, 516 and 186 consecutive patients admitted in Wuhan Union Hospital were
enrolled in the training cohort and the validation cohort, respectively. A total of 126 patients hospitalized in Central
Hospital of Wuhan were enrolled in a second external validation cohort. Demographic, clinical, radiographic, and
laboratory measures; treatment; proximate causes of death; and 14-day and 28-day mortality are described. Patients’
data were collected by reviewing the medical records, and their 14-day and 28-day outcomes were followed up.
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(C-index, 0.878 and 0.839).

good clinical utility.

Results: Of the 828 patients, 146 deaths were recorded until May 18, 2020. In the training set, multivariate Cox
regression indicated that older age, lactate dehydrogenase level over 360 U/L, neutrophil-to-lymphocyte ratio
higher than 8.0, and direct bilirubin higher than 5.0 umol/L were independent predictors of 28-day mortality.
Nomogram scoring systems for predicting the 14-day and 28-day survival probability of patients with COVID-19
were developed and exhibited strong discrimination and calibration power in the two external validation cohorts

Conclusion: Older age, high lactate dehydrogenase level, evaluated neutrophil-to-lymphocyte ratio, and high direct
bilirubin level were independent predictors of 28-day mortality in adult hospitalized patients with confirmed COVID-
19. The nomogram system based on the four factors revealed good discrimination and calibration, suggesting

Keywords: COVID-19, Risk factor, Mortality, Prediction system

Background

Since December 2019, an ongoing outbreak of corona-
virus disease 2019 (COVID-19) has struck Wuhan,
Hubei province, China [1-4]. Human-to-human trans-
mission has occurred through respiratory droplets or
likely feces [5, 6]. Epidemiological and clinical character-
istics of patients with COVID-19 in China have been re-
ported [2—4, 7]. The number of cases grew quickly since
January 2020. As of June 9, 2020, 7,039,918 confirmed
cases of COVID-19 have occurred, resulting in 404,396
deaths [8].

Outbreaks of COVID-19 infection imposed a great
burden on the healthcare system of many countries. To
guide the allocation of limited healthcare resources, as
well as the timely recognition and intervention of patients
who were at high risk of mortality, efficient prognosis of
the disease is needed. Previous reports have shown age, Se-
quential Organ Failure Assessment (SOFA) score, D-dimer,
preexisting concurrent cardiovascular or cerebrovascular
diseases, amounts of CD3"CD8" T cells, and cardiac tropo-
nin I to be risk factors for mortality of adult inpatients with
COVID-19 [9-11]. Meanwhile, several prognostic models
for predicting mortality risk have been developed [12, 13].
The most common predictors included in this prognostic
model were age, sex, C-reactive protein (CRP), lactate de-
hydrogenase (LDH), and lymphocyte count. However, most
of these studies have relatively few outcome events, showed
a high risk of model overfitting, and failed to clearly de-
scribe the intended use of these models.

In this study, we investigated 828 patients with confirmed
COVID-19 who were admitted to Wuhan Union Hospital
West Area and Central Hospital of Wuhan between
January 12 and February 9, 2020. Since the median time to
death from illness onset was reported to be 18.5 days, we
believed 28-day could be an appropriate time point for the
inclusion of mortality events and administrative censoring
[10]. We aimed to explore the risk factors of 28-day mortal-
ity and develop a nomogram scoring system for predicting
28-day survival probability among patients with COVID-19.

Methods

Study design and participants

This multicenter, retrospective, cohort study (clinical
trial identifier ChiCTR2000029770) was conducted at
Wuhan Union Hospital West Area and Central Hospital
of Wuhan. The study was approved by the Institutional
Ethics Committee of Union Hospital, Tongji Medical
College, Huazhong University of Science and Technol-
ogy (20200036); the requirement for informed consent
was exempted by the Ethics Committee.

