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ABSTRACT

Objective The reliable risk factors for mortality of
COVID-19 has not evaluated in well-characterised cohort.
This study aimed to identify risk factors for in-hospital
mortality within 56 days in patients with severe infection
of COVID-19.

Design Retrospective multicentre cohort study.

Setting Five tertiary hospitals of Daegu, South Korea.
Participants 1005 participants over 19 years old
confirmed COVID-19 using real-time PCR from
nasopharyngeal and oropharyngeal swabs.

Methods The clinical and laboratory features of patients
with COVID-19 receiving respiratory support were analysed
to ascertain the risk factors for mortality using the Cox
proportional hazards regression model. The relationship
between overall survival and risk factors was analysed
using the Kaplan-Meier method.

Outcome In-hospital mortality for any reason within 56
days.

Results Of the 1005 patients, 289 (28.8%) received
respiratory support, and of these, 70 patients (24.2%) died.
In multivariate analysis, high fibrosis-4 index (FIB-4; HR
2.784), low lymphocyte count (HR 0.480), diabetes (HR
1.917) and systemic inflammatory response syndrome
(HR 1.714) were found to be independent risk factors for
mortality in patients with COVID-19 receiving respiratory
support (all p<0.05). Regardless of respiratory support,
survival in the high FIB-4 group was significantly lower
than in the low FIB-4 group (28.8 days vs 44.0 days,
respectively, p<0.001). A number of risk factors were also
significantly related to survival in patients with COVID-19
regardless of respiratory support (0—4 risk factors,

50.2 days; 49.7 days; 44.4 days; 32.0 days; 25.0 days,
respectively, p<0.001).

Conclusion FIB-4 index is a useful predictive marker
for mortality in patients with COVID-19 regardless of its
severity.

INTRODUCTION
COVID-19, caused by SARS-CoV-2, is one
of the most important healthcare concerns
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Strengths and limitations of this study

» Use of simple scoring system widely used in clinical

practice.

Predict mortality regardless of its severity.

Very low probability of sampling bias.

Requiring further studies for validation with other

cohorts.

» Relatively early cohort before outbreak caused by
newer variant of COVID-19.

vvyy

worldwide.! It was first identified in Wuhan
City, Hubei province, central China, and
linked to Wuhan’s Huanan Seafood Whole-
sale Market in December 2019.* To investi-
gate the causative pathogen, pan-CoV PCR
was performed initially, followed by metag-
enomics analysis using next-generation
sequencing.” After commercial real-time
quantitative PCR-based detection methods
became available, the number of patients
with confirmed COVID-19 rapidly increased.*
Subsequently, this outbreak spread interna-
tionally and was recognised as a pandemic by
the WHO on 11 March 2020.”

In South Korea, 3705 patients were diag-
nosed in the Daegu and Gyeongsangbuk-do
area among a total of 4212 patients diagnosed
in South Korea from 19 January to 2 March
2020.° Epidemiological surveillance revealed
that 2333 (63.0%) of cases in this area were
related to the religious group Shincheonji.’
At that time, the mortality rate was only 0.5%
in South Korea and 0.6% in the Daegu and
Gyeongsangbuk-do area.” However, by 28
April, the mortality rate had increased to 224
of 10752 confirmed cases (2.3%).

As a result of unprecedented demand,
most countries are experiencing a shortage
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of medical resources. The difficulty of dealing with this
emergency would be assisted by earlier diagnosis, as well
as forecasts of mortality. Several Chinese studies of clinical
characteristics and risk factors relating to COVID-19 have
been published,**"* and recently, the clinical and epide-
miological experience of several other countries have
been reported.'* ' However, few reports of risk model-
ling and prediction are awaiting peer review and publi-
cation,'® and most of these studies have limited sample
size or high risk of bias.'® The risk prediction models in
these studies were established using conventional scoring
systems, risk nomograms or advanced machine learning
models."”"? Although the performance of such models
is relatively good, no COVID-19 risk prediction model
can currently be recommended for clinical use due to a
number of limitations.”’

This study aims to evaluate the predictive risk factors
for mortality by analysing epidemiological and labora-
tory features in patients with COVID-19 receiving respi-
ratory support in tertiary hospitals within the Daegu and
Gyeongsangbuk-do area. Most cases in South Korea were
concentrated in this area, the most severe cases being
admitted to five tertiary hospitals.

