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Abstract

Background and Purpose: Coronavirus disease (COVID-19) has resulted in high mortality worldwide. However, information

regarding cardiac markers for precise risk-stratification is limited. We aimed to discover a sensitive and reliable early-warning

biomarker for optimizing management and improving COVID-19 patients’ prognosis. Experiments Approach: This retrospec-

tively single-center case series was conducted between February 4 and April 10, 2020. 3,046 consecutive COVID-19 patients

who were receiving treatment at Wuhan Huoshenshan Hospital in China were included. Serum levels of cardiac markers and

coronary artery disease (CAD) diagnosis were collected after admission. Single-cell RNA-sequencing was performed to analyze

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) receptor expression. Key Results: Median patient age was 60

years; 1,461 (49.5%) were female, and 1,515 (51.3%) were in a severe/critical condition. Compared to mild/moderate patients,

severe/critical patients showed significantly higher levels of cardiac markers within the first week after admission. Among

severe/critical COVID-19 patients, those with abnormal serum levels of brain natriuretic peptide had a significantly higher

mortality than patients with normal levels. Severe/critical COVID-19 patients with pre-existing CAD (165/1,515) had more

cases of abnormal brain natriuretic peptide levels than those without CAD. Enhanced SARS-CoV-2 receptor expression was

observed in patients with CAD. Regression analysis revealed patients with elevated brain natriuretic peptide were at a higher

risk of death. Conclusion and Implications: Brain natriuretic peptide is an effective biomarker for early risk assessment in

COVID-19 patients with or without pre-existing CAD. Monitoring BNP status will improve the risk-stratification management

and prognosis of patients within one week after admission.

What is already known

• COVID-19 patients develop myocardial injury during hospitalization face greater risk and have worse
in-hospital outcomes

• However, information regarding cardiac markers for precise risk-stratification is limited

What this study adds

• BNP were higher in non-survivors on the first day and within the first week after admission
• BNP was an independent risk factor for COVID-19 patients in-hospital mortality

Clinical significance

BNP is an effective and reliable indicator for early risk-stratification and management for COVID-19 patients
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2. Methods

2.1 Study Design and Participants

This single-center retrospective study included consecutive patients diagnosed with COVID-19 at Wuhan
Huoshenshan Hospital in China, between February 4 and April 10, 2020. The Wuhan Huoshenshan Hospital
was built in ten days due to the extent of the pandemic, which exceeded the existing health system capacity.
Most of the patients admitted to the Huoshenshan Hospital were transferred from other hospitals. The
study design was approved by the institutional ethics board. Written informed consent was waived due to
the urgency of the COVID-19 pandemic.

A total of 3,046 adult patients with COVID-19 were initially screened for the study. Individuals without
information regarding disease severity, survival status, and patients with suspected CAD but not diagnosed
were excluded. In the remaining cohort of 2,954 patients, 1,439 patients were mild/moderate cases and 1,515
were severe/critical cases. The disease severity was determined according to the clinical classification criterion
in the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia released by the National Health
Commission of China (7th edition) (Pan et al., 2020). Patients who met any of the following criteria were
diagnosed as a severe case: (1) shortness of breath defined by respiration rate [?]30 breaths/min, (2) oxygen
saturation [?] 93 at rest, and (3) alveolar oxygen partial pressure/fraction of inspiration O2(PaO2/FiO2)
[?] 300 mmHg (1 mmHg=0.133 kPa). Patients whose pulmonary imaging showed significant progression of
lesions > 50% within 24-48 hours were also treated as severe cases. Patients who met any of the following
conditions were diagnosed as critically severe: (1) respiratory failure requiring mechanical ventilation, (2)
shock, and (3) organ failure needing intensive care unit (ICU) monitoring and treatment. In addition, the
severe/critical cohort was categorized into two groups based on the presence or absence of pre-existing CAD
(165/1,515 [10.9%] and 1350/1,515 [89.1%], respectively), according to clinical diagnosis and/or medical
history on admission.

2.2 Data Collection

Clinical information was collected during hospitalization by attending physicians. The radiologic results
including chest radiography or computed tomography (CT) were retrieved from the radiology information
system documents. Patient data, including demographics, medical history, comorbidities, laboratory ex-
aminations, viral load, SARS-CoV-2-specific IgG and IgM antibodies, and outcomes were collected from
electronic medical records and analyzed.

