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BACKGROUND: A pandemic of coronavirus disease (COVID-19) has been declared by the World 
Health Organization (WHO) and caring for critically ill patients is expected to be at the core of battling this 
disease. However, little is known regarding an early detection of patients at high risk of fatality.

METHODS: This retrospective cohort study recruited consecutive adult patients admitted between 
February 8 and February 29, 2020, to the three intensive care units (ICUs) in a designated hospital for 
treating COVID-19 in Wuhan. The detailed clinical information and laboratory results for each patient were 
obtained. The primary outcome was in-hospital mortality. Potential predictors were analyzed for possible 
association with outcomes, and the predictive performance of indicators was assessed from the receiver 
operating characteristic (ROC) curve.

RESULTS: A total of 121 critically ill patients were included in the study, and 28.9% (35/121) of them 
died in the hospital. The non-survivors were older and more likely to develop acute organ dysfunction, 
and had higher Sequential Organ Failure Assessment (SOFA) and quick SOFA (qSOFA) scores. Among 
the laboratory variables on admission, we identifi ed 12 useful biomarkers for the prediction of in-hospital 
mortality, as suggested by area under the curve (AUC) above 0.80. The AUCs for three markers neutrophil-
to-lymphocyte ratio (NLR), thyroid hormones free triiodothyronine (FT3), and ferritin were 0.857, 0.863, and 
0.827, respectively. The combination of two easily accessed variables NLR and ferritin had comparable 
AUC with SOFA score for the prediction of in-hospital mortality (0.901 vs. 0.955, P=0.085).

CONCLUSIONS: Acute organ dysfunction combined with older age is associated with fatal outcomes 
in COVID-19 patients. Circulating biomarkers could be used as powerful predictors for the in-hospital mortality.
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INTRODUCTION
The infection of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) is spreading worldwide.[1-5] 

A pandemic of coronavirus disease (COVID-19) has been 
declared by the World Health Organization (WHO) despite 
many restrictive measures that have been implemented 
globally.[6] As of March 15, 2020, more than 1,500,000 
cases have been confirmed, and around 16,000 death 
occurred.[6] The estimated mortality of COVID-19 is 3%–
4% based on the data collected. Although this may be an 
overestimate as more potential cases with mild symptoms 

haven’t been identified, the mortality of COVID-19 is 
considerably higher than that caused by influenza. The 
early recognition and treatment of patients at a high risk 
of developing serious illness are critical to improving 
the outcome of diseases caused by microbial invasion 
such as sepsis.[7] Some recent studies have reported 
the epidemiologic and clinical features of patients 
with COVID-19,[ 1,2,8] but little is known regarding the 
characteristics of critically ill patients and how to early 
detect patients who are at a high risk of death. Caring 
for critically ill patients will be a crucial part of battling 
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COVID-19. 
In this retrospective cohort study, we aim to investigate 

the clinical characteristics and laboratory findings of 
intensive care unit (ICU) patients with COVID-19 and to 
identify potential indicators for early recognition of patients 
with a high risk of death.   

METHODS 
Participants

This retrospective cohort study recruited consecutive 
adult patients (aged ≥18 years) admitted between February 8 
to February 29, 2020, to the three ICUs of Zhongfaxincheng 
Campus of Tongji Hospital Affiliated to Huazhong 
University of Science and Technology in Wuhan, which 
is one of the designated hospitals to receive patients with 
confirmed SARS-CoV-2 infection by using a quantitative 
polymerase chain reaction test of throat swab samples or 
sputum samples according to the WHO guidance. Those 
who met the following criteria would be considered to 
be transferred to the ICU: (1) respiratory rate >30 breaths 
per minute; (2) SpO2 <93%; (3) PaO2/FiO2 <300 mmHg 
(1 mmHg=0.133 kPa); (4) in presence with respiratory 
failure; (5) in presence with shock; (6) with other conditions 
that need to be monitored in the ICU. These ICUs were in 
charged by the medical staff  from the hospitals affi  liated with 
Peking University. This study was approved by the Ethics 
Committee of Peking University People’s Hospital and was 
conducted in accordance with the Declaration of Helsinki.

Data collection
The detailed clinical information of each patient was 

obtained by physicians using a standard questionnaire 
after they were admitted to the ICU. Clinical information 
including demographic data, medical history, comorbidities, 
symptoms, signs, laboratory findings, chest computed 
tomographic (CT) scans, and treatments was recorded. We 
also collected each patient’s clinical characteristics, including 
the Sequential Organ Failure Assessment (SOFA) score and 
quick SOFA (qSOFA) score. 