The inclusion criterion was adult patients with con-
firmed COVID-19. Those who lacked laboratory findings
and CT images or lost 28-day follow-up were excluded.
Besides, patients with hematological diseases had abnor-
mal blood routine test due to their hematologic disor-
ders, which made the analysis of blood routine test
unfeasible, and were also excluded. In the training co-
hort, we retrospectively analyzed 604 consecutive pa-
tients with confirmed or suspected COVID-19 who were
admitted in Wuhan Union Hospital West Area between
January 12, 2020, and February 7, 2020. Eighty-eight of
the 604 cases were excluded from the study; among
them, 71 were suspected cases, 9 lacked laboratory find-
ings and CT images due to their death or being trans-
ferred to other hospitals within 24 h after admission, and
8 patients were with hematological diseases. Finally, a
total of 516 patients were enrolled in the training cohort
(Union Hospital training cohort, 420 survivors and 96
non-survivors, 87 patients died within 28 days of admis-
sion, Fig. 1). Next, another 194 consecutive patients were
admitted in Wuhan Union Hospital West Area between
February 8, 2020, and February 9, 2020. Among them, 3
were suspected cases, 4 lacked laboratory findings and
CT images due to their death within 24h after admis-
sion, and one patient had hematological diseases; 8 pa-
tients were excluded from the study. Finally, 186
patients with confirmed COVID-19 were included as ex-
ternal validation cohort 1 (Union Hospital external val-
idation cohort, 156 survivors and 30 non-survivors, 26
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patients died within 28 days of admission). A total of 158
patients with confirmed or suspected COVID-19 who
were admitted in Central Hospital of Wuhan between
January 12, 2020, and February 6, 2020, were selected by
simple random sampling. Of thel58 patients, 31 were
suspected cases and one died within 24 h after admis-
sion, all of whom were excluded from the study, and the
remaining 126 confirmed patients were included as the
external validation cohort 2 (Central Hospital external
validation cohort, 106 survivors and 20 non-survivors).

A total of 46 deceased patients had been reported in a
previous submission, and 18 patients participated in a
phase 3 randomized, double-blind, placebo-controlled,
multicenter study for evaluating the efficacy and safety
of remdesivir in hospitalized adult patients with severe
COVID-19 [14, 15].

Diagnosis and clinical classification of COVID-19
The diagnosis and clinical classification of COVID-19
were based on the guidelines of the diagnosis and
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treatment of new coronavirus pneumonia (version 7)
published by the National Health Commission of China
[16]. The diagnosis was established on the basis of (1)
epidemiological history, (2) fever and/or other respira-
tory symptoms, (3) presence or absence of the imaging
findings of novel coronavirus pneumonia, and (4) real-
time fluorescence RT-PCR for SARS-CoV-2 nucleic acid
which vyielded positive results. As for clinical classifica-
tion, patients were deemed severely ill if they met at
least one of the following criteria: (1) shortness of
breath, with respiratory rate > 30 breaths/min; (2) oxygen
saturation (at resting state) <93%; (3) PaO,/FiO, < 300
mmHg; (4) radiographical imaging showing lesion pro-
gression more than 50% within 24—48 h; or (5) respira-
tory failure, shock, or other organ failures.

Data collection

Clinicians from the hospital identified patients who sat-
isfied the study inclusion criteria through surveillance of
all patients. We collected all available information from
patients, their families, physicians, and the electronic
medical records in the hospital, including the epidemio-
logical history; clinical, laboratory, and CT findings;
treatment (i.e., antiviral therapy, corticosteroid therapy,
respiratory support, kidney replacement); and outcomes.
All clinical data used in this study were collected from
the first day of hospital admission unless indicated
otherwise. Electronic medical data were inputted onto a
local server. A team of trained physicians searched the
patient charts for all the information recorded. For pa-
tients discharged within 28 days after admission, patients
or their families were followed up to obtain the informa-
tion about their 14-day and 28-day outcomes by tele-
phone interviews.

Outcomes
The primary outcome of this study was mortality at 14
days and 28 days after admission.

