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ARTICLE IN PRESS
Usefulness of Elevated Troponin to Predict Death in
Patients With COVID-19 and Myocardial Injury
,

David T. Majure, MD, MPHa,b *, Luis Gruberg, MDc, Shahryar G. Saba, MDa,b,
Charlotte Kvasnovsky, MD, PhD, MPHa, Jamie S. Hirsch, MD, MA, MSBd,e,f, and
Rajiv Jauhar, MDa,b, for the Northwell Health COVID-19 Research Consortium
Elevations in troponin levels have been shown to predict mortality in patients with coronavirus disease 2019 (COVID-19). The role of inflammation in myocardial injury remains
unclear. We sought to determine the association of elevated troponin with mortality in a
large, ethnically diverse population of patients hospitalized with COVID-19, and to determine the association of elevated inflammatory markers with increased troponin levels. We
reviewed all patients admitted at our health system with COVID-19 from March 1 to April
27, 2020, who had a troponin assessment within 48 hours of admission. We used logistic
regression to calculate odds ratios (ORs) for mortality during hospitalization, controlling
for demographics, co-morbidities, and markers of inflammation. Of 11,159 patients hospitalized with COVID-19, 6,247 had a troponin assessment within 48 hours. Of these, 4,426
(71%) patients had normal, 919 (15%) had mildly elevated, and 902 (14%) had severely
elevated troponin. Acute phase and inflammatory markers were significantly elevated in
patients with mildly and severely elevated troponin compared with normal troponin.
Patients with elevated troponin had significantly increased odds of death for mildly elevated compared with normal troponin (adjusted OR, 2.06; 95% confidence interval, 1.68
to 2.53; p < 0.001) and for severely elevated compared with normal troponin (OR, 4.51;
95% confidence interval, 3.66 to 5.54; p < 0.001) independently of elevation in inflammatory markers. In conclusion, patients hospitalized with COVID-19 and elevated troponin
had markedly increased mortality compared with patients with normal troponin levels.
This risk was independent of cardiovascular co-morbidities and elevated markers of
inflammation. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;00:1−7)

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the novel coronavirus responsible for coronavirus disease 2019 (COVID-19), has rapidly spread
across the globe, infecting millions of people and
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overwhelming health care systems. While COVID-19 primarily presents with pulmonary symptoms, markers of
myocardial injury (i.e., elevated serum cardiac troponin
serum) have been associated with increased mortality, particularly in patients with underlying cardiovascular disease.1−5 However, these series were either small, singlecentered, evaluated one troponin assay, or had a large proportion of patients still admitted without an endpoint at the
time of analysis. Furthermore, it remains unclear if elevated
troponin levels are due to ischemic myocardial injury via
atherosclerotic plaque rupture or coronary thrombotic
events (type 1 myocardial infarction), indirect injury associated with and sepsis resulting in supply-demand mismatch
(type 2 myocardial infarction), or a direct result of the
inflammatory surge frequently observed in patients hospitalized with COVID-19.6 In this study, we further explored
the relationship of elevated troponin levels with mortality,
acute phase and inflammatory markers, and electrocardiogram evidence of acute myocardial infarction (AMI) in
patients admitted with COVID-19 to the largest academic
health system in New York State.

