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Background: Most evidence regarding the risk factors for early in-hospital mortality in patients with
severe COVID-19 focused on laboratory data at the time of hospital admission without adequate adjustment
for confounding variables. A multicenter, age-matched, case-control study was therefore designed to explore
the dynamic changes in laboratory parameters during the first 10 days after admission and identify early risk
indicators for in-hospital mortality in this patient cohort.

Methods: Demographics and clinical data were extracted from the medical records of 93 pairs of patients
who had been admitted to hospital with severe COVID-19. These patients had either been discharged
or were deceased by March 3, 2020. Data from days 1, 4, 7, and 10 of hospital admission were compared
between survivors and non-survivors. Univariate and multivariate conditional logistic regression analyses
were employed to identify early risk indicators of in-hospital death in this cohort.

Results: On admission, in-hospital mortality was associated with five risk indicators (ORs in descending
order): aspartate aminotransferase (AST, >32 U/L) 43.20 (95% CI: 2.63, 710.04); C-reactive protein
(CRP) greater than 100 mg/L 13.61 (1.78, 103.941); lymphocyte count lower than 0.6x10°/L 9.95 (1.30,
76.42); oxygen index (OI) less than 200 8.23 (1.04, 65.15); and D-dimer over 1 mg/L 8.16 (1.23, 54.34).
Sharp increases in D-dimer at day 4, accompanied by decreasing lymphocyte counts, deteriorating OI, and
persistent remarkably high CRP concentration were observed among non-survivors during the early stages
of hospital admission.

Conclusions: The potental risk factors of high D-dimer, CRP, AST, low lymphocyte count and OI could
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help clinicians identify patients at high risk of death early in the hospital admission. This might assist with

rationalization of health care resources.
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Introduction

On March 11% 2020, the World Health Organisation (WHO)
announced the coronavirus (COVID-19) pandemic (1). By late
June 2020, more than 9,000,000 cases had been confirmed and
approximately 400,000 deaths reported globally (2). Although
most cases to date are classified as mild, with the rapid spread
of COVID-19 and dramatic increase in confirmed cases, the
14% of cases that are severe and 5% that are critical have
overwhelmed intensive care units (ICUs) and health care
capacity around the globe; this has resulted in an in-hospital
mortality rate of over 50% (3,4). Early recognition and rational
allocation of ICU resources for severe cases at high risk of poor
outcome after admission are therefore of great importance
in reducing the mortality rate and rationalizing health care
resources.

To date, there have been many reports on this topic.
However, previous studies developing early triage or
warning systems for severe COVID-19 patients have mostly
focused on laboratory data at the time of hospital admission
but few have examined the trajectory of this data during the
hospitalization (5,6). Furthermore, according to a recent
report on BM]J, the relevant importance of underlying
health conditions is unclear due to inadequate adjustment
for key confounding factors, such as age, sex, etc. (7).
We, therefore, explore the dynamic changes in laboratory
parameters during the first 10 days after admission to allow
early detection of these cases. We conducted a multicenter,
aged matched case-control study in an attempt to more
efficiently control the confounding effect of age, the
most commonly reported confounding factor, for a better
understanding of underlying risk factors. The objective
was to delineate the clinical characteristics of patients with
severe COVID-19 who are at increased risk of in-hospital
death.

We present the following article/case in accordance
with the STROBE Checklist (available at http://dx.doi.
org/10.21037/jtd- 20-2568).

© Journal of Thoracic Disease. All rights reserved.

Methods
Study design and setting

This multicenter, aged matched case-control study was
conducted between January 2020 and March 2020 in
Jinyintan hospital, Wuhan Pulmonary Hospital and Sino-
French New City Branch of Tongji Hospital, which were
among the government designated hospitals for providing
care to patients with severe COVID-19 in Wuhan,
China. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Research Ethics Commission of Tongji
Hospital (TJ-IRB20200326). Informed consent was waived
by the Ethics Commission due to the rapid spread of this
infectious disease.

Study population

Patients admitted to the study hospitals between January
1 and February 23, 2020 were included if meeting the
following inclusion criteria: (I) aged 18 years and over; (II)
diagnosed as having severe COVID-19 according to the
Guidelines for the Diagnosis and Treatment of Corona
Virus Disease (8); To receive this diagnosis patients had
one or more of the following: respiratory distress with
respiratory rate >30 breaths/min, oxygen saturation (SpO,)
<93% on room air, or arterial oxygen index (arterial partial
pressure of oxygen/fraction of inspired oxygen, PaO,/FiO,)
<300 mmHg. Laboratory confirmation of COVID-19,
SARS-CoV-2 RNA detection by real time-PCR, was
performed by the local health authority as previously
described (9); (IIT) had a definitive outcome, deceased
or discharged, during the study period. The discharge
criteria were according to National Health Commission
Guidelines (8) are: absence of fever for at least 3 days,
clinical remission of respiratory symptoms, substantial
improvements of both lungs in chest CT, negative test
for SARS-CoV-2 RNA for two consecutive respiratory
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samples (sampling at least 24 hours apart). Patients were
excluded if an alternative medical diagnosis explained their
clinical presentations or had missing outcome and baseline
information. Non-survivors and survivors were matched 1:1
according to age =5 years, in an attempt to more efficiently
control the confounding effect of age at the design stage.
Clinical outcomes were monitored up to March 3, 2020.

Previous study reported the prevalence of elevated
D-dimer (>0.5 mg/L) among survivors infected with SARS-
CoV-2 in Wuhan was 47.9%, and elevated D-dimer was
associated with higher risk of mortality [odds ratio (OR):
3.47, 95% confidence interval (CI): (1.15, 10.48), P value:
0.027] compared with low D-dimer (<0.5 mg/L) (10).
Assuming a power of 95% and a two-sided 0.05 significance
level, the sample size of this matched case-control study was
calculated as 174 patients (87 pairs) using PASS software
version 11.0.