Potential prognostic factors

To avoid overfitting in our model, we calculated the
numbers of variables allowed to enroll in our multivari-
able Cox regression model based on a previous study for
guidance on sample size requirements for prediction
models [17]. In our multivariable model, by setting
Nagelkerke’s R*=0.18, we found that our sample size
was sufficient to estimate the overall outcome risk and 6
variables could be enrolled in the multivariable analyses.
Considering a total number of 516 patients (with 96
decreased patients within 28 days after admission), the
final Nagelkerke’s R*=0.163, the Cox-Snell R squared
statistic (R2.,) = 0.099, and the candidate predictor par-
ameter (EPP) =14.46, with 95% CI for overall risk =
0.138 and 0.203.
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Among a dozen of indicators, which were associated
with 28-day mortality in unavailable Cox regression ana-
lyses (P <0.001), variables included into the multivari-
able Cox regression model were selected mainly based
on the previous evidence, clinical significance, the cor-
relation between predictors, and availability of data [18].
Previous studies have shown older age, dyspnea, and
higher levels of LDH, CRP, and direct bilirubin (DBIL) to
be associated with severe disease at admission [19, 20].
Elevated neutrophil-to-lymphocyte ratio (NLR) value was
observed in patients who died of COVID-19 and found to
be able to predict severe cases of COVID-19 at its early
stage [20, 21]. Meanwhile, these risk factors, including
older age and higher LDH levels, have been reported to be
associated with adverse clinical outcomes in adults with
SARS [22, 23]. Other important indicators such as CT im-
ages, D-dimer, and ferritin might be unavailable in emer-
gency circumstances. Therefore, we chose age, NLR, LDH,
CRP, and DBIL as the five variables for our multivariable
Cox regression model. All these variables included in the
Cox regression analyses were measured at admission. We
converted these indicators including respiratory rate,
breaths per minute, NLR, platelets count, alanine amino-
transferase (ALT), prothrombin time (PT), and LDH to
binary variables and converted these indicators including
total bilirubin, white blood cell count, DBIL, urea nitro-
gen, D-dimer, and CRP to trichotomous variables when
performing univariable Cox regression analyses in the
training cohort. In addition, variables including LDH and
NLR were dichotomized, and direct bilirubin was trichot-
omous when performing multivariate Cox regression ana-
lyses to obtain risk factors for 28-day mortality in the
training cohort. These predictors were eventually selected
by forward stepwise regression.

Statistical analysis
Categorical variables were presented as frequency rates
and percentages, and continuous variables were expressed
as mean + standard deviation (SD) if they were normally
distributed or median (interquartile range [IQR]) if they
were not. Proportions for categorical variables were com-
pared using the y* test or Fisher’s exact test. Means for
continuous variables were compared using independent
group ¢ test when the data were normally distributed.
Otherwise, the Wilcoxon rank-sum test was employed.
95% confidence interval (CI) of mortality was analyzed by
Wilson Score CL

For the training cohort and the Union Hospital valid-
ation cohort, missing data have been mentioned in the
relevant tables, and there was no other missing data, un-
less otherwise noted. And for the Central Hospital exter-
nal validation cohort, 6 out of 126 missed LDH
information, and these missing data were handled by
multiple imputations [24].
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The nomogram was used to visually score the patients’
various parameters according to the results of multivari-
able Cox regression analyses, and then to compute the
probability of the event based on the patients’ total
score. C-index was calculated to evaluate the distin-
guishing power, and the calibration curve was used to
evaluate the calibration of the nomogram. All statistics
were two-tailed, and a P value less than 0.05 was consid-
ered as significant. All statistical analyses were per-
formed by using the SAS software package (version 9.4).

Results

Presenting characteristics

The demographic and clinical characteristics at admis-
sion for the Union Hospital training cohort (n=516),
Union Hospital external validation cohort (n = 186), and
Central Hospital of Wuhan external validation cohort
(n=126) are listed in Table 1. Among the 828 patients,
381 were females and 447 were males. On admission,
289 were mild and 539 were severely ill cases. The median
age of non-survivors was older than that of survivors in
both 3 cohorts. The median duration from illness onset to
admission for all the patients was estimated to be 10 days
(IQR, 7.0-13.0), and no difference was seen between the
non-survivor and survivor groups (P =0.484). The most
common presenting symptoms were fever (704 [85.02%]),
cough (565 [68.24%]), and weakness (436 [52.66%]). Other
common symptoms included shortness of breath, myalgia,
anorexia, dyspnea, diarrhea, and anorexia. A total of 374
(45.17%) patients had chronic diseases; the most common
comorbidity was hypertension (259 [31.28%]), followed by
diabetes (134 [16.18%]) and chronic cardiac disease (106
[12.80%]). Non-survivors showed more presence of
chronic disease than survivors (82/146 vs 292/682, P =
0.003).