2.3 Cardiac biomarkers and heart damage

Cardiac biomarkers are substances released into the blood when the heart is damaged or stressed and can be
useful in the early prediction or diagnosis of disease (Halushka, Goodwin & Halushka, 2019). Five cardiac
biomarkers, namely, BNP, hs-TNI, α-HBDH, CK-MB, and LDH, were collected to evaluate heart function.
Not all of the cardiac markers were tested for each patient during hospitalization. Therefore, patients were
categorized according to the normal or abnormal results of the specific cardiac biomarker for each patient.
Abnormal cardiac biomarker results were defined as serum levels above the upper reference limit.

2.4 Transcriptional profiles

To characterize the expression patterns of SARS-CoV-2 receptors in the heart, single-cell RNA sequencing
(scRNA-seq) of 9,791 cells isolated from 12 normal human hearts was performing. The scRNA-seq data were
obtained from the Gene Expression Omnibus (GEO) database with the accession number GSE109816 (Wang
et al., 2020b) and processed using theSeurat toolkit (Butler, Hoffman, Smibert, Papalexi & Satija, 2018).
The expression profile of peripheral blood from 93 CAD patients and 48 healthy individuals was analyzed
using the Agilent-067406 Human Microarray V4.0 platform (Aglient, Santa Clara, USA), and the data were
downloaded from the GEO database with the accession number GSE113079 (Li et al., 2018).

2.5 Statistical Analysis

2
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Continuous and categorical variables are presented as median (interquartile range [IQR]) and number (%),
respectively. Comparisons between groups were performed using the Mann-Whitney U test, χ² test, or
Fisher’s exact test where appropriate. Pearson’s correlations were employed to study the association between
laboratory parameters. All statistical analyses were conducted using R software. Multivariate Cox regressions,
log-rank tests, and Kaplan-Meier curves to plot the cumulative rates of death were implemented using
theSurvival package in R software. The receiver operating characteristic (ROC) curve to assess the overall
accuracy of a prognostic marker was applied by using the R package ROCR. AP -value < 0.05 was used to
indicate statistical significance.

3. RESULTS

3.1 Baseline Clinical Characteristics

Of the initial 3,046 patients with COVID-19 enrolled in our study, 48 patients with no record of survival
status, 29 patients without classification of disease severity, and 15 patients with suspected CAD but with
no diagnosis were excluded. Among the final cohort of 2,954 patients, the median age was 60 years (range,
50-68 years), 1,461 (49.5%) were female, and 1,515 (51.3%) were severe/critical cases. The median hospital
stay for severe/critical patients was significantly longer than that for mild/moderate cases. Compared with
mild/moderate cases, severe/critical patients were more likely to experience chest congestion. Comorbidities
were more prevalent among severe/critical patients compared to mild/moderate cases, including hyperten-
sion, diabetes, cardiovascular disease, cerebrovascular disease, cancer, and chronic obstructive pulmonary
disease ( Table 1 ).

In terms of radiological and laboratory findings, severe/critical patients had more incidences of fuzzy boun-
daries and consolidation (Table 1) and significantly higher levels of C-reactive protein (CRP), D-dimer,
interleukin-6 (IL-6), procalcitonin (PCT), and higher percentages of neutrophils (NEUT%), lymphocytes
(LYM%), and monocytes (MONO%) within the first week of admission (Figure 1) . Serum cardiac markers,
namely, BNP, hs-TNI, α-HBDH, CK-MB, and LDH, were also drastically elevated in severe/critical patients
during the first week (Figure 1 ). In general, the results showed more pronounced activation of pathophys-
iological pathways in more severe cases of COVID-19.

3.2 Cardiac Markers and Clinical Outcomes

To evaluate the relationship between the degree of cardiac abnormality and disease outcome in patients
with COVID-19, serum cardiac markers were measured. Due to the 0% mortality and favorable prognosis
of mild/moderate patients, we focused on the 1,515 patients with severe/critical COVID-19 in the follow-up
period.

Of the 1,515 severe/critical cases, BNP, hs-TNI, α-HBDH, CK-MB, and LDH were detected in 835 patients,
660 patients, 1443 patients, 1442 patients, and 1443 patients, respectively. In total, 171 (20.5%), 79 (12.0%),
529 (36.7%), 124 (8.6%), and 447 (3.1%) patients showed abnormal serum levels of BNP, hs-TNI, α-HBDH,
CK-MB, and LDH, respectively (Figure 2a ). Patients with an elevated level of a cardiac marker showed
a significantly higher mortality than those with normal serum levels (Figure 2b ). The same trend was
observed in the ICU admission rate (Figure 2c ). Figure 2d shows that the serum levels of BNP, hs-
TNI, α-HBDH, CK-MB, and LDH were significantly higher during hospitalization in non-survivors than in
survivors.

