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Background: The elderly patients are at increased high risk of myocardial injury and mortality after the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection. This study aims to investigate the prevalence, predictors and prognostic implica
tions of myocardial injury in the elderly patients with SARS-CoV-2 infection.
Methods: Patients aged over 65 years were consecutively recruited between April to May, 2022. Myocardial injury was assessed 
using the high-sensitivity cardiac troponin T (hs-cTnT) assay. The primary endpoint was in-hospital mortality.
Results: A total of 347 patients were recruited with a median age of 81 years. 45.8% were male and 18 (5.2%) deceased before 
discharge. Myocardial injury (hs-cTnT over 99% upper reference limit [URL]) was detected in 202 (58.2%) of patients. Predictors of 
myocardial injury included age (per 5-year increase), hypertension, vaccination, creatine, and neutrophil-to-lymphocyte ratio. hs-cTnT 
over 3 × URL was independently correlated with in-hospital mortality (adjusted odds ratio [adOR], 13.21; 95% confidence interval 
[CI], 2.11–87.1; p = 0.005) in comparison to hs-cTnT > URL (adOR, 0.66; 95% CI, 0.09–5.92; p = 0.680).
Conclusion: Myocardial injury was a common phenomenon and prognostic predictor in elder patients after SARS-CoV-2 infection. 
Higher threshold of myocardial injury may be considered to improve risk stratification.
Keywords: COVID-19, SARS-CoV-2, myocardial injury, mortality

Introduction
In the past years, the coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has become a world-wide pandemic affecting the entire population. Among all those infected patients, the 
elderly have been acknowledged as the most vulnerable subgroup with worse clinical outcomes due to high prevalence of 
comorbidities, inherent fragility and low vaccination coverage.1,2 In the very recent wave of infection of the Omicron 
variant of SARS-CoV-2 in Hong Kong, China, 96% mortality occurred in persons aged ≥60 years.3 Since healthcare 
facilities could be overwhelmed facing the exponential increase of infected patients, efficient risk stratification of elderly 
patients and providing matched surveillance and proper treatments are crucial in the management of COVID-19.

Cardiovascular involvement is one of the most common extrapulmonary manifestations of COVID-19. Viral presence 
and inflammatory infiltrates have been detected within myocardium.4,5 Myocardial injury, defined by elevation of cardiac 
troponins, is demonstrated as a frequent complication of SARS-CoV-2 infection, independently associated with increased 
risks of adverse clinical outcomes.6–9 Multiple etiology of myocardial injury under the circumstance of COVID-19 has 
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been suggested, including direct damage by viral invasion, acute myocardial infarction, particularly type 2 myocardial 
infarction and nonischemic causes such as myocarditis and stress cardiomyopathy.10–12 The prevalence of myocardial 
injury is higher in elderly patients because of comorbidities and impaired compensatory mechanisms.2,13 Meanwhile, it 
has also been proposed age-specific threshold of cardiac troponins should be used to better portray clinical features of the 
elderly.13 Hence, it would be important to investigate the characteristics and prognostic implications of myocardial injury 
in the elderly to permit precise risk stratification and early intervention.

In this study, we recruited patients aged >65 years who had high-sensitivity cardiac troponin T (hs-cTnT) measured 
during the hospitalization for COVID-19. We investigated the incidence, determinants and prognostic significance of 
myocardial injury. This study aims to describe the clinical characteristics of myocardial injury and acquire a deeper 
understanding of the cardiac involvement in elderly patients with SARS-CoV-2 infection.