Treatments, outcomes, and complications

The treatments, outcomes, and complications of the 828
cases were shown in Table 2. A total of 681 (82.25%)
patients received oxygen therapy, 149 (18.00%) patients
received mechanical ventilation, and 75 (9.06%) patients
received invasive mechanical ventilation. Antiviral therap-
ies were used in 739 (89.25%) patients, systematic cortico-
steroids in 375 (45.29%) patients, and hydroxychloroquine
in 57 (6.88%) patients. As of May 18, 2020, 682 (82.37%)
patients have been discharged and 146 (17.63%) patients
died. The median duration from illness onset to death in
146 deceased patients was estimated to be 20.0 days (IQR,
14.0-26.0). Figure 2 shows the 28-day Kaplan-Meier
survival curves for all patients and the two subgroups cat-
egorized by the severity of illness. Of 146 non-survivors,
143 (97.95%) of the non-survivors developed ARDS; the
most common complication was acute cardiac injury (40,
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27.40%) followed by acute renal injury (32, 21.92%), septic
shock (31, 21.23%), and acute liver injury (15, 10.27%).

Univariate and multivariable analyses for mortality in the
training cohort

Next, we analyzed the risk factors for 28-day mortality
in the training cohort by using Cox regression model.
Eighty-seven decreased patients within 28 days were en-
rolled in the Cox regression analyses. Univariable Cox
regression analyses showed age, male, dyspnea, respira-
tory rate, CURB-65 pneumonia severity score (CURB-65
score), quick Sepsis Related Organ Failure Assessment
(qSOFA) score, reticular patterns, and 15 laboratory fac-
tors were associated with 28-day mortality (Table 3).
The comparison between survivors and non-survivors in
laboratory and CT findings were also displayed in Table
S1 and Table S2. Multivariable Cox regression analyses
showed that age (hazard ratio [HR], 1.05 [95% CI, 1.03—
1.07]; P<0.001), LDH level over 360 U/L (HR, 11.77
[95% CI, 5.62—24.65]; P<0.001), NLR higher than 8.0
(HR 2.63, 95% CI [1.55-4.40]; P<0.001), and DBIL
higher than 5.0 pmol/L (HR 1.77, 95% CI [1.15-2.76];
P =0.010) were associated with an increased likelihood
of 28-day mortality (Table 4). Figure 3 showed the tem-
poral changes of the three independent laboratory risk
factors from hospital admission in survivors and non-
survivors. Compared with survivors, non-survivors
showed a significantly higher NLR, LDH, and DBIL
value at all time points.

Development and validation of nomogram for 14-day and
28-day mortality

Next, we worked out a nomogram scoring system for
predicting the 14-day and 28-day survival probability of
patients with COVID-19 on the basis of the four inde-
pendent predictors of mortality (Fig. 4a). To help physi-
cians better understand the scoring system, we explained
how to calculate the score in the legend of Fig. 4. Figure 4b
and c shows the calibration plot for the prediction model,
in which the predicted probability of 14-day and 28-day
survival is plotted against the observed data. The curves of
predictive 14-day and 28-day survival probability were
closely approximated to the observed probability, which
means the nomogram scoring system exhibited good cali-
bration. The discrimination of the constructed nomogram
was evaluated with the C-index (0.886, 95% CI, 0.873—
0.899), suggesting a favorable discriminative power. We
also compared the nomogram score in our study with the
CURB-65 score and qSOFA score. In the training cohort,
the discrimination C-index of CURB-65 and qSOFA
scores were 0.781 (95% CI, 0.757-0.805) and 0.672 (95%
CI, 0.644—-0.699), respectively. As indicated by the lack of
overlap in the confidence intervals, the discrimination
power of the nomogram score developed in the training
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Table 2 Treatment and complications of 828 patients with COVID-19