The scRNA-seq data of normal human heart tissue were analyzed and five cell types, namely, cardiomyocyte
(CM), endothelial (EC), fibroblast (FB), macrophage (MP), and smooth muscle (SMC) cells, were identified
(Figure 3a ). SARS-CoV-2 receptors ACE2, ANPEP, DPP4, and ENPEP were enriched in specific cell
populations. ACE2 was mainly expressed in CM, EC, and FB cell types. ANPEP was enriched in CM,
DPP4 was mainly expressed by CM and EC, and ENPEP was primarily expressed in CM and SMC (Figure
3b and Figure 3c ).

3.3 Heart Damage and Mortality Rate

3
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The 1,515 severe/critical patients were further categorized into groups according to the presence or absence
of pre-existing CAD (n=165 and n=1,350, respectively). Patients with pre-existing CAD had a significantly
higher percent of elevated BNP than patients without CAD (Figure 4a ). To explore the underlying
pathophysiological mechanism for the elevated levels of cardiac markers in COVID-19 patients with pre-
existing CAD, RNA-seq data from 93 patients with CAD and 48 healthy people were analyzed and compared.
The results showed that compared with healthy controls, SARS-CoV-2 receptors, including Transmembrane
Serine Protease 2 (TMPRSS2) and Glutamyl Aminopeptidase (ENPEP), were significantly upregulated in
CAD (Figure 4b ).

Compared to patients with normal levels of cardiac markers, those with abnormal levels of BNP, hs-TNI,
α-HBDH, CK-MB, and LDH exhibited significantly higher mortality in both CAD and non-CAD groups
(Figure 4c ). The same trend was observed for the ICU admission rate (Figure S1 ). The serum markers
were then compared between non-survivors and survivors. The results showed that BNP, α-HBDH, CK-MB,
and LDH were significantly higher in non-survivors than in survivors for patients with pre-existing CAD;
however, the significant difference was not observed for hs-TNI (Figure 4d) . In patients without pre-
existing CAD, all markers were significantly higher in non-survivors than in survivors during hospitalization
(Figure 4e ).

3.4 BNP as a Risk-Stratification Biomarker

The five cardiac markers were measured on the first day of admission. Notably, the median value of BNP
was significantly higher in non-survivors than in survivors for those with pre-existing CAD (911.3 pg/mL
vs. 57.9 pg/mL) and those without (121 pg/mL vs. 0.01 pg/mL). The median levels of hs-TNI, α-HBDH,
and LDH were significantly higher in non-survivors than in survivors in patients without pre-existing CAD;
however, a significant difference was not observed in patients with pre-existing CAD (Figure S2 ).

In non-survivors with pre-existing CAD, the median levels of BNP and hs-TNI within the first week showed a
higher fold change (BNP: 5.8; hs-TNI: 7.5; α-HBDH: 1.9; CK-MB: 0.81; LDH: 1.7) from the upper reference
limit of each marker (Figure 5a ). In non-survivors without pre-existing CAD, the fold change for BNP, hs-
TNI, α-HBDH:1.9, CK-MB, LDH was 1.4, 1.7, 2, 0.78, and 1.9, respectively (Figure 5b ). The serum level
differences for the five markers within a week after admission in patients with or without pre-existing CAD
showed that BNP, α-HBDH, and LDH values were significantly higher in non-survivors than in survivors
regardless of pre-existing CAD. Levels of hs-TNI were significantly higher only in non-survivors than in
survivors for patients without pre-existing CAD. Although CK-MB and BNP levels were significantly different
between non-survivors and survivors, most data for non-survivors were within normal levels (Figure 5c
and Figure 5d ). The change of BNP levels was the same as those mentioned above during hospitalization
(Figure S3 ).

3.5 Elevated BNP and Increased Mortality

The 835 severe/critical patients with BNP values recorded during hospitalization were divided into BNP high
(n=171) and BNP normal (n=664) groups based on the upper reference limit (100 pg/mL). Survival analysis
was conducted on two groups using applying a mixed-effect Cox model adjusted for age, sex, comorbidities,
and hs-TNI, α-HBDH, CK-MB, and LDH. As a result, the BNP normal group demonstrated a significantly
lower risk of mortality (Figure 6a ). The BNP level correctly classified survivors and non-survivors with
an area under the curve (AUC) of 0.81 with the ideal threshold value based on the ROC curve of 62.17, a
sensitivity of 71.7%, and a specificity of 80.6% (Figure 6b ).

Pearson’s correlations were used to study the association between BNP and other laboratory parameters.
CRP (Figure 6c ), IL-6 (Figure 6d ), and D-dimer (Figure 6e ) showed a highly positive correlation with
BNP. By contrast, BNP level was significantly negatively correlated with LYM% (Figure 6f ).