Methods
We conducted this study at hospitals within the Northwell Health system, which serves approximately 11 million
people in New York. We included all consecutive patients
18 years or older who were (1) admitted to any of 13
www.ajconline.org
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Northwell Health hospitals between March 1, 2020, and
April 27, 2020, (2) had a SARS-CoV-2 virus infection confirmed by polymerase chain reaction testing of a nasopharyngeal sample, and (3) had an assessment of serum
troponin measured within 48 hours of admission. We
excluded patients with chronic kidney disease and endstage renal disease identified based on the International
Classification of Disease-10 codes at the time of admission,
given the potential for elevated troponin due to impaired
renal clearance independent of myocardial injury.7,8 We
extracted data on April 30, 2020, and censored all data on
patients still admitted at that time. The Northwell Health
Institutional Review Board approved this study as minimal
risk using data collected for routine clinical practice and
waived informed consent.
Four unique serum troponin assays are used across the
Northwell Health system: cardiac troponin I with 99th percentile upper reference limit (URL) of 0.045 ng/ml (Siemens Dimension Vista Cardiac Troponin, Siemens
Diagnostics, Tarrytown, New York); cardiac troponin I
with URL of 0.056 ng/ml (Siemens Dimension EXL Systems, Siemens Diagnostics, Tarrytown, New York); cardiac
troponin T with URL of 0.01 ng/ml (Roche Troponin T
STAT, 4th generation, Roche Diagnostics, Basel, Switzerland); and high-sensitivity cardiac troponin T with URL of
19 ng/l (Elecys Troponin T Gen 5 STAT, Roche Diagnostics, Basel, Switzerland) To compare across grouped troponin assays, we normalized values to the 99th percentile
URL of each individual assay and presented the results as
ratios. We further categorized troponin ratios as normal
(≤1£ URL), mildly elevated (>1 to ≤3£ URL), and
severely elevated (>3£ URL).
We obtained covariates from the electronic medical
record (Sunrise Clinical Manager, Allscripts, Chicago, Illinois) and included patient demographics, home medications, and laboratory tests obtained during the
hospitalization. We identified co-morbidities based on the
International Classification of Disease-10 codes at the time
of admission. We defined initial laboratory testing as
the first test result available within 48 hours of admission.
The electrocardiogram reports were queried for keywords
“acute MI,” “myocardial infarction,” “STEMI,”
“ischemia,” and “ST elevation.” Two independent cardiologists, blinded to troponin groups, reviewed and validated
the electrocardiograms categorized as meeting electrocardiogram criteria for ST elevation AMI.
The primary outcome was in-hospital mortality. Secondary outcomes included percent of patients admitted to an
intensive care unit (ICU), percent of patients requiring invasive mechanical ventilation, length of stay (LOS), and frequency of use of intravenous vasopressor and inotropic
medications. We compared baseline characteristics across
the 3 troponin groups. We compared categorical data using
chi-square tests and continuous variables using the Kruskal-Wallis test. We used logistic regression to calculate
odds ratios (ORs) of death stratified by troponin group.9 For
the model, we initially included variables with biologic
plausibility and/or statistical significance in the univariate
model. We adjusted for acute phase and inflammatory
markers, including C-reactive protein, ferritin, procalcitonin, interleukin-6, D-dimer, and lactate dehydrogenase. We

normalized each marker to the URL of the individual assay
and categorized patients by no elevation (≤1£ URL), mild
elevation in at least one marker of inflammation (>1 to
≤3£ URL), and severe elevation in at least one marker of
inflammation (>3£ URL). Analyses were performed using
Stata 12.1 (College Station, Texas).
Results
A total of 11,159 patients were admitted with COVID-19
during the study period. After excluding patients with
chronic kidney disease and end-stage renal disease, and
without troponin assessment, 6,247 (56%) patients had an
assessment of troponin within 48 hours of admission, forming the primary population for analysis (Figure 1). Comparisons of patients who had an initial assessment of troponin
within 48 hours versus those who did not are described in
the supplemental materials (Supplementary Tables 1−3).
A total of 4,426 patients (71%) had normal troponin, 919
(15%) had mild elevation, and 902 (14%) had severe elevation in troponin levels. There were significant differences in
baseline characteristics between the different troponin
groups. Patients with elevated troponin were older than
those with normal troponin (p < 0.001 for mildly elevated
vs normal troponin, and for severely elevated troponin vs
normal). Most patients were male, who were more likely to
have mildly and severely elevated troponin than females
(p = 0.02). Patients who identified as White and Black comprised 37% and 20% of the study population, respectively.
A greater proportion of both White and Black patients had
mildly (44% and 25%, respectively) and severely (45% and
23%, respectively) elevated troponin levels than patients
who identified as Other or Multiracial (p < 0.001). In addition, similar proportions of White and Black patients had
severely elevated troponin, with 16% of White patients and
17% of Black patients having troponin levels >3 times the
URL. In contrast, patients who identified as Hispanic were
less likely to have mildly and severely elevated troponin
than non-Hispanic patients (p < 0.0001; Table 1).
Most patients had cardiovascular disease (CVD), defined
as previous history of hypertension, coronary artery disease,
peripheral vascular disease and/or heart failure; 63% of
patients had at least 1, 17% had at least 2, and 3% had at
least 3 cardiovascular co-morbidities. Most hospitalized
patients had hypertension, which was more prevalent in
patients with mildly and severely elevated troponin than
normal troponin (p < 0.001 for comparison among groups).
Patients with mildly and severely elevated troponin had a
greater burden of CVD than patients with normal troponin
for each comorbidity evaluated (p < 0.001). Notably,
although only 9% of patients had a history of congestive
heart failure, 35% of these patients had severely elevated
troponin. In patients with severely elevated troponin, 21%
had a history of congestive heart failure.
Among the 3 groups, there was a consistent and significant increase in the degree of elevated acute phase and
inflammatory markers for each increase in troponin level.
Compared with patients with normal troponin, patients with
severely elevated troponin had a 29% higher level of Creactive protein, 170% higher level of D-dimer, and 250%
higher level of procalcitonin within 48 hours of admission.
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Figure 1. Flow diagram of patients admitted with COVID-19 and assessment of troponin.

