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This study aimed to determine if cardiac troponin I (cTnI) is an independent predictor of
clinical outcomes and whether higher values are associated with worse clinical outcomes
in Covid-19 patients. This case-series study was conducted at Phoebe Putney Health Sys-
tem. Participants were confirmed Covid-19 patients admitted to our health system
between March 2, 2020 and June 7, 2020. Data were collected from electronic medical
records. Patients were divided into 2 groups: with and without elevated cTnI. The cTnI
were further divided in 4 tertiles. Multivariable logistic regression analysis was performed
to adjust for demographics, baseline comorbidities, and laboratory parameters including
D-dimer, ferritin, lactate dehydrogenase, procalcitonin and C-reactive protein. Out of 309
patients, 116 (37.5%) had elevated cTnI. Those with elevated cTnI were older (59.9 vs.
68.2 years, p <0.001), and more likely to be males (53.5% vs. 36.3%, p = 0.003). Elevated
cTnI group had higher baseline comorbidities. After multivariable adjustment, overall
mortality was significantly higher in elevated cTnI group (37.9% vs. 11.4%, odds
ratio:4.45; confidence interval:1.78 to 11.14, p <0.001). Need for intubation, dialysis, and
intensive care unit (ICU) transfer was higher in elevated cTnI group. Among those with
elevated cTnI, mortality was 23.2% for 50th percentile, 48.4% for 75th percentile, and
55.2% for 100th percentile. Similarly, further increase in cTnI was associated with a
higher need for intubation, dialysis, and ICU transfer. In conclusion, myocardial injury
occurs in significant proportion of hospitalized Covid-19 patients and is an independent
predictor of clinical outcomes, with higher values associated with worse outcomes. ©
2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;135:150−153)
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Introduction

Coronavirus disease 2019 (Covid-19) has caused a global
pandemic resulting in thousands of deaths worldwide.1

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative agent for coronavirus disease 2019
(Covid-19), infects cells through spike (S) protein binding to
human angiotensin-converting enzyme 2 (ACE2) receptors,
found primarily in the alveolar lung cells, heart, and gastroin-
testinal tract.2 Cardiac injury reflected by elevated cardiac
troponin I (cTnI) concentrations among infected patients has
been shown in multiple studies, and was also shown to be a
predictor of mortality.3−5 Among those with elevated cTnI, it
is unknown whether higher values are associated with a fur-
ther increase in mortality. Thus, the primary objectives of our
study are: (i) to determine if elevated cTnI is an independent
predictor of mortality in hospitalized Covid-19 patients, and
(ii) whether incremental cTnI values are associated with fur-
ther increase in mortality in the same cohort. The secondary
objectives of our study are: (i) to determine if elevated cTnI
is an independent predictor for need for mechanical ventila-
tion, dialysis, and transfer to intensive care unit (ICU) in hos-
pitalized Covid-19 patients, and (ii) whether incremental
cTnI values are associated with further increase in those out-
comes in the same cohort.
Methods

This study was a case-series conducted at Phoebe Putney
Health System (PPHS), the largest community health sys-
tem in Southwest Georgia, serving 42 counties and approxi-
mately 815,000 population. The PPHS institutional review
board approved the study and waived the requirement for
informed consent due to minimal risk. The original study
showing demographics and baseline characteristics for this
study population is published somewhere else.6 Confirmed
Covid-19 positive patients were admitted to any of the 3
Phoebe Putney hospitals between March 2, 2020 and June
7, 2020, inclusive of those dates. Patients who had at least 1
cTnI value during hospitalization, and had an outcome
were included in the analysis. The outcome was defined as
discharged alive or death during hospitalization. Hospital-
ized patients who did not have an outcome by the end of
the study period or did not have at least 1 cTnI measure-
ment during hospitalization were not included in the analy-
sis. The patients transferred to another hospital (due to the
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hospital being at full capacity or need for treatment not
available at our facility) were not included as well.

