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Background: Cardiac injury is a common condition among hospitalized coronavirus disease 2019 
(COVID-19) patients, and is associated with a higher risk of mortality. However, the mechanism of 
myocardial injury in COVID-19 remains unclear. In this retrospective study, we compared the clinical 
characteristics of COVID-19 patients with different troponin I (TnI) levels during hospitalization to provide 
a clinical reference for the identification of those at high-risk.
Methods: In total, 218 patients diagnosed with COVID-19 in Yichang Central People’s Hospital and 
Yichang Third People’s Hospital between January 23 and February 19, 2020 were initially included. Of these 
patients, 89 underwent TnI testing during hospitalization and were finally included in the study. The medical 
history, clinical signs and symptoms at the time of admission, and laboratory test results were recorded. The 
patients were assigned to the normal TnI group (TnI <0.01 μg/L; n=67) or the elevated TnI group (TnI 
>0.01 μg/L; n=22).
Results: The incidence of elevated TnI in our patient cohort was 24.7%. There were significant differences 
between the two groups in the following factors: history of coronary heart disease (CHD), age, lymphocyte 
count, prothrombin time (PT), activated partial thromboplastin time (APTT), and levels of interleukin (IL)-
6, C-reactive protein (CRP), myoglobin (MYO), lactate dehydrogenase (LDH), and albumin (all P<0.05). 
Binary logistic analysis showed that a history of CHD, age, lymphocyte count, IL-6, APTT, and MYO were 
influencing factors of elevated serum TnI.
Conclusions: A history of CHD, advanced age, decreased lymphocyte count, increased IL-6, increased 
MYO, and prolonged APTT were independent influencing factors of elevated TnI in COVID-19 patients. 
COVID-19 patients with these characteristics are prone to myocardial injury.
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Introduction

The novel coronavirus pneumonia caused by the SARS-
CoV-2 pathogen has been officially named coronavirus 
d i sease  2019 (COVID-19)  by  the  World  Heal th 
Organization (1). Since its outbreak in 2019, this pathogen 
has caused a worldwide pandemic. As of June 25, 2020, 
there have been more than 9.4 million people diagnosed 
with COVID-19 and more than 470,000 deaths worldwide. 
In-depth observations and studies have shown that some 
COVID-19 patients have clinical manifestations of 
cardiac involvement in addition to the typical respiratory 
symptoms; this cardiac involvement greatly accelerates the 
development of the disease and increases the difficulty of 
treating these patients (2). Numerous studies have shown 
that COVID-19 patients with myocardial injury are prone 
to cardiac dysfunction and malignant arrhythmia, with a 
significantly shortened survival time and a significantly 
increased risk of in-hospital death (3,4).

The mechanism of myocardial injury related to 
COVID-19 is unclear, and there are few studies on the 
factors that influence myocardial injury in these patients (5).  
Myocardial injury in COVID-19 patients appears to 
be associated with the disease prognosis. Therefore, a 
detailed analysis of the influencing factors in such patients 
could help to establish an effective disease early warning 
monitoring system to guide early treatment measures and 
minimize death caused by myocardial injury.

The most typical clinical feature of myocardial injury 
related to COVID-19 is the presence of elevated myocardial 
injury markers that exceed the upper limit of the 99th 
percentile in the absence of clinical evidence of myocardial 
ischemia (3). Elevated troponin levels are associated with 
poor prognosis and high mortality in many diseases (6,7), 
and troponin I (TnI) is the most sensitive and specific 
marker for assessing myocardial injury. In this study, we 
compared the differences in clinical features of COVID-19 
patients categorized by TnI level to explore factors that 
could be used to provide a clinical reference for identifying 
high-risk patients. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/cdt-20-510).

