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Abstract: COVID-19 mainly causes pulmonary manifestation; nonetheless, its systemic inflammatory
response involves multiple organs, including the heart. We aimed to evaluate the prevalence, predic-
tors, and outcomes of myocardial injury in hospitalized patients with SARS-CoV-2 infection. Methods
and Results: We performed an observational retrospective analysis on patients hospitalized with
COVID-19 in a moderate-sized community hospital system. Myocardial injury was defined as highly
sensitive troponin T levels in the 99th percentile above the normal upper limit for the respective bio-
logical sex. Multivariable logistic regression models were fitted to assess the association between the
myocardial-injury and the no-myocardial-injury groups for primary and secondary outcomes. A total
of 1632 (49.3% male, 41.7% aged 60–79 years) patients with COVID-19 were included, out of which
312 (19.1%) had a myocardial injury. Patients with myocardial injury were older (36.9% > 80 years)
and had higher cardiovascular-related comorbidities than those without. The prevalence of car-
diovascular risk factors (78.5% vs. 52.0%) and cardiovascular diseases (78.2% vs. 56.1%) was much
higher in the myocardial-injury group. Older age (50–64 years vs. <49 years; OR, 3.67 [1.99–6.74]),
Angiotensin Receptor Blockers (ARBs) (OR, 1.44 [1.01–2.05]), Beta-blockers (OR, 2.37 [1.80–3.13]),
and cardiovascular comorbidities (OR, 1.49 [1.09–2.05]) were strong predictors of cardiac injury after
multivariable adjustment. Myocardial injury was strongly associated with ICU admission (adjusted
OR, 1.68 [1.29–2.19]) and longer length of hospital stay (median days, 5 (3, 9) vs. 4 (2, 7)). The
results do not show a significant difference in the use of mechanical ventilation (OR, 1.29 [0.87–1.89])
or in-hospital mortality (OR, 1.37 [0.98–1.91]) with respect to myocardial injury. Conclusion: This
multicenter retrospective study of nearly 1600 patients revealed the following findings: Myocardial
injury was observed in 1 out of 5 patients hospitalized with COVID-19 but was more often clinically
insignificant. Patients of age > 65 had very high odds of having elevated troponin levels after adjust-
ing for sex and other illnesses. Pre-existing cardiac diseases and risk factors were robust predictors
of cardiac injury after adjusting for age and sex. In the adjusted model, myocardial injury was not
associated with the requirement of mechanical ventilation or change in in-hospital mortality.
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1. Introduction

Myocardial injury associated with severe acute respiratory syndrome coronavirus 2
infection was initially observed among hospitalized patients in China [1]. Later studies
documented elevated troponin levels defined as cardiac injury in COVID-19 compared
with similar conditions such as influenza [2]. Multiple studies demonstrated the varied
degree of prevalence among these populations, ranging from 20% to 40% [3–5]. Uncertainty
remains regarding the variable risk for myocardial injury among patients depending on
their comorbidities, predictors of cardiac injury, and overall clinical outcomes in patients
hospitalized with COVID-19 who experienced a cardiac injury.

COVID-19 is mainly a respiratory disease; however, systemic inflammation and micro
thrombosis can lead to multiorgan failure, often including cardiac manifestations [6]. A
varying degree of cardiac injuries were noted in patients diagnosed with COVID-19. It was
speculated that patients with previously known cardiac diseases or risk factors had a higher
prevalence of cardiac injury compared to patients without cardiac disease; nevertheless, my-
ocardial injury among patients without pre-existing cardiac conditions had worse outcomes
overall [7]. Wei et al. identified multiple mechanisms of myocardial injury in COVID-19,
including the direct virulence of SARS-CoV-2 through ACE-2, exaggerated inflammatory
reaction, micro thrombosis and endothelial injury, and hypoxic cardiac injury [8,9].