In addition, markers of coagulopathy (international normalized ratio, prothrombin time, lactate dehydrogenase) were
more abnormal in patients with mildly and severely elevated troponin than normal troponin, with the exception of
activated partial thromboplastin time (p = 0.79; Table 1).
At least 1 electrocardiogram within 48 hours of admission was performed in 5,701 (91%) patients. Interestingly,
few patients met electrocardiogram criteria for AMI. Specifically, 10 (0.2%) patients in the normal troponin group, 8
(0.9%) in the mildly elevated group, and 21 (2.3%) patients
in the severely elevated group had at least 1 electrocardiogram with criteria for AMI (p < 0.001 for comparison
among groups).
Although 30% of all patients were admitted to an ICU,
48% of those had severely elevated troponin levels. In addition, patients with mildly and severely elevated troponin
levels were significantly more likely to require mechanical
ventilation and more often required vasopressors than those
with normal troponin levels. Only 1% of the study population received inotropes during the hospitalization, yet 2%
of patients with mildly elevated troponin and 5% of patients

with severely elevated troponin received inotropic support
(Table 2).
Median LOS from admission was 6.2 days (interquartile
range [IQR], 3.3 to 11.5), and patients with mildly elevated
troponin had a significantly longer LOS than patients with
normal troponin (7.2 days [IQR, 4.2 to 12.2] vs 6.1 days
[IQR, 3.3 to 11.0]; p = 0.005). In contrast, there was no significant difference in LOS between patients with severely
elevated (6.0 days [IQR, 2.8 to 11.6]) and normal troponin
(p = 0.438). At the time of data collection, 814 (13%)
patients were still hospitalized. Of these patients, a significantly greater percentage of patients had severely elevated
troponin (12% had normal, 16% had mildly elevated, and
16% had severely elevated troponin; p = 0.016 among
group comparison) (Table 2). A total of 1,397 (22%)
patients died during hospitalization. Survival in patients
with elevated troponin, mild or severe, was significantly
lower than in patients with normal troponin. There were
605 (13%) deaths in patients with normal troponin, 304
(33%) in patients with mildly elevated troponin, and 488
(54%) in patients with severely elevated troponin. The
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Table 1
Baseline characteristics of patients with serum troponin measurement within 48 hours of presentation
Troponin level (URL)
Variable
Age (years) (median (IQR))
<60
60-75
≥75
Sex
Female
Male
Race*
White
Black
Asian
Other
Unknown
Hispanic
Not Hispanic
Other/unknown
BMI (Kg/m2) (median (IQR)) (n = 4,918)
Smoker
Never
Hypertension
Coronary artery disease
Heart failure
Peripheral vascular disease
Diabetes mellitusy
Chronic obstructive pulmonary disease
Asthma
Chronic liver disease
Cancer
Medications (n = 5627)
Angiotensin-converting enzyme inhibitor
Angiotensin receptor blocker
Either
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (beats per minute)
Respiratory rate (breaths per minute)
White blood cell count (x£109/L)
Lymphocytes (£109/L)
Neutrophils (£109/L)
Hemoglobin (g/dl)
C-reactive protein (mg/dl)
No.
Ferritin (ng/ml)
No.
Interleukin-6
No.
D-dimer (ng/ml)
No.
Procalcitonin (ng/ml)
No.
Lactate dehydrogenase (U/L)
No.
INR
Prothrombin (seconds)
aPTT (seconds)
Blood urea nitrogen (mg/dl)
Serum creatinine (mg/dl)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Creatine kinase (U/L)
Lactate (mmol/L)

All patients (n = 6,247)

Normal (n = 4,426)

>1 to ≤3£ (n = 919)

>3£ (n = 902)

66 (56-77)
2,084 (33%)
2,218 (36%)
1,945 (31%)

62 (53-73)
1,823 (41%)
1,637 (37%)
966 (22%)

