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Abstract

Background
A novel coronavirus disease COVID-19 outbreak caused pandemic in China and worldwide. In addition to
pneumonia, Cardiac failure is also a clinical outcome of coronavirus (COVID-19) patients and one of the
leading causes for the death of COVID-19 patients. This study focused on a spectrum of cardiac enzymes
to provide biomarkers for the severity of cardiomyopathy, and provide guidance of clinical treatment.

Methods
230 coronavirus patients (182 mild and 48 severe cases) enrolled in Three Gorges Hospital of Chongqing
University from January to March 2020 were analyzed for a spectrum of cardiac injury enzymes including
α-hydroxybutyric dehydrogenase (αHBDH), lactic acid dehydrogenase (LDH), creatine kinase (CK), and
creatine kinase isoenzyme (CK-MB).

Results
The severe cases had signi cantly higher myocardial enzyme levels than mild cases, regardless of male
and females. Males appeared to be more susceptible than females to COVID-19 induced heart injury,
having higher CK and CK-MB in mild cases, and higher αHBDH and LDH levels in severe cases. Age is
also a susceptible factor to COVID-19, but affected males were younger than females.

Conclusions
This study reveals that the heart is also a major target of COVID-19 infection, and myocardial enzyme
spectrum assays could help the diagnosis, prognosis and guide the treatments to prevent heart failure in
COVID-19 patients.

Background
The novel coronavirus (COVID-19) pneumonia has caused a pandemic in China and even the world since
its discovery in Wuhan in December 2019. It is a respiratory infectious disease caused by beta
coronavirus subtypes. The pneumonia diagnosis and treatment plan (Trial Version 7)[1] explicitly
proposes that based on autopsy and puncture tissue pathological observations, the virus may
accumulate the heart and degenerate and necrotize myocardial cells. However, no changes in myocardial
enzymes have been reported after the onset of the disease. There are currently over 2,200,000 infected
patients worldwide, so the summary of myocardial enzymes in these patients is of signi cance for
understanding the disease and for subsequent guidance of clinical treatment.
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Study Subjects
The study subjects were patients with COVID-19 pneumonia clinically diagnosed from the Three Gorges
Hospital of Chongqing University from January 2020 to March 2020. All cases met the clinical diagnostic
criteria for new type of coronavirus pneumonia [1] promulgated by the National Health and Health
Commission at different times; severe patients included severe and critically ill patients, based on the
above diagnosis standard; mild patients include light and general patients with the above diagnostic
criteria.
Table 1.Demographics of COVID-19 patients

A total of 230 patients with COVID-19 pneumonia were included this time, of which 127 were male, 101
were mild, and 26 were severe; 103 were female, 81 were mild, and 22 were severe; the average age of the
patients was (49.01 ± 15.41) years.

Methods
This retrospect analysis includes 230 COVID-19 patients in 943 assays (each patient was subjected to 3-5
assays). The myocardial enzyme spectrum assays include α-hydroxybutyrate dehydrogenase (α-HBDH),
lactate dehydrogenase (LDH), creatine kinase (CK), and creatine kinase isoenzyme (CK-MB), routinely
performed in the Three Gorges Hospital. The data analysis was designed by Cardiac Vascular Surgery
Department and analyzed by Statistician.
Statistics
Data were expressed as Mean ± SD (standard deviation) and analyzed with SPSS 22.0 software. The
data was subjected to ANOVA analysis, followed by Chi-Square tests and multivariable tests, and
Student’s t tests. The criteria of signi cance were set at p < 0.05.

Results
Myocardial enzyme spectrum in 230 COVID-19 patients
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In 230 patients (182 of whom were mild), a two-sample independent t-test was performed on changes in
myocardial enzymes in the mild and severe groups. The results are as follows: all indicators are
statistically different, and each indicator of the severe patients is relatively high; and there was a
statistical difference between the average age of the mild group and the severe group, and the age of the
severe group was higher.
Table 2.Myocardial enzyme spectrum in mild and severe COVID-19 female patients

In 103 female patients (81 of whom were mild), two independent sample t tests were performed on
different myocardial enzymes according to the severity of the disease (mild and severe), and the results
were as follows: the differences in the four detection indicators were statistically signi cant, and the
various indicators of the severe patients were relatively high.
Table 3.Myocardial enzyme spectrum in mild and severe COVID-19 male patients
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In 127 male patients (101 of whom were mild), two independent sample t tests were performed on
different myocardial enzymes according to the severity of the disease, and the results were as follows:
the differences in the four detection indicators were statistically signi cant, and each indicator of the
severe patient was relatively high.
Table 4.Sex-difference in enzyme spectrum in mild COVID-19 patients

182 mild patients (81 females) were tested by two independent samples for myocardial enzyme changes
of different genders. The difference was statistically signi cant in CK (81.07 ± 125.28) U/L and CK-MB
(11.91 ± 5.49) U/L.
Table 5.Sex-difference in myocardial enzyme spectrum in severe COVID-19 patients
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Forty-eight patients with severe illness (including 22 females), two independent sample t tests were
performed on changes in myocardial enzyme spectrum of different genders. The differences were
statistically signi cant for α-HBDH, LDH, and age. Among them, male patients had higher detection
values, respectively. α-HBDH (285.26 ± 119.57) U/L, LDH (380.24 ± 177.83) U/L.