We conducted a retrospective analysis to determine whether an initial strategy to
measure troponin level can predict in-hospital length of stay, ICU admission, and in-
hospital mortality among hospitalized patients with COVID-19. In this study, we observed
hospitalized COVID-19 patients with myocardial injury defined as elevated troponin levels
in a considerable national representative sample. Based upon the current literature, we
hypothesized that male sex, elder age, cardiovascular comorbidities, and cardiac-related
medicine use are risk factors for cardiac injury among hospitalized COVID-19 patients.
We also evaluated the impact of the myocardial injury on the risks of prolonged length of
hospital stay, ICU admission, and in-hospital mortality during COVID-19 admission.

2. Methods
2.1. Study Design and Population

We performed an observational retrospective study on a large series of patients from
25 cities comprising Mercyhealth System in northern Illinois and southern Wisconsin,
including 6 main hospitals: Mercyhealth, in Riverside, Rockford; Mercyhealth, in Rockton,
Rockford; Mercyhealth, in Harvard; Mercyhealth, in Walworth; Mercyhealth, in Janesville;
Van Matre, in Rockford. We included all patients diagnosed with a laboratory-confirmed
SARS-CoV-2 infection who were 18 years or older regardless of their demographics, comor-
bidities, and socio-economic status between 1 January 2020, and 1 December 2021. The
Mercy Health Corporation Institutional Review Board approved this research study under
a regulatory protocol allowing the analysis of patient-level data to be conducted.

2.2. Data Collection

Data were collected from the electronic medical record (EMR) system from central Mer-
cyhealth (Rockford, IL, USA). The main variables collected included patient’s demographic
characteristics (age, sex, race, and ethnicity), disease diagnoses based on ICD 10 codes,
laboratory measurements, previous comorbidities (diabetes, hypertension, atherosclerotic
disorders, heart failure, arrhythmic disorders), procedures performed, and outcome as
in deceased at discharge, ICU admission anytime during their stay at the hospital, the
status of mechanical ventilation, and length of stay at the hospital. The main laboratory
measurement of Troponin T (Tn T) was assessed, wherein the 99th percentiles of the normal
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upper limits for males and females were 22 ng/mL and 14 ng/mL, respectively. Further
details on the normal reference range of laboratory measurements are provided in the table.

2.3. Outcome Measures

The primary outcome was myocardial injury defined as a Tn T value above the 99th
percentile normal upper limit, all-cause mortality evaluated at discharge, ICU admission,
the requirement of mechanical ventilation, and length of stay. Patients who were dis-
charged from the hospital were assumed to be alive. The primary outcome was stratified
based on the myocardial injury and no-myocardial-injury arms. Patients with one of any
cardiovascular diseases were included in the cardiovascular disease patient group. Cardio-
vascular disease was defined as atherosclerotic diseases, previous myocardial infarction,
heart failure, arrhythmia, or peripheral arterial disease. Patients were also further stratified
by risk for cardiac injury with hypertension, diabetes mellitus, unstable angina, or any
combination of the three, and placed in the cardiovascular risk factor group. The secondary
outcomes included respiratory organ support with mechanical ventilation, ICU admission
anytime during their hospitalization, and length of hospital stay.

2.4. Statistical Analysis

Descriptive analyses were performed by Tn T levels stratified into positive and nega-
tive. Here, negative means the value falls below the 99th percentile of the normal upper
limit for the general population based on their reported biological sex. We used the tro-
ponin measurements available anytime during their stay at the hospital. We evaluated
demographic and baseline characteristics, medical history, and outcomes among patients
in the myocardial-injury group vs. no-myocardial-injury group. The categorical variables
were reported as the total count and percentage of the patients with their p-value based on
the chi-squared (χ2) test. The continuous variables were reported as median and interquar-
tile range or mean ± standard deviation as appropriate and compared with a t-test or
Mann–Whitney u-test. To assess the effects of troponin levels on outcomes, we calculated
the odd ratio with a 95% confidence interval. Logistic regression analysis was performed to
identify the predictor of primary and secondary endpoints. The odds ratio was noted be-
tween the troponin-positive group and the troponin-negative group. The primary endpoint
was the odds of all-cause mortality between the two groups during hospitalization. Sec-
ondary endpoints were ICU admission, mechanical ventilation requirement, and length of
stay at the hospital. These endpoints were all reported in odds. The analyses were adjusted
for the following covariates: age, sex, and comorbidities as per requirement. We utilized
IBM SPSS statistics software version 22 for the statistical analyses. Statistical analyses were
set with an alpha of 5%, and all hypothesis tests were two-sided.

