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Background: The variability of coronavirus disease 2019 (COVID-19) illness severity has puzzled clini- 

cians and has sparked effort s to better predict who would benefit from rapid intervention. One promising 

biomarker for in-hospital morbidity and mortality is cardiac troponin (cTn). 

Methods: A retrospective study of 1331 adult patients with COVID-19 admitted to the Rush University 

System in Illinois, USA was performed. Patients without cTn measurement during their admission or a 

history of end stage renal disease or stage 5 chronic kidney disease were excluded. Using logistic re- 

gression adjusted for baseline characteristics, pre-existing comorbidities, and other laboratory markers of 

inflammation, cTn was assessed as a predictor of 60-day mortality and severe COVID-19 infection, con- 

sisting of a composite of 60-day mortality, need for intensive care unit, or requiring non-invasive positive 

pressure ventilation or intubation. 

Results: A total of 772 patients met inclusion criteria. Of these, 69 (8.9%) had mild cTn elevation ( > 1 

to < 2x upper limit of normal (ULN)) and 46 (6.0%) had severe cTn elevation ( ≥ 2x ULN). Regardless of 

baseline characteristics, comorbidities, and initial c-reactive protein, lactate dehydrogenase, and ferritin, 

when compared to the normal cTn group, mild cTn elevation and severe cTn elevation were predictors 

of severe COVID-19 infection (adjusted OR [aOR] aOR 3.00 [CI: 1.51 – 6.29], P < 0.01; aOR 9.96 [CI: 2.75 

– 64.23], P < 0.01, respectively); severe cTn elevation was a predictor of in-hospital mortality (aOR 2.42 

[CI: 1.10 – 5.21], P < 0.05) and 60-day mortality (aOR 2.45 [CI: 1.13 – 5.25], P < 0.05). 

Conclusion: In our cohort, both mild and severe initial cTn elevation were predictors of severe COVID-19 

infection, while only severe cTn elevation was predictive of 60-day mortality. First cTn value on hospital- 

ization is a valuable longitudinal prognosticator for COVID-19 disease severity and mortality. 

© 2021 Elsevier Inc. All rights reserved. 
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. Introduction 

COVID-19 is responsible for a global pandemic with greater 

han 100 million cases and 2.3 million deaths worldwide as of 

ebruary 2021 [1] . 
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r publication of this manuscript. 
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Due to the wide spectrum in severity of presentation ranging 

rom completely asymptomatic to acute hypoxic respiratory fail- 

re, a large body of research has focused on predictors of poor 

utcomes in an attempt to risk stratify patients. While comorbidi- 

ies and chest imaging can provide valuable prognostic informa- 

ion, laboratory biomarkers would provide a quantitative method 

hat is overall easier to obtain and less expensive than imaging 

2–5] . To date, multiple biomarkers have been found to be helpful 

n prognosticating poor outcomes in patients with COVID-19 in- 

luding hematologic markers (e.g., lymphocyte count and platelet 

ount), inflammatory markers (e.g., interleukin-6 and C-reactive 

rotein [CRP]), biochemical markers (e.g., lactate dehydrogenase 

LDH] and creatinine kinase [CK]), and markers of coagulopathy 

https://doi.org/10.1016/j.carpath.2021.107374
http://www.ScienceDirect.com
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Fig. 1. Inclusion criteria to define study population. 
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e.g., prothrombin time and D-Dimer) [6–9] . A variety of molec- 

lar changes have also been associated with the SARS-CoV-2 virus, 

nd subsequently, novel biomarkers are also being tested [ 9 , 10 ]. 

Cardiac injury, one of multiple cardiovascular complications of 

OVID-19, occurs in 8 to 28% of patients and is known to increase 

verall mortality, which makes cardiac biomarkers a particular area 

f interest [11–14] . A meta-analysis of cardiac biomarkers found 

hat cardiac troponin (cTn) and creatinine kinase (CK) levels were 

igher in non-survivors versus survivors of COVID-19, while no 

ignificant difference was found in the levels of brain natriuretic 

eptide (BNP) between these two groups [15] . In this study, cTn 

merged as a particularly promising cardiac biomarker as it was 

levated in the combined outcome of critical illness and mortality, 

hich was not the case for CK [15] . 