75 (65-84)
137 (15%)
319 (35%)
463 (50%)

77 (66-85)
124 (14%)
262 (29%)
516 (57%)

<0.001
<0.001

2,507 (40%)
3,740 (60%)

1,824 (41%)
2,602 (59%)

350 (38%)
569 (62%)

333 (37%)
569 (63%)

0.022

2,455 (39%)
1,254 (20%)
531 (8%)
1,720 (28%)
287 (5%)
1,352 (22%)
4,474 (71%)
421 (7%)
28 (25-33)

1,645 (37%)
811 (18%)
401 (9%)
1,367 (31%)
202 (5%)
1,101 (25%)
3,004 (68%)
321 (7%)
29 (26-33)

408 (45%)
233 (25%)
58 (6%)
176 (19%)
44 (5%)
129 (14%)
747 (81%)
43 (5%)
28 (24-32)

402 (45%)
210 (23%)
72 (8%)
177 (20%)
41 (4%)
122 (14%)
723 (80%)
57 (6%)
27 (23-32)

4,461 (71%)
3,717 (60%)
833 (13%)
529 (9%)
139 (2%)
2,248 (36%)
399 (6%)
551 (9%)
138 (2%)
462 (7%)

3,348 (76%)
2,427 (55%)
470 (11%)
200 (5%)
68 (2%)
1,479 (33%)
243 (6%)
442 (10%)
95 (2%)
286 (7%)

590 (64%)
666 (73%)
180 (20%)
143 (16%)
29 (3%)
383 (42%)
77 (8%)
64 (7%)
25 (3%)
96 (11%)

523 (58%)
624 (69%)
183 (20%)
186 (21%)
42 (5%)
386 (43%)
79 (9%)
45 (5%)
18 (2%)
80 (9%)

804 (14%)
1,054 (19%)
1,853 (33%)
129 (114-145)
76 (67-84)
98 (85-111)
20 (18-24)
7.6 (5.6-10.4)
0.89 (0.62-1.25)
6.0 (4.1-8.7)
13.3 (12.1-14.5)
11.3 (5.9-18.9)
5206
785 (405-1422)
5137
4 (1-5)
383
471 (277-1034)
4443
0.20 (0.10-0.51)
4894
419 (310-571)
4345
1.19 (1.10-1.31)
13.5 (12.5-14.9)
31.4 (29.0-34.4)
18 (12-29)
1.1 (0.8-1.4)
48 (33-74)
35 (22-57)
171 (83-397)
1.6 (1.2-2.3)

547 (13%)
702 (17%)
1,246 (31%)
129 (116-144)
76 (68-84)
98 (86-111)
20 (18-24)
7.3 (5.4-9.8)
0.91 (0.65-1.24)
5.6 (4.0-8.0)
13.5 (12.3-14.6)
10.8 (5.7-17.8)
3709
775 (394-1379)
3648
4 (1-5)
264
395 (249-726)
3120
0.16 (0.09-0.36)
3466
398 (297-531)
3124
1.18 (1.10-1.28)
13.4 (12.5-14.6)
31.4 (29.2-34.1)
15 (11-22)
1.0 (0.8-1.2)
47 (32-70)
36 (23-59)
146 (75-306)
1.5 (1.2-2.1)

125 (15%)
207 (25%)
331 (40%)
128 (113-146)
74 (63-83)
96 (80-109)
20 (18-24)
7.9 (5.8-11.1)
0.84 (0.58-1.22)
6.2 (4.3-9.2)
12.9 (11.7-14.3)
11.3 (5.7-20.1)
750
799 (410-1433)
753
3.5 (1-5)
46
618 (350-1722)
683
0.29 (0.13-0.74)
662
441 (325-599)
591
1.19 (1.09-1.33)
13.6 (12.4-15.2)
31.4 (28.4-35.0)
26 (18-41)
1.3 (1.0-1.8)
47 (32-77)
30 (19-49)
212 (94-534)
1.8 (1.3-2.7)