3. Result
3.1. Baseline Characteristics of Hospitalized COVID-19 Patients

A total of 16,350 patients were diagnosed with COVID-19 infection between
January 2020 and November 2021 throughout the Mercyhealth system. In total, 1632 out
of 16,350 (10%) patients were hospitalized due to SARS-CoV-2 infection. Table 1 sum-
marizes the demographic and baseline characteristic of the patients hospitalized with
COVID-19 stratified by myocardial injury. Of 1632 hospitalized patients with COVID-19,
312 (19.1%) had laboratory-confirmed Tn T positivity for myocardial injury. Patients with
myocardial injury were 50.6% male, with a mean age of 74 ± 13 years; in total, 144 (46.2%)
were managed in the ICU, and 71 (22.8%) died. The median days of hospitalization were 5,
ranging from 3 to 9 for the 25–75% interquartiles. Patients with COVID-19 and myocardial
injury were, on average, significantly older than those with COVID-19 without myocardial
injury. Most of the myocardial injuries had occurred in those aged over 60 years. Mean-
while, 35.6% of myocardial injuries had occurred in patients aged over 80 years of age. The
predominant racial group in our dataset was white, comprising 79.5% and being equally
distributed in both groups. When looking at ethnicity, myocardial injuries were more
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prevalent in the non-Hispanic group than in the Hispanic group, showing incidences of
20.1% and 12.4%, respectively. The use of ACE inhibitors, ARBs, beta-blockers, anticoagu-
lants, and statins was collectively more prevalent among myocardial-injury patients. The
myocardial-injury and no-myocardial-injury groups had patients with similar baseline
BMIs with most of the population being in the overweight (25–29.9) category. Interest-
ingly, the healthy (18.5–24.9) BMI population had 24.2% (67/277) of Tn T-positive patients
compared with 18.6% (160/861) and 17.3% (78/449) among the overweight and obese
populations, respectively. D-dimer levels were checked in a total of 903 (55.3%) patients;
out of those, 245 patients had levels higher than 800 ng/mL, with equal distribution in
both groups.

Table 1. Demographic and clinical characteristics of hospitalized COVID-19 patients at baseline
stratified by myocardial injury.

Characteristics

Hospitalized
with

COVID-19
Infection

Myocardial-Injury
Group

No-Myocardial-Injury
Group p-Value

Count (%) Count (%) Count (%)
Total 1632 312 (19.1) 1320 (80.9)

Age Median (IQ) 65 (5177) 74.5 (6584) 62 (4774) <0.05
Mean (SD) 63 (19) 74 (13) 60 (19) <0.05

18–39 224 (13.7) 3 (1.0) 221 (16.7) <0.01
40–59 404 (24.8) 42 (13.4) 362 (27.4)
60–79 681 (41.7) 152 (48.7) 529 (40.0)
>80 323 (19.8) 115 (36.9) 208 (15.7)

Sex Male 804 (49.3) 158 (50.6) 646 (48.9) 0.589
Female 828 (50.7) 154 (49.4) 674 (51.1)

Race White 1297 (79.5) 261 (83.7) 1036 (78.5) 0.134
Black or African

American 206 (12.6) 39 (12.5) 167 (12.7)

Asian 10 (0.6) 0 10 (0.8)
Multiracial 56 (3.4) 6 (1.9) 50 (3.8)

American Indian or
Alaskan Native 34 (2.1) 4 (1.3) 30 (2.3)

Ethnicity Non-Hispanic 1422 (87.1) 286 (91.7) 1136 (86.1) 0.066
Drugs ACE Inhibitor 292 (17.9) 71 (22.8) 221 (16.7) 0.013

ARBs 188 (11.5) 56 (17.9) 132 (10.0) <0.01
Statin 569 (34.9) 152 (48.7) 417 (31.6) <0.01