The data supporting the prognostic role of cTn is robust as 

ummarized by another meta-analysis of twenty-one studies and 

297 patients that found those with cardiac injury are 16.79 times 

ore likely to suffer all-cause mortality [ 11 , 13 , 16–20 ]. Despite this

ounting evidence, some have been hesitant in recommending its 

se in risk stratification likely due to its long-standing association 

ith ischemic disease rather than as a biomarker for critical illness 

 21 , 22 ]. 

This retrospective study sought to add to the body of literature 

egarding the utility of cTn as a biomarker. Specifically, we wanted 

o compare COVID-19 disease severity, 60-day mortality, and 60- 

ay complications in those with normal versus elevated cTn levels. 

e then sought to assess these outcomes by level of cTn elevation 

o further probe the potential benefits of cTn as a biomarker. 

. Methods 

We conducted a retrospective cohort study of adult patients ≥
8 years old with polymerase chain reaction confirmed COVID-19 

etween March to June 2020 who were admitted to Rush Uni- 

ersity System for Health (RUSH), which includes Rush University 

edical Center, a 664-bed tertiary academic medical center; Rush 

ak Park Hospital, a 201-bed affiliated community hospital; and 

ush Copley Medical Center, a 210-bed suburban affiliated commu- 

ity hospital in Illinois, US. A combination of automatic and man- 

al data extraction data collection was performed. Patient’s medi- 

al records were followed and reviewed for a minimum of 60 days 

fter the date of their initial COVID-19 admission through chart re- 

iew of several local hospitals. 

Those without a cTn measurement were excluded ( Fig. 1 ). 

hen multiple cTns were measured, only the first cTn measure- 

ent was used. The cTn assay used at our institution is Troponin 

 with normal values of 0.00 - 0.09 ng/mL. Cardiac injury was de- 

ned as a cTn value greater than this upper limit of normal (ULN). 
2 
atients were additionally subcategorized into normal cTn level, 

ild cTn elevation ( > 1 to < 2x ULN), and severe cTn elevation

 ≥ 2x ULN). 

Prior studies have suggested that the standard laboratory cut- 

ff for various cardiac biomarkers should be redefined to enhance 

rognostic ability for COVID-19. 23 Specifically, Qin et al. found 

hat reducing the cutoff for high sensitivity cTn by 49.0% improved 

ortality prediction [23] . To test this further, a subcategory was 

reated for light cTn elevation, defined as cTn > 0.5x to ≥ 1x ULN. 

ormal cTn was redefined as ≤ 0.5x ULN, but this was only used 

hen light cTn elevation was specifically being analyzed. 

Additionally, those with end stage renal disease and stage 5 

hronic kidney disease (CKD) were excluded as renal disease is a 

nown to influence cTn measurement ( Fig. 1 ) [24] . 

The primary outcome was 60-day mortality. Two secondary 

utcomes of particular interest were in-hospital mortality and 

 composite outcome for severe infection that consisted of 60- 

ay mortality, intensive care unit (ICU) requirement, and need 

or non-invasive positive pressure ventilation or intubation. Other 

econdary outcomes included readmission, intubation, extracorpo- 

eal membrane oxygenation (ECMO), tracheostomy, vasopressor re- 

uirement, and inotrope requirement. 

Patient charts were also reviewed for pre-selected major ad- 

erse events (MAE) up to 60 days from their hospital admission, 

hich included life-threatening arrhythmia, deep venous thrombo- 

is, symptoms of acute HF, acute renal failure requiring renal re- 

lacement therapy, stroke, and pulmonary embolism. During this 

ubsequent chart review, data was also collected on hospital read- 

ission and mortality. 

. Statistical analysis 

All data analysis, including statistical analyses, was performed 

sing RStudio version 1.3 (Boston, Massachusetts). Kaplan-Meier 

urvival estimates were generated and plotted with the survival 

nd survminer packages, respectively. 

Continuous variables are reported with mean and standard de- 

iation for normally distributed variables and with median and in- 

erquartile range for variables not normally distributed. Categorical 

ariables are reported as counts and proportions. Continuous vari- 

bles were compared with t-tests or Wilcoxon rank-sum test, and 

ategorical variables with the Pearson chi-square test. 