To identify useful biomarkers for predicting in-hospital 
death of these patients, we included laboratory variables 
measured on day one after ICU admission in the analysis.

Laboratory measurements
The complete blood count was measured by Sysmex 

XN-9000 automatic hematology analyzer (Sysmex, Japan). 
The neutrophil-to-lymphocyte ratio (NLR) was calculated 
by the absolute neutrophil count divided by the absolute 
lymphocyte count. Myohemoglobin (Myo), creatine kinase 
muscle brain isoenzyme (CK-MB), and high sensitive 

troponin I (hs-TNI) were measured by Abbott ARCHITECT 
i2000SR chemiluminescence immunoanalyzer (Abbott 
Laboratories, USA). Coagulation parameters were 
performed by Stago STA-R automatic blood coagulation 
analyzer (Stago, France). Alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), total bilirubin (TB), 
direct bilirubin (DB), albumin, blood urea nitrogen (BUN), 
creatinine, high sensitive C-reactive protein (hs-CRP), and 
ferritin were measured using Roche Cobas 8000 automatic 
biochemical analyzer (Roche, Switzerland). Thyroid 
hormones, cytokines interleukin-2 receptor (IL-2R), IL-
1β, IL-6, IL-8, IL-10, tumor necrosis factor-α (TNF-α), 
and N-terminal pro-brain natriuretic peptide (NT-proBNP) 
were detected by Roche Cobas e602 electrochemical 
luminescence analyzer (Roche, Germany). Immunoglobulin 
A (IgA), IgG, IgM, and complement 3 (C3) and C4 were 
performed by IMAGE 8000. 

Outcomes
The primary outcome was in-hospital mortality. 

Secondary outcomes included the incidence of acute 
respiratory distress syndrome (ARDS), acute kidney injury 
(AKI), heart failure, liver dysfunction, and coagulopathy. 
ARDS was defined according to the Berlin definition,[9] and 
AKI was diagnosed based on the Kidney Disease Improving 
Global Outcomes (KDIGO) criteria.[10] Heart failure was 
diagnosed according to the 2016 European Society of 
Cardiology guidelines.[11] Septic shock was defined by 
persisting hypotension requiring vasopressors to maintain a 
mean arterial pressure of 65 mmHg or higher and a serum 
lactate level greater than 2 mmol/L despite adequate volume 
resuscitation.[12]

Statistical analysis
Continuous variables were presented as median and 

interquartile range (IQR), and categorical variables were 
expressed as percentages. Baseline characteristics between 
the survivor and non-survivor groups were compared with 
the unpaired Student’s t-test or Mann-Whitney U-test for 
continuous variables and the Chi-square or Fisher’s exact 
test for categorical variables. Univariate logistic regression 
analyses were performed to examine the association between 
each predictor and in-hospital mortality separately. We also 
conducted a forward stepwise multivariate logistic regression 
to determine the independent predictors of ICU mortality. 
A criterion of P<0.05 for entry and P≥0.05 for removal was 
imposed in this procedure. Odds ratios (ORs) for continuous 
variables were described using standardized ORs, which 
were associated with a one standard deviation change in the 
variable. The receiver operating characteristic (ROC) curve 
was used to evaluate the performance of indicators to predict 
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mortality. The curve represented a plot of sensitivity (se) vs. 
1-specifi city (sp). A ROC curve was also constructed for the 
combination of NLR and ferritin for predicting in-hospital 
mortality according to the Mackinnon and Mulligan’s 
weighted sum rule.[13] The differences between the area 
under the curve (AUC) (C-index) were tested by Hanley-
McNeil methods.[14] A two-sided P-value of less than 0.05 
was considered to indicate statistical significance. The 
analyses were performed with SPSS 25.0 software (SPSS 
Inc., Chicago, Illinois, USA) and MedCalc 18.11.3 software 
(MedCalc Software bvba, Ostend, Belgium).

RESULTS
Baseline characteristics 

A total of 121 ICU patients were screened for eligibility 
during the study period. The median age was 66 (56–72) 
years, and 57.0% were male. Their SOFA and qSOFA scores 
were 1 (1–4) and 1 (1–1), respectively. A total of 35 (28.9%) 
patients died during their hospital stay, and 86 patients were 
discharged after recovery. 