Variables

We collected data on demographics (age, gender), medical
history, signs and symptoms, laboratory findings, medical
treatment (including oxygen therapy, antiviral agents,
antibiotics, corticosteroids, vasoconstrictive agents,
immunoglobulin, interferon, thymosin, continuous renal
replacement therapy, and extracorporeal membrane
oxygenation) and outcomes. Fever was defined as axillary
temperature over 37.3 °C. Secondary infection was diagnosed
when patients had clinical signs or symptoms of pneumonia
or bacteremia and a positive culture of a new pathogen
obtained from blood samples or lower respiratory tract
specimens after admission (9). Shock, acute respiratory
distress syndrome (ARDS) and sepsis were defined according
to the WHO interim guidelines (11). Acute renal injury
was, defined according to clinical practice guideline (12).
Acute cardiac injury was diagnosed if hypersensitive
cardiac troponin I was above the 99th percentile of the
upper reference limit (9). Acute liver failure was diagnosed
according to AGA guideline (13).

Data collection

Data were collected from electronic medical records onto
a standardized data collection form modified from the
standardized International Severe Acute Respiratory and
Emerging Infection Consortium case report form (11). A
team of physicians was educated on the use of this form.

© Journal of Thoracic Disease. All rights reserved.

Data were collected on admission days 1, 4, 7 and 10.
Clinicians from participating hospitals identified patients
who met the inclusion criteria through screening all
patients in their units during the study period. The research
team included the physicians who provided direct care to
patients with COVID-19 in the study hospitals during the
study period, ensuring identification of all cases meeting
the inclusion criteria. The diagnostic definitions of severe
COVID-19 were recorded separately and checked by a
senior member of the research team.

Data were independently entered and cross checked
by the researchers and a team of trained physicians. Any
ambiguous or missing data were clarified and collected by
communication with treating physicians who provided direct
patient care. Patients’ confidentiality was maintained by
removing personal identifiers on the data collection form.

Statistical analysis

Continuous and categorical variables were summarized as
median (interquartile range) and frequencies (percentages).
To compare the differences between survivors and non-
survivors, the Mann-Whitney U test was used for
continuous variables, and y?2 test or Fisher’s exact test
for categorical variables. Univariate and multivariate
conditional logistic regression models were used to explore
the risk factors associated with in-hospital mortality;
associations were reported using the odds ratio (OR) and
95% confidence intervals (CI). We estimated parameters
of collinearities and finally selected representative
laboratory variables from different physiological systems
based on expert consensus and previous literature (14).
Lymphocyte count, C-reactive protein, D dimer, aspartate
aminotransferase, and oxygenation index were included as
independent variables in the multivariate model adjusted
for gender and hypertension. For regression analyses,
multiple imputation was performed, based on the Markov
chain Monte Carlo method, to impute missing values of
sequential organ failure assessment (SOFA) score and
laboratory data. Differences in laboratory variables between
days 1, 4, 7, 10 were compared by Friedman test, which is
appropriate for rank test of continuous variables in repeated
measurement designs. Temporal trends of laboratory data
between groups were compared using mixed linear models
with residual maximum likelihood. A two-sided P<0.05 was
considered statistically significant. Data management and
analyses were conducted using R version 3.6.1.
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Results
Characteristics of the studied population

We enrolled 157 non-survivors and 213 survivors during
the study period (Figure S1). Of these, 64 were excluded
due to missing outcome information (n=25), baseline
information (n=3), or laboratory data (n=36). The final
analysis included 93 non-survivors and 93 survivors
matched for age (5 years). Of the 186 patients, the median
age was 68.0 (62.0, 74.0) years, 119 (64.0%) were male, and
118 (63.4%) had a comorbidity. Hypertension was the most
common comorbidity, followed by diabetes and coronary
heart disease in both groups (7able 1). Fever was the
most common presenting symptom on admission in both
groups. The second most common symptom for survivors
was cough (67, 72.0%) and dyspnea (73, 78.5%) for non-
survivors. Compared with non-survivors, survivors were
more likely to be male, have a history of hypertension, with
onset symptoms of sputum production, myalgia, fatigue and
dyspnea (1able 1). Non-survivors had a higher SOFA score
(4.0 (3.0, 7.5)) than survivors [2.0 (1.0, 3.0)] (Tuble 1).

The median time from onset of symptoms to hospital
admission was 10.0 (7.0, 13.0) days for survivors and 10.0
(7.0, 14.0) days for non-survivors (Table 2). After hospital
admission, compared with survivors, non-survivors were
more likely to receive certain medical treatment including
antibiotics [91 (97.9%) vs. 67 (72.0%)], nasal cannula
oxygen [90 (96.8%) vs. 74 (79.6%)], invasive mechanical
ventilation [74 (79.6%) vs. 3 (3.2%)], and glucocorticoids
(72 (77.4%) vs. 59 (63.4%)] (Table 2). The most commonly
observed complications in non-survivors included ARDS
(81, 87.1%), secondary infection (55, 59.1%), acute cardiac
injury (51, 54.8%) and shock (47, 50.5%). The only
complication observed in survivors was ARDS (44, 47.3%)
(Table 2). Detailed information on treatments and outcomes
for survivors and non-survivors are shown in 7Zable 2.

The dynamic changes of laboratory parameters during the
first 10 days of bospitalization

Laboratory data were tracked at admission days 1,
4, 7 and 10 (Tables 3 and 4). The overall trends of 10
laboratory parameters differed significantly between
non-survivors and survivors (P value of group, and/
or time <0.05; Figure I). The overall trends of other 11
laboratory parameters (including brain natriuretic peptide,
cardiac troponin I, creatine kinase, ect.) were indicated in
Figure S2. In particular, a persistent remarkably higher CRP
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concentration was observed in non-survivors, but a time-
dependent decreasing trend among survivors in the first
10 days after admission. The median lymphocyte count
dropped to 0.4x10°/L in non-survivors on day 4 and being
unmitigated thereafter. Among survivors median lymphocyte
count recovered from 0.8x10°/L to 1.0x10°/L. From day
4, non-survivors were prone to develop thrombocytopenia
(<100x10°/L) and deteriorating thereafter, with a median
platelet count approximately half the value of survivors whose
platelet count progressively returned to normal range. The
medians of D-dimer in survivors never exceed 1.4 mg/L. In
non-survivors, d-dimer had a sharp increase [21.0, (9.2, 21.0)]
on day 4 and then fell to 13.9 (4.2, 21.0) on day 7. Compared
to survivors who had an increased oxygen index (OI) in a
time-dependent manner, non-survivors had poor blood
oxygenation characterizing by deteriorating OI even after
receiving oxygen therapy. In addition, among non-survivors,
hypoalbuminemia was not alleviated even after continuous
immunoglobulin infusion.