Logistic regression was performed between the level of cTn el- 

vation as a predictor variable for severe infection and 60-day 

ortality, respectively. All logistic regression models were adjusted 

or baseline characteristics of age, sex, and body mass index, 

re-existing history of coronary artery disease, atrial fibrillation, 

hronic obstructive pulmonary disorder, and diabetes mellitus, and 
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Fig. 2. Kaplan Meier Survival Estimates by First Cardiac Troponin Measurement 

A. Comparison of survival rates with adjusted odds ratios by presence or absence of cardiac troponin elevation. B. Comparison of survival rates with adjusted odds ratios by 

level of cardiac troponin elevation 

cTn = cardiac troponin; aOR = adjusted odds ratio 
∗Defined as cardiac troponin > 1x upper limit of normal 

† Defined as cardiac troponin > 1 to < 2x upper limit of normal 

‡ Defined as cardiac troponin ≥ 2x upper limit of normal 
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he initial values of CRP, LDH, and ferritin during the index hospi- 

alization. Odds ratios (OR) with 95% confidence intervals (CI) are 

eported for logistic regression. The threshold for statistical signif- 

cance was set to a p-value < 0.05. 

. Results 

Of the 1331 patients available in our dataset, 772 met inclu- 

ion criteria. Only 3 patients (0.4%) in our cohort had a cardiac 

atheterization during their hospitalization. Two of these patients 

ere diagnosed with acute coronary syndrome with one having an 

T-elevation myocardial infarction with percutaneous coronary in- 

ervention and the other having a type I non-ST segment eleva- 

ion myocardial infarction with visible plaque rupture on the an- 

iogram. The last patient’s angiogram revealed chronic stable coro- 

ary artery disease requiring no intervention. 

The median cTn level was 0.02 with a first and third quartile 

f 0.00 and 0.04, respectively. The overall distribution was heavily 

kewed to higher values (range: 0.00 to 68.86). 

A total of 115 patients (14.9%) in our cohort had an elevated cTn 

evel. Of these, 69 patients (60.0%) had mild cTn elevation, and 46 

atients (40.0%) had severe cTn elevation. 

Compared to the baseline characteristics of patients with nor- 

al cTn levels, those with increased cTn measurements were older 

nd have a variety of comorbidities including a history of atrial 

brillation, coronary artery disease, hypertension, chronic kidney 

isease, cancer, ventricular arrhythmia, stroke, acute myocardial 

nfarction, and prior deep venous thrombosis or pulmonary em- 

olism ( Table 1 ). Additionally, the elevated cTn group had higher 

easured values of white blood cells, creatinine, CRP, ferritin, and 

DH but lower hemoglobin and temperature measurements. 

. Primary survival outcome 

In our cohort, 135 (17.5%) patients suffered 60-day mortality 

ith the median time of death of day 12 after hospitalization (in- 

erquartile range [IQR] 6 – 22). Compared to those without cTn el- 

vation, patients with cTn elevation were significantly more likely 

o suffer 60-day mortality (adjusted OR [aOR] 1.73 [CI: 1.00 – 2.94]; 

 < 0.05) ( Fig. 2 ). 
3 
When subclassifying cTn by the level of elevation, 91 (13.9%), 20 

29.0%), and 24 (52.2%) patients died within 60 days in the normal, 

ild cTn elevation, and severe cTn elevation groups, respectively. 

hose with severe cTn elevation (aOR 2.45 [CI: 1.13 – 5.25]; P < 

.05), but not those with those with mild cTn elevation (aOR 1.35 

CI: 0.68 – 2.60]; P = 0.38), were at increased risk for 60-day mor- 

ality compared to those with normal cTn levels ( Fig. 2 , Table 2 ).

hen compared to those with mild cTn elevation, patients with 

evere cTn elevation were at no higher risk of 60-day mortality 

aOR 2.05 [CI: 0.74 – 5.78]; P = 0.17). 

. In-Hospital mortality outcome 

The in-hospital mortality rate was 13.6% (105 of 772). The odds 

f in-hospital mortality was 1.93 times higher in patients with el- 

vated versus normal cTn (aOR 1.93 [CI: 1.09 – 3.36]; P < 0.05). 

In analyzing by level of cTn elevation, 69 (10.5%), 16 (23.2%), 

nd 20 (43.5%) patients suffered in-hospital mortality in the nor- 

al, mild cTn elevation, and severe cTn elevation groups, respec- 

ively. Patients in the severe (aOR 2.42 [CI: 1.10 – 5.21]; P < 0.05) 

Tn elevation group were at increased risk of in-hospital mortality 

hen compared to those with normal cTn levels; no statistically 

ncreased risk was found in those with mild cTn elevation com- 

ared to those with normal cTn levels (aOR 1.62 [CI: 0.79 – 3.22]; 

 = 0.17). When only analyzing those with elevated cTn levels, 

atients with severe cTn elevation were no more likely to suffer 

n-hospital mortality (aOR 1.53 [CI: 0.57 – 4.09]; P = 0.40) versus 

hose with only mild cTn elevation. 