Methods

Subjects

COVID-19 patients who were admitted and diagnosed 
in Yichang Central People’s Hospital and Yichang Third 

People’s Hospital between January 23, 2020 and February 19, 
2020 were screened continuously. According to the interim 
guidance of the World Health Organization (8), all included 
patients had a positive SARS-CoV-2 nucleic acid detection 
result assessed by real-time fluorescence RT-PCR. We used 
serum TnI levels to divide patients into a normal group 
(TnI <0.01 μg/L) and an elevated group (TnI >0.01 μg/L).  
Patients were excluded if they had medical history of an 
acute heart-related condition such as acute myocardial 
infarction, rheumatic heart disease (acute phase), or cardiac 
surgery within 1 month. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). This study was approved by the ethics committee 
of Yichang Central People’s Hospital and Yichang Third 
People’s Hospital (No. 20200413001). This investigation 
was a retrospective study, and patients were exempted from 
providing informed consent.

Collection of clinical data

The clinical data of the study patients were collected 
through the electronic medical record system and 
included the following: (I) general information including 
sex, age, and smoking history; (II) previous medical 
history of hypertension, coronary heart disease (CHD), 
diabetes, chronic lung disease, chronic kidney disease, 
cerebrovascular disease, or malignant tumor; (III) main 
clinical manifestations at the time of admission including 
fever, cough, sore throat, dyspnea, fatigue, muscle aches, 
palpitations, chest tightness, chest pain, headache, and 
diarrhea; (IV) highest body temperature before admission, 
heart rate at admission, and respiratory rate at admission; 
and (V) results of laboratory tests taken 24 hours after 
admission [white blood cell (WBC), neutrophil, lymphocyte, 
monocyte, platelet counts; levels of hemoglobin, interleukin 
(IL)-6, procalcitonin (PCT), C-reactive protein (CRP), 
D-dimer, prothrombin time (PT), activated partial 
thromboplastin time (APTT), creatine kinase (CK), CK-
MB isozyme, myoglobin (MYO), lactate dehydrogenase 
(LDH), hydroxybutyrate dehydrogenase (HBDH), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
creatinine (Cr), glycosylated hemoglobin (HbA1c), low-
density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), N-terminal pro hormone 
B-type natriuretic peptide (NT-proBNP), albumin, 
globulin, albumin/globulin ratio (A/G), and CO2 binding 
capacity]; and (VI) complications including acute respiratory 
distress syndrome (ARDS), acute kidney injury, malignant 
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arrhythmia, and shock.

Statistical analysis

The statistical processing of all data was performed using 
SPSS version 25.0 (IBM). Measurement data with a normal 
distribution and homogeneity of variance are expressed as 
the mean ± standard deviation ( x s± ), and an independent 
sample t-test was used for comparisons between groups. 
Measurement data with a non-normal distribution are 
expressed as the median (25th percentile, 75th percentile), 
and the Mann-Whitney U test was used for comparisons 
between groups. Count data are expressed as percentages, 
and the χ2 test or Fisher’s exact test was used for comparisons 
between groups. Multivariate analysis was performed using 
binary logistic regression. The R3.6.1 software nomogram 
package was used to establish a predictive nomogram. 
P<0.05 was considered to be statistically significant.

Results

Medical history

A total of 218 patients were initially included according to 
the COVID-19 diagnostic criteria. Among them, eighty-
nine of these patients had undergone TnI testing during 
hospitalization and were ultimately included in this study 
(40.8%); 67 were assigned to the normal group and 22 to 
the elevated group. The incidence of elevated TnI in this 
COVID-19 patient cohort was 24.7%. There were no 
significant differences between the normal TnI group and 
the elevated TnI group in sex, fever, cough, sore throat, 
fatigue, muscle aches, palpitations, chest pain or tightness, 
dyspnea, headache, diarrhea, smoking history, history of 
hypertension, diabetes, chronic lung disease, chronic kidney 
disease, cerebrovascular disease and malignancy, heart 
rate at admission, respiratory rate at admission, or highest 
body temperature before admission (all P>0.05). There 
were significant differences in the history of CHD and age 
between the two groups (both P<0.05). These results are 
presented in Table 1.

Laboratory test results

There were no significant differences between the normal 
and elevated TnI groups in any of the following factors: 
counts of WBCs, neutrophils, monocytes, platelets; levels 
of hemoglobin, PCT, D-dimer, CK, CK-MB, HBDH, 

ALT, AST, Cr, HbA1c, LDL-C, HDL-C, NT-proBNP, and 
globulin; A/G ratio; or CO2 binding capacity (all P>0.05). 
There were significant differences in the lymphocyte count, 
levels of IL-6, CRP, PT, APTT, MYO, LDH, and albumin 
between the two groups (all P<0.05). These results are 
presented in Table 2.