Compared with survivors, non-survivors were older and 
had worse organ function indicted by different parameters 
and higher Acute Physiology and Chronic Health Evaluation 
II (APACHE II), SOFA, and qSOFA score. More patients 
developed ARDS (97.1% vs. 5.8%), AKI (54.3% vs. 
1.2%), septic shock (57.1% vs. 0%), heart failure (57.1% 
vs. 11.6%), liver dysfunction (20.0% vs. 3.5%), and 
coagulopathy (77.1% vs. 19.8%) in non-survivors than in 
survivors. 

Of six diff erent cytokines or their receptors, the level of 
circulating IL-2R was significantly higher in non-survivors 
than in survivors, while the diff erences in the levels of IL-6, 
IL-8, IL-10, and TNF-α between groups reached marginal 
statistic signifi cance. There was no signifi cant diff erence in 
the levels of IgA, IgG, IgM, C3, and C4 between survivors 
and non-survivors.  

Predictors of in-hospital mortality
Univariate logistic regression analysis demonstrated 

that those who were older, and had higher SOFA and 
qSOFA scores had signifi cantly greater hazard of in-hospital 
death. To detect potential biomarkers for the prediction of 
fatal outcomes of patients with COVID-19, all laboratory 
variables were also examined by univariate logistic 
regression analysis. We found a total of 28 variables were 
associated with in-hospital mortality (Table 1). 

To evaluate the performance of these laboratory 
variables for the prediction of in-hospital mortality, ROC 
curves were constructed. In addition to the SOFA score, 
which had the highest discriminability to predict in-hospital 

death, we found 12 variables with the potential ability to early 
detect patients at a high risk of fatality, as suggested by AUC 
greater than 0.80. The D-dimer, which was reported as a risk 
factor of death in a previous study,[15] had a relatively lower 
ability to identify patients with a high risk of fatality than those 
variables, including other coagulation parameters prothrombin 
time (PT) and fi brinogen degradation product (FDP).    

When each of these variables was included in a stepwise 
multiple logistic model in which in-hospital mortality was 
the dependent variable, all variables could independently 
predict the primary outcome. 

Values of neutrophil/lymphocyte, triiodothyronine 
(T3), and ferritin in predicting in-hospital mortality 

Among these 12 variables, some of them are 
unspecific markers of inflammation such as white blood 
cells, neutrophils, hs-CRP, and procalcitonin, while others 
represent the dysfunction of different organs, including 
direct bilirubin, albumin, PT, hs-TNI, and international 
normalized ratio of PT (INR-PT). We further evaluated 
biomarkers, including NLR, free triiodothyronine (FT3), 
and ferritin. The AUCs for NLR, FT3, and ferritin were 
0.857, 0.863, and 0.827, and the optimal cut-off values 
were 8.48, 3.25 pmol/L, and 863 μg/L, respectively. The 
AUCs of these three biomarkers were lower than that 
of SOFA score. However, the combination of NLR and 
ferritin had a comparable AUC with SOFA score to predict 
the in-hospital mortality (0.901 vs. 0.955, P=0.085) 
(Figure 1).   

DISCUSSION
In this retrospective cohort study, we found that the 

infection of SARS-CoV-2 not only caused lung injury 
but also targeted other organs to induce multiple-organ 
dysfunction, including ARDS, AKI, and septic shock. These 
acute organ dysfunctions combined with older age were 
associated with fatal outcomes of these patients. In addition, 
this study investigated in detail the laboratory parameters and 
found biomarkers that can be used to identify COVID-19 
patients at a high risk of death. 

A previous study reported that COVID-19 patients with 
worse outcome tended to be older, had more underlying 
medical conditions, and were more likely to have organ 
dysfunction than those survived.[16] A later study, which 
confi rmed previous fi ndings, further demonstrated that age, 
D-dimer, and SOFA scores were independently associated 
with in-hospital mortality in critically ill patients with 
COVID-19.[15] Our current study extended these findings 
by investigating more biomarkers and their performance 
to predict a fatal outcome. We found biomarkers with 
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moderate-to-high predictive performance ability for 
poor outcomes, including NLR, FT3, and ferritin. The 
calculation of SOFA scores, which is comprised of six 
variables, can be time-consuming. This might limit its 
application in clinical practice, especially when facing 
the heavy burdens on the health care system during the 
pandemic. Therefore, the current study provides useful 

information to quickly evaluate the patients at a high 
risk of death. Importantly, the combination of NLR 
and ferritin is as powerful as the SOFA score for the 
prediction of in-hospital mortality.