Risk factors associated with in-hospital mortality

Compared with survivors (Table 5), on admission non-
survivors had more severe lymphopenia (lymphocyte count
<0.6x10°/L), uncontrolled inflammatory responses (C-reactive
protein >100 mg/L), hyper-fibrinolysis (D-dimer >1 mg/L;
platelet count <100x10”), poor blood oxygenation [oxygen
index (OI) <200], multiple organ injuries (indicated by notably
higher biomarkers for acute cardiac, renal and liver injury)
and refractory hypoalbuminemia (albumin <32 g/L).

In univariable analysis (Figure 2), male gender,
hypertension, symptoms (including sputum production,
fatigue and dyspnea), SOFA score, WBCs, lymphocyte
count, CRP, procalcitonin, platelet count, D-dimers,
aspartate aminotransferase (AST), total bilirubin (TB),
albumin, serum creatinine, cardiac troponin I (¢Tnl) and
OI, were associated with increased odds of in-hospital
mortality (P<0.05, Figure 2). Seven independent variables
were selected (see statistical analysis) for multivariate
analysis. After adjusting for confounding factors, five
laboratory parameters were independent risk predictors of
in-hospital death for patients with severe COVID-19: severe
lymphopenia (<0.6x10°/L), CRP (>100 mg/L), D-dimer
(>1.0 mg/L), AST (>32 U/mL) and OI (<200). We further
performed multiple logistic regression analyses for risk
factors stratified by sex or hypertension. The associations of
risk factors with in-hospital mortality were similar across
patients with and without hypertension (Table S1). The
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Table 1 Demographic and clinical characteristics

Characteristics Total (n=186) Non-survivors (n=93) Survivors (n=93) P value
Age, years 68.0 (62.0, 74.0) 68.0 (62.0, 75.0) 67.0 (62.0, 73.0) 0.7737
Gender 0.0037*
Female 67 (36.0) 24 (25.8) 43 (46.2)
Male 119 (64.0) 69 (74.2) 50 (53.8)
Smoking 18 (9.7) 12 (12.9) 6 (6.5) 0.1367
Comorbidities 118 (63.4) 62 (66.7) 56 (60.2) 0.3610
Hypertension 85 (45.7) 50 (53.8) 35 (37.6) 0.0273*
Diabetes 41 (22.0) 22 (28.7) 19 (20.4) 0.5957
Chronic obstructive pulmonary disease 7 (3.8) 4 (4.3) 3(3.2) 1.0000
Coronary heart disease 32 (17.2) 20 (21.5) 12 (12.9) 0.1201
Chronic renal disease 5(2.7) 2(2.2) 3(3.2) 1.0000
Chronic liver disease 1(0.5) 1(1.1) 0(0.0) 1.0000
Malignancy 11 (5.9) 5(5.4) 6 (6.5) 0.7559
Symptoms
Fever 159 (85.5) 80 (86.0) 79 (85.0) 0.8351
Cough 137 (73.7) 70 (75.3) 67 (72.0) 0.6175
Expectoration 70 (37.6) 44 (47.3) 26 (28.0) 0.0064*
Hemoptysis 11 (5.9) 9 (9.7) 2(2.2) 0.0577
Myalgia or fatigue 87 (46.8) 51 (54.8) 36 (38.7) 0.0275*
Headache 29 (15.6) 18 (19.4) 11 (11.8) 0.1571
Diarrhea 25(13.4) 15 (16.1) 10 (10.8) 0.2824
Nausea 12 (6.5) 8 (8.6) 4 (4.3) 0.3715
Vomiting 11 (5.9) 7(7.5) 4 (4.3 0.5362
Dyspnea 117 (62.9) 73 (78.5) 44 (47.3) <0.0001*
Bilateral involvement on chest computed tomography scan 182 (97.8) 91 (97.8) 91 (97.8) 1.0000
GCS score 15.0 (15.0, 15.0) 15.0 (14.2, 15.0) 15.0 (15.0, 15.0) <0.0001*
SOFA score 3.0 (2.0, 4.0 4.0 (3.0,7.5) 2.0(1.0,3.00 <0.0001*

Values are numbers (percentages) or medians (interquartile ranges). P values were calculated by Mann-Whitney U test, ¥2 test, or Fisher’s
exact test, as appropriate. *, P values indicates statistical significance (P<0.05). GCS, Glasgow Coma Scale; SOFA, Sequential Organ
Failure Assessment.

sample sizes for subgroup in female, might be too small to several mortality risk factors were identified for patients
detect statistical differences in mortality between different hospitalized with severe COVID-19. On admission, patients
gender groups. characterized with severe lymphopenia (lymphocytes

count <0.6x10°/L), uncontrolled inflammatory responses
(CRP >100 mg/L), hyper-fibrinolysis (D-dimer >1 mg/L),

Di .
rseussion poor blood oxygenation (oxygen index <200), liver injury

In this multicenter, age matched, case-control study, (aspartate aminotransferase >32 U/L) had increased risk
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Variable Total (n=186) Non-survivor (n=93)  Survivor (n=93) P value
Outcomes
ARDS 125 (67.2) 81(87.1) 44 (47.3) <0.0001*
Acute cardiac injury 51 (27.4) 51 (54.8) 0 (0.0 <0.0001*
Acute renal injury 45 (24.2) 45 (48.4) 0(0.0) <0.0001*
Acute liver failure 30 (16.1) 30 (32.3) 0 (0.0) <0.0001*
Sepsis 14 (8.2) 14 (18.2) 0(0.0) <0.0001*
Secondary infection 55 (29.6) 55 (59.1) 0 (0.0 <0.0001*
Shock 47 (25.3) 47 (50.5) 0(0.0) <0.0001*
Treatments
Antiviral treatment 161 (86.6) 68 (73.1) 93 (100.0) <0.0001*
Antibiotics 158 (85.0) 91 (97.9) 67 (72.0) <0.0001*
Glucocorticoids 131 (70.4) 72 (77.4) 59 (63.4) 0.0367*
Anticoagulation therapy 45 (24.2) 42 (45.2) 3(3.2) <0.0001*
Immunoglobulin 90 (48.4) 65 (69.9) 25 (26.9) <0.0001*
Interferon 115 (61.8) 43 (46.2) 72 (77.4) <0.0001*
Thymosin 76 (40.9) 29 (31.2) 47 (50.5) 0.0073*
Continuous renal replacement therapy 11 (7.3) 11 (19.0) 0 (0.0) <0.0001*
Nasal cannula oxygen therapy 164 (88.2) 90 (96.8) 74 (79.6) 0.0003*
High flow oxygen therapy 67 (36.0) 58 (62.4) 9(9.7) <0.0001*
Prone position ventilation 11 (7.3) 11 (19.0) 0 (0.0 <0.0001*
Non-invasive mechanical ventilation 59 (31.7) 58 (62.4) 1(1.1) <0.0001*
Invasive mechanical ventilation 77 (41.4) 74 (79.6) 3(3.2) <0.0001*
Extracorporeal membrane oxygenation 7 (3.8) 7 (7.5) 0 (0.0 0.0139*
Hospital length of stay, days 11.0 (8.0, 15.0) 10.0 (7.0, 15.0) 12.0 (9.0, 15.0) 0.0101*
ICU length of stay, days 9.0 (6.0, 11.3) 9.0 (6.0, 11.3) = =
Time from illness onset to hospital admission, days 10.0 (7.0, 14.0) 10.0 (7.0, 14.0) 10.0 (7.0, 13.0) 0.9497
Time from illness onset to ICU admission, days 12.0 (8.0, 15.5) 15.5(12.0, 21.0) = =
Time from illness onset to dyspnea, days 5.0(1.0,9.0) 6.0 (2.0, 10.0) 4.0(1.0,7.5) 0.0934