Binary logistic regression analysis of factors influencing 
elevated TnI in COVID-19 patients

The initial modeling included a history of CHD, age, 
lymphocyte count, and levels of IL-6, CRP, PT, APTT, 
MYO, LDH, and albumin. After excluding irrelevant 
factors and considering tolerance, the final modeling results 
showed that a history of CHD, advanced age, decreased 
lymphocyte count, increased levels of IL-6 and MYO, and 
prolonged APTT were independent influencing factors of 
elevated TnI, as shown in Table 3. The results suggested 
that the incidence of elevated TnI is significantly increased 
in older COVID-19 patients who have a history of CHD, 
a decreased lymphocyte count, increased IL-6 and MYO 
levels, and prolonged APTT.

Effect of elevated TnI on complications in COVID-19 
patients

About a quarter (24.7%) of the COVID-19 patients in 
our cohort had an elevated TnI level. Compared with 
patients with normal TnI, patients with elevated TnI had 
significantly higher incidences of complications including 
ARDS, acute kidney injury, and malignant arrhythmia 
during hospitalization (all P<0.05). These results are 
presented in Table 4.

Predictive nomogram for TnI elevation

The results of binary logistic regression analysis (i.e., 
history of CHD, age, lymphocyte count, IL-6 and MYO 
levels, and APTT) were used to establish a nomogram 
model to predict the elevation of TnI (Figure 1). This figure 
shows the points corresponding to the different values of 
each variable, and the individual total score is calculated 
accordingly to provide the probability of TnI elevation for 
COVID-19 patients.

Discussion

Studies have shown that some patients with COVID-19 
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have troponin levels that increase as the disease progresses, 
and this trend is associated with a poor prognosis (3,4,9,10). 
Huang et al. reported that among the first 41 patients to 
be diagnosed with COVID-19 in Wuhan, 5 (12%) were 
diagnosed with acute myocardial injury, with the main 
manifestation being elevated TnI (9). Shi et al. investigated 
416 COVID-19 patients and found that 19.7% had elevated 
TnI levels during hospitalization; 51.2% of those died; 
whereas the patients without elevated TnI levels had a 
mortality rate of only 4.5% (3). Guo et al. analyzed the 
clinical data of 187 patients with COVID-19 and found that 

27.8% experienced myocardial injury during the course 
of the disease and were prone to cardiac dysfunction and 
malignant arrhythmia (4). Therefore, it can be concluded 
that the patient’s TnI level can be used to evaluate prognosis 
in COVID-19. Furthermore, our thorough analysis of the 
factors influencing myocardial injury in COVID-19 patients 
will help to establish an effective early warning monitoring 
system to initiate early treatment and minimize the risk of 
death caused by myocardial injury.

In this study, we found that 24.7% of patients with 
COVID-19 had elevated TnI levels, but their disease 

