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Abstract
Introduction: SARS-CoV-2 virus, in addition to causing pneumonia, can cause direct damage to the heart, inducing myocarditis, pericarditis 

or AMI with significant impairment of cardiac contractility. Adult patients with hypertension, diabetes mellitus and obesity are at increased 
cardiovascular risk and complications from COVID-19. 

Aim: To assess high-sensitivity troponin I (hs-TnI) levels among hospitalized patients with COVID-19 as a biomarker associated with myocardial 
damage and determine the correlation with disease severity and outcome. 

Material and Method: A retrospective analysis of hospitalized patients was performed between January 1 and May 1, 2021, with clinical and 
laboratory evidence of COVID-19. Monitored were the laboratory parameters of myocardial damage with baseline and peak hs-TnI values above the 
median (≥19.8 ng/L) in 110 patients. The extent of the inflammatory response (СRP), coagulation status (DDimer), acid-base balance parameters, 
hypoxemia abnormalities and LDH levels according to disease severity and outcome, and length of hospital stay was assessed. Data were evaluated 
using descriptive, correlation and multivariate analysis.

Results: The present study showed a statistically significant relationship between disease severity and heart damage. The hs-TnI values in 
patients with COVID-19 and CVD were statistically significantly higher than those with COVID-19 but without CVD. The most significant levels of the 
cardiac biomarker are observed in deceased patients. 

Conclusion: High-sensitive troponin is a valuable biomarker for early diagnosis and assessment of disease progression with a worse prognosis 
in patients with COVID-19. Elevated hs-TnI in patients with SARS-CoV-2 infection who have concomitant heart disease may suggest the severity of 
the clinical picture and the course of the disease.

Introduction
From early 2020, the world faces a new medical challenge, 

a pandemic caused by an unknown SARS-CoV-2 coronavirus, 
requiring new knowledge and approaches. Today, more than 250 
million people worldwide are affected by the covid infection, of 
whom 2.1% have lost their lives. The most common pathological 
manifestation of SARS-CoV-2 is respiratory distress syndrome, 
considered the leading cause of death. However, with each new 
epidemic wave, more evidence also accumulates of direct damage 
to the heart, causing myocarditis, arrhythmia, and acute coronary  

 
syndrome as likely concomitant damage. The presence of previous 
cardiovascular disease or cardiovascular risk factors leads to a 
higher mortality rate than patients without prior cardiovascular 
disease [1]. In addition, several studies have shown that COVID-19 
patients who did not have heart disease before infection may also 
develop cardiac complications [2].

Cardiac troponins are biomarkers that have gained a reputation 
as the gold standard in diagnosing myocardial damage. The 
troponin complex consists of three subunits (troponin C, troponin 
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T and troponin I). Together with calcium ions, troponin proteins 
regulate and facilitate the interaction between actin and myosin 
fibres during muscle contraction, including the myocardium. 
Troponin I is particular for the heart muscle and is not isolated 
from skeletal muscle. This absolute specificity makes it an ideal 
marker for myocardial damage [3].

Cardiac isoforms of troponins are quantitative markers of 
cardiomyocyte damage, and the likelihood of AMI increases with 
increasing levels in the blood. Their increase is observed in the 
interval 4-8 hours after myocardial injury, with a peak value 
of 12-24 hours and retention in the levels for 7-10 days [4]. A 
Contemporary high-sensitivity cardiac troponin (hs-cTn) assays 
can detect concentrations 10 to 100 times lower than conventional 
assays, increasing their diagnostic accuracy in patients with acute 
chest pain [5]. In this aspect, it is reasonable to investigate hs-TnI in 
patients with COVID-19 as an essential biomarker for both an early 
diagnosis of myocardial injury and prognosis.

Aim
To analyze the levels of high-sensitivity troponin I among 

hospitalized patients with COVID-19 as a biomarker associated 
with myocardial injury and to determine the correlation with 
disease severity and outcome.

Material and Method
112 patients from 320 hospitalized patients with proven SARS-

CoV-2 infection in the period 1.02. to 1.05.2021 were found to 
have cardiac lesions with initial and peak hs-TnI values above the 
median (URL of 99th percentile ≥ 19.8 ng/L). The review included 

82 men and 30 women aged 67.7±15.3 years and 71.6±18.8 years, 
respectively. Levels of hs-TnI were determined by chemiluminescent 
immunoassay on an Assay 2 analyzer (B. Coulter - USA). The extent 
of inflammatory response was assessed by CRP values (Olympus 
AU640 B. Coulter - USA), change in coagulation status and tendency 
to thrombogenicity (DDimer - Stago Satelite), disturbances in 
AB balance and hypoxemia by KGA Modular Pro (ESCHWEILER - 
Germany), LDH levels (Olympus AU640 B. Coulter - USA), length of 
stay and disease outcome. The severity of SARS-CoV-2 infection was 
assessed according to WHO criteria from January 2021.