MATERIALS AND METHODS

Patients and their public involvement

After the beginning of the COVID-19 outbreak on 18
February 2020, in Daegu, all patients with COVID-19 were
admitted to one designated tertiary hospital. Because
of limited medical resources, efficient allocation was
required. Therefore, from 2 March, the disinfection team
of Daegu classified all new patients with COVID-19 on
the basis of severity of respiratory symptoms and oxygen
demand to transfer to one of four other tertiary hospitals
in accordance with regional policy. Accordingly, from 20
February to 14 April 2020, we enrolled 1005 hospitalised
patients aged >19 years with COVID-19 confirmed by PCR
in five tertiary hospitals of Daegu, South Korea.

Written informed consent by the patients was waived
due to the retrospective nature of our study. It was not
possible to involve patients or the public in the design,
conduct, reporting or dissemination plans of this study.

Data collection

The medical records of anthropometric and epidemio-
logical data, patients’ clinical characteristics, radiological
and laboratory data, treatments, use of ACE inhibitors
or angiotensin II receptor blockers (ARBs) and clinical
outcomes were collected retrospectively by each hospital
and reviewed by two independent reviewers. Laboratory
tests included complete blood cell and lymphocyte count,
erythrocyte sedimentation rate (ESR), C reactive protein
(CRP), liver and kidney function tests, electrolytes and
serum ferritin on admission day. All patients underwent
chest radiography with or without CT. Antivirals, hydroxy-
chloroquine, systemic  glucocorticoid, intravenous
immunoglobulin, respiratory support, continuous renal

replacement therapy and extracorporeal membrane
oxygenation (ECMO) were included on the treatment of
COVID-19. The data collection terminated on 14 April
2020.

Definition

In accordance with the WHO interim guidance,
all COVID-19 cases were diagnosed by detection of
SARS-CoV-2 sequence using real-time PCR from naso-
pharyngeal and oropharyngeal swabs. Fever was defined
as tympanic temperature of 37.5°C or higher. Systemic
inflammatory response syndrome (SIRS) on admission
was defined by satisfaction of any two of the criteria: (A)
white cell count (WCC) <4000 cells/mm? or >12000 cells/
mm, (B) body temperature <36°C or >38°C, (C) heart
rate >90 beats/min and (D) tachypnoea >20 breaths/
min. Persistent hypotension was defined by MAP <65 mm
Hg despite volume resuscitation, requiring vasopressors
to maintain MAP. Acute respiratory distress syndrome
(ARDS) were defined in accordance with the WHO
interim guidance. Acute kidney injury was defined either
from the highest serum creatinine level (>0.3mg/dL
within 48hours or 1.5 times of the baseline level within
7 days) and/or from decreased urine output (<0.6mL/
kg/hour for 6hours) on admission. In accordance with
oxygen demand, two groups of respiratory support were
defined as low-dose oxygen group using nasal cannula
or venturi mask and high-dose oxygen group using high-
flow nasal cannula, invasive mechanical ventilation and/
or ECMO.

Chronic liver disease was defined by chronic hepatitis
B or C infection, liver cirrhosis and hepatocellular carci-
noma by history taking or serology test. The fibrosis-4
index (FIB-4), which is calculated from age, aspartate
aminotransferase (AST), alanine aminotransferase (ALT)
and platelet counts, was originally used to predict liver
fibrosis in patients with chronic liver disease. FIB-4 was
assessed as: age (year) x AST (U/L)/ [platelet count
(10°/L) x VALT (U/L)].%

Study outcomes

The primary objective of this study was to identify predic-
tive risk factors for in-hospital mortality for any reason
within 56 days in patients with COVID-19 receiving
respiratory support. The secondary objective was to eval-
uate whether FIB-4 index is associated with mortality in
patients with COVID-19 regardless of respiratory support.

Statistical analysis

All continuous data were expressed as mean and SD
(mean+SD) or median with range, and compared using
Student’s t-test or the Mann-Whitney U test. Categorical
data were compared using a % test or Fisher’s exact test.
The predictive factors for mortality were assessed using
the Cox proportional hazards regression model with HR
using backward selection method. Receiver operating
characteristic (ROC) analysis was conducted to assess
the predictive performance of assessed risk factors. The
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716 (71.2%)
COVID-19 patients
without respiratory support

289 (28.8%)
COVID-19 patients
receiving respiratory support

162 (56.1%)
COVID-19 patients receiving
low-dose oxygen

162 (56.1%)
survivors

Flow diagram of the study.