132 (18%)
145 (20%)
276 (38%)
129 (109-150)
73 (62-84)
98 (85-116)
22 (18-26)
9.5 (7-13.2)
0.86 (0.55-1.28)
7.7 (5.6-11.0)
12.6 (11.0-14.1)
13.9 (7.6-23.6)
747
862 (453-1698)
736
3 (1-5)
73
1076 (548-3701)
640
0.56 (0.24-1.88)
595
548 (390-736)
630
1.24 (1.13-1.43)
14.1 (12.8-16.3)
31.2 (28.4-35.7)
36 (22-62)
1.7 (1.1-2.7)
58 (38-93)
34 (20-56)
282 (124-729)
2.4 (1.6-3.7)

p Value

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.501
<0.001
0.004
<0.001
<0.001
0.182
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.712
<0.001
<0.001
<0.001
<0.001
<0.001
0.794
<0.001
<0.001
<0.001
<.001
<0.001
<0.001

aPTT = activated partial thromoplastin time; BMI = body mass index; INR = international normalized ratio; IQR = interquartile range; and URL = upper
reference limit.
* Race and ethnicity data were collected by self-report in prespecified, fixed categories. Comorbidities were defined as medical diagnoses included in the
medical history by ICD-10 coding.
y
Assessed based on a diagnosis of diabetes mellitus and includes diet-controlled and non-insulin-dependent diabetes.
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Table 2
Outcomes by troponin groups
Troponin Level (URL)
Variable
Primary Outcome
Died
Secondary Outcomes
ICU admission
Mechanical ventilation
Length of stay (days) (median (IQR))
Medicationsy
Vasopressors
Inotropes

All patients (n = 6,247)

Normal (n = 4,426)

>1 to ≤3£ (n = 919)

>3£ URL (n = 902)

p Value

1,397 (22%)

605 (14%)

304 (33%)

488 (54%)

<0.001

1,888 (30%)
1,456 (23%)
6.2 (3.3-11.5)

1,142 (26%)
846 (19%)
6.1 (3.3-11.0)

316 (35%)
254 (28%)
7.2 (4.2-12.2)*

430 (48%)
356 (40%)
6.0 (2.8-11.6)*

<0.001
<0.001
<0.001

1,476 (24%)
85 (1%)

833 (18%)
25 (1%)

263 (29%)
14 (2%)

380 (42%)
46 (5%)

<0.001
<0.001

ICU = intensive care unit; IQR = interquartile range; and URL = upper reference limit.
* p = 0.005 for comparison of mildly elevated troponin compared to normal and p = 0.438 for comparison of severely elevated troponin compared to normal
by pairwise comparison of means with equal variances.
y
Any use of vasopressors or inotropes during admission. Vasopressors included dopamine, phenylephrine, epinephrine, norepinephrine, and vasopressin.
Inotropes included milrinone and dobutamine.

unadjusted OR for comparison of mildly elevated versus
normal troponin was 3.12 (95% confidence interval [CI],
2.7 to 3.7; p < 00001) and for comparison of severely elevated versus normal troponin was 7.44 (95% CI, 6.37 to
8.71; p < 0.0001).
In multivariate logistic regression analysis, including
covariates of age, sex, race, ethnicity, hypertension, coronary artery disease, heart failure, peripheral vascular disease, chronic obstructive pulmonary disease, and diabetes,
use of angiotensin converting enzyme inhibitor or angiotensin receptor blocker, alanine aminotransferase, and serum
creatinine the OR for death in patients with mildly elevated
troponin versus normal troponin was 2.06 (95% CI, 1.68 to
2.53; p < 0.001), and with severely elevated troponin versus
normal troponin was 4.51 (95% CI, 3.66 to 5.54; p <
0.001). Increased risk of death was independently associated with age, male sex, history of diabetes mellitus, serum
creatinine, and severe elevation in inflammatory markers
(adjusted OR, 2.43; 95% CI, 1.41 to 4.21; p = 0.001;
Figure 2). Milder elevation in inflammatory markers was

Figure 2. Forest plot of odds ratio of death in patients admitted with
COVID-19. ACE-I = angiotensin converting enzyme inhibitor;
ARB = angiotensin receptor blocker; CI = confidence interval; COPD,
chronic obstructive pulmonary disease; OR = odds ratio; URL = upper reference limit.

not associated with risk of death (adjusted OR, 0.92; 95%
CI, 0.69 to 1.21; p = 0.54). In general, point estimates of
odds of death were similar between troponin assays, but
variability between assays was observed (Figure 3). In sensitivity analyses, the association of increased mortality with
both mildly and severely elevated troponin persisted even
after excluding patients who were mechanically ventilated
within the first day of admission. In addition, excluding
patients with electrocardiogram criteria for AMI did not
meaningfully change the OR for death in multivariate
modeling (data not shown).
Discussion
In the largest series to date evaluating the impact of
myocardial injury in COVID-19, comprising 6,247 patients
admitted with COVID-19 who had serum troponin levels
assessed, we made the following observations: (1) patients
with mildly or severely elevated troponin had a >two- and
four-fold increase in the risk of death, respectively, than
patients with normal troponin levels; (2) patients with elevated troponin were more often older, male, and had