Table 1 Medical history of patients in the two groups

Characteristics Total (n=89) Elevated TnI group (n=22) Normal TnI group (n=67) P

Male 49 (55.06) 11 (50.00) 38 (56.72) 0.583

Age 61.82±16.13 71.64±12.36 58.6±15.99 0.001

Smoking history 16 (17.98) 5 (22.73) 11 (16.42) 0.504

Chronic medical illness

Hypertension 32 (35.96) 11 (50.00) 21 (31.34) 0.114

CHD 10 (11.23) 8 (36.36) 2 (2.99) 0.000

Diabetes 19 (21.35) 5 (22.73) 14 (20.90) 0.856

Chronic lung disease 5 (5.62) 1 (4.55) 4 (5.97) 0.124

Chronic kidney disease 3 (3.37) 1 (4.55) 2 (2.99) 0.725

Cerebrovascular disease 7 (7.87) 2 (9.09) 5 (7.46) 0.806

Malignancy 3 (3.37) 2 (9.09) 1 (1.49) 0.087

Heart rate at admission 86 [80, 97] 88 [81, 97] 85 [78, 97] 0.273

Respiratory rate at admission 20 [20, 22] 20 [20, 22] 20 [19, 22] 0.438

Highest temperature before admission 38.36±0.84 38.31±0.83 38.38±0.85 0.754

Signs and symptoms at admission

Fever 78 (87.64) 21 (95.45) 57 (85.07) 0.199

Cough 34 (38.20) 8 (36.36) 26 (38.81) 0.838

Sore throat 11 (12.36) 2 (9.09) 9 (13.43) 0.591

Fatigue 38 (42.70) 12 (54.55) 26 (38.81) 0.195

Muscle aches 17 (19.10) 5 (22.73) 12 (17.91) 0.618

Palpitations 6 (6.74) 2 (9.09) 4 (5.97) 0.612

Chest pain or tightness 2 (2.25) 1 (4.55) 1 (1.49) 0.402

Dyspnea 13 (14.61) 6 (27.27) 7 (10.45) 0.053

Headache 11 (12.36) 2 (9.09) 9 (13.43) 0.591

Diarrhea 5 (5.62) 3 (13.64) 2 (2.99) 0.060

Data are present as x s± , M [P25, P75] or n (%). TnI, troponin I; CHD, coronary heart disease.
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symptoms and signs were not specific. Among the 
patients with elevated TnI, there was a high incidence of 
complications including ARDS, acute kidney injury, and 
malignant arrhythmia. A history of CHD, advanced age, 

decreased lymphocyte count, increased levels of IL-6 and 
MYO, and prolonged APTT were shown to be independent 
influencing factors of elevated TnI and can be used as the 
main predictive factors for myocardial injury. Therefore, 

Table 2 Laboratory test results in the two groups

Laboratory findings at admission Total (n=89) Elevated TnI group (n=22) Normal TnI group (n=67) P

Leukocyte count (×109/L) 4.44 (3.75, 6.07) 5.41 (3.84, 7.26) 4.28 (3.7, 5.8) 0.152

Neutrophil count (×109/L) 2.95 (2.29, 4.67) 3.55 (2.46, 6.14) 2.92 (2.17, 4.41) 0.183

Lymphocyte count (×109/L) 0.81 (0.58, 1.07) 0.59 (0.49, 1.05) 0.85 (0.63, 1.07) 0.030

Monocyte count (×109/L) 0.35 (0.25, 0.48) 0.32 (0.23, 0.5) 0.35 (0.26, 0.47) 0.951