Data were collected from the electronic medical records
(Meditech and Athena Health). Data collection included
demographics, insurance, baseline comorbidities, tobacco
use, alcohol use, illicit drug use, home medications, symp-
toms on presentation, vitals, laboratory test results, initial
electrocardiogram, the severity of presenting illness, treat-
ment course (intensive care unit [ICU] care, need for
mechanical ventilation and dialysis), length of stay (LOS),
and outcomes (discharged alive or death). The comorbid-
ities included hypertension (HTN), diabetes mellitus (DM),
coronary artery disease (CAD), congestive heart failure
(CHF), chronic obstructive pulmonary disease (COPD),
asthma, chronic kidney disease (CKD), cancer, immuno-
suppression, and chronic liver disease. All comorbidities
except immunosuppression were adjudicated based on the
10th version of the International Classification of Diseases
(ICD-10). Patients were considered immunosuppressed if
they had been on chronic steroids or other immunosuppres-
sive therapy. The highest values of cTnI, D-dimer, lactate
dehydrogenase (LDH), ferritin, procalcitonin, and C-reac-
tive protein (CRP) were used for analysis. Severe Covid-19
was defined if ARDS, septic shock, or severe pneumonia
was present on admission. A decision to intubate or transfer
to ICU was at the discretion of the attending physician. The
standardized laboratory value of the upper limit of the 99th
percentile of normal cTnI is 0.05 ng/ml at our institution,
and any value above this was considered elevated in this
study. The decision to order cTnI was at the discretion of
the treating physician. Accordingly, patients were divided
into 2 groups: with and without elevated troponin.

We utilized Statistical Analysis Software (SAS) version
9.4 (Cary, NC) for all the statistical analyses. Categorical var-
iables were expressed in numbers and percentages and ana-
lyzed using the Pearson chi-square test. Continuous variables
were expressed in mean § standard deviation and analyzed
using the Student’s T-test. Hierarchical multivariable logistic
regression analysis was performed to adjust for variation in
baseline characteristics. In this model, we included age, gen-
der, race, body mass index, comorbidities, presenting illness
severity, D-dimer, LDH, procalcitonin, ferritin, and CRP. C-
statistics was above 0.7 for all the models to be acceptable.
To determine if the higher value of cTnI was associated with
worse outcomes, we divided cTnI values in 4 groups: normal
values (<0.05 ng/ml), 0 to 50th percentile (0.05 to 0.22 ng/
ml), 50 to 75th percentile (0.23 to 0.73 ng/ml) and 75 to
100th percentile (>0.73 ng/ml).
Results

A total of 635 consecutive patient records were
reviewed, out of which cTnI was measured at least once
during the hospitalization in 309 patients. Out of 309 total
patients, 116 (37.5%) had elevated cTnI. Those with ele-
vated cTnI were older (59.9 vs. 68.2 years, p <0.001), and
more likely to be males (53.5% vs. 36.3%, p = 0.003).
Majority of the patients were African Americans in both
groups (» 87%). Patients with elevated cTnI were more
likely to have hypertension (93.1% vs. 79.3%, p = 0.001),
coronary artery disease (16.4% vs. 4.7%, p <0.001),
congestive heart failure (31.9% vs. 14.5%, p <0.001),
chronic kidney disease (33.6% vs. 9.8%, p <0.001), and
dialysis (17.3% vs. 1.8%, p <0.001) at baseline (Table 1).
They also had higher D-dimer, procalcitonin, ferritin, and
C-reactive protein levels (Table 1). After multivariable
adjustment, overall mortality was significantly higher in
elevated cTnI group (37.9% vs. 11.4%, odds ratio
{OR}:4.45; confidence interval {CI}:1.78 to 11.14, p
<0.001). The need for mechanical ventilation (42.2% vs.
19.7%, OR:5.18; CI: 2.12 to 12.69, p <0.001), and transfer
to ICU (50% vs. 26.9%, OR:4.95; CI:2.19 to 11.17, p
<0.001) were also significantly higher in elevated cTnI
group (Table 1). With higher cTnI levels, the mortality
increases further. Among those with elevated cTnI, mortal-
ity was 23.2% for 50th percentile, 48.4% for 75th percen-
tile, and 55.2% for 100th percentile. The need for new
dialysis, mechanical ventilation, and ICU care was signifi-
cantly higher in patients with higher cTnI (Figure 1).
Discussion

Our results indicate that more than one-third of the patients
hospitalized with Covid-19 have evidence of cardiac injury,
assessed by elevated cTnI, and is an independent predictor of
mortality. The prevalence of myocardial injury in our study
was higher than reported in studies from China. These studies
reported a prevalence ranging from 7% to 28% compared to
37.5% in our study.3−5 But a recent study from New York
showed a similar prevalence of myocardial injury in hospital-
ized Covid-19 patients.7 There is evidence to suggest acute
myocardial injury at hospital admission is also associated
with increased in-hospital mortality in Covid-19.8 However,
ours is the first study to demonstrate increased mortality with
higher cTnI levels. In our study, the mortality was 5 times
higher for patients with troponins in the highest quartile com-
pared to those with normal troponin values. Similar to previ-
ous studies, we found that patients with myocardial injury
were older, had a higher prevalence of the cardiovascular dis-
ease, and had higher inflammatory markers.3−5,7 Possible
mechanisms of myocardial injury in Covid-19 include direct
damage to the cardiomyocytes, systemic inflammation, myo-
cardial interstitial fibrosis, interferon -mediated immune
response, exaggerated cytokine response by Type 1 and 2
helper T cells, coronary plaque destabilization, oxygen sup-
ply-demand mismatch, microembolic infarcts, hyperadrener-
gic state, and pulmonary embolism.9,10 Based on the Fourth
Universal Definition of Myocardial Infarction, there were
very few patients who met the strict criteria for acute myocar-
dial infarction.11 Although we could not ascertain the etiology
of myocardial injury in all the patients, the majority were
believed to have a noncoronary mediated mechanism. This
remains an ongoing challenge and none of the previous stud-
ies have been able to identify the etiology of myocardial
injury in Covid-19 patients.