Methods
Study Design and Participants
Geriatric Medical Center affiliated to Zhongshan Hospital is a designated hospital to admit aged patients infected by the 
omicron variant of SARS-CoV-2 in the most recent epidemic of COVID-19 in Shanghai, China.14 In this retrospective 
study, we consecutively recruited 347 patients who are over 65 years old and had hs-cTnT tested at least once during 
hospitalization from April 12, 2022, to May 16, 2022. The viral genomes were clustered into the SARS-CoV-2 BA.2.2 
sub-lineage. For patients with concurrent ST-segment elevation myocardial infarction (STEMI) would be emergently 
transferred to other specialized medical centers for revascularization, they were excluded because of censored outcome. 
Besides, patients with missing cardiac troponin values, deceased within 2 hours after admission and those who were not 
capable of finishing informed consent were also excluded. This study was approved by the Ethics Committee of 
Zhongshan Hospital, Fudan University (No.: B2022-238R) and conducted in accordance with the guidelines of the 
Declaration of Helsinki. All participants were given written informed consent at the time of index hospitalization.

Laboratory Measurements
The earliest venous blood samples for hs-cTnT measurements were obtained within 48 hours after admission and the 
following tests were ordered according to patients’ condition. Troponin T was measured by an automated analyzer using 
a high-sensitivity assay (Roche Diagnostics) and the 99th percentile upper reference limit (URL) was 0.014 ng/mL. The 
presence of SARS-CoV-2 was semi-quantitatively detected by real-time reverse-transcription polymerase-chain-reaction 
(RT-PCR) assay for nasopharyngeal swab specimens. The open reading frame 1ab (ORF1ab) and nucleocapsid protein 
(N) were simultaneously tested and reported as cycle threshold (Ct) values. Clinical and biochemical data were recorded 
prospectively for all patients.

Definitions
Myocardial injury was defined as hs-cTnT levels above the 99th percentile URL.15 Patients were diagnosed according to 
the guideline on prevention and control of COVID-19 (eighth edition) established by the National Health Commission of 
China.16 Symptoms in mild illness included cough, sore throat, fever, cough, sputum, myalgia, fatigue, diarrhea and so 
on. Moderate illness was diagnosed with chest computed tomography confirmed pneumonia. Patients with COVID-19 
having severe illness were defined having one of the following criteria: (1) respiratory frequency more than or equal to 
30/min, (2) oxygen saturation less than or equal to 93% at rest, (3) arterial partial pressure of oxygen/inspired oxygen 
fraction [PaO2/FiO2]) less than or equal to 300 mm Hg, or (4) acutely deteriorated clinical condition and rapid expansion 
of lesions >50% in chest imaging within 24–48 hours. Patients were considered critical meeting any of the following: (1) 
respiratory failure and need for mechanical ventilation, (2) shock; or (3) vital organ failure in need of intensive care. 
Discharge criteria were normal body temperature lasting longer than 3 days; respiratory symptoms improved signifi
cantly; Ct values of ORF1ab and N over 35 in two consecutive SARS-CoV-2 RNA tests at least 24 hours apart. In- 
hospital death was the primary endpoint in this study.
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Statistical Analysis
Continuous and categorical variables were summarized as median (interquartile range [IQR]) and n (%), respectively. 
Comparison between groups was conducted by Mann–Whitney U-test, χ²-test, or Fisher’s exact test, as applicable. To 
explore the risk factors of myocardial injury and in-hospital death, univariable and multivariate logistic regression 
models were used. A spline curve analysis was used to assess the association between the continuous values of hs-cTnT 
and in-hospital mortality. Subsequently, the hs-cTnT level was dichotomized at the cut-off value derived from receiver 
operating characteristics curve and included as a binary variable in the multivariate model. Cumulative survival curves 
were derived from the Kaplan–Meier method and differences between curves were analyzed using multivariate Cox 
regression. A two-sided p value of less than 0.05 was considered statistically significant. Statistical analyses were done 
using R software (version 4.1.3).

Results
Study Population
A total of 347 patients were included in the final analysis. The median age was 81 years old (IQR 66.8–89.3), and 45.8% 
were male. Comorbidities were present in over half of patients, with hypertension being the most common comorbidity, 
followed by diabetes, coronary artery disease (CAD) and chronic obstructive pulmonary disease (COPD). 73.8% patients 
were not vaccinated, 95 (27.4%) received oral antivirals for SARS-CoV-2 (nirmatrelvir-ritonavir). Among all patients, 35 
(10.2%) were severe or critical, 19 (5.5) were admitted in intensive care unit, and 7 (2.0%) were mechanically ventilated 
through intubation or tracheotomy. Eighteen (5.2%) patients died during hospitalization and 329 were discharged. The 
other clinical characteristics of patients are shown in Table 1 and Table 2.