Characteristics Enrolled patients

Training cohort

External validation cohort 1 External validation cohort 2

(n =828) (n=516) (n =186) (n=126)
Treatment
Antiviral therapy n (%) 739 (89.25%) 448 (86.82%) 171 (91.94%) 120 (95.24%)
Arbidol n (%) 595 (71.86%) 384 (74.42%) 161 (86.56%) 50 (39.68%)
Oseltamivir n (%) 144 (17.39%) 88 (17.05%) 14 (7.53%) 42 (33.33%)
Remdesivir n (%) 18 (2.17%) 12 (233%) 4 (2.15%) 2 (15.9%)
Ritonavir/lopinavir n (%) 143 (17.27%) 98 (18.99%) 33 (17.74%) 12 (9.52%)
Antibiotics n (%) 657 (79.35%) 416 (80.62%) 123 (66.13%) 118 (93.65%)
Antifungal therapy n (%) 34 (41.06%) 24 (4.65%) 9 (4.84%) 1 (0.79%)
Corticosteroids n (%) 375 (45.29%) 201 (38.95%) 71 (38.17%) 103 (81.75%)
Gamma globulin n (%) 228 (27.54%) 121 (23.45%) 25 (13.44%) 82 (65.08%)
Hydroxychloroguine n (%) 57 (6.88%) 37 (7.17%) 7 (3.76%) 13 (10.32%)
Vasopressors n (%) 153 (18.48%) 91 (17.64%) 37 (19.89%) 25 (19.84%)
Oxygen therapy n (%) 681 (82.25%) 421 (81.59%) 160 (86.02%) 100 (79.37%)
Mechanical ventilation n (%) 149 (18.00%) 90 (17.44%) 32 (17.20%) 27 (21.43%)
Invasive mechanical n (%) 75 (9.06%) 54 (10.47%) 19 (10.22%) 2 (1.58%)
ventilation
Continuous renal n (%) 32 (3.86%) 20 (3.88%) 11 (591%) 1 (0.79%)
replacement therapy
Outcomes
ICU admission n (%) 100 (12.08%) 61 (11.82%) 27 (14.52%) 12 (9.52%)
Discharged n (%) 682 (82.37%) 420 (81.40%) 156 (83.87%) 106 (84.13%)
Decreased n (%) 146 (17.63%) 96 (18.60%) 30 (16.13%) 20 (15.87%)
lliness onset to Median (IQR) 20.0 (14.0-26.0) 20.0 (14.0-28.0) 220 (16.5-36.3) 21.0(13.8-2398)

death, days
% (95% Cl) 17.63% (15.19-20.38%)
Proximate causes of death in 146 patients
ARDS 143 (97.95%)
40 (27.40%)

Mortality rate

Heart failure or acute
cardiac injury

32 (21.92%)
15 (10.27%)
31 (21.23%)
2 (1.37%)

Acute renal injury
Acute liver injury
Septic shock

Acute pulmonary
embolism

Gastrointestinal bleeding 5 (3.42%)

18.60% (15.48-22.19%)

16.13% (11.54-22.09%) 15.87% (10.52-23.25%)

cohort was significantly higher than that of the CURB-65
and qSOFA scores.

To further verify the nomogram scoring system, two
external cohorts were included. The external validation
cohort 1 was performed by using the Union Hospital
external validation set. In the Union Hospital external
validation set, the final multivariable model for 28-day
mortality showed strong external validity, with a dis-
crimination C-index of 0.879 (95% CI, 0.856—0.900)
indicating an 87.9% correct model identification of the
28-day survival probability across all possible pairs of

patients. In the Central Hospital of Wuhan validation
set, the nomogram also exhibited a good discrimination
power (C-index, 0.839, 95% CI [0.798-0.880]). Calibra-
tion of the nomogram predicted 14-day and 28-day sur-
vival probability corresponding with the actual survival
in both external validation cohorts (Fig. 4d—g).