Figure 1

best cut-off values (COVs) were calculated based on the
Youden index. The relationship between overall survival
and FIB-4 was calculated using the Kaplan-Meier method.
The valuables including age, AST, ALT and platelet, which
were used for calculation of FIB-4, were not included
in the multivariate analysis to avoid multicollinearity. P
value <0.05 was considered statistically significant. All
statistical analyses were performed using R (version 3.0,
http://cran.r-project.org/, install. packages(“devtools”))
software.

RESULTS

Baseline characteristics

Of 1005 patients with COVID-19, 289 (28.8%) received respi-
ratory support and were included in this study. Of these, 162
(56.1 %) were treated with low-dose oxygen therapy using a
nasal or venturi mask, while 127 (43.9%) were treated with a
high-flow nasal mask, invasive mechanical ventilation and/or
ECMO. Patient disposition is shown in figure 1. The baseline
characteristics of the patients with COVID-19 receiving respi-
ratory support are shown in table 1. There were several differ-
ences in demographics and history between fatal cases and
survivors, including older age, preponderance of males and
more frequent diabetes among fatal cases. However, there
was no significant difference in the use of ACE inhibitors or
ARBs. Duration of symptoms before admission was shorter
in survivors, but the presence of fever or respiratory symp-
toms on admission did not differ between survivors and non-
survivors. There was no significant difference in viral signs

127 (43.9%)
COVID-19 patients receiving
High-dose oxygen or

extracorporeal membrane oxygenation

| l

57 (19.7%) 70 (24.2%)
survivors Fatal cases

on admission except for frequent SIRS in fatal cases. Differ-
ences in some laboratory tests on admission were significant,
including higher white cell count, CRP, procalcitonin, AST,
gamma glutamyl transferase, prothrombin time, blood urea
nitrogen, serum creatinine, and lower lymphocyte count,
platelet count, serum albumin, and serum sodium in fatal
cases compared with survivors.

Treatments and clinical outcomes

The treatments and clinical outcomes of patients with
COVID-19 receiving respiratory support are shown in table 2.
Of these, 57 (19.7%) and 70 (24.2%) were treated with
high-flow nasal cannula and invasive mechanical ventila-
tion, respectively. Analysis of clinical outcomes revealed that
113 patients (39.1%) had ARDS, 93 (33.2%) were admitted
to an intensive care unit (ICU) and 18 (6.2%) underwent
ECMO. The median duration of hospital stay was 25 days
(range 8-33). Survivors were less frequently treated with
darunavir/ cobicistat, systemic glucocorticoid, high-flow nasal
cannula, invasive mechanical ventilation or continuous renal
replacement therapy compared with fatal cases. Survivors
had alonger median duration of hospital stay compared with
fatal cases, were less frequently admitted to an ICU and less
frequently developed persistent hypotension, ARDS or acute
kidney injury.

Risk factors for mortality in patients with COVID-19 receiving
respiratory support

Univariate analysis identified age, sex, diabetes, chronic
obstructive pulmonary disease, lymphocyte count, AST,
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All Survivors Fatal cases
(n=289 to 100%) (n=219 to 75.8%) (n=70 to 24.2%) P value*