Beta-blocker 675 (41.4) 208 (66.7) 467 (35.4) <0.01
Anticoagulants 91 (5.6) 31 (9.9) 60 (4.5) <0.01
VKA inhibitor 72 (4.4) 27 (8.7) 45 (3.4) <0.01

Fever 561 (34.4) 114 (36.5) 447 (33.9) 0.371
Smoking 219 (13.4) 48 (15.4) 171 (13.0) 0.257

BMI Below 18.5 24 (1.5) 5 (1.6) 19 (1.4) 0.139
18.5–24.9 277 (17.0) 67 (21.5) 210 (15.9)
25–29.9 861 (52.8) 160 (51.3) 701 (53.1)

Above 30 449 (27.5) 78 (25.0) 371 (28.1)
D-dimer Quantitative <400.00 506 (31.0) 94 (30.1) 412 (31.2) 0.770

Low level 400–800 152 (9.3) 31 (9.9) 121 (9.2)
High level > 800 245 (15.0) 52 (16.7) 193 (14.6)

Cardiovascular risk
factors 932 (57.1) 245 (78.5) 687 (52.0) <0.05

Cardiovascular disease 984 (60.3) 244 (78.2) 740 (56.1) <0.05
Neither 533 (32.7) 48 (15.4) 485 (36.7) <0.05

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; VKA, vitamin K antagonist. Refer-
ence range D-dimer Quantitative < 400 ng/mL. Cardiovascular risk factors: hypertension, diabetes mellitus,
unstable angina. Cardiovascular diseases: atherosclerotic diseases, previous myocardial infarction, heart failure,
arrhythmia, peripheral arterial disease.
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The use of hypertensive, cholesterol-lowering, cardioprotective, and anti-coagulant
medications was significantly higher in the myocardial-injury stratum, with the high-
est difference being noted in beta-blocker use (66.7% vs. 35.4%). The prevalence of a
fever or a history of smoking was equally distributed between the myocardial-injury
and no-myocardial-injury group. Patients in the myocardial-injury group generally had a
higher prevalence of coexisting illness than those without myocardial injury. The preva-
lence of cardiovascular risk factors for myocardial injury (hypertension and/or diabetes
and/or unstable angina) and one or more cardiovascular diseases were higher in the
myocardial-injury group than in the no-myocardial-injury group.

3.2. Myocardial-Injury Predictors
3.2.1. Sex and Age

We observed a proportion of males among COVID-19 patients with myocardial injury
similar to that of those without myocardial injury (50.6% vs. 48.9%), but having male
sex was not significantly associated with myocardial injury in the age- and comorbidity-
adjusted model (OR, 1.04 [0.80–1.34]). We noted higher odds of myocardial injury among
age groups 50–64 years and older than 65 years in both the unadjusted and adjusted models.
The interpretation of these results in the younger age groups was limited by the lower
proportion of hospitalization among the young population less than 49 years of age. All
results are summarized in Table 2 with unadjusted and adjusted models.

Table 2. Predictors of myocardial injury obtained from univariate and multivariate analyses.

Characteristics Crude Odds Ratio
(95% Credible Interval) p-Value Adjusted Odds Ratio

(95% Credible Interval) p-Value

Age group <0.05 <0.05
<49 years Reference Category

50–64 years 4.43 (2.44–8.08) 3.67 (1.99–6.74)
>65 years 10.10 (5.80–17.58) 7.62 (4.29–13.54)
Male sex 1.07 (0.83–1.37) 0.589 1.04 (0.80–1.34) 0.791

Fever 1.12 (0.87–1.45) 0.371 1.15 (0.88–1.52) 0.308
Smoking 1.22 (0.86–1.72) 0.257 0.99 (0.69–1.44) 0.994

Body mass index > 30 0.913 (0.71–1.17) 0.472 1.28 (0.97–1.68) 0.081
Drugs

ACE inhibitor 1.46 (1.08–1.98) <0.05 1.20 (0.87–1.65) 0.260
ARBs 1.96 (1.40–2.76) <0.05 1.44 (1.01–2.05) <0.05

Beta-blockers 3.65 (2.81–4.74) <0.05 2.37 (1.80–3.13) <0.05
Anticoagulant 2.32 (1.47–3.64) <0.05 1.43 (0.89–2.29) 0.136