Values are numbers (percentages) or medians (interquartile ranges). P values were calculated by Mann-Whitney U test, ¥? test, or Fisher’s
exact test, as appropriate. *, P values indicates statistical significance (P<0.05). ?, survivors were not hospitalized into ICU. ARDS, acute

respiratory distress syndrome; ICU, intensive care unit.

of in-hospital death. After admission, sharp increases in
D-dimer at day 4 but decreasing lymphocyte and platelet
count from day 4, deteriorating oxygen index, and persistent
remarkably high CRP concentration, were early warning
signs of poor outcome.

Consistent with previous literature, in univariate analysis,
we observed that male patients with SARS-CoV-2 infection
had a higher odds risk of in-hospital death (15,16). Murine
models have shown that endogenous estrogens reduce
virus replication in female nasal epithelial cells and restrict
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Table 3 Laboratory findings of 93 non-survivors on days 1, 4, 7, and 10

Variable Day 1 Day 4 Day 7 Day 10 P value
Inflammatory
White blood cell count, 10%/L 9.6 (6.5, 13.4) 11.3 (8.0, 15.6) 11.9 (8.3, 17.4) 11.6 (8.7, 18.0) 0.0051*
Lymphocyte count, 10°/L 0.5(0.4,0.7) 0.4 (0.3, 0.6) 0.4 (0.3, 0.6) 0.4 (0.3, 0.6) 0.4967
C-reactive protein, mg/L 118.0 (73.9, 160.0) 102.1 (49.7, 160.0)* 140.1 (75.1,160.0) 110.9 (76.0, 160.0)  0.9049
Procalcitonin, ng/mL 0.23 (0.12, 1.10) 0.72 (0.15, 1.75)* 0.75 (0.15, 3.49) 0.68 (0.20, 3.37)*  0.0081"

Electrolyte
Sodium, mmol/L
Potassium, mmol/L
Coagulation function
Hemoglobin concentration, g/L

Platelet count, 10°%/L

140.0 (137.0, 143.7) 143.0 (138.0, 147.2)* 143.8 (139.2, 150.3)* 143.8 (137.3, 149.8)* <0.0001*

4.2 (3.9, 4.6)

128.0 (117.0, 138.5) 122.0 (107.8, 133.2)° 112.0 (98.5, 122.0)*
149.0 (111.0, 194.0) 114.0 (71.0, 178.0)*

4.4 3.7, 5.0)

4.2 (3.6,4.9)

100.0 (52.0, 162.0)*

4.3 (3.7, 4.9)"

0.3391

108.0 (90.0, 116.0)* <0.0001*
102.0 (55.0, 148.0) <0.0001

Prothrombin time, s 14.8 (13.0, 16.7) 15.5(13.9, 17.9) 16.6 (14.4, 21.2)* 16.9 (14.7,22.5)*  <0.0001*
Activated partial thromboplastin time, s 35.6 (28.3, 41.5) 36.1(28.5, 41.1) 40.7 (34.8, 55.0) 41.9 (32.1,67.7* <0.0001*
D-dimer, mg/L 3.3(1.0, 21.0) 21.0 (9.2, 21.0)* 13.9 (4.2, 21.0) 11.1(7.0, 17.2) 0.0215*
Fibrinogen, g/L 45(3.1,5.7) 3.5(1.9, 4.7)* 3.8(2.4,4.9) 4.2 (3.0, 5.2)* 0.0774
Red blood cell volume, % 36.8 (34.8, 40.0) 36.7 (32.6, 38.1) 33.0 (30.1, 37.1)* 31.5(28.3,34.8)* 0.0011*
Liver function
Alanine aminotransferase, U/L 33.0 (21.0, 55.0) 31.0(20.0, 51.2) 31.0(16.0, 61.2) 34.0 (19.0, 67.5) 0.7988
Aspartate aminotransferase, U/L 45.0 (34.0, 66.0) 35.0 (25.0, 57.0) 37.0 (24.8, 68.2) 42.5(31.0,102.2) 0.6159
Total bilirubin concentration, pmol/L 13.3(9.9,19.2) 13.3 (9.1, 23.1) 14.7 (10.3, 31.6) 15.1 (10.7, 30.7)*  <0.0001*
Albumin, g/L 30.0 (26.9, 33.1) 27.7 (24.9, 31.3) 26.6 (23.1, 30.9) 28.1 (23.4,30.8)*  <0.0001*

Lactate dehydrogenase, U/L

Renal function

514.0 (397.8, 676.0) 565.0 (433.5, 831.0) 563.5 (424.5, 719.5) 580.0 (455.5, 791.5)* 0.0020"

Blood urea nitrogen, mmol/L 8.1 (6.2, 11.3) 11.1 (6.7, 16.5)* 11.7 (6.9, 20.9)* 11.4 (7.6, 19.1)*  <0.0001"