Age, years 72.0 (62.0-80.0) 70.0 (60.0-79.0) 77.0 (71.0-84.0) <0.001

Body mass index, kg/m? 24.3 (22.2-26.3) 24.2 (22.2-26.2) 24.5 (22.2-26.8) 0.577

Hypertension 132 (45.8) 96 (44.0) 36 (51.4) 0.346

Cardiovascular disease 20 (6.9) 14 (6.4) 6 (8.6) 0.723

Chronic kidney disease 11 (3.8) 9(4.1) 2 (2.9 0.906

Liver cirrhosis 8(2.8) 4(1.8) 4 (5.7) 0.191

ACE inhibitors or ARBs use 61 (24.8) 47 (24.1) 14 (27.5) 0.756

Fever/chills 195 (67.9) 145 (66.5) 50 (72.5) 0.438

Shortness of breath 152 (53.0) 112 (51.4) 40 (58.0) 0.413

Myalgia 88 (30.8) 73 (33.5) 15 (22.1) 0.103

Duration of symptom before 6 (3-9) 6 (3-9) 4.5 (2-7) 0.031
admission, days

Temperature, °C 36.9 (36.5-37.6) 37.0 (36.5-37.6) 36.7 (36.5-37.3) 0.070

Saturation, % 95 (92-98) 95 (93-98) 95 (90-100) 0.948

Heart rate, /min 86 (72-100) 85 (72-97) 92 (72-102) 0.140

Radiological and laboratory findings

Abnormal chest radiograph 269 (93.1) 201 (91.8) 68 (97.1)) 0.205

Laboratory findings

Lymphocyte count, x10%/pL 895 (611-1260) 952 (661-1321) 702 (490-980) <0.001

Platelet count, x10%/L 192 (146-267) 200 (150-277) 166 (132-239) 0.029

C reactive protein, mg/L 10.1 (4.8-21.5) 9.3 (4.0-20.4) 13.4 (7.4-24.8) 0.015

Continued

E-
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Table 1 Continued

All Survivors Fatal cases
(n=289 to 100%) (n=219 to 75.8%) (n=70 to 24.2%) P value*

Procalcitonin, ng/mL 0.1 (0.1-0.4) 0.1 (0.1-0.2) 0.4 (0.1-1.1) <0.001
Aspartate aminotransferase, U/L 38 (26-53) 34 (25-50) 49 (34-65) <0.001
Alanine aminotransferase, U/L 21 (15-33) 20 (15-32) 23 (16-38) 0.528
Total bilirubin, mg/dL 0.6 (0.4-0.9) 0.6 (0.4-0.9) 0.7 (0.4-0.9) 0.240
Alkaline phosphatase, U/L 71 (57-92) 71 (57-91) 72 (58-104) 0.488
Gamma glutamyl transferase, 35 (22-61) 27 (16.5-48.5) 60 (40-101) 0.001
uU/L

Serum albumin, g/dL 3.4 (3.2-3.7) 3.5 (3.2-3.9) 3.2 (3.0-3.4) <0.001
Prothrombin time, s 12.4 (11.8-13.3) 12.4 (11.7-13.1) 12.8 (11.9-14.8) 0.026
Prothrombin time, INR 1.1 (1.0-1.1) 1.0 (1.0-1.1) 1.1 (1.0-1.3) 0.015
Blood urea nitrogen, mg/dL 17 (12-24) 15 (12-21) 22 (16-37) <0.001
Creatinine, mg/dL 0.8 (0.7-1.1) 0.8 (0.7-1.0) 1.0 (0.8-1.7) <0.001
Estimated glomerular filtration 80 (58-98) 84 (64-100) 63 (39-91) 0.001
rate, mL/min/1.73 m?

Sodium, mmol/L 137 (134-141) 138 (134-141) 136 (133-140) 0.006
Potassium, mmol/L 4.1 (3.7-4.5) 4.1 (8.7-4.5) 4.2 (3.5-4.7) 0.870
Lactate dehydrogenase, U/L 558 (405-753) 560 (404-753) 556 (410-762) 0.969
Creatine kinase, U/L 79 (52-155) 73 (51-149) 86 (54-172) 0.307
Serum ferritin, ng/mL 552 (327-975) 430 (308-941) 659 (521-1432) 0.115

Data are expressed as median and IQR or numbers (%).

*Calculated by Student’s t-test (or the Mann-Whitney U test, if appropriate) and x? test (or Fisher’s exact test, if appropriate).
ARB, angiotensin Il receptor blocker; SIRS, systemic inflammatory response syndrome.

ESR and SIRS as significant variables relating to mortality
in patients with COVID-19 receiving respiratory support
(table 3). Multivariate analysis identified age (HR 1.054;
95% CI 1.028 to 1.082; p<0.001), diabetes (HR 2.226;
95% CI 1.357 to 3.652; p=0.002), low lymphocyte count
(HR 0.999; 95% CI 0.998 to 1.000; p=0.005) and high AST
(HR 1.002; 95% CI 1.000 to 1.003; p=0.033) as indepen-
dent predictors of mortality. Lower platelet count (HR
0.997; 95% CI 0.994 to 1.000, p=0.069) and presence of
SIRS on admission (HR 1.968; 95% CI 1.199 to 3.230;
p=0.074) tended to be associated with severe COVID-19,
but this did not reach statistical significance.