4. DISSCUSSION

Our study provides detailed information about the association between cardiac markers and clinical outcomes
of COVID-19 patients with or without pre-existing CAD. Patients with abnormal serum levels of cardiac
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markers, namely, BNP, hs-TNI, α-HBDH, CK-MB, and LDH, had a significantly higher mortality rate than
patients with normal serum marker levels. In COVID-19 non-survivors with or without pre-existing CAD, the
BNP level measured within one week after admission was a sensitive and reliable indicator of heart damage,
showing a 5.8-fold and 1.4-fold significant increase from the upper reference limit, respectively. Moreover,
our results demonstrated that BNP is an independent risk factor for in-hospital mortality. Additionally, the
present study indicates that the BNP level is not only correlated with cardiac damage but also with the
clinical parameters of other organ systems.

SARS-CoV-2 uses the ACE2 receptor to facilitate viral entry into target cells, causing multiorgan dysfunction
(Zou, Chen, Zou, Han, Hao & Han, 2020). It has been reported that the mechanism of acute myocardial
injury caused by SARS-CoV-2 infection might be related to ACE2 (South, Diz & Chappell, 2020). The
scRNA-seq analysis in the present study showed that ACE2 was mainly expressed in CM, EC, and FB cell
types, suggesting that SARS-CoV-2 receptor-related signaling pathways in myocardial injury may be mainly
related to these cell populations.

Hoffman et al. (Zhang, Penninger, Li, Zhong & Slutsky, 2020) recently demonstrated that the initial spike in
protein priming by TMPRSS2 is essential for the entry and viral spread of SARS-CoV-2 through interaction
with the ACE2 receptor (Stopsack, Mucci, Antonarakis, Nelson & Kantoff, 2020). Our results showed that
there was a significantly high expression of TMPRSS2 in CAD patients compared with healthy controls.
This implies that upregulated TMPRSS2 may be the reason that patients with CAD represented a higher
percentage of individuals with abnormal levels of cardiac markers after SARS-CoV-2 infection. The serine
protease inhibitor camostat mesylate, approved in Japan to treat diseases, has been shown to block TMPRSS2
activity and is thus an interesting candidate to treat COVID-19 patients with pre-existing CAD (Kawase,
Shirato, van der Hoek, Taguchi & Matsuyama, 2012; Zhou et al., 2015).

Previous studies have investigated the association between myocardial injury markers and prognosis (Dong,
Li, Yu, Lv & Chen, 2020; Lippi, Lavie & Sanchis-Gomar, 2020). However, evidence on markers that are
appropriate for monitoring heart damage in a timely manner is lacking. Because of limited space in ICUs,
the triage rules for access to intensive care are becoming tougher and tougher. In this study, an extensive
investigation of various clinical indices revealed that BNP is a sensitive and reliable biomarker for prognosis
in COVID-19 patients. Particularly, compared with survivors, the median value of BNP was strikingly higher
in non-survivors with or without CAD. Remarkably, abnormal elevation of serum BNP can accurately predict
the risk of mortality on the day of admission through the first week after admission, which provides an early
and wide window for clinical monitoring to strengthen cardio-protective treatment. α-HBDH and LDH could
also be used as indicators in risk stratification management; however, they are not specific indicators of heart
damage and had a less drastic change in levels compared to BNP.

As a classic serum indicator for cardiac dysfunction, the detection of BNP is widely used in clinical practice
and is, therefore, easy to implement in hospitals at all levels. Our results showed BNP is a powerful biomarker
to predict the outcomes of COVID-19 patients and it should be detected on admission to guide therapy.
Monitoring serum BNP status will improve the risk-stratified management and prognosis of COVID-19
patients with or without CAD on admission.

Some limitations exist in the present study. First, data from larger populations and multiple centers are
needed to further verify the results. Second, some data regarding heart damage, such as echocardiography,
magnetic resonance, and electrocardiography, were incomplete due to the limited conditions in the isolation
ward. Third, causes of death may involve multiple organ dysfunctions in most cases, and it is difficult to
differentiate the heart damage as the main and direct cause in an individual case.

In conclusion, COVID-19 patients with pre-existing CAD represented a higher abnormal percentage of cardiac
markers, accompanied by high mortality and ICU admission rate. Of note, COVID-19 patients without pre-
existing CAD who represented abnormal levels of cardiac markers also had high mortality. BNP is a sensitive
and reliable biomarker for early warning of high mortality risk at the time of admission and through the first
week. Monitoring BNP status as early as possible and providing cardioprotective combination therapy will

5



P
os

te
d

on
A

u
th

or
ea

1
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

15
74

53
.3

87
66

20
0

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

improve the risk-stratified management and prognosis of patients.