Platelet count (mg/L) 145.09±55.52 141.64±36.3 146.22±60.7 0.739

Hemoglobin (g/L) 124.54±19.86 125.77±16.36 124.13±20.98 0.739

IL-6 (pg/mL) 20.51 (3.66, 45.43) 31.08 (13.46, 84.86) 13.9 (1.3, 43.61) 0.005

PCT (μg/L) 0.05 (0.03, 0.12) 0.07 (0.05, 0.18) 0.05 (0.03, 0.12) 0.171

CRP (mg/L) 45.8 (13.5, 74) 66.7 (52.9, 93.4) 27.4 (11, 70.5) 0.002

D-dimer (ng/mL) 630 (481.2, 1,020) 718 (562.3, 1,480) 622.9 (442.2, 880) 0.238

PT (s) 11 (10.5, 11.5) 11.3 (11, 11.8) 10.8 (10.4, 11.4) 0.001

APTT (s) 34.9 (31.4, 38.3) 37 (35.4, 40.5) 33.7 (30.4, 36.8) 0.002

CK (U/L) 100 [62, 164] 94 [63, 204] 102 [61, 164] 0.989

CK-MB (U/L) 11 [8, 14] 11 [8, 14] 10.5 [8, 14] 0.786

MYO (g/L) 25 (20, 37.3) 31.5 (24.6, 82) 25 (20, 31.2) 0.013

LDH (U/L) 255 [192, 351] 276 [247, 376] 243 [177, 340] 0.021

HBDH (U/L) 11 [8, 14] 11 [8, 14] 10.5 [8, 14] 0.786

ALT (U/L) 25 [19, 36] 25 [20, 37] 26 [17, 36] 0.951

AST (U/L) 31 [26, 42] 35 [28, 47] 30 [25, 42] 0.151

Cr (μmol/L) 72.8 (60.8, 92.1) 83.3 (57.9, 105.2) 71.3 (61.2, 88.7) 0.191

HbA1c (%) 7.27 (6.23, 8.33) 7.47 (5.95, 8.79) 7.21 (6.23, 8.16) 0.711

LDL-C (mmol/L) 1.88±0.66 1.95±0.73 1.85±0.65 0.548

HDL-C (mmol/L) 0.88±0.27 0.96±0.24 0.86±0.27 0.138

NT-proBNP (ng/L) 235 [142, 556] 376.5 [142, 780] 234 [142, 455] 0.369

Albumin (g/L) 34.69±5.64 32.63±4.26 35.37±5.9 0.048

Globulin (g/L) 27.17±3.23 27.47±3.49 27.08±3.17 0.624

A/G 1.3±0.29 1.22±0.26 1.33±0.3 0.116

CO2 binding capacity 25.82±3.54 25.43±3.2 25.95±3.65 0.554

TnI, troponin I; IL-6, interleukin 6; PCT, procalcitonin; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin 
time; CK, creatine kinase; CK-MB, creatine kinase isoenzyme; MYO, myoglobin; LDH, lactate dehydrogenase; HBDH, hydroxybutyrate 
dehydrogenase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; HbA1c, glycated hemoglobin; LDL-C, low 
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; NT-proBNP, N-terminal brain natriuretic peptide precursor; A/G, 
albumin/globulin ratio.
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Table 3 Binary logistic regression analysis of influencing factors related to elevated TnI in COVID-19 patients

Characteristic B S.E Wals P Exp (B)

Age –0.084 0.032 6.997 0.008 0.919

CHD –1.967 0.976 4.062 0.044 0.14

Lymphocyte count (×109/L) 2.366 1.182 4.008 0.045 10.658

IL-6 (pg/mL) –0.034 0.012 7.298 0.007 0.967

MYO (g/L) –0.006 0.002 6.485 0.011 0.994

APTT (s) –0.163 0.076 4.58 0.032 0.849

Constant 12.633 3.853 10.751 0.001 306,589.472

TnI, troponin I; CHD, coronary heart disease; IL-6, interleukin 6; MYO, myoglobin; APTT, activated partial thromboplastin time.

Table 4 Effect of elevated TnI on the complications of COVID-19 patients

Complications Total (n=89) Elevated TnI group (n=22) Normal TnI group (n=67) P

ARDS 32 (35.96) 12 (54.55) 20 (29.85) 0.036

Acute kidney injury 19 (21.35) 10 (45.45) 9 (13.43) 0.001

Malignant arrhythmia 6 (6.74) 4 (18.18) 2 (2.99) 0.014

Shock 13 (14.61) 5 (22.73) 8 (11.94) 0.214

Data are present as n (%). TnI, troponin I; ARDS, acute respiratory distress syndrome.
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Figure 1 The predictive nomogram for TnI elevation. TnI, troponin I; CHD, coronary heart disease; APTT, activated partial 
thromboplastin time; IL-6, interleukin 6.

it is especially important to monitor older COVID-19 
patients with CHD for their lymphocyte count, IL-6 and 
MYO levels, and APTT. A nomogram model was also 
drawn to provide a more intuitive tool to predict elevated 

TnI.
According to the existing epidemiological data, older 

patients with CHD who become infected with COVID-19 
seem to have disproportionately high rates of critical illness 
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and mortality, but the specific mechanisms for this remain 
unclear (11-13). In the current study, older COVID-19 
patients with CHD were prone to having elevated TnI levels, 
suggesting that the poor prognosis in these patients may 
be related to TnI. One explanation for this phenomenon 
may be the difference in albumin levels between the 
normal and elevated TnI groups. This finding suggested 
a tendency for older patients to have poor nutritional 
status and decreased autoimmune function, which can lead 
to delayed recovery or even accelerated progression of 
COVID-19 (14). Furthermore, COVID-19-induced stress 
may cause decreased plaque stability, reduced oxygen supply 
and increased oxygen consumption, thereby aggravating 
myocardium ischemia and increasing the risk of coronary 
events (15).