Risk factors for mortality, including FIB-4 index

Based on multivariate analysis, we used FIB-4 as a
predictive risk factor candidate. In multivariate analysis
including FIB-4 as a continuous variable, diabetes (HR
1.998; 95% CI 1.202 to 3.321; p=0.008), lower lympho-
cyte count (HR 0.999; 95% CI 0.998 to 1.000; p=0.003)
and FIB-4 (HR 1.115; 95% CI 1.069 to 1.163; p<0.001)
were identified as independent predictors of mortality
in patients with COVID-19 receiving respiratory support
(online supplemental table S1). To set a COV of FIB-4
and lymphocyte count, ROC analysis was performed
(figure 2). The areas under the ROC curves of FIB-4 and
lymphocyte counts were 0.702 and 0.647 with sensitivity of
48.5% and 78.6%, specificity of 87.6% and 45.8%, positive

predictive value of 55.0% and 32.0% and negative predic-
tive value of 84.4% and 86.9%, respectively (all p<0.001).
The optimal COVs of FIB-4 and lymphocyte count were
4.95 and 1010, respectively.

In multivariate analysis after converting FIB-4 and
lymphocyte count to categorical variables, diabetes (HR
1.917; 95% CI 1.181 to 3.111; p=0.009), low lymphocyte
count (HR 0.480; 95% CI 0.271 to 0.852; p=0.012), SIRS
(HR 1.714;95% CI 1.048 to 2.802; p=0.032) and high FIB-4
(HR 2.784; 95% CI 1.691 to 4.585; p<0.001) were iden-
tified as independent predictors of mortality (table 4).
In addition, the results of high FIB-4 as a predictor of
survival was consistent in stepwise multivariate analysis
(online supplemental table S2).

FIB-4 and other predictive risk factors for survival in patients
with COVID-19 receiving respiratory support

Among the four predictive risk factors, FIB-4 was the best
predictor of mortality in patients with COVID-19 receiving
respiratory support. Therefore, we performed survival anal-
ysis to compare mortality in the high FIB-4 group (FIB-4
>4.95) and low FIB4 group (FIB4 <4.95). Survival in the
high FIB-4 group was significantly lower than in the low FIB-4
group (high FIB-4: 28.8 days (23.8-33.8); low FIB-4: 44.0 days
(41.9-46.1), p<0.001) (figure 3A.) Using the four variables
diabetes, lymphocyte count, SIRS on admission and FIB4,
we performed survival analysis to predict mortality in patients
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Table 2 Treatments and clinical outcomes of patients with COVID-19 receiving respiratory support

All Survivors Fatal cases
(n=289) (n=219) (n=70) P value*
Treatments
Antiviral therapy
Lopinavir/ritonavir 235 (81.3) 182 (83.1) 53 (75.7) 0.228
Darunavir/cobicistat 42 (14.5) 26 (11.9) 16 (22.9) 0.038
Hydroxychloroquine 187 (64.7) 137 (62.6) 50 (71.4) 0.227
Systemic glucocorticoid 152 (52.6) 96 (43.8) 56 (80.0) <0.001
Intravenous immunoglobulin 26 (9.0) (7.3) 10 (14.3) 0.124
High-flow nasal cannula 57 (19.7) 9(8.7) 8 (54.3) <0.001
Invasive mechanical ventilation 70 (24.2) 38 (17.4) 32 (45.7) <0.001
Continuous renal replacement therapy 22 (7.6) 5(2.3) 17 (24.3) <0.001
ECMO 8 (6.2) 10 (4.6) 8 (11.4) 0.074
Clinical outcomes
ICU admission 96 (33.2) 59 (26.9) 37 (52.9) <0.001
Persistent hypotension 77 (26.6) 40 (18.3) 37 (52.9) <0.001
ARDS 113 (39.1) 49 (22.4) 64 (91.4) <0.001
Acute kidney injury 2 (18.0) 6 (7.3) 36 (51 4) <0.001
Hospital stay, days 25 (14-33) 27 (19-37) 0 (6-19) <0.001

Data are expressed as median and IQR or numbers (%).