. Composite outcome for severe infection 

A total of 379 (49.1%) patients in our cohort had a severe 

OVID-19 infection as defined by the composite outcome. Those 

ith cTn elevation were significantly more likely to have a severe 

OVID-19 infection compared to those a normal initial cTn level 

aOR 3.99 [CI: 2.16 – 7.76]; P < 0.001). 

When subclassifying cTn by the level of elevation, 288 (43.7%), 

9 (71.0%), and 43 (93.5%) patients suffered severe infection in the 

ormal, mild cTn elevation, and severe cTn elevation groups, re- 

pectively. Both those with mild cTn elevation (aOR 3.00 [CI: 1.51 

6.29]; P < 0.01) and those with severe cTn elevation (aOR 9.96 
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Table 1 

Baseline characteristics by presence or absence of cardiac troponin elevation 

Normal Troponin, ≤ 1 ULN Elevated Troponin, > 1 ULN P -value 

n 657 115 

Age ∗ 58 (46 - 69) 66 (55.5 - 76) < 0.001 

Male (%) 387 (58.9) 69 (60.0) 0.906 

BMI ∗ 28.10 (24.20 - 33.40) 28.25 (23.77 - 34.72) 0.646 

Race (%) 0.062 

White 186 (30.7) 29 (26.4) 

Other 204 (33.7) 29 (26.4) 

African American 215 (35.5) 52 (47.3) 

Comorbidities 

Current Smoker (%) 32 (5.4) 6 (6.5) 0.837 

Atrial Fibrillation (%) 92 (14.0) 37 (32.2) < 0.001 

Coronary Artery Disease (%) 156 (23.7) 60 (52.2) < 0.001 

Hypertension (%) 397 (60.4) 99 (86.1) < 0.001 

Chronic Kidney Disease (%) < 0.001 

CKD stage 1 1 (0.2) 0 (0.0) 

CKD stage 2 11 (1.7) 8 (7.0) 

CKD stage 3 60 (9.1) 25 (21.7) 

CKD stage 4 5 (0.8) 4 (3.5) 

Unknown 17 (2.6) 4 (3.5) 

COPD (%) 48 (7.3) 15 (13.0) 0.059 

Diabetes Mellitus (%) 289 (44.0) 60 (52.2) 0.127 

Asthma (%) 91 (13.9) 12 (10.4) 0.398 

Cancer (%) 67 (10.2) 20 (17.4) 0.037 

Ventricular Arrhythmia (%) 29 ( 4.4) 14 (12.2) 0.002 

Stroke (%) 87 (13.2) 28 (24.3) 0.003 

Acute Myocardial Infarction (%) 86 (13.1) 47 (40.9) < 0.001 

DVT or Pulmonary Embolism (%) 81 (12.3) 30 (26.1) < 0.001 

Initial Labs ∗

Troponin (ng/mL) 0.01 (0.00 - 0.02) 0.22 (0.14 - 0.51) < 0.001 

White Blood Cell Count (cells/uL) 6.90 (5.21 - 9.33) 8.40 (6.10 - 12.85) < 0.001 

Lymphocyte Number (cells/uL) 1.00 (0.70 - 1.30) 1.01 (0.64 - 1.50) 0.778 

Hemoglobin (g/dL) 13.40 (12.20 - 14.60) 13.20 (11.70 - 14.20) 0.024 

Platelet Count (cells/uL) 206 (162 - 270) 213 (161.5 - 282) 0.967 

Creatinine (mg/dL) 1.01 (0.82 - 1.32) 1.52 (1.08 - 2.26) < 0.001 

CRP (mg/dL) 112.00 (54.90 - 184.60) 165.00 (76.10 - 266.80) < 0.001 

Ferritin (ng/mL) 732.00 (356.88 - 1543.00) 949.00 (416.25 - 1941.25) 0.041 

LDH (U/L) 396.00 (302.00 - 523.00) 520.00 (356.75 - 752.50) < 0.001 

Initial Vital