Data analysis was done using GraphPad Prism v. 6.0 software 
by standard statistical methods (descriptive statistics, Anova with 
Bonferroni correction for median comparison, and Spearman 
correlation analysis). Biochemical parametric data were presented 
as mean ± standard deviation. Statistical significance was indicated 
at p<0.05.

Result
According to the WHO criteria for the clinical course, patients 

were divided into groups - moderate grade (22%), severe grade 
(45%) and critical grade (33%). Eighteen deaths with critical 
grade disease, representing 16.1% (12 males and six females) 
were. Of these, only two men in young age (45-50 years) had no 
evidence of previous and concomitant diseases. All other patients 
had comorbidities, most commonly AH alone or combined with 
CVD and/or diabetes and obesity. Furthermore, COVID-19 patients 
according to clinical presentation (subjective and objective criteria) 
of acute cardiac injury were divided into three groups (Table 1).

Table 1: Parameters were studied in COVID-19 patients in the three groups. Patients with CVD events, those who died as a result of them and 
patients with COVID-19 without CVD disorders.

Parameters Patients with CVD Patients without CVD Died p value

hs-TnI [ng/L] 1258 
(IQR 98- 3580) 

8.694 
(IQR 6.12- 12.3)

4996 
(IQR 818-7527) 

р*<0.001 
р**<0.001

CRP [mg/L] 172.0 
(IQR 122- 222)

147.4 
(IQR102- 276)

168.5 
(IQR 90-226)

*ns 
*ns

DDimer[μg/ml] 6.5 
(IQR 3.2-17.8)

4.9 
(IQR 2.6-11.4)

8.2 
(IQR 3.1-13.8)

*ns 
*р=0.058

LDH [U/L] 487.7 
(IQR 334-567)

460 
(IQR340-588)

668 
(IQR 485-788

*ns 
p**<0.01

sO2 [%] 82.9% 
(IQR78.3-87.2)

85.5% 
(IQR81.3-88.2)

83.5% 
 (IQR70-86.5)

*ns 
**ns

*The comparative analysis of the differences between the three studied groups was performed with One way ANOVA with Bonferroni correction. (p 
* - comparison between patients with covid infection with CVD and those with covid but without CVD; p ** - comparison between the general group of 

patients with the Сovid disease and CVD compared to those who died as a result of a heart attack.

The analysis performed found that patients with COVID-19 and 
cardiovascular symptoms or complications had significantly higher 
hs-TnI values than other patients with COVID-19 but without 
cardiac problems. The highest myocardial necrosis marker values 
were found in those who died due to AMI, myocarditis, rhythm and 
conduction disturbances, or PTE. In the group with lethal outcome, 
hs-TnI values showed a statistically significant difference compared 
to the entire CVD group and those without such complications 

(p<0.001). Regarding the other studied parameters characterizing 
the severity of pulmonary perfusion disturbance, haemostasis and 
hypoxaemia, no such differences were found between groups. There 
was a tendency for a difference in DDimer values in the deceased 
patients compared to the general CVD group. Only LDH as an 
enzyme reflecting both necroses and activated anaerobic glycolysis 
showed significantly higher levels in the deceased than the total 
patient group with CVD complications. This explains the moderate 
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statistically significant correlation between hs-TnI and LDH values 
in the overall COVID-19 group with CVD (r=0.438 p=0.0008).

We found that hs-TnI levels showed a high correlation with 
disease severity (Figure 1). A significant degree of correlation 
was observed between the severity of the disease and the length 
of hospital stay (r = 0.635; p <0.001). The mean length of stay 

in patients with CVD was 16 days while in the critical course of 
the disease and lethal outcome is 14 days (range 8-30 days). An 
analysis of the correlations between hs-TnI and other indicators 
for monitoring vital and metabolic disorders in patients from the 
group of the deceased revealed the following data (Table 2).

Table 2: Correlation between the values of hsTrI with the other studied indicators in deceased patients with Covid 19 and CVD incidents.

Correlation dependencies Correlation coefficient (r) p value

hsTrI vs.CRP 0.5298 0.014

hsTrI vs.DD 0.2564 ns

hsTrI vs. sO2 -0.3023 ns

hsTrI vs.LDH 0.5186 0.016

*Nonparametric correlation analysis and calculated Spearman r coefficients were applied.