Serum creatinine concentration, pmol/L  86.0 (68.7, 105.5)  86.5 (64.0, 127.9) 91.3 (66.2, 243.9) 85.1 (58.0,243.1)  0.0005"
Cardiac function

Creatine kinase, U/L 142.4 (71.0, 289.5) 74.5 (56.5, 257.5) 37.6 (30.4, 234.5) 2.0(1.8,35.0) 0.5603

Cardiac troponin I, pg/mL 57.6 (15.7,212.3)  60.5(21.9,452.4)  63.5(14.0,714.7)  60.5(30.0,206.1)  0.3370

Brain natriuretic peptide, pg/mL 276.5 (94.2,1084.8) 506.5 (94.1, 2308.5) 636.5 (214.5, 1782.8) 727.0 (72.3,2289.5) 0.1043
Oxygenation

Oxygen saturation, % 90.0 (83.8, 95.0) 92.0 (86.0, 95.0) 93.0 (90.0, 97.0) 94.0 (85.8, 96.0) 0.8490

Partial pressure of oxygen, mm Hg 58.0 (46.5, 78.5) 65.0 (56.0, 86.0) 76.5 (51.5, 90.0) 75.0 (63.0,105.0)  0.0574

Oxygenation index 150.0 (87.8,229.5) 125.5(92.7,199.2) 123.0(93.0, 185.0)*  66.0 (54.8, 85.2)*  <0.0001*

Values are medians (interquartile ranges). P values were calculated by mixed linear models. *, P values indicates statistical significance
(P<0.05); *, significantly different from the values of Day 1. Bonferroni’s method was used to compare with the values of Days 1, 4, 7 and 10.
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Variable Day 1 Day 4 Day 7 Day 10 P value
Inflammatory
White blood cell count, 10%/L 5.94.1,7.9 6.7 (4.7, 8.8) 7.0(5.2,9.4)" 6.8 (5.5, 8.4) 0.0259"
Lymphocyte count, 10°/L 0.8 (0.6, 1.3) 1.0 (0.6, 1.3) 1.1 (0.6, 1.6)* 0.8 (0.5,1.3) 0.3607
C-reactive protein, mg/L 35.3 (14.7, 61.8) 19.6 (10.5, 34.8)* 3.6 (1.8, 13.9) 5.1 (2.1,24.5  <0.0001*
Procalcitonin, ng/mL 0.04 (0.04, 0.05) 0.04 (0.04, 0.05)* 0.05 (0.05, 0.05) 0.04 (0.04,0.04) 0.8191
Electrolyte
Sodium, mmol/L 137.2 (136.1, 138.5) 136.9 (135.9, 138.8) 136.6 (135.6, 137.6) 136.4 (135.7, 137.1) 0.6937
Potassium, mmol/L 3.8 (3.5, 4.1) 3.8 (3.6, 4.1) 3.8(3.5,4.2) 3.7 (3.5, 4.0) 0.4949
Coagulation function
Hemoglobin concentration, g/L 123.0 (115.0, 135.0) 120.0 (114.0, 130.0)* 119.0 (111.0, 132.5)* 119.0 (110.0, 129.0)* <0.0001"
Platelet count, 10%/L 194.0 (147.0, 264.0) 206.5 (156.0, 276.5) 232.0 (176.5, 289.0)* 200.0 (137.0, 224.0) 0.0327"

Prothrombin time, s 13.0 (12.4, 13.8)
Activated partial thromboplastin time, s 35.2 (32.1, 39.1)

D-dimer, mg/L 0.4 (0.3,1.0)
Fibrinogen, g/L 4.2 (3.6, 4.8)
Red blood cell volume, % 37.2 (34.9, 40.2)

Liver function

13.1(12.4,13.8)  12.9 (12.2, 14.0) 13.2 (12.2,14.4)  0.4215
342(32.3,37.3)  335(31.3,37.8)  30.5(26.1,35.6) 0.0007*
0.6 (0.2, 1.5) 1.0 (0.4, 3.0) 1.4(0.7,11.0°  0.0253"
3.9 3.2, 4.6) 3.4 (2.8, 4.1)" 3.4(2.6,4.1"  <0.0001"
36.8(34.7,39.1)  36.0(34.0,39.7  37.6(33.8,39.1)" 0.0112"

Alanine aminotransferase, U/L 27.0(17.0,435)  26.5(18.0,39.2)  24.0(18.0, 48.0) 29.0 (20.0,39.5)  0.5912
Aspartate aminotransferase, U/L 26.0 (18.5,43.0)  23.0(17.0,32.0)  18.0(14.0,28.0  19.0(15.5,26.0) <0.0001"
Total bilirubin concentration, pmol/L 9.5 (7.0, 13.7) 10.5 (7.4, 14.1) 12.0 (7.2, 15.4)" 13.5(10.2, 18.5)*  0.0035"
Albumin, g/L 35.9(32.9,38.8)  33.4(30.1,35.9  31.9(29.1,352"  31.9(28.1,34.2° <0.0001"
Lactate dehydrogenase, U/L 278.0 (225.0, 356.0) 256.0 (203.5, 326.0)* 226.0 (185.5, 285.5)* 209.0 (171.0, 245.5)* <0.0001"

Renal function

Blood urea nitrogen, mmol/L 5.7(4.2,7.1)

Serum creatinine concentration, pmol/L  68.0 (57.5, 81.0)

Cardiac function

5.9 (4.8, 6.8) 6.0 (4.8, 7.4)" 6.4(4.9,75  0.0082"
66.0 (56.0,78.0)  63.0 (53.0,75.8)  68.0 (56.0, 80.2)°  0.6950

Creatine kinase, U/L 86.2 (51.6, 142.9)  74.1(52.8,151.7) 41.3 (32.0, 69.6)" 35.6 (24.0, 60.7)*  0.0019"

Cardiac troponin |, pg/mL 30.0 (10.0, 30.0) 20.0 (10.0, 30.0) 10.0 (10.0, 27.5) 15.0 (10.0,20.0)  0.0409"

Brain natriuretic peptide, pg/mL 224.0 (55.8, 480.5) 234.0(131.0,681.0) 163.0(73.5,349.0) 202.0(87.0,520.0) 0.3901
Oxygenation

Oxygen saturation 97.0 (94.0, 98.0) 96.0 (94.5, 98.5) 97.0 (94.0, 99.0) 98.0(96.0,99.0) 0.7814