The NLR is an easily accessed indicator that 
combines  both the  changes  in  neutrophi ls  and 
lymphocytes. NLR has been gaining growing attraction 
in many fields of medicine in the past decade.[17] It is 
more sensitive than neutrophils and lymphocytes alone to 
detect infl ammation and predict the outcome of diff erent 
diseases.[18-20] Under physiologic stress, its level can be 
increased by endogenous cortisol and catecholamines. 
Our study demonstrates that NLR has a potential ability 
to identify COVID-19 patients at a high risk of death, 
indicating that a higher inflammation and physiologic 
stress existed in non-survival patients with COVID-19.    

Ferritin is a regulator of iron homeostasis.[21] Growing 
evidence showed that it can be served as a biomarker of 
inflammation.[22] Moreover, ferritin also has a pathogenic 
role in inflammatory diseases by directly modulating 
lymphocyte function.[23] During the acute phase of 
infection, macrophages and other cells secrete ferritin 
to suppress overactive inflammatory responses that 
cause so-called hyperferritinemia syndrome.[23,24] This 
process is believed to contribute to cytokine storm.[23] 
Our study found that the level of circulating ferritin was 
significantly higher in non-survivors than in survivors, 

Figure 1. Receiver operating characteristic curve for the combination 
of neutrophil-to-lymphocyte ratio (NLR) and ferritin as compared with 
Sequential Organ Failure Assessment (SOFA) score in predicting in-
hospital mortality in COVID-19 patients.
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Table 1. Performance of variables for predicting in-hospital mortality in COVID-19 patients*

Variables AUC 95% CI Cut-off  value Sensitivity (%) Specifi city (%) P
SOFA 0.960 0.908–0.987        2 94.29 93.02 <0.001
Free triiodothyronine 0.863 0.761–0.932        3.25 pmol/L 94.44 75.93 <0.001
Neutrophil-to-lymphocyte ratio 0.857 0.782–0.914         8.48 85.71 79.07 <0.001
Procalcitonin 0.850 0.771–0.910        0.38 ng/mL 84.85 76.54 <0.001
Neutrophil count 0.842 0.764–0.902        5.71×109/L 82.86 77.91 <0.001
Prothrombin time 0.828 0.748–0.891      15.2 seconds 71.43 85.88 <0.001
White blood cell count 0.827 0.747–0.889        7.04×109/L 85.71 70.93 <0.001
Ferritin 0.827 0.744–0.892    862.7 μg/L 94.12 58.44 <0.001
Direct bilirubin 0.826 0.746–0.889        5.2 μmol/L 80.00 74.12 <0.001
High sensitive C-reactive protein 0.824 0.742–0.889    131.1 mg/L 68.57 85.00 <0.001
Albumin 0.811 0.730–0.877      31.9 g/L 94.29 61.63 <0.001
High sensitive troponin I 0.808 0.722–0.877      33.4 ng/mL 73.53 86.84 <0.001
Total bilirubin 0.794 0.711–0.862      10.1 μmol/L 85.71 61.63 <0.001
Lactate dehydrogenase 0.794 0.710–0.862    425 U/L 77.14 76.74 <0.001
NT-proBNP 0.793 0.704–0.864    247 pg/mL 96.97 56.58 <0.001
Creatine kinase muscle brain isoenzyme 0.793 0.695–0.870        2.2 ng/mL 70.37 87.69 <0.001
Fibrin degradation products 0.792 0.701–0.866        8.9 μg/mL 81.25 69.01 <0.001
D-dimer 0.786 0.702–0.856        2.21 μg/mL 80.00 68.24 <0.001
Aspartate aminotransferase 0.763 0.677–0.836      33 U/L 88.57 60.47 <0.001
Blood urea nitrogen 0.761 0.675–0.834        5.2 μmol/L 91.43 56.98 <0.001
Lymphocyte count 0.734 0.646–0.811        0.65×109/L 68.57 74.42 <0.001
qSOFA 0.734 0.646–0.810        0 97.14 32.56 <0.001
Myohemoglobin 0.726 0.622–0.814      87 ng/mL 77.78 60.94 <0.001
Interleukin-2 receptor 0.720 0.627–0.802 1,215 U/mL 73.53 64.47 <0.001
Glucose 0.717 0.626–0.797        6.39 mmol/L 77.14 65.43 <0.001
AT3 0.710 0.611–0.796      78% 45.16 87.14  <0.001
Free thyroxine 0.693 0.573–0.796      19.35 pmol/L 83.33 55.56    0.003
Alanine aminotransferase 0.677 0.586–0.759      50 U/L 42.86 88.37    0.001
Creatine kinase 0.664 0.569–0.750    207 U/L 53.57 84.88    0.012
Platelet count 0.650 0.558–0.734    239×109/L 85.71 44.19    0.008
Age 0.626 0.534–0.712      56 88.57 31.40    0.021
*: ranked by area under the curve (AUC); CI: confidence interval; SOFA: Sequential Organ Failure Assessment; qSOFA: quick SOFA; NT-proBNP: 
N-terminal pro-B-type natriuretic peptide; AT3: antithrombin 3.
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and can be used as a useful biomarker to predict worse 
outcomes of patients with COVID-19. As a coincidence, 
a very recent study found that ferritin was a predictor 
of poor outcomes in patients with infl uenza infection.[25] 
In addition, some effective treatments of inflammatory 
diseases have been found to benefit from targeting 
ferritin.[23] The potential therapeutic target of ferritin is 
worthy of further study.        