Discussion
COVID-19 is a new deadly and highly contagious infectious disease. This new coronavirus resembles
SARS coronavirus, and gets into cells via the ACE2 receptor, which is highly expressed in the lung and
heart, and lung is the major target of the COVID-19, causing COVID-19 pneumonia leading to death[2].
Heart is also a major target of this new coronavirus, and clinical observation revealed cardiomyocytes
injury[3, 4], however, the focus is on the Tropin (cTNI/cTNT), B-type natriuretic peptide (BNP) and Ntermina pro-brain natriuretic peptide (NT-proBNP) [4, 5]
α-HBDB, LDH, CK, and CK-MB are routine clinically examined myocardial enzymes[6].They exist in normal
cardiomyocytes, and under the normal conditions, serum levels these enzymes are low. If the corona
blood ow is suddenly reduced, the permeability of cardiomyocytes increased, and these enzymes could
then be released into blood, and their serum levels are regarded as acute cardiomyocytes injury and
useful biomarkers to evaluate the severity of heart injury[7]. It is reported that the enzymes α-HBDH and
CK are quickly increased 3–8 h during cardiac infarction, 10–36 h reached the peak, and therefore as a
sensitive biomarkers of acute heart injury. In 12–36 h, CK-MB reached the peak; the more sever the heart
injury the higher the enzymes. The myocardial enzyme spectrum is wildly used as the diagnosis and
prognosis index. In addition, LDH increase also seen in liver injury and pulmonary embolism, and
increases in CK-MB are also seen in angina pectoris, pericarditis, and other kinds of myocardial injury[8].
In this study, we examined myocardial enzyme spectrum in 230 COVID-19 patients with 943 repeated
measures. Severe cases showed signi cantly higher myocardial enzymes than mild cases, and males
were more susceptible to COVID-19 induced myocardial injury, and had higher enzyme activities than
females, and in severe cases, the age in males is younger than females, suggesting that males is more
vulnerable to heart injury than females, and young males are also vulnerable to the disease.
This gender difference in COVID-19 induced heart injury is probably due to X chromosomes and female
sex hormones, which could render females more resistant to virus infection. In further analysis of mild
vases and severe cases, the statistical signi cant changes are dramatic between mild and sever cases,
and somewhat correlated with gender differences[9].
Compare with the light female patients, male light patients also had higher CK and CK-MB, suggesting
that male patients could be more susceptible to heart infarction or viral myocarditis and prone to
accompany liver and other major organ failures. This needs to be further investigated.
In regard to the severity of disease, severe patients had higher α-HBDH, LDH, CK and CK-MB than light
patients, and the severe cases are older patients that mild cases. Thus, we conclude that severe patients
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are more susceptible to coronavirus-induced heart injury, consistent with the observation of Li et al [10–
12]. Thus, it is important to monitor these parameters in severe cases, the give early drug intervention to
prevent heart failure. Whether the suddenly increased α-HBDH, LDH, CK, and K-MB could predict the
prognosis needs further investigation to guide clinical treatment and management of severe COVID-19
patients.
Summary
This study clearly demonstrates that heart is a target of COVID-19 infection, and the mechanism needs to
be further elucidated. For severe and critical patients, especially for elderly, in addition to lung injury, the
cardiomyocytes injury should also be monitored with myocardial enzyme spectrum to guide drug
interventions to prevent heart failure.
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SARS-Severe acute respiratory syndrome coronavirus
COVID-19- novel coronavirus pneumonia
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Figure 1
Myocardial enzyme spectrum in 230 COVID-19 patients. The myocardial enzyme spectrum assays
including α-hydroxybutyrate dehydrogenase (α-HBDH), lactate dehydrogenase (LDH), creatine kinase
(CK), and creatine kinase isoenzyme (CK-MB) in 230 COVID-19 patients were determined. Values for CKMB* were multiplied 10-fold to allow the changes to be more visible. Data are mean ± SD. *Signi cantly
different from Mild cases, p < 0.05.
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