Partial pressure of oxygen, mm Hg 84.0(72.0,94.0)  84.0(73.5,110.0)* 86.0(68.0,117.0)*  89.0(78.5, 117.5)* <0.0001"

Oxygenation index 303.4 (233.3, 360.6) 282.8 (218.2, 398.3) 305.4 (215.2, 375.8)* 336.4 (240.9, 366.0) 0.1168

Values are medians (interquartile ranges). P values were calculated by mixed linear models. *, P values indicates statistical significance
(P<0.05); *, significantly different from the values of Day 1. Bonferroni’s method was used to compare with the values of Days 1, 4, 7 and 10.
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Figure 1 Laboratory findings of 93 survivors with COVID-19 in Wuhan, China on days 1, 4, 7, and 10. Line chart shows temporal changes
in white blood cell count (A), lymphocyte count (B), C-reactive protein (C), oxygenation index (D), D-dimer (E), platelet count (F), aspartate

aminotransferase (G), albumin (H), lactate dehydrogenase (I) and blood urea nitrogen (J). All points were presented as median (interquartile

ranges). Differences between non-survivors and survivors were compared using mixed linear model. Legend of P values shows P values of

group (a), P values of time (b) and P values of interaction between group and time (c).
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Variable Total (n=186) Non-survivors (n=93) Survivors (n=93) P value
Inflammatory

White blood cell count, 10%/L 7.3 (4.6, 10.6) 9.6 (6.5, 13.4) 5.9 (4.1,7.9 <0.0001*
<10 134 (72.0) 51 (54.8) 83 (89.2) <0.0001*
>10 52 (28.0) 42 (45.2) 10 (10.8)

Lymphocyte count, 10%/L 0.6 (0.4, 0.9) 0.5 (0.4, 0.7, 1 missing) 0.8(0.6,1.3) <0.0001*
<0.6 82 (44.3) 60 (65.2) 22 (28.7) <0.0001*
[0.6, 0.8] 40 (21.6) 18 (19.6) 22 (23.7)
>0.8 63 (34.1) 14 (15.2) 49 (52.7)

C-reactive protein, mg/L 65.8 (31.0, 122.2) 118.0(73.9, 160.0, 7 missing)  35.3 (14.7, 61.8, 6 missing) <0.0001*
<100 115 (66.5) 35 (40.7) 80 (92.0) <0.0001*
>100 58 (33.5) 51 (59.3) 7 (8.0)

Procalcitonin, ng/mL 0.1 (0.0, 0.5) 0.2 (0.1,1.1) 0.0 (0.0, 0.0) <0.0001*
<0.5 106 (76.3) 50 (61.7) 56 (96.6) <0.0001*
>0.5 33 (23.7) 31 (38.3) 2(3.4)

Electrolyte
Sodium, mmol/L 138.0 (136.4, 141.9) 140.0 (137.0, 143.7) 137.2 (136.1, 138.5) <0.0001*
Potassium, mmol/L 4.0 (3.6, 4.4) 4.2 (3.9, 4.6) 3.8(3.5,4.1) <0.0001*
Coagulation function

Hemoglobin concentration, g/L 125.0 (115.0, 136.2) 128.0 (117.0, 138.5) 123.0 (115.0, 135.0) 0.2041

Platelet count, 10%/L 165.5 (126.8, 221.5) 149.0 (111.0, 194.0) 194.0 (147.0, 264.0) <0.0001*
<100 24 (12.9) 18 (19.4) 6 (6.5) 0.0161*
>100 162 (87.1) 75 (80.6) 87 (93.5)

Prothrombin time, s 13.5 (12.4, 15.3) 14.8 (13.0, 16.7, 5 missing) 13.0 (12.4, 13.8, 2 missing) <0.0001*
<16 145 (81.0) 62 (70.5) 83 (91.2) 0.0008*
>16 34 (19.0) 26 (29.5) 8(8.9)

Activated partial thromboplastin time, s 35.2 (31.0, 40.5) 35.6 (28.3, 41.5, 5 missing) 35.2 (32.1, 39.1, 2 missing) 0.7591
<42 145 (81.9) 65 (75.6) 80 (87.9) 0.0530
>42 32 (18.1) 21 (24.4) 11 (12.1)

D-dimer, mg/L 1.0 (0.4, 6.4) 3.3 (1.0, 21.0, 11 missing) 0.4 (0.3, 1.0, 6 missing) <0.0001*
<0.5 58 (34.3) 8(9.8) 50 (57.5) <0.0001*
[0.5,1] 28 (16.6) 13 (15.9) 15(17.2)

[1, 10] 47 (27.8) 29 (35.4) 18 (20.7)
>10 36 (21.93) 32 (39.0) 4 (4.6)

Table 5 (continued)
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Table 5 (continued)
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Variable Total (n=186) Non-survivors (n=93) Survivors (n=93) P value
Fibrinogen, g/L 4.2 (3.5,5.3) 4.5 (3.1, 5.7, 9 missing) 4.2 (3.6, 4.8) 0.1485
<4 69 (40.8) 33 (39.3) 36 (42.4) 0.0028*
[4, 6] 80 (47.3) 34 (40.5) 46 (54.1)
>6 20 (11.8) 17 (20.2) 3(3.5)
Red blood cell volume, % 37.1(34.9, 40.2) 36.8 (34.8, 40.0) 37.2 (34.9, 40.2) 0.4732
Liver function

Alanine aminotransferase, U/L 29.0 (19.0, 48.8) 33.0 (21.0, 55.0) 27.0 (17.0, 43.5, 2 missing) 0.0180*
<33 105 (57.7) 48 (52.7) 57 (62.6) 0.2300
>33 77 (42.3) 43 (47.3) 34 (37.4)

Aspartate aminotransferase, U/L 38.0 (21.8, 54.2) 45.0 (34.0, 66.0) 26.0 (18.5, 43.0, 2 missing) <0.0001*
<32 81 (44.0) 22 (28.7) 59 (64.8) <0.0001*
>32 103 (56.0) 71 (76.3) 32 (35.2)

Total bilirubin concentration, pmol/L 11.3 (8.5, 16.4) 13.3(9.9,19.2) 9.5 (7.0, 13.7, 2 missing) <0.0001*
<21 160 (87.0) 74 (79.6) 86 (94.5) 0.0053*
>21 24 (13.0) 19 (20.4) 5(5.5)