Table 1 Baseline Demographics and Clinical Characteristics According to Myocardial Injury

Total  
(n=347)

Myocardial Injury  
(n=202)

Without Myocardial  
Injury (n=145)

p value

Age (years) 80.5 (66.8–89.3) 85.0 (78.3–89.0) 67.0 (65.0–76.0) <0.001
Male 159 (45.8) 102 (50.5) 57 (39.3) 0.039

Body mass index 22.3 (20.3–25.3) 20.9 (19.5–23.8) 24.9 (21.5–27.0) 0.014

Hypertension 199 (57.3) 135 (66.8) 64 (44.1) <0.001
Diabetes mellitus 76 (21.9) 52 (25.7) 24 (16.6) 0.041

Coronary artery disease 62 (17.9) 47 (23.3) 15 (10.3) 0.002

COPD 20 (5.8) 9 (4.5) 11 (7.6) 0.217
Oral antivirals 95 (27.4) 54 (26.7) 41 (28.3) 0.751

Hospitalization days 9 (6–13) 10 (6.5–14) 7 (6–12) 0.370

Vaccination
0 256 (73.8) 175 (86.6) 81 (55.9) <0.001

1 3 (0.9) 1 (0.5) 2 (1.4) 0.574

2 34 (9.8) 12 (5.9) 22 (15.2) 0.033
Booster dose 54 (15.6) 14 (6.9) 40 (27.6) <0.001

Disease severity status

Mild 265 (76.4) 143 (70.8) 122 (84.2) 0.043
Moderate 47 (13.5) 30 (14.9) 17 (11.7) 0.401

Severe 15 (4.3) 12 (5.9) 3 (2.1) 0.108

Critical 20 (5.8) 17 (8.4) 3 (2.1) 0.017
Creatinine (μmol/L) 71 (57–83) 78 (58–96) 68 (57–72) <0.001

hs-CRP (mg/L) 7.3 (1.3–22.2) 10.5 (2.6–27.7) 2.6 (1.1–11.5) <0.001

D-dimer (mg/L) 0.39 (0.74–2.51) 1.05 (0.57–5.42) 0.38 (0.24–0.72) <0.001
White Blood Cell Count (x10^9/L) 5.3 (4.1–6.6) 5.1 (4.1–8.2) 5.4 (4.3–6.1) 0.196

Neutrophil /lymphocyte ratio (%) 2.3 (1.4–3.9) 3.2 (1.5–5.0) 2.0 (1.4–2.3) <0.001

(Continued)
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Table 1 (Continued). 

Total  
(n=347)

Myocardial Injury  
(n=202)

Without Myocardial  
Injury (n=145)

p value

Platelet (x10^9/L) 211 (142–261) 209 (127–285) 213 (176–245) 0.231
Hemoglobin (g/L) 125 (110–133) 121 (104–132) 130 (120–139) <0.001

Albumin (g/L) 38 (34–41) 34 (31–39) 40 (39–41) <0.001

NT-proBNP (pg/mL) 195.5 (78.9–487.0) 449.0 (207.0–790.0) 57.1 (30.7–136.0) <0.001
Cardiac troponin T (ng/mL) 0.021 (0.009–0.031) 0.029 (0.023–0.044) 0.007 (0.006–0.011) <0.001

Cardiac Troponin T changes* (ng/mL) 0.010±0.077 0.017±0.101 0.001±0.005 0.668

Cardiac troponin T variation# (%) 24.1±179.2 37.3±230.4 5.9±53.3 0.696
NYHA class III–IV 7 (2.0) 5 (2.4) 2 (1.3) 0.704