The decision to measure cTnI was at the discretion of the
treating physician and hence there is a selection bias based on
cTnI measurement. Since we used electronic medical records,
some data elements might not be accurately captured. We did
not have electrocardiograms and echocardiograms in all
patients at the time of troponin measurement to correlate with
troponin elevations.



Figure 1. Outcomes stratified by 4 different groups based on cardiac troponin I level.

Group 1: Normal value < 0.05 ng/ml; Group 2: 0 to 50th percentile and value of cardiac troponin I = 0.05 to 0.22 ng/ml; Group 3: 51 to 75th Percentile and

value of cardiac troponin I = 0.22 to 0.73 ng/ml; Group 4: 75th to 100th percentile and value of cardiac troponin I =>0.73 ng/ml.

Table 1

Demographics, comorbidities, laboratory parameters, and outcomes in hospitalized Covid-19 patients with and without elevated troponins

Characteristics Elevated Troponin P Value

No (N=193) Yes (N=116)

Mean age (years) 59.9§14.0 68.2§14.1 <0.001
Women 123 (63.7 %) 54 (46.5 %) 0.003

Mean Body mass index, kg/m2 35.8§10.1 33.6§9.8 0.06

White 22 (11.4 %) 15 (12.9 %) 0.28

Black 167 (86.5 %) 101 (87.1 %)

Others 4 (2.1 %) 0 (0)

Hypertension 153 (79.3 %) 108 (93.1 %) 0.001

Coronary artery disease 9 (4.7 %) 19 (16.4 %) <0.001
Congestive heart failure 28 (14.5 %) 37 (31.9 %) <0.001
Chronic obstructive pulmonary disease3 20 (10.4 %) 17 (14.7 %) 0.26

Asthma 34 (17.6 %) 17 (14.7 %) 0.50

Chronic kidney disease 19 (9.8 %) 29 (33.6 %) <0.001
End stage renal disease (dialysis) 3 (1.8 %) 18 (17.3 %) <0.001
Diabetes 86 (44.6 %) 57 (49.1 %) 0.43

Cancer 22 (11.4 %) 12 (10.3 %) 0.77

Immunosuppression 9 (4.7 %) 9 (7.8 %) 0.26

Chronic liver disease 2 (1 %) 3 (2.6 %) 0.29

Smoking 29 (15 %) 28 (24.1 %) 0.04

Severe Covid-19 disease 95 (49.2 %) 59 (50.9 %) 0.78

Laboratory Values

D-Dimer (mcg/ml) 4.8§4.2 6.1§5.2 0.019

Lactate Dehydrogenase (U/L) 429§408 448§311 0.66

Procalcitonin (ng/ml) 5.1§17.5 10.5§25.3 <0.001
Ferritin (ng/ml) 1600§2922 2983§3605 <0.001
C-Reactive Protein (mg/L) 16.1§10.4 18.6§10.7 <0.001
In-hospital Outcomes

In-hospital Mortality 22 (11.4 %) 44 (37.9 %) <0.001
New Dialysis Requirement 5 (2.6 %) 13 (11.2 %) 0.002

Mechanical Ventilation 38 (19.7 %) 49 (42.2 %) <0.001
Intensive Care Unit Transfer 52 (26.9 %) 58 (50.0 %) <0.001

152 The American Journal of Cardiology (www.ajconline.org)

www.ajconline.org


153
Myocardial injury is present in a significant proportion
of hospitalized Covid-19 patients. Even though respiratory
symptoms are the most common presentation, cTnI is a rel-
atively cheap test to risk-stratify patients based on their
cTnI level which has prognostic value and is independently
associated with higher mortality as shown in this study.
Future studies should explore the etiology as well as best
management strategies in Covid-19 patients with evidence
of myocardial injury.
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