Figure 3. Forest plot of adjusted odds of mortality by troponin elevation
stratified by troponin assay type. TnI = Troponin I; TnT = Troponin T; HSTnT = high-sensitivity Troponin T; and URL = upper reference limit.
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significantly more CVD than patients with normal troponin
levels; (3) there was an incremental increase in acute phase
and inflammatory markers that correlated with elevated troponin and outcomes; (4) patients with elevated troponin
levels were frequently admitted to an ICU, required
mechanical ventilation, and were treated with vasopressors;
and (5) elevated troponin was an independent predictor of
in-hospital mortality regardless of baseline CVD, electrocardiogram evidence of AMI, or the degree of elevated
acute phase and inflammatory markers. We also demonstrated increased mortality with troponin levels across a
range of troponin assays.
There is a growing body of data regarding the prevalence and impact of myocardial injury in patients hospitalized with COVID-19. Single-center studies in a small
number of patients estimated myocardial injury to occur
in approximately 20% of patients, ranging from 5% to
38%.1−5 In our study, approximately 30% of patients
who had troponin assessed within 48 hours of admission
had evidence of at least mild myocardial injury, with
14% having severe myocardial injury as reflected by an
elevation in troponin >3 times the URL. The true incidence of myocardial injury in hospitalized patients is
likely lower, as 40% of patients did not have troponin
assessed, and mortality in these patients was less than in
those who had troponin assessed (17% vs 20%, respectively; p < 0.001) (Supplemental Table 3).
Multiple mechanisms of myocardial injury may be associated with COVID-19, including injury related to inflammation and cytokine storm, direct viral-mediated injury,
hypoxic respiratory failure, downregulation of ACE2 receptors, hypercoagulability, diffuse myocardial endothelial
injury, and acute plaque rupture.6,10,11 Although we did not
measure changes in troponin over time, elevations in troponin likely reflected imbalance between myocardial oxygen
supply and demand.12 However, direct myocardial involvement cannot be excluded and myocarditis associated with
COVID-19 remains poorly defined.11,13
Electrocardiographic criteria for AMI was infrequent,
and excluding these patients from our analysis did not
change the risk associated with elevated troponin. However,
given the known risk of thromboembolic events in patients
hospitalized with COVID-19,14−16 undiagnosed coronary
thrombotic events may have occurred. Importantly, controlling for the degree of inflammation did not attenuate the
risk associated with increased troponin, although only
severely, and not mildly, elevated inflammatory markers
were independently associated with an increased risk of
death. These findings suggest that inflammation alone cannot account for the myocardial injury and the associated
increase in mortality.
As reported in earlier studies,1−3 a previous history of
CVD was common in patients admitted with COVID-19,
and the burden of CVD was more prevalent in patients with
mildly and severely elevated troponin. However, in multivariate regression, CVD did not independently predict survival, with the exception of diabetes mellitus, a known risk
factor for poor outcomes with COVID-19.17 The incidence
of myocardial injury increased with age and was disproportionately associated with male sex.

This retrospective observational study has several limitations. Not all patients had troponin assessments, which may
impact the strength of the association between troponin and
mortality. Some covariates, such as body mass index, could
not be calculated for the entire cohort of patients and were
not included in multivariate modelling. A lack of complete
assessment of inflammatory and acute phase markers limited our ability to draw definitive conclusions regarding the
association of myocardial injury with the inflammatory
state seen in COVID-19. Follow-up data for patients discharged alive were not available, and survival estimates
were limited to data collected during the hospitalization.
In conclusion, we observed that patients hospitalized
with COVID-19 and elevated troponin had a significant
increase in the risk of death, and that patients with severely
elevated troponin fared worse than those with mildly elevated troponin. The risk of death was independent of CVD
and elevated acute phase and inflammatory markers, but it
was not associated with electrocardiogram evidence of
AMI. Patients admitted with COVID-19 should have an
assessment of troponin to assist in risk stratification and to
identify patients who may need further evaluation and escalation of care. Further research is needed to fully understand
the mechanisms of myocardial injury in patients with
COVID-19.
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