LMWH 69 (19.9) 45 (22.2) 24 (16.6) 0.188

Aspirin 102 (29.3) 68 (33.6) 34 (23.4) 0.039
Clopidogrel 84 (24.2) 57 (28.2) 27 (18.6) 0.040

OAC 21 (0.061) 16 (7.9) 5 (3.4) 0.085

HFNC/BiPAP 20 (5.8) 15 (7.4) 5 (3.4) 0.117
Invasive mechanical ventilation 7 (2.0) 7 (3.5) 0 (0.0) 0.024

ICU admission 19 (5.5) 16 (7.9) 3 (2.1) 0.018

Death 18 (5.2) 15 (7.4) 3 (2.1) 0.026

Notes: Data are shown as median (interquartile range), mean±standard deviation or n (%). *The highest absolute gap between the baseline and follow- 
up hs-cTnT values. #The ratio of cardiac troponin T changes to baseline values. 
Abbreviations: BiPAP, bilevel non-invasive ventilation; COPD, chronic obstructive pulmonary disease; HFNC, high flow nasal cannulas; hs-CRP, high- 
sensitivity C-reactive protein; ICU, intensive care unit; LMWH, low molecular weight heparin; NYHA, New York Heart Association; NT-proBNP, 
N-terminal pro-B-type natriuretic peptide; OAC, oral anti-coagulation.

Table 2 Baseline Demographics and Clinical Characteristics According to Survival

Total (n=347) Non-Survivors (n=18) Survivors (n=329) p value

Age (years) 80.5 (66.8–89.3) 91.0 (79.5–95.5) 79.0 (66.0–88.0) 0.004

Male 159 (45.8) 8 (44.4) 151 (45.9) 0.904
Body mass index 22.3 (20.3–25.3) 19.5 (18.5–21.0) 22.6 (20.5–25.4) 0.058

Hypertension 199 (57.3) 10 (55.6) 189 (57.4) 0.874

Diabetes mellitus 76 (21.9) 6 (33.3) 70 (21.3) 0.228
Coronary artery disease 62 (17.9) 6 (33.3) 56 (17.0) 0.079

COPD 20 (5.8) 1 (5.6) 19 (5.8) 0.969
Use of oral antivirals 95 (27.4) 7 (38.9) 88 (26.7) 0.261

Hospitalization days 9 (6–13) 9 (4.5–12) 10 (6–13) 0.312

Vaccination
0 256 (73.8) 16 (88.9) 240 (72.9) 0.173

1 3 (0.9) 0 (0.0) 3 (0.9) 0.852

2 34 (9.8) 1 (5.6) 33 (10.0) 0.534
Booster dose 54 (15.6) 1 (5.6) 53 (16.1) 0.328

Disease severity status

Mild 265 (76.4) 1 (5.6) 264 (80.2) <0.001
Moderate 47 (13.5) 1 (5.6) 46 (14.0) 0.486

Severe 15 (4.3) 2 (11.1) 13 (4.0) 0.179

Critical 20 (5.8) 14 (77.8) 6 (1.8) <0.001
Creatinine (μmol/L) 71 (57–83) 145 (99–376) 71 (57–78) 0.007

hs-CRP (mg/L) 7.3 (1.3–22.2) 29.8 (16.2–150.8) 6.9 (1.2–21.0) <0.001

D-dimer (mg/L) 0.39 (0.74–2.51) 12.54 (4.89–17.51) 0.63 (0.38–1.78) <0.001
White Blood Cell Count (x10^9/L) 5.3 (4.1–6.6) 10.0 (6.35–12.9) 5.1 (4.1–6.4) <0.001

Neutrophil /lymphocyte ratio (%) 2.3 (1.4–3.9) 13.7 (4.5–18.3) 2.1 (1.4–3.6) <0.001