Discussion

In this study, we employed the clinical and laboratory
features of COVID-19 patients to work out an effective
and easy tool for predicting 28-day mortality. Univariate
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Fig. 2 Kaplan-Meier survival curves for all the 828 patients and the two groups defined by the severity of illness
A

24 28

analyses revealed that these factors including age, male
sex, dyspnea, respiratory rate, CURB-65 score, gSOFA
score, reticular patterns, leukocyte count, lymphocyte
count, NLR, and several other biochemical parameters
were associated with mortality. Multivariate analyses
found that older age, NLR over 8.0, DBIL levels higher
than 5.0 pmol/L, and LDH levels higher than 360 U/L at
admission were four independent predictors of 28-day
mortality in adult hospitalized patients with COVID-19.
Many more patients developed fever and had comor-
bidities including hypertension and diabetes than those
in Guan et al’s study with a relatively large sample size
[7]. However, patients in our study were all from Wuhan
city, while patients in Guan et al’s study were from 30
provinces, autonomous regions, and municipalities in
mainland China. Since a great shortage of medical re-
sources existed in Wuhan city, the hardest-hit area of the
COVID-19 outbreak at the early stage of this pandemic,
this regional difference should be noted. When compared
with other studies, patients in which were also from
Wuhan, the proportions of patients with fever and comor-
bidities were comparable [4, 25]. The overall crude mor-
tality rate in our series was higher than that in the
previous report [26]. On the basis of a statistical model in-
volving 72,314 patients, Zhong and his colleagues esti-
mated that the case mortality rate was 2.3% in patients
with confirmed COVID-19, 2.9% in Hubei province, and
49% in severely ill patients. However, Shang et al. reported
that the mortality rate in severely ill patients with
COVID-19 was about 49% [27]. The discrepancies in the
mortality rates might be ascribed to proportions of pa-
tients of different severities in different cohorts, given that
all death events in our cohort were observed in severely ill
patients. Thus, the proportion of severe cases in our study
should be taken into account. In fact, after a mandatory
hierarchical management was introduced, more severe
COVID-19 patients were transferred to our hospitals,

while mild cases were re-directed to the “mobile cabin
hospitals.”

Compared with survivors, more non-survivors were
older, male, and were complicated with more chronic
conditions. This result was coincident with the finding
of a previous study focusing on critically ill COVID-19
patients [27]. As aforementioned, all the non-survivors
except two were those who were categorized as severely
ill at admission in our study. This result suggested that
mild patients could be treated by home quarantine or in
our mobile cabin hospitals, given their satisfactory sur-
vival and the shortage of medical resources. Of note, re-
ticular patterns were more frequently found on CT
images at presentation in non-survivors and were report-
edly the predominant imaging finding on CT images
3 weeks after symptom onset [28].

Previous studies have reported that older male patients
were more subject to COVID-19 infection, and severe
patients were older than their non-severe counterparts
[4, 7]. Compared with survivors, non-survivors were re-
ported to be older in two observational studies [9, 27].
In this study, we found that age was an independent risk
factor for 28-day mortality in patients with COVID-19.
A higher level of LDH was suggested to indicate more
extensive lung tissue injury and reported to be linked
with poor outcomes in patients with severe acute re-
spiratory syndrome (SARS) [25, 29]. In patients with
COVID-19, plasma LDH level was reported to be higher
in severe, ICU, and deceased COVID-19 patients than in
mild, non-ICU-patients, and survivors [27, 30]. Our
study showed that LDH could serve as a valuable pre-
dictor of mortality in COVID-19 patients, with its haz-
ard ratio being the highest. Reminiscent of a previous
mortality prediction model developed by Yan et al., LDH
higher than 365 U/L was also reported to be a risk factor
for mortality in patients with COVID-19 [31]. Mean-
while, this previous model highlighted the crucial role of



Zhang et al. Critical Care (2020) 24:438

Table 3 Univariable Cox regression model for predicting 28-day mortality in 516 patients with COVID-19 at admission
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Factors Univariable HR (95% Cl) P value
Age, years# 1.05 (1.04-1.07) <0.001
Male sex (vs female) 2.76 (1.69-4.50) <0.001
Symptoms onset to admission, days# 0.98 (0.93-1.02) 0.293
Fever (yes vs no) 0.85 (0.46-1.55) 0.587
Dyspnea (yes vs no) 1.79 (1.17-2.74) 0.008
Comorbidity (yes vs no) 1 (0.93-2.15) 0.108
Respiratory rate, breaths per min >24 5 (2.07-4.81) <0.001
<24 1 (ref)