Similar to SARS-CoV, SARS-CoV-2 invades human 
respiratory epithelia via binding of the viral S-protein to 
its cell-surface receptor—angiotensin converting enzyme 2 
(ACE2) (16). ACE2 can also show high expression on the 
surface of cardiovascular endothelial cells; therefore, it is 
speculated that SARS-CoV-2 may damage the myocardium 
by binding to highly expressed ACE2 in the heart tissue 
(16,17). However, recent pathological studies have shown 
that interstitial infiltration of mononuclear inflammatory 
factors is rare in the myocardial tissues of patients with 
COVID-19, which indicates that SARS-CoV-2 may not 
damage the heart directly (18). Further analysis showed that 
the number of CD4+ and CD8+ cells in the peripheral blood 
was greatly reduced in COVID-19 patients, but that their 
immune cell status was highly activated. Upon activation, 
the large numbers of inflammatory cytokines that are 
rapidly produced and can create a “cytokine storm”, causing 
immune injury to cardiomyocytes and eventually leading to 
circulatory failure in COVID-19 patients (18). The results 
of the current study showed that a decreased lymphocyte 
count and increased IL-6 levels were closely related to 
elevated TnI, confirming that excessive immune activation 
can cause myocardial injury in COVID-19 patients. It 
should be noted that, CRP, another inflammatory marker, 
showed a difference in the univariate analysis, but was not 
found to be independently related to elevated TnI in the 
multivariate logistic regression analysis. We speculate that 
increased CRP levels are caused by multiple factors in 
COVID-19 patients.

The acute inflammatory response to infection can affect 
coagulation and fibrinolysis through multiple pathways, 
eventually leading to disorder in the coagulation cascade and 
fibrinolysis processes, thereby promoting microthrombosis (19). 

The formation of microthrombi can lead to myocardial 
injury as a result of an imbalance in oxygen supply and 
demand (20). In this study, the differences in PT and APTT 
between patients in the elevated and normal TnI groups 
were statistically significant, and multivariate logistic 
regression analysis showed that APTT was an independent 
risk factor for elevated TnI.

We found that the proportions of COVID-19 patients 
with increased levels of elevated LDH and MYO were 
higher in the elevated-TnI group, with multivariate logistic 
regression analysis showing an independent association 
between MYO and elevated TnI. MYO is found in skeletal 
muscle and the myocardium and is a sensitive and specific 
biomarker for the diagnosis of myocardial infarction and 
CHD in the acute phase. After myocardial injury, the rise 
in serum MYO occurs earlier than the rise in TnI (21), 
possibly explaining why MYO was independently related to 
elevated TnI in this study. LDH can be found in almost all 
tissue types (22). However, we did not find an independent 
correlation between increased LDH and TnI levels, which, 
like CRP, might have been due to the effects of multiple 
other factors on LDH.

This study has some limitations. First, the patients 
were not followed up to evaluate the long-term prognostic 
value of TnI level in COVID-19. Second, potentially 
important clinical data such as echocardiography, cardiac 
color Doppler ultrasound, treatment protocol, and clinical 
outcomes were not collected. Third, although our patients 
came from two hospitals that were designated for the 
treatment of COVID-19 in Yichang, Hubei Province, 
the sample size was small, and may have led to bias in the 
statistical analysis. Finally, Yichang lies outside of Wuhan; 
therefore, COVID-19 patients in this study may have 
comprised mainly second or third generation cases. Hence, 
the virulence of the virus may have been weakened and 
the degree of TnI elevation may be different compared 
with earlier patients from Wuhan. Therefore, the results 
presented here need to be verified and confirmed by large-
scale multicenter studies.

Conclusions

A history of CHD, advanced age, decreased lymphocyte 
count, increased IL-6, increased levels of MYO and 
prolonged APTT were identified as independent influencing 
factors of elevated TnI. Clinicians should consider the 
possibility of myocardial injury in such COVID-19 patients 
and provide appropriate cardiovascular-specific diagnosis 
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and treatment to save lives.
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