(Continued)
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Characteristics of Patients with Myocardial Injury
The distribution of hs-cTnT values is displayed in Figure 1. According to the fourth universal definition of myocardial 
infarction, myocardial injury was defined as hs-cTnT levels above 99% URL. Two hundred and two (58.2%) had 
concomitant myocardial injury on admission. The comparison of characteristics and outcomes of patients with and 
without myocardial injury is shown in Table 1. Patients with myocardial injury were older, more frequently complicated 
by hypertension, diabetes and CAD. Moreover, creatinine, high-sensitivity C-reactive protein (hs-CRP), neutrophil-to- 
lymphocyte ratio (NLR), D-dimer, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels were substantially 
higher in patients with myocardial injury. Of note, patients with myocardial injury had lower body mass index (BMI) and 
lower levels of albumin. Compared with patients without myocardial injury, the vaccination ratio was lower, while the 
rate of critical illness, ICU admission and death was significantly higher. The load of SARS-CoV-2 was semi- 
quantitatively assessed by Ct values. Temporal changes in Ct values from admission are demonstrated in Figure 2. 
Although the length of hospital stay was not significantly different between groups, the overall levels of Ct values were 
higher and rate of recovery were faster in patients without myocardial injury.

Risk Factors of Myocardial Injury
Based on differences between patients with and without myocardial injury observed in Table 1, univariate logistic 
regression was used to filtrated candidate risk factors (p value < 0.05). Afterwards, multivariate analysis was conducted 
to identify independent predictors of myocardial injury. As shown in Figure 3, we found that older age (per 5-year 
increase), hypertension, creatinine and NLR were associated with increased odds of myocardial injury, while vaccination 
was a major protective factor.

Table 2 (Continued). 

Total (n=347) Non-Survivors (n=18) Survivors (n=329) p value

Platelet (x10^9/L) 211 (142–261) 128 (62–264) 213 (161–262) 0.026

Hemoglobin (g/L) 125 (110–133) 111 (101–149) 127 (110–133) 0.002
NT-proBNP (pg/mL) 195.5 (78.9–487.0) 2203.0 (931.0–15,100.0) 173.0 (53.7–424.0) <0.001

Cardiac troponin T (ng/mL) 0.021 (0.009–0.031) 0.065 (0.061–0.185) 0.019 (0.008–0.029) <0.001

Albumin (g/L) 38 (34–41) 31 (28–33) 39 (34–41) <0.001
HFNC/BiPAP 20 (5.8) 14 (77.8) 6 (1.8) <0.001

Invasive mechanical ventilation 7 (2.0) 1 (5.6) 6 (1.8) 0.314

ICU admission 19 (5.5) 8 (44.4) 11 (3.3) <0.001

Note: Data are shown as median (interquartile range) or n (%). 
Abbreviations: BiPAP, bilevel non-invasive ventilation; COPD, chronic obstructive pulmonary disease; HFNC, high flow nasal cannulas; hs-CRP, 
high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Figure 1 Cardiac troponin values and odds ratio of mortality. 
Notes: Distribution of hs-cTnT values in patients was colored in blue. Spline curve of the odds ratio of in-hospital death was plotted according to the values of hs-cTnT. 
Dashed black lines are 95% confidence intervals. Dashed grey line indicates odds ratio = 1. 
Abbreviation: hs-cTnT, high-sensitivity cardiac troponin T.
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Characteristics of Survivors and Non-Survivors
Patients deceased during hospitalization were much older (median age: 91.0 vs 79.0 years old, p = 0.004). Compared 
with survivors, levels of creatine, hs-CRP, D-dimer, white blood cell count, NLR, hs-cTnT, NT-proBNP were clearly 
elevated in non-survivors (Table 2). In contrast, hemoglobin, platelet count and albumin were decreased in non-survivors. 
The difference in sex, comorbidities, vaccination and use of antivirals was not significant between groups.

Myocardial Injury and Clinical Endpoint
As shown in Figure 1, spline curve indicated that the odds of death increased with the levels of hs-cTnT. Potential 
predictors of mortality were evaluated with univariate logistic regression models and those with p value <0.05 entered 
multivariate analysis (Table 3). It was implied that hs-cTnT > URL was not associated with higher risk of mortality after 

Figure 2 Temporal changes in cycle threshold values from admission. 
Notes: Figure shows temporal changes in Ct values of SARS-CoV-2 between patients with and without myocardial injury. Ct values in the y axis were the average of 
simultaneously tested Ct values of ORF1ab and N since they were parallel and approximate. 95% confidence interval was indicated by the ribbon. 
Abbreviations: Ct, cycle threshold; ORF1ab, open reading frame 1ab; N, nucleocapsid protein.