Figure 1: Correlation between hs-TnI values and disease severity in patients with COVID-19 and CVD.

A moderate correlation between hs-TnI and LDH is currently 
established in the general group of COVID-19 and GCC. In the 
deceased group, this correlation is preserved and is significant in 
size (Figure 2B). We observed a similar correlation force with CRP, 

a biomarker of inflammation (Figure 2A). This is probably because 
CRP, in addition to being a well-known acute phase protein, is a 
marker that reflects and correlates with the size of the necrotic 
myocardial lesion.

Figure 2A: Correlation between hs-TnI and CRP values.
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Figure 2B: Correlation between hs-TnI and LDH values in deceased CVD patients.

Discussion
Shi et al. showed as early as 2020 that myocardial injury is a 

common condition among COVID-19 patients in Wuhan [6]. The 
authors reported that more than half of these patients died. A recent 
report suggests initial and follow-up testing during hospital stay of 
high-sensitivity troponin in patients with SARS-CoV-2 infection as 
a way to help clinicians identify individuals with possible cardiac 
damage and predict progression of COVID-19 to a fatal outcome [7]. 
The aetiology of acute myocardial injury in response to SARS-CoV-2 
infection is still poorly understood. Possible mechanisms include 
cytokine storm resulting from a dysfunctional and uncontrolled 
immunologic response evidenced by elevated levels of d-dimer, IL-
6, CRP, and LDH and primary cardiac injury caused by SARS-CoV-2 
[8]. One of the hypotheses is a direct attack on myocytes in the 
viraemic phase because of the affinity between the SARS-CoV Spike 
protein and angiotensin-converting enzyme type 2 (ACE-2), which 
is well represented in myocardial cells [9]. ACE-2 is also present in 
the vascular endothelium, so vasculitis and endothelial dysfunction 
are possible, further activating haemostasis with the occurrence of 
thromboembolic events and myocardial ischemic injury [10,11].

The amount of ACE2 may vary between individuals as well as in 
different tissues and cells. Some evidence suggests that ACE2 may 
be higher in patients with hypertension, diabetes, and coronary 
artery disease, explaining their greater vulnerability to SARS-
CoV-2 infection [12]. The primary role of ACE2 is that of a negative 
regulator of the renin-angiotensin system (RAS) by degrading 
angiotensin II to angiotensin. With this, it exerts vasodilating, 
anti-inflammatory and antifibrotic effects by binding to the Mas 
receptor. The RAS plays a critical role in the maintenance of blood 
pressure homeostasis as well as water-electrolyte balance and is 
closely related to the pathophysiology of heart disease [13].

Our data show an increase in hs-TnI in patients with myocardial 
injury, consistent with the findings of the meta-analysis by 
Dawson Det al. [14]. There was also an increased risk of death 

with increasing cardiac marker levels found in other studies [15]. 
Patients with COVID-19 have reduced oxygen supply due to hypoxic 
respiratory failure and concomitant increased oxygen demand 
due to tachycardia, febrility and endocrine dysregulation, which 
enhances myocardial hypoxia [16]. Patients who passed through 
the Covid unit during the relevant period were predominantly 
elderly (over 65 years of age and 29.5% of them are over 80 years 
of age) with concomitant cardiovascular disease. This predisposed 
to SARS-CoV-2 induced myocardial injury and increased mortality 
associated with COVID-19. Ample evidence has now accumulated 
to explain the increased susceptibility and severity in the course 
of the disease, resulting from multiple factors, most commonly 
dependent on altered ACE2 expression, age, sex, medications and 
comorbidities s.

A clear picture of hypercoagulability with elevated D-dimer 
values is observed in the course of the disease. The most significantly 
increased levels of the parameter are seen in patients with critical 
stage disease. D-dimer is a fibrinolytic degradation product of 
pathologically increased blood clot formation. Some studies found 
that D-dimer levels at hospital admission predicted worse clinical 
outcomes [18]. In contrast to the meta-analysis by Dawson D, et al. in 
the present study, we found no statistically significant difference in 
DDimer between the group with and without CVD versus deceased 
[14]. COVID-19 infection likely causes a range of multidirectional 
pathological conditions in different patient groups, whereby 
differences between groups are blurred. However, the D-dimer is 
also an inflammatory marker of the acute phase, which may explain 
the non-statistical differences in the three groups of patients.

Conclusion
cTnI appears to be a beneficial biomarker, the gold standard for 

early diagnosis of cardiac complications and myocardial damage 
in the course of COVID-19 infection. Serum cTnI testing is an 
independent predictor of disease severity and mortality, especially 
in elderly patients with comorbidities.
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