Reticular patterns (yes vs no) 2.83 (1.55-5.16) <0.001

CURB-65 score# 349 (2.81-4.33) <0.001

qSOFA score# 3.56 (2.44-5.19) <0.001

Leucocytes count, x 10°/L# 7 (1.13-1.21) <0001

Lymphocyte count, X 10%/L# 2 (0.07-0.23) <0.001

Neutrophils count, x 107/L# 1.04 (1.02-1.05) <0.001

NLR >80 9.74 (5.96-15.94) <0.001
<80 1 (ref)

Platelets count, x 10%/L <125 3.94 (251-6.18) <0.001
=125 1 (ref)

Hemoglobin, g/Li# 1.01 (1.00-1.03) 0.038

Albumin, g/L# 0.87 (0.83-0.92) <0.001

Total bilirubin, pmol/L >20.0 569 (3.47-9.33) <0.001
13.0-20.0 1.93 (1.14-3.26) 0.014
<130 1 (ref)

Direct bilirubin, umol/L >50 495 (3.22-7.60) <0.001
<50 1 (ref)

ALT, U/L >40.0 149 (0.99-2.25) 0.057
<400 1 (ref)

Urea nitrogen, mmol/L >82 9.65 (5.49-16.93) < 0.001
5.0-82 383 (2.19-6.72) <0.001
<50 1 (ref)

p-dimer, mg/L >10 733 (3.61-14.88) <0.001
0.5-1.0 2.97 (1.25-7.05) 0.014
<05 1 (ref)

PT, s >16.0 441 (2.55-7.62) <0.001
<160 1 (ref)

CRP, mg/L > 400 19.96 (4.90-81.40) <0.001
8.0-40.0 5.04 (1.15-22.17) 0.032
<80 1 (ref)

Procalcitonin, ng/mL# 1.20 (1.06-1.36) 0.005

LDH level, U/L > 360 23.67 (11.86-47.24) <0.001
<360 1 (ref)

# per 1 unit increase

HR hazard ratio, ref reference, CURB-65 CURB-65 Score for Pneumonia Severity, gSOFA quick Sepsis-Related Organ Failure Assessment, NLR neutrophil-to-

lymphocyte ratio, LDH lactate dehydrogenase, ALT alanine aminotransferase, CRP C-reactive protein, PT prothrombin time, C/ confidence interval
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Table 4 Independent risk factors of 28-day mortality and nomogram score

Factors Multivariable HR (95% Cl) P value Nomogram score
Age, yearsit 1.05 (1.03-1.07) <0.001 (Age-20) x 1.25
NLR >80 263 (1.55-4.40) <0.001 26.60

<80 1 (ref) 0
Direct bilirubin, umol/L >50 1.77 (1.15-2.76) 0.010 16.06

<50 1 (ref) 0
LDH level, U/L > 360 11.77 (5.62-24.65) <0.001 67.63

<360 1 (ref) 0

# per 1 unit increase

HR hazard ratio, ref reference, NLR neutrophil-to-lymphocyte ratio, LDH lactate dehydrogenase, C/ confidence interval

LDH in distinguishing the vast majority of cases that re-
quired immediate medical attention. The elevated NLR
was observed in patients who died of COVID-19 and
found to be able to predict severe cases of COVID-19 at
its early stage [20, 21]. This study confirmed that it
could act as a predictor of mortality in COVID patients.