Figure 3 Odds ratio of risk factors of myocardial injury. 
Notes: Multivariate model was adjusted with age (per 5-year increase), hypertension, diabetes, coronary artery disease, severity of COVID-19, vaccination, creatinine, D- 
dimer and neutrophil-to-lymphocyte ratio.
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adjustment (adjusted odds ratio [adOR], 0.66; 95% confidence interval [CI], 0.09–5.92; p = 0.680). We plotted receiver 
operating characteristic curve (Figure 4A) and found hs-cTnT above 0.052 ng/mL (3-fold URL) had the most balanced 
sensitivity and specificity. Multivariate regression analysis revealed hs-cTnT > 3 × URL was an independent predictor of 
mortality (adOR, 13.21; 95% CI, 2.11–87.1; p = 0.005). Moreover, survival curve confirmed patients with hs-cTnT more 
than 3-fold URL were at significantly increased risk of in-hospital death (Figure 4).

Discussion
In this study, we demonstrated that myocardial injury was present in over half of the elder patients with COVID-19. 
Older age (per 5-year increase), hypertension, creatinine, NLR and vaccination were dependently associated with 
myocardial injury. hs-cTnT above 3 × URL was an independent prognostic predictor of in-hospital mortality and 
improved risk stratification of SARS-CoV-2 infected elders.

Substantially elevated rates of morbidity and mortality have been observed in elder patients with the outbreak and fast 
spreading of SARS-CoV-2. Over 95% of deaths occurred in person aged ≥60 years during the fifth wave of COVID-19 in 
Hong Kong, China.3 From late February 2022, an epidemic of SARS-CoV-2 infection cause by the Omicron variant swept 
Shanghai, China. Among over 600,000 cases, a total of 568 people died with or from COVID-19 with an average age >65 
years, as of May 13, 2022.14,17,18 The low coverage of vaccination and high mortality in elder patients required us to more 
exquisitely treat this special population on the occasion of exponentially increased burden to medical and health system.

It was acknowledged that myocardium was frequently involved in COVID-19, leading to poor prognosis. Due to 
inconsistency in inclusion criteria and detection assay, the reported prevalence of myocardial injury ranged from 1% to 
100%.8,11,19–22 In our study, the incidence of myocardial injury was 58.2%. This high rate of myocardial injury indicated 

Table 3 Predictors of Mortality in Multivariate Logistic Regression Models

Risk Factors Univariate Model Model 1 Model 2

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

hs-cTnT > URL# 3.80 (1.22–16.62) 0.038 0.66 (0.09–5.92) 0.680

hs-cTnT > 3xURL 12.4 (4.30–34.93) <0.001 13.21 (2.11–87.1) 0.005
Neutrophil/lymphocyte ratio 1.15 (1.07–1.24) <0.001 1.06 (0.98–1.12) 0.050 1.05 (0.95–1.11) 0.228

Age (per 5-year increase) 1.42 (1.10–1.94) 0.011 0.99 (0.64–1.63) 0.989 0.98 (0.64–1.60) 0.937

Creatinine 1.01 (1.01–1.02) 0.010 1.01 (1.01–1.03) 0.037 1.01 (0.99–1.02) 0.511
Albumin 0.80 (0.73–0.88) <0.001 0.76 (0.65–0.87) 0.001 0.77 (0.66–0.89) 0.001

D-dimer 1.09 (1.01–1.15) <0.001 1.11 (1.01–1.20) 0.017 1.10 (1.01–1.20) 0.034

Note: #The 99th percentile URL for hs-cTnT was 0.014 ng/mL. 
Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; URL, upper reference limit.