*Calculated by Student’s t test (or the Mann-Whitney U test, if appropriate) and y? test (or Fisher’s exact test, if appropriate).
ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.

with COVID-19 receiving respiratory support. As the number
of risk factors increased, survival of the patients significantly
deteriorated (no risk factor: 47.3 days (44.2-50.4); one
risk factor: 40.7 days (37.4-44.0); two risk factors: 38.0 days
(33.8-42.2); three risk factors, 30.7 days (23.9-37.5); four
risk factors, 25.0 days (6.3-43.7), p=0.0016 (figure 3B, online
supplemental figure SI1.

To explore additional predictive performance for mortality
in the entire group of patients with COVID-19, we performed
survival analysis to compare mortality in the high and low
FIB-4 groups using the same cut-off. Survival in the high FIB-4
group was significantly lower than in the low FIB4 group
(high FIB4: 32.5 days (27.7-37.2) and low FIB4: 50.0 days
(49.3-50.6), p<0.001) (figure 4A.) Using four variables, we
also performed survival analysis to predict mortality in the
entire group of patients with COVID-19. As the number of
risk factors increased, survival significantly deteriorated (no
risk factor: 50.2 days (48.6-51.70; one risk factor: 49.7 days
(48.8-50.5); two risk factors; 44.4 days (942.2-46.6); three
risk factors: 32.0 days (25.7-38.3); four risk factors: 25.0 days
(6.3-43.7), p<0.001 (figure 4B) (online supplemental figure
S2). In patients with COVID-19 receiving high-dose oxygen,
survival in the high FIB-4 group was significantly lower than
in the low FIB4 group (high FIB4: 16.5 days (7.0-32.0); low
FIB-4: 20.0 days (10.0-33.0), p=0.011) (data not shown).

DISCUSSION
In this retrospective cohortstudy, predictive risk factors for
mortality were evaluated in 289 patients with confirmed

COVID-19 receiving respiratory support in the Daegu
and Gyeongsangbuk-do area. Diabetes, low lymphocyte
count, SIRS and FIB4 were revealed as independent
risk factors for mortality in COVID-19. Furthermore,
survival of patients with low FIB-4 and number of risk
factors is better than those with high FIB-4 and number
of risk factors. A recent meta-analysis found that the
main laboratory abnormalities in patients with COVID-19
included low lymphocyte count and elevated CRP and
lactate dehydrogenase (LDH).?* In non-survivors, or
severely ill patients requiring ICU care or suffering from
ARDS, laboratory abnormalities including high WCC
count, low lymphocyte count, prolonged prothrombin
time, low albumin, elevated AST, ALT, total bilirubin,
LDH, creatinine, troponin I, CRP, procalcitonin, ferritin
and D-dimer were identified as risk factors in previous
studies.” '’ ' However, numbers of enrolled patients were
small, and multivariate analyses were not performed. In
a recent study, logistic regression analysis identified age,
Sequential Organ Failure Assessment (SOFA) score and
D-dimer as predictive risk factors for death in patients
with COVID-19 pneumonia.”” SOFA score is derived
from arterial oxygen tension (or pressure)/fractional
inspired oxygen, use of mechanical ventilator, platelets
count, Glasgow Coma scale, bilirubin, mean arterial
pressure or requirement for vasoactive agents and serum
creatinine or urine output. The score is related to the
cytokine storm in sepsis,” and we think some of the risk
factors in our study, including platelets as a component
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Table 3 Risk factors for mortality in patients with COVID-19 receiving respiratory support