VKA 2.68 (1.64–4.39) <0.05 1.43 (0.85–2.41) 0.173
Statin 2.06 (1.60–2.64) <0.05 1.30 (0.99–1.70) 0.052

D-dimer > 400 1.15 (0.829–1.60) 0.400 1.15 (0.81–1.61) 0.444
Cardiovascular risk factor

group 3.37 (2.52–4.51) <0.05 1.98 (1.45–2.70) <0.05

Cardiovascular Disease
group 2.81 (2.11–3.76) <0.05 1.49 (1.09–2.05) <0.05

Neither 0.31 (0.27–0.43) <0.05 0.60 (0.42–0.85) <0.05

The odds ratios after adjustment for age, sex, and comorbidities. The multivariable logistic regression model fitted
to establish the adjustment.

3.2.2. Patient-Level Characteristics

In the unadjusted and multivariate-adjusted models, fever and smoking were not
significantly associated with increased odds of myocardial injury (ORs, 1.15 [0.88–1.52] and
0.99 [0.69–1.44], respectively). As we observed in our descriptive analysis, obesity did not
show an increased risk of myocardial injury. After adjusting for age, sex, and comorbidities,
obesity was not associated with a higher odd (OR, 1.28 [0.97–1.68]) of myocardial injury. In
the adjusted model having a D-dimer level ≥ 400 ng/mL, it was not statistically associated
with myocardial injury (OR 1.15 [0.81–1.61]).
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3.2.3. Comorbidities and Medications

In the unadjusted and adjusted models for age, sex, and comorbidities, ARB and
beta-blocker uses were significantly associated with increased odds of myocardial injury
(ORs, 1.44 [1.01–2.05] and 2.37 [1.80–3.13] respectively). Having cardiovascular risk factors
(defined as hypertension, diabetes mellitus, and/or unstable angina) and cardiovascular
diseases (defined as coronary artery disease, arrhythmia, heart failure, and/or peripheral
arterial disease) trended towards a positive association with myocardial injury (adjusted
ORs, 1.98 [1.45–2.70] and 1.49 [1.09–2.05] respectively). Patients with neither cardiac risk
factors nor cardiac diseases had significantly lower odds of having higher troponin levels
according to the univariate and multivariate logistic regressions (ORs, 0.31 [0.27–0.43] and
0.60 [0.42–0.85], respectively).

3.3. Outcome Measures

The length of hospital stay, ICU admission rates, and in-hospital mortality were higher
among myocardial-injury patients than no-myocardial-injury patients according to the
univariate analyses (median length of stay, 5 (3–9) days for the myocardial-injury group
and 4 (2–7) days for the no-myocardial-injury group; ICU admission, 46.2% vs. 31.4%;
mortality, 22.8% vs. 11.6%; Table 3). The survival analysis showed a clear difference in the
Kaplan–Meier plot based on the univariate analysis (Figure 1 shows the survival analysis
results stratified by myocardial injury based on the univariate analysis).

Table 3. Outcomes from univariate and multivariate logistic regressions for length of hospital
stay (LOS), ICU admission, the requirement of mechanical ventilation, and mortality stratified by
cardiovascular comorbidities.

Variable
Myocardial-

Injury
Group

No-Myocardial-
Injury
Group

Crude Odds
Ratio

(95% CI)
p-Value Adjusted Odds

Ratio (95% CI) p-Value

LOS median
(interquartile range) 5 (3, 9) 4 (2, 7) <0.05

ICU admission 144/312 (46.2) 415/1320 (31.4) 1.87 (1.45–2.40) <0.05 1.68 (1.29–2.19) <0.05
Mechanical
ventilation 42/312 (13.5) 146/1320 (11.1) 1.25 (0.87–1.81) 0.233 1.29 (0.87–1.89) 0.202

Mortality 71/312 (22.8) 153/1320 (11.6) 2.25 (1.64–3.08) <0.05 1.37 (0.98–1.91) 0.068
Cardiovascular risk

factor group 56/245 (22.9) 105/687 (15.3) 1.64 (1.14–2.36) <0.05 1.30 (0.89–1.90) 0.180

Cardiovascular
disease group 55/244 (22.5) 113/740 (15.3) 1.62 (1.13–2.32) <0.05 1.28 (0.88–1.87) 0.205

Neither 12/48 (25.0) 29/485 (6.0) 5.24 (2.47–11.13) <0.05 2.02 (0.89–4.62) 0.095

The odds ratios after adjustment for age, sex, and comorbidities. The multivariable logistic regression model fitted
to establish the adjustment.