Changes in circulating hormone levels are a common 
phenomenon during critical illness.[26] Thyroid hormones 
play a key role in the maintenance of body growth by 
modulating metabolism and the immune system. Our 
previous study[27] and others demonstrated that reduced 
thyroid hormones were associated with the severity of 
the diseases and the outcomes of critically ill patients.
These alterations of thyroid hormone levels are referred 
to as “euthyroid sick syndrome” or “nonthyroidal 
illness syndrome (NTIS)”.[28] This study found FT3 was 
significantly lower in non-survivors than in survivors, 
indicating that it reflected the severity of COVID-19. 
Indeed, FT3 is associated with the SOFA score and has 
a moderate-to-excellent ability to predict in-hospital 
mortality of patients with COVID-19. The reduced 
circulating FT3 is a predictor of in-hospital mortality, 
indicating that the infection of SARS-CoV-2 may 
suppress the production of FT3 or promote the clearance 
of it. The underlying mechanism of this is however 
unclear and needs to be investigated by further studies.      

Cytokines play important roles in regulating the 
immune response to microbial infection. However, the 
unregulated release of cytokines, so-called cytokine 
storm, can lead to multiple organ injury and cause 
a fatal outcome.[29] Although the cytokine storm has 
drawn broad attention regarding its pathogenic role 
in COVID-19,[30] little is known about the alteration 
in the level of different cytokines during the process 
of this disease. A recent study reported that the level 
of pro-inflammatory cytokine IL-6 was significantly 
higher in non-survivors than in survivors. Patients with 
elevated IL-6 had a higher risk of death.[15] However, the 
performance of IL-6 for the prediction of fatality was 
not evaluated in this study. Moreover, other major pro- 
and anti-inflammatory cytokines were not investigated. 
The current study evaluated six different cytokines or 
their receptors and found that IL-2R was significantly 
higher in non-survivors than in survivors. The current 
study found, besides IL-6, pro-inflammatory cytokines 
and their receptors (IL-8, TNF-α, IL-2) as well as anti-
infl ammatory cytokines (IL-10) were also higher in non-
survivor, indicating that a higher degree of both pro- and 
anti-inflammatory occurred in severer ill patients with 

SARS-CoV-2 infection. These cytokines and their signal 
pathways may serve as the potential therapeutic target 
for COVID-19, which requires further studies to explore.

This study has some limitations. First, this was a 
single-center study with 121 ICU patients recruited. 
The relationship between these indicators and in-
hospital mortality may be changed if more patients 
from different centers were included. Second, we only 
collected the laboratory indicators at admission to ICU, 
and the dynamics of these indicators were unknown. 
However, only patients with life-threatening conditions 
can be transferred to the ICU, and therefore laboratory 
findings at day one only reflected the severity of these 
ICU patients at an early stage of the disease. Third, not 
every variable was available for all patients in our study. 
Thus the direct comparison of discriminability between 
some variables was not conducted as the number of 
available cases was limited. Fourth, some patients may 
have bacterial infection during the treatment which might 
aff ect the level of these biomarkers.     

CONCLUSIONS
In this retrospective cohort study, we find three 

biomarkers to predict in-hospital death of patients with 
COVID-19, and provide important information for the risk 
stratifi cation of these patients in future clinical practice. 
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