Univariate Multivariate analysis
Variable P value* P value* HR (95% CI)
Age, years <0.001 <0.001 1.054 (1.028 to 1.082)
Male (yes/no) 0.014
Comorbidities (yes/no)
Hypertension 0.392
Diabetes 0.001 0.002 2.226 (1.357 to 3.652)
Chronic obstructive pulmonary disease 0.009
Chronic kidney disease 0.841
Chronic liver disease 0.226
ACE inhibitor/ARB use (yes/no) 0.871
Lymphocyte count, x10%/uL <0.001 0.005 0.999 (0.998 to 1.000)
Platelet count, x10%/L 0.087 0.069 0.997 (0.994 to 1.000)
C reactive protein, mg/L 0.584
Aspartate aminotransferase, U/L 0.050 0.033 1.002 (1.000 to 1.003)
Alanine aminotransferase, U/L 0.552
Total bilirubin, mg/dL 0.831
Alkaline phosphatase, U/L 0.725
Gamma glutamyl transferase, U/L 0.263
Serum albumin, g/dL 0.773
Prothrombin time, INR 0.444
Estimated glomerular filtration rate, mL/min/1.73 m? 0.002
SIRS on admission (yes/no) <0.001 0.074 1.968 (1.199 to 3.230)

*Calculated by Cox proportional hazards regression test.

ARB, angiotensin Il receptor blocker; INR, international normalised ratio; SIRS, systemic inflammatory response syndrome.

of the FIB-4 index, and SIRS, were also associated with
this serious inflammatory condition. This recent study
included patients similar to those in the present study, as
judged from the proportion of patients receiving respi-
ratory support (82.1% vs 100% in the present study) and
the mortality rate (28.3% vs 24.2% in the present study)."

A.
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0.00 0.25 0.50 0.75 1.00
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Multivariate analysis in two recent studies showed that
neutrophil-to-lymphocyte ratio, CD4 T cell count and age
were independent risk factors of in-hospital mortality and
ICU admission for COVID-19.** * Severe inflammation
dysregulates the immune response and is characterised by
decreased memory helper T (Th) cells and regulatory T
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Figure 2 Predictive performance of risk factors for mortality in patients with COVID-19 receiving respiratory support. (A) Area
under the curve (AUC) for fibrosis-4 index; (B) area under the curve for lymphocyte counts. NPV, negative predictive value; PPV,

positive predictive value.
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Table 4 Risk factors including fibrosis-4 index for mortality in patients with COVID-19 receiving respiratory support

Univariate Multivariate analysis

Variable P value* P value* HR (95% CI)
Male (yes/no) 0.143
Comorbidities (yes/no)

Hypertension 0.392

Diabetes 0.001 0.009 1.917 (1.181 to 3.111)

Chronic obstructive pulmonary disease 0.087

Chronic kidney disease 0.841

Chronic liver disease 0.226
ACE inhibitor/ARB use (yes/no) 0.871
Lymphocyte count, /uL

<1010 1 (ref)

>1010 0.012 0.012 0.480 (0.271 to 0.852)
C reactive protein, mg/L 0.584
Total bilirubin, mg/dL 0.831
Alkaline phosphatase, U/L 0.725
Gamma glutamyl transferase, U/L 0.263
Serum albumin, g/dL 0.773
Prothrombin time, INR 0.444
Estimated glomerular filtration rate, mL/ 0.002
min/1.73 m?
SIRS on admission (yes/no) <0.001 0.032 1.714 (1.048 to 2.802)
Fibrosis-4 index

<4.95 1 (ref)
>4.95 <0.001 <0.001 2.784 (1.691 to 4.585)

*Calculated by Cox proportional hazards regression test.

ARB, angiotensin Il receptor blocker; INR, international normalised ratio; SIRS, systemic inflammatory response syndrome.

cells with increased naive Th cells in patients with COVID-
19.% These findings are consistent with low lymphocyte
count as an independent risk factor for mortality in our
study. However, in previous studies, survival analysis was
not performed, and the enrolled patients were somewhat
different from those in the present study.

Liver injury in COVID-19 was observed more frequently
in severe cases than in mild cases.* > Though the

A

—— FIB-4<495 - - FIB-424.95

/

e
o
Survival probability
g

o
N
a

P <0.0001

Survival probability
2

I
o
S

0 10 20 30 40 50
Days
Number at risk
FIB-4 < 4.95 226 202 146 79 31 3
FIB-424.95 59 41 32 23 12 1
0 10 20 30 40 50
Days

mechanism is unclear, elevated AST and ALT may be
related to the immune response in severe pneumonia,
which may result from inflammatory cytokines following
COVID-19 infection.”” Elevated liver enzyme can be also
associated with drug-induced liver injury (DILI), which
may result from antibacterial and antiviral drugs, anti-
inflammatory drugs and vasopressors in severe cases.” As
there has been no study of DILI in COVID-19 infection,