DBIL was reported to be associated with severe COVID-
19 in a multicenter retrospective study [19], now identi-
fied as one independent risk factor for 28-day mortality.
Although the presence of preexisting comorbidities
seems to increase the odds of death, the association was
not significant in our study.
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predicting the probability of 14-day and 28-day survival. The number of points for each factor is in the top row. For each factor, the absence is
assigned 0 points. The presence of factors is associated with the number of points. The points for each factor are summed together to generate
a total point score. The total points correspond to the respective 14-day and 28-day survival probabilities. The ability of this model to distinguish
between low-risk and high-risk patients can be demonstrated by considering two hypothetical individuals who might be encountered in practice:
patient A is 60 years old with NLR of 10, DBIL of 4 umol/L, and LDH of 400 U/L, getting a total score of 144.23; patient B is 40 years old with NLR
of 3, DBIL of 10 umol/L, and LDH 100 U/L, getting a total score of 41.06. Our model predicts that patient A’s 14-day survival probability is 75%,
and his 28-day survival probability is 63%. For patient B, his 14-day survival probability and 28-day survival probability are more than 95%. b—-g
The calibration plot of survival probabilities at 14 days and 28 days. Nomogram-predicted survival probability is plotted on the x-axis, with
observed survival probability on the y-axis. Dashed lines along the 45° line through the origin point represent the perfect calibration models in
which the predicted probabilities are identical to the actual probabilities. The training cohort calibration plot of survival probabilities at 14 days (b)
and 28 days (c). d, e The external validation cohort 1 calibration plot of survival probabilities at 14 days (d) and 28 days (e). f, g The external
validation cohort 2 calibration plot of survival probabilities at 14 days (f) and 28 days (g)

that our model not only showed good discrimination
and calibration in an external validation from the same
hospital, but also performed well in an external valid-

We also employed the four independent predictors to
construct a predictive model which was shown in a form
of nomogram scoring system. Our prediction mode was

constructed based on a reasonable size and consecutive
cohort of adult patients with confirmed COVID-19. This
kind of sample selection minimized the selection bias.
However, the proportion of severely ill patients was large
in our hospital since Wuhan Union Hospital was a
designated hospital for severely ill COVID-19 patient
treatment. This made the cohort in our study less repre-
sentative of adult hospitalized patients with confirmed
COVID-19 in Wuhan. However, it should be highlighted

ation cohort consisting of patients from another hos-
pital, which was not a designated hospital for severely ill
COVID-19 patient treatment. Therefore, our prediction
models are based on and validated in Wuhan hospital-
ized populations with COVID-19 infection and should
therefore be applicable to other sites within Wuhan.
Compared with the CURB-65 and qSOFA scores, our
scoring system displayed better discrimination ability in
the training cohort. By employing our model, once the
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target patients’ data on the four risk factors were mea-
sured at admission, their risk of 14-day and 28-day mor-
tality can be calculated by our model to guide the
decision of clinical physicians. Considering that the out-
come events outside Wuhan are different, when trying
to apply this prediction mode into other provinces in
China or other countries, this mode might need to be
updated and adjusted to the local setting before it can
safely be applied.

Our study had several limitations. First, it was of retro-
spective nature, and all data were collected from case re-
cords. Therefore, important information might be missed
and further prospective studies are needed. Second, it is
worth pointing out that the amount of missing data dif-
fered between the survivor and non-survivor groups, espe-
cially for ferritin and D-dimer. Even though we believe
these differences were attributed to different physicians’
decisions in their clinical practice due to the absence of
guideline recommendations, the resulting potential bias
should be noted and further prospective studies can be
also helpful to decrease this discrepancy in missing data.
Third, this study included a high population of patients
who were severely ill; there may be a selection bias when
identifying the risk factors of mortality. Since physicians
should evaluate the patients’ condition at admission, we
focused on the information of patients at admission, other
important factors during hospitalization that might influ-
ence case mortality, such as the use of non-invasive
assisted ventilation or other medications and timing, as
well as longitudinal observations of clinical and laboratory
variables, were not covered. More detailed analyses involv-
ing these factors should be undertaken.

Conclusions

In conclusion, our study demonstrated that older age,
high lactate dehydrogenase level, evaluated neutrophil-
to-lymphocyte ratio, and high direct bilirubin level were
independent predictors of 28-day mortality in adult hos-
pitalized patients with confirmed COVID-19. The new
nomogram scoring system for the prediction of 14-day
and 28-day survival probability based on the four vari-
ables showed good discrimination and calibration in two
independent validation cohorts, suggesting a potential to
guide the medical practitioners in the monitoring and
management of COVID-109.
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