Abbreviations

COVID-19: Coronavirus disease; CAD: coronary artery disease; SARS-CoV-2: severe acute respiratory
syndrome coronavirus 2; hs-TNI: high-sensitivity troponin I; α-HBDH: α-hydroxybutyrate dehydrogenase;
CK-MB: creatine kinase-MB; LDH: lactate dehydrogenase; BNP: brain natriuretic peptide; CT: computed
tomography; ICU: intensive care unit; scRNA-seq: single-cell RNA sequencing; GEO: Gene Expression
Omnibus; ROC: receiver operating characteristic; CRP: C-reactive protein; IL-6: interleukin-6; PCT: pro-
calcitonin; NEUT%: percentages of neutrophils; LYM%: percentages of lymphocytes; MONO%: percentages
of monocytes.
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Tables

Table 1. Demographics and Clinical Characteristics of Patients with COVID-19

Figure Legends

Figure 1. Serum cardiac markers drastically elevated in severe/critical patients during the
first week. Levels of 12 multiple organ dysfunction indicators in mild/moderate (M) and severe/critical
(S) groups during the first week of hospitalization. The difference of each indicator between the two groups
is significant (two-sided Wilcoxon test, P <0.001).

Figure 2. Severe/critical COVID-19 patients with evidence of cardiac damage have poor
clinical outcomes. (A) . Number of patients with abnormal and normal levels of BNP, hs-TNI, α-HBDH,
CK-MB, and LDH. The mortality (B) and ICU admission rate (C) of severe/critical COVID-19 patients
with abnormal serum levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH. (D) Serum levels of BNP, hs-
TNI, α-HBDH, CK-MB, and LDH during hospitalization for non-survivors and survivors. Shaded regions
represent a 95% confidence interval.

Figure 3. scRNA-seq analysis of SARS-CoV-2 receptors in heart specific cell populations. (A)
The t-distributed Stochastic Neighbor Embedding (t-SNE) diagram shows the main cell types in healthy
heart tissue. Each dot represents a cell, and each color represents a cell type. (B) Feature maps and
(C)violin diagrams show SARS-CoV-2 receptors are enriched in specific cell populations in healthy heart
tissues.

Figure 4. Severe/critical COVID-19 patients with abnormal cardiac markers exhibited higher
mortality. (A)Percent of abnormal cardiac markers in patients with and without pre-existing CAD. (B)
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Expression of SARS-CoV-2 receptors, TMPRSS2 and ENPEP, in coronary artery disease and healthy con-
trols.(C) The mortality rate of COVID-19 patients with cardiac markers abnormality. (D-E) Median levels
of cardiac markers in survivors and non-survivors during hospitalization. ***P < 0.001; NS: not significant.

Figure 5. BNP is a Risk-Stratification Biomarker for COVID-19 patients. (A-B) Fold change of
cardiac markers relative to the upper reference within one week after admission. (C-D) The fluctuation of
serum levels of cardiac markers within one week after admission.

CAD: COVID-19 patients with pre-existing CAD; non-CAD: COVID-19 patients without pre-existing CAD.

Figure 6. Abnormal BNP level is correlated with increased mortality of COVID-19 patients.
(A) Mortality during hospitalization between patients with elevated BNP vs. normal BNP levels. Log-rank
test shows statistical significance. The table below shows the number of people still alive at different time
points.(B) ROC curve of BNP to predict survivors and non-survivors.(C-F) Correlation between BNP and
other laboratory indicators, including CRP (C) , IL-6 (D) , D-dimer (E) , and LYM% (F) . The 95%
confidence interval represented by shaded regions.

SUPPORTING INFORMATION

Supplemental Figures and Figure Legends

Figure S1. The ICU admission rate of COVID-19 patients with cardiac markers abnormality

Figure S2. Median levels of the cardiac markers on the first day after admission for four groups
of patients (non-survivors with CAD, survivors with CAD, non-survivors without CAD, survivors without
CAD). The dotted line shows the upper reference limit of the corresponding marker.

Figure S3 . The fluctuation of serum levels for 5 cardiac markers in survivors and non-survivors
with and without CAD during hospitalization. The x-axis represents the admission time. The red
dotted line represents the reference limit of the marker. (Number): the fold change for median level versus
the reference limit value for each marker.

Hosted file

Table 1.pdf available at https://authorea.com/users/362745/articles/483807-brain-natriuretic-
peptide-is-an-indicator-for-early-risk-stratification-and-management-for-covid-19-

patients

hs-TNI

hs-TNI

Figure 1
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