Higher Tn T levels were not associated with the use of mechanical ventilation among hos-
pitalized COVID-19 patients (unadjusted OR, 1.25 [0.87–1.81]; adjusted OR, 1.29 [0.87–1.89]).
In the univariate and multivariate analysis among COVID-19 patients, a higher level of
troponin was positively associated with ICU admission (ORs, unadjusted 1.87 [1.45–2.40]
and adjusted 1.68 [1.29–2.19] respectively). In the univariate analysis, having cardiac in-
jury was associated with higher in-hospital mortality, showing an OR of 2.25 [1.64–3.08].
However, in the logistic regression adjusted for age, sex, and comorbidities, the myocar-
dial injury did not show a statistically significant difference in in-hospital mortality (OR,
1.37 [0.98–1.91]; Table 3).
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Figure 1. Kaplan–Meier survival analysis stratified by myocardial injury based on the univariate analysis.

4. Discussion

In this study, we present the characteristics of hospitalized COVID-19 patients with
myocardial injury from southern Wisconsin and northern Illinois. We noted that COVID-19
patients with myocardial injury were more likely to be older patients with a higher preva-
lence of hypertension, diabetes mellitus, coronary artery disease, heart failure, and arrhyth-
mia. We found that older age was strongly associated with higher odds of myocardial
injury; after adjusting for comorbidities and sex, age groups > 65 years and 50–64 years
had a higher risk of myocardial injury in all our models. Although these findings must be
interpreted with caution due to the potential for selection bias, given the small sample of
younger individuals in our study, they are consistent, given the generally higher prevalence
of atherosclerotic risk factors with the increase in age. Given the gender disparities in
preexisting cardiac diseases and outcomes, we sought to investigate potential disparities in
cardiac injury by sex and race. Although we had a greater white population in our study,
in the adjusted model we did not find any disparities by race. Even though there was a
predilection for cardiac disease among males, we did not find any dissimilarities in terms
of myocardial injury between males and females.

The SARS-CoV-2 virus attaches to the ACE2 receptor, which is expressed by car-
diomyocytes and is likely associated with cardiac injury [10]. We found higher use of
ACE-inhibitors, ARBs, statins, and/or beta-blockers in the myocardial-injury group. How-
ever, according to the multivariate logistic regression, ARB and beta-blocker use could
predict the likelihood of myocardial injury. Of all patients with cardiac medications,
beta-blocker users were at the greatest risk of cardiac injury. We did not find a protective
association between statin use and myocardial injury, as opposed to Reynold et al. and
Lala et al. [11,12]. Although a high BMI is generally associated with a higher prevalence of
hypertension and metabolic syndrome, in our population, there were no differences in the
troponin strata.

In this large retrospective study, more than half of the patients hospitalized with
COVID-19 had underlying cardiac risk factors or diseases. Patients in the myocardial-
injury group were generally older and had a higher prevalence of coexisting illnesses
than those in the no-myocardial-injury group. It has been shown that patients with a
history of cardiac injury and pre-existing cardiac conditions have a poorer outcome once
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hospitalized with COVID-19 [13]. The absolute differences in predicting myocardial injury
were more apparent in the cardiovascular-risk-factor group versus the no-risk-factor group,
even after adjusting the model for age and sex (78.5% vs. 52.0%; OR, 1.98 [1.45–2.70]).
Similarly, a retrospective study involving hospitalized patients with COVID-19 demon-
strated that cardiovascular diseases were more prevalent in patients with higher troponin
concentrations [11]. In contrast to our findings, a cohort study in a multicenter setting
showed that preexisting cardiac conditions had no relations with cardiac injury according
to a multivariate logistic regression [14]. It is possible that previous cardiac conditions
cannot influence a patient’s current myocardial injury in patients with younger age despite
having severe infection with COVID-19. It is also possible that differences in the patient’s
age along with other comorbidities may have contributed to these findings. Moreover,
SARS-CoV-2 infection incites a profound inflammatory response that may cause tissue
injury, leading to myocardial damage [15].