Figure 4 Hs-cTnT and clinical endpoints. 
Notes: (A) Receiver operating characteristic curve of hs-cTnT for the prediction of mortality. hs-cTnT = 0.052 ng/mL (3 × URL) had most balanced sensitivity and 
specificity. (B) The cumulative incidence of in-hospital mortality in patients with hs-cTnT > URL and those who did not. (C) The cumulative incidence of in-hospital mortality 
in patients with hs-cTnT > 3 × URL and those who did not. 
Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; URL, upper reference limit.
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myocardium was more vulnerable in older patients. The elder patients were considered “frail” characterized by more 
comorbidities, poor cognitive status, weakened resistance to stressors and impaired compensatory capability.23 

Vasculature aging, myocardium remodeling and immunological senescence made elders more susceptible to myocardial 
injury.2,13 A number of theories had been proposed accounting for myocardial injury, in which non-plaque-related causes, 
including type 2 myocardial infarction, myocarditis and collateral damage from the systemic immune response, seemed 
to be more prevalent.10,12,21 Microcirculatory dysfunction is also an important mechanism responsible for myocardial 
injury.24 The exaggerated systemic inflammatory response, microthrombi formation could lead to microcirculatory 
impairment. In addition, SARS-CoV-2 could also directly damage the microcirculation vessels. The prevalence of 
arrhythmia could also increase the risk of myocardial injury and poor prognosis.25 These etiologies would have an 
exaggerated detrimental effect on older patients compared with other populations. In this sense, the presence of 
myocardial injury should alert physicians to cautious assessment.

However, it has also been suggested that 99th percentile values of cardiac troponins increased with age and age- 
specific thresholds should be used.26,27 Over-interpretation of elevated cardiac troponins could lead to unnecessary 
downstream testing and excess use of anti-platelet therapy, anti-coagulants, or early coronary angiography.28 This implied 
maybe we should be more tolerant with elevation of troponins in elder patients. It was imperative to determine a most 
balanced cut-off value of cardiac troponins to facilitate clinical practice. In this study, we found the odds of death 
increased together with hs-cTnT values in the spline curve. Partially due to that fact that there were less cases as hs-cTnT 
value went higher, the curve was flattened when hs-cTnT was above 10-fold URL. Analysis of ROC implied hs-cTnT > 3 
× URL was the cut-off value of with best diagnostic performance. Multivariate logistic and Cox regression models 
confirmed hs-cTnT > 3 × URL was superior to hs-cTnT > URL to independently predict mortality. This would inspire 
physicians to more rationally evaluate cardiac troponin elevation and improve risk stratification of the elder patients with 
COVID-19. Still, larger-scale researches are needed to draw more concise and plausible conclusions on this topic.29,30

We noticed the absolute and relative changes in hs-cTnT values were not statistically significant between groups. Since 
not all patients had repeated troponin measurement during hospitalization in this study, we should acknowledge the fact that 
patients with elevated baseline troponin levels and critical conditions were more likely to have multiple tests. This could 
cause bias and required further researches concerning the relationship between troponin changes and outcomes. The 
prevalence of use of antiplatelet drugs was higher in patients with myocardial injury, but not anticoagulation therapy 
(oral anticoagulation or low molecular weight heparin). This could be due to two possible reasons. On the one hand, 
anticoagulation was suggested as an important therapy in the treatment of patients with COVID-19, especially those with 
high risk of thrombosis. Older patients with high incidence of comorbidities and immobility were prone to be treated with 
anticoagulation medication, this could close the gap between groups. Besides, considering the increased risk of bleeding, 
patients revealing myocardial injury may be more likely to be prescribed with antiplatelet drugs rather than anticoagulation. 
The effects of different therapies in cardiovascular events and prognosis need to be validated in the future studies.

In this study, creatine was significantly associated with the risk of in-hospital mortality in univariate models but not after 
adjustment for cTnT > 3 × URL. We believe there could be several explanations. First, the level of cTnT was closely related 
with the kidney function. The worse the kidney function is, the higher cTnT tends to be. Hence, adjustment for both cTnT and 
creatine would weaken the impact of kidney function. Besides, we noticed the values of creatine varied greatly in patients who 
deceased during hospitalization. This could partially be due to the moderate population size. The deviation of creatine values 
would influence the odds ratio of kidney function. Further studies are pending to provide more evidence in the future.