B —— Norisk factor = — 1risk factor —— 2risk factors --- 3risk factors « « = 4 risk factors
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0 10 20 30 40 50
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3 risk factors 24 19 16 1 5
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a
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Figure 3 Survival of patients with COVID-19 receiving respiratory support plotted against fibrosis-4 (FIB-4) index (A) and

number of risk factors (B).
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Figure 4 Survival of patients with COVID-19 plotted against fibrosis-4 (FIB-4) index (A) and number of risk factors (B).

its prevalence should be investigated. However, in this
study, laboratory tests performed at the time of admission
did not indicate an association between AST elevation
and DILI. Also in this study, although FIB-4 was origi-
nally used in patients with liver disease, it was identified
as a predictor of mortality in patients with COVID-19,
whether they were receiving respiratory support. Elevated
LDH has been reported as a promising predictor for
severe COVID-19 infection.'® 22 3 However, it was only
identified as a risk factor by univariate analysis, not by
multivariate analysis. We suggest that the ratio of AST to
ALT in FIB-4 may be a better predictor of mortality than
the level of LDH, due to its non-specificity of cause. In
addition, the common finding of elevated AST in patients
with severe disease in several other studies supports the
present study. '* *' Recently, association of FIB-4 with
ICU admission in patients with COVID-19 was reported
in Spain.”® They calculated FIB-4 using laboratory tests at
the same time of SARS-CoV-2 detection to assess presence
of advanced fibrosis. However, although they exclude
previously diagnosed patients with myopathies and plate-
lets disorders to avoid non-specificity of FIB-4, values of
AST, ALT and platelets can be affected by COVID-19
infection itself. Furthermore, as described above, severe
cause of COVID-19 infection can affect AST and platelet
more than mild case. If they overcome these, we think
they should use laboratory test to estimate advanced
fibrosis before patients had COVID-19.

When FIB-4 is analysed with other risk factors including
lymphocyte count, SIRS, and diabetes, as number of risk
factors increases, survival deteriorates in patients with
COVID-19 regardless of respiratory support. There are
several published or preprinted studies of prediction
models for the prognosis of patients with COVID-19."°
Albumin, direct bilirubin and red blood cell distribution
width have been suggested as diagnostic or prognostic
indicators of severe disease or mortality in COVID-19."°
However, among these three factors, albumin was not
a significant risk factor, and the other two factors were
not evaluated in the present study. Most of the proposed
models have been open to criticism on the grounds of
severe sampling bias due to rarely reported length of
follow-up and prevalence of COVID-19 with or without
severe infection. A strength of the present study is the

low probability of sampling bias, because approximately
three-fourths of patients with COVID-19 in South Korea
have been diagnosed in the Daegu and Gyeongsang-
buk-do area, and our entire cohort was derived from
tertiary hospitals in that area.

This study has some limitations. First, there was no valida-
tion with another cohort. As described above, most of the
COVID-19 cases were enrolled in this study. Thus, it would be
impossible to validate these results without undertaking an
international study. Improved assessments of international
data on COVID-19 will require data sharing, using a reporting
protocol specified by WHO.™ Second, detailed radiological
assessment of CT scans was not performed. To our knowl-
edge, there are only a few reports at preprint stage that
include clinical features and radiological features from CT
scan with artificial intelligence techniques to develop predic-
tion models. However, this study also has sampling bias as
well as an inadequate sample size.” ** Therefore, advanced
machine learning combining radiological image analysis
with clinical risk factors would be needed to develop a robust
prediction model. Third, prediction of severe COVID-19
including ICU admission or ARDS was not analysed in this
study. However, we think prediction of severe COVID-19 was
not appropriate for our cohort, because transfer to a tertiary
hospital may introduce the possibility of sampling bias. Thus,
we used the objective outcome of mortality in this study.

In conclusion, FIB4, diabetes, low lymphocyte count and
SIRS are independent risk factors of mortality in patients with
COVID-19 receiving respiratory support. Among these risk
factors, FIB4 is a robust predictor of survival in patients with
COVID-19 regardless of respiratory support. A number of
risk factors are significantly related to survival in patients with
COVID-19 regardless of respiratory support.
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