In hospitalized patients with COVID-19, myocardial injury decreased the probabilities
of survival until hospital discharge with a higher need for ICU admission as compared
with no-myocardial-injury patients [16]. Checking troponin levels was useful among
older individuals regardless of their cardiac-related comorbidities [17]. Increased length
of hospital stay (median days, 5 [3–9] vs. 4 [2–7]) and ICU admission (46.2% vs. 31.4%)
occurred more frequently in the myocardial-injury group. Based on these findings, for every
100 hospitalized patients, patients with higher troponin levels would be anticipated to result
in 15 additional ICU admissions until hospital discharge with an overall increased length
of stay. Among patients hospitalized with COVID-19, an initial strategy to check troponin
levels regardless of their age, sex, and illness severity may help stratify the patient’s use of
the ICU until hospital discharge.

In our analysis after multivariable adjustment, we did not find a significant association
between myocardial injury and in-hospital mortality. Our finding that myocardial injury
was not a predictor of in-hospital mortality suggests that the higher mortality among these
populations may be driven by COVID-19-associated illness severity rather than the cardiac
injury itself. Our analysis also suggests that ICU admission was significantly associated
with higher troponin levels. Although we did not observe any association with mortality
among these populations, further measures are needed to define the burden of morbidity
from concomitant COVID-19 and myocardial injury.

In our retrospective analysis, we used an unadjusted analysis and logistic regres-
sion model adjusted for multiple variables that allowed us to simultaneously compare
myocardial-injury predictors and in-hospital mortality accurately. Multivariate logistic
regression allowed us to reach the conclusion more accurately and mitigate the influence
of other confounders. The nature of retrospective design may have led to an imbalance in
baseline characteristics and selection bias between cases and controls; the logistic regression
models were, therefore, adjusted for age, sex, and comorbidities. Therefore, crude odds
ratio and adjusted odds ratio were calculated. The potential for information and selection
biases could not be excluded from the outcomes of in-hospital mortality or ICU admission.
Along with these factors, the absence of information verification provided by EMR to
chart review may have contributed to increased confounding bias. Furthermore, elevated
troponin can also be seen in subclinical pulmonary embolism, which could not be ruled
out. In addition, myocardial injury was not confirmed by abnormal electrocardiogram or
echocardiogram. The CT value calculated via SARS-CoV-2 RT PCR could have given an
in-depth insight into the viral load’s impact on cardiovascular injury, but the CT value was
not available to be reported. Thus, it was not possible to fully assess the generalizability of
our findings. In addition, in our data, 80% of the population was white, which could be
a limiting factor for our study to be generalized. We reported findings by race, sex, and
ethnicity in this dataset from self-reported clinical records. Given that this study was based
on hospitalized patients, it lacks generalizability to non-hospitalized patients.
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5. Conclusions

This study aimed to evaluate the disease course and outcome in hospitalized COVID-19
patients with and without myocardial injury. We aimed to assess predictive risk factors
for cardiac injury. The association between prior cardiac diseases and cardiac risk factors
was found to be a strong predictor of higher troponin levels. Myocardial injury was
more strongly associated with ICU admission. Though in-hospital mortality was initially
thought to be higher among myocardial-injury patients (22.8% vs. 11.6%), when adjusted
for comorbidities we could not find a statistically significant difference in in-hospital
mortality. Importantly, apart from ICU admission and length of hospital stay, none of
the other outcomes were associated with myocardial injury. Therefore, further research is
needed to understand whether all patients with myocardial injury should be defined as a
group at risk, certainly when viewed in the context of other demographic factors such as
age, sex, and concomitant illnesses, as these appear to contribute to COVID-19 outcome to
a much larger extent than cardiac injury itself.
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