Albumin, g/L 32.9 (29.2, 36.2) 30.0 (26.9, 33.1) 35.9 (32.9, 38.8, 2 missing) <0.0001*
<32 84 (45.7) 65 (69.9) 19 (20.9) <0.0001*
>32 100 (54.3) 28 (30.1) 72 (79.1)

Lactate dehydrogenase, U/L 376.0 (271.0, 525.0) 514.0 (397.8, 676.0) 278.0 (225.0, 356.0, 4 missing)  <0.0001*
<245 32 (18.5) 3(3.6) 29 (32.6) <0.0001*
>245 141 (81.5) 81 (96.4) 60 (67.4)

Renal function

Blood urea nitrogen, mmol/L 6.8 (5.0, 9.5) 8.1(6.2, 11.3) 5.7(4.2,7.1) <0.0001*
<9 131 (72.4) 48 (53.3) 83(91.2) <0.0001*
>9 50 (27.6) 42 (46.7) 8 (8.8)

Serum creatinine concentration, pmol/L 76.0 (60.0,97.5) 86.0 (68.7, 105.5, 4 missing)  68.0 (57.5, 81.0, 2 missing) <0.0001*
<133 165 (91.7) 78 (87.6) 87 (95.6) 0.0963
>133 15 (8.3) 11 (12.4) 4 (4.4

Cardiac function

Creatine kinase, U/L 87.8 (52.7, 175.6) 142.4 (71.0, 289.5) 86.2 (51.6, 142.9, 21) 0.0264*

Cardiac troponin |, pg/mL 30.0 (12.2, 136.9) 57.6 (15.7, 212.3) 30.0 (10.0, 30.0) 0.0008*
<50 67 (60.9) 35 (47.3) 32 (88.9) 0.0001*
>50 43 (39.1) 39 (52.7) 4(11.1)

Brain natriuretic peptide, pg/mL 233.5 (74.5, 670.8) 276.5 (94.2, 1084.8) 224.0 (55.8, 480.5) 0.0432¢

Table 5 (continued)
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Table 5 (continued)
Variable Total (n=186) Non-survivors (n=93) Survivors (n=93) P value
Vital signs
Temperature, °C 36.6 (36.3, 37.0) 36.6 (36.3, 37.0) 36.6 (36.3, 37.0) 0.6476
Heart rate, times per min 88.5 (80.0, 102.0) 88.0 (78.0, 105.0) 89.0 (80.0, 99.0) 0.6963
Respiratory, beats per min 22.0 (20.0, 28.0) 22.0 (20.0, 30.0) 21.0 (20.0, 25.0) 0.0585
Mean arterial pressure 95.0 (87.8, 103.2) 96.7 (86.7, 103.3) 95.0 (88.0, 102.0) 0.8658
Oxygenation
Oxygen saturation 95.0 (89.0, 97.0) 90.0 (83.8, 95.0, 9 missing) 97.0 (94.0, 98.0) <0.0001*
<93 72 (40.7) 54 (64.3) 18 (19.4) <0.0001*
>93 105 (59.3) 30 (35.7) 75 (80.6)
Partial pressure of oxygen, mm Hg 79.5 (63.0, 90.2) 58.0 (46.5, 78.5) 84.0 (72.0, 94.0) <0.0001*
Oxygenation index 234.5(159.2, 319.0) 150.0 (87.8, 229.5, 9 missing) 303.4 (233.3, 360.6) <0.0001*
<200 58 (35.4) 48 (67.6) 10 (10.8) <0.0001*
>200 106 (64.6) 23 (32.4) 83 (89.2)

Values are numbers (percentages) or medians (interquartile ranges). P values were calculated by Mann-Whitney U test, ¥? test, or Fisher’s
exact test, as appropriate. *, P values indicates statistical significance (P<0.05).

pulmonary pro-inflammatory cytokines in the context of
influenza virus infection (17,18). Males with unhealthier
lifestyles, such as smoking and alcohol consumption,
and poorer awareness of their health status (16,19), are
at increased risk of death if they contract COVID-19.
Consistent with other research, we also found that patients
with severe COVID-19 who have a history of hypertension
are at increased risk of in-hospital mortality (20). Patients
with hypertension are often treated with ACE inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs), both
of which would upregulate the expression of ACE2 in lung
tissues and blood vessel endothelium (21). Increased ACE2
serves as negative regulator in the renin-angiotensin system
(RAS) and produces vasodilatation effects by targeting
angiotensin II, but also facilitates SRAS-CoV-2 entry and
replication in luminal epithelium.

In the acute phase of viral pneumonia, rapid increase
in CRP concentrations indicates acute infection which
parallels the severity of inflammation or tissue injury (22). It
assists complements and phagocytes to eliminate the virus
by binding to infected cells (23). The serum concentration
of CRP generally peaks in 48 hours and quickly comes
down to a lower level once virus induced inflammation
subsides (8). A recent study suggested that a CRP greater
than 100 mg/L could be an important prognostic indicator

© Journal of Thoracic Disease. All rights reserved.

of 30-day mortality among patients with sepsis (24).

Lymphopenia is another striking characteristic of patients
with severe COVID-19 on admission (25). The counts of
CD4+/CD8+ T cells and CD19+ B cells are reportedly
reduced in patients with SARS-CoV-2 infection, because
SARS-CoV-2 directly generates an immunosuppressive
effect on the myeloid cells which were confirmed to express
ACE2 and these immune cells are recruited to clear the
viral infection (26,27). Sustaining functional exhaustion of
circulating lymphocytes means persistent local inflammation
in target organs and strongly suggests severe multiple
organ injury. In our study this was evidenced by elevated
WABCs, procalcitonin, AST, lactate dehydrogenase, blood
urea nitrogen and serum creatinine during the early phase
of hospitalization of patients with severe COVID-19 who
subsequently died.

A constant decline in OI from 150 on day 4 to below
100 on day 10 from admission suggested one hallmark of
uncontrolled inflammatory response or cytokine storm
in the lungs, and development of ARDS and respiratory
dysfunction in these patients. Hence, decreases in these
laboratory findings and failure to normalize in the first days
of hospitalization suggest disease progression in severe
patients with COVID-19.