Among independent determinants of myocardial injury, high NLR was associated with increased odds of myocardial 
injury. NLR was considered a surrogate marker of systemic inflammation with combined information of neutrophils and 
lymphocytes. Decreased lymphocytes, especially CD8+ T cells, was significantly associated with inflammatory status, 
COVID-19 severity and treatment efficacy.31 Besides, it was reported that NLR was positively correlated with disease 
severity in COVID-19 and could be a potential predictor of prognosis.32 In this study, the classic inflammatory 
biomarker, that is, hs-CRP, was elevated in patients with myocardial injury but not an independent risk factor. Since 
NLR could be conveniently derived from blood routing results, NLR seemed to be a promising maker of inflammation 
and disease severity to guide clinical practice in treating COVID-19.
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Vaccination was shown to be the only protective factor of myocardial injury in older patients infected by the omicron 
variant of SARS-Cov-2. Although the omicron variant was reported to be less virulent, the incidence of myocardial 
injury was still substantial in elderly patients. The prevalence of patients receiving 2 to 3 doses of vaccination was much 
higher in those without myocardial injury. In addition, we found that in patients without myocardial injury, not only the 
baseline Ct values was higher, the rate of increase of Ct values was also faster. Ct value was a semi-quantitative measure 
of viral RNA levels. Hence, this suggested the extent of myocardial involvement was associated with virus load and the 
rate of clearance, and vaccination could play a cardioprotective role by decreasing peak virus load and accelerating virus 
clearance. The omicron variant of SARS-Cov-2 has been reported to be more competent in immune escape. Our findings 
implied that vaccination, maybe at least two doses were needed, was still effective in cardiac protection. Containing the 
virus’s spread and enhancing immunity were crucial measurement to protect the elder patients.

The level of albumin was lower in both patients with myocardial injury and non-survivors. Multivariate analysis also 
indicated serum albumin was inversely associated with the risk of in-hospital death. Albumin used to be considered as an 
indicator of malnutrition. As an acute-phase reactant, low levels of albumin could reflect the underlying status of 
activated inflammation. However, albumin levels should not be merely interpreted as an epiphenomenon.33 Albumin 
served as an antioxidant protein, which could bind reactive oxygen species and nitrogen reactive species, modifying the 
redox state in the plasma so as to protect against the cytokine storm.34,35 Moreover, albumin not only exerted antiplatelet 
properties to inhibit platelet inactivation and clotting but also played an important role in maintaining osmolality and 
microcirculatory homeostasis.36,37 It was reported that low levels of albumin were associated with longer recovery from 
pathology and increased risk of mortality.38 Otherwise, supplement of albumin revealed controversial results.39,40 Deeper 
investigation of albumin in elder patients is pending in the future.

This study has some limitations. First, this is a single-centered study with a moderate size. Multi-centered researches 
are needed to draw more persuasive conclusions. Second, in this study, the median age of participants was over 80 years. 
Patients with STEMI were excluded, so data regarding drastically elevated values of hs-cTnT was lacking. Of note, the 
Omicron variant of SARS-CoV-2 was the predominant pathogen in this epidemic of COVID-19 outbreak. Therefore, the 
results should be interpreted cautiously when applied to other populations. Third, cardiac ultrasound and magnetic 
resonance imaging were not available when the study was conducted. Researches providing these data would help us to 
have a better understanding of cardiac involvement in COVID-19. Finally, our results are more hypothesis-generating 
than conclusive, studies in larger scale with longer duration are pended to complement our research.

Conclusions
In conclusion, we reported that myocardial injury was a prevalent and prognostically significant phenomenon in elder 
patients with COVID-19. hs-cTnT > 3 × URL maybe more appropriate to stratify patients at higher mortality risk.
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