Additionally, 65.7% of patients in our study presented
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Unadjusted OR (95% CI) Adjusted OR (95% CI)

Male (vs female) 2.19(1.21,3.95) = 0.16 (0.02,1.39) .-
Comorbidities (present vs not present)
Hypertension 2.36 (1.17,4.78) —— 1.82(0.36,9.23) ————
Symptoms (present vs not present)
Expectoration 2.39(1.25,4.56)
Myalgia or fatigue 2.00(1.08,8.72) e
Dyspnea 5.14 (2.29, 11.56) —_—
SOFA score 3.67 (2.16, 6.25) —_—
Laboratory findings
Inflammatory
White blood cell count, 10°/L
<10 1 (Ref)
>10 9.00 (3.283, 25.29) _—
Lymphocyte count, 10%/L
<0.6 4.22 (2.04, 8.73) —_— 9.95 (1.30, 76.42)
>0.6 1 (Ref) 1 (Ref)
C-reactive protein, mg/L
<100 1 (Ref) 1 (Ref)
> 100 13.50 (4.89, 37.28) ————————— 13,61 (1.78, 103.94)
Procalcitonin, ng/ml
<0.5 1 (Ref)
>0.5 12.67 (3.91, 41.03) _—
Coagulation function
Platclet count, 10%/L
<100 4.00 (1.34,11.97) +——""—
> 100 1 (Ref)
D dimers, mg/L
<1 1 (Ref) 1 (Ref)
N| 10.00 (3.99, 25.08) —_———> 8.16 (1.23, 54.34)
0.1 10 20 01 10 20 30 40 50
OR (95% ClI) OR (95% CI)
(To be continued)
Unadjusted OR (95% CJ) Adjusted OR (95% CI)
Liver function
Alanine aminotransferase, U/L
<33 1 (Rcf)
>33 1.44 (0.79, 2.63) s
Aspartate aminotransferase, U/L
<32 1 (Ref) 1 (Ref)
>32 10.50 (3.77, 29.28) ————— > 43.20 (2.63, 710.04)
Total bilirubin concentration, pmol/L
<21 1 (Ref)
>21 8.00 (1 .84, 34.79)
Albumin, g/L
<32 8.67 (3.72,20.18) —_—
232 1 (Ref)
Lactate dehydrogenase, U/L
<245 1 (Ref)
>245 10.00 (3.05, 32.77) —_—
Renal function
Serum creatinine concentration, pmol/L
<133 1 (Ref)
>133 3.67 (1.02, 13.14) —_—
Cardiac function
Cardiac troponin I, pg/ml
<50 1 (Ref)
> 50 8.17 (3.50, 19.06) _—
Oxygenation
Oxygenation Index
<200 13.25 (4.80, 36.61) —_— 8.23 (1.04, 65.15)
>200 1 (Ref) 1 (Ref)
0.1 10 20 01 10 20 30 40 50

OR (95% Cl)

OR (95% Cl)

Figure 2 Risk factors associated with in-hospital mortality. Odds ratios were calculated by logistic regression analyses. Boldface of odds ratio
indicates statistical significance (P<0.05). OR, odds ratio; CI, confidence interval; ARDS, acute respiratory distress syndrome.
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with elevated levels of D-dimer, a fibrin degradation
product. Increases in blood concentration of D-dimer,
commonly caused by sepsis or hypoxemia, indicate
hyper-fibrinolysis or suspected thrombotic disorders
and is an important predictive indicator of venous
thromboembolism or acute pulmonary embolism (28).
From day 4 of hospitalization, sharp increases in
D-dimer, accompanying decreasing platelet counts and
prolonged prothrombin times in 80.3% (110/137) of
severe cases in our study (particularly in non-survivors)
highlighted a hypercoagulable state. This eventually leads
to disseminated microembolization in multiple organs
as reported by recent autopsy (29). Typically, micro
emboli formation in small branches of the pulmonary
artery in turn affects internal respiration, resulting in the
exacerbation of hypoxemia and respiratory failure (30).
Extrapulmonary microembolization, particularly in the
coronary artery, has been identified as a potential cause
of acute cardiac injury, which is a common complication
in severe COVID-19 patients (31). Even worse, more
than half of the patients with severe COVID-19 and a
remarkable elevation in D-dimer progressed quickly into
septic shock in a short time in this study. Evidence in the
current study thus suggests a positive correlation between
elevated D-dimer in the early disease stage and a poorer
prognosis for COVID-19.

Combining with the results from risk factor analysis
using conditional logistic regression models, these
aforementioned indicators (lymphocyte and platelet count,
CRP, D-dimer and OI) significantly differ between survivors
and non-survivors. Furthermore, during the first 4-7 days
of hospitalization, dramatic alterations in these laboratory
findings in male patients with severe COVID-19 and pre-
existing hypertension, were early warning signs of increased
risk of in-hospital death.

Several limitations need to be acknowledged. Firstly,
the sample size is relatively small, though we collected
all patients admitted to the three study hospitals between
January 1 and February 23, 2020, the most serious
pandemic period in China. Among 213 survivors enrolled
in this study, 93 were matched with non-survivors and
entered final analysis. We admitted that we lost some
survivor patients during the matching process in an
attempt to more efficiently control the confounding effect
of age at the design stage. Secondly, some laboratory
tests (for example fibrinogen, and arterial blood gas)
were not performed on all patients; missing data might
lead to bias in clinical characteristics between cohorts.
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Thirdly, our study participants only included severe
cases of COVID-19, leading to limited generalizability
to cases with mild symptoms. Fourthly, several potential
confounders including health-related behaviors and severity
of comorbidities were not collected in the medical records.
In addition, the detailed treatment history for COVID-19
before admission, which has a significant impact on adverse
clinical events, was unavailable especially for those patients
who were transferred at a late stage of their illness to the
study hospitals.

Conclusions

Better understanding of the clinical features of patients with
severe COVID-19 during the early stage of hospitalization
is vital for timely identification of those at risk of poor
outcomes, since laboratory data from illness onset to
hospital admission is often not clinically available. Severe
illness rapidly progresses to death within a short time of
hospitalization in these patients. The predictive utilities
of dynamic changes in lymphocyte count, CRP, D-dimer
and OI can contribute to early recognition of COVID
patients at high risk of in-hospital mortality and with
early supportive care, creates the potential for improved
outcomes. These findings may be helpful for clinicians’
early triage for severe COVID-19 patients who are at
increased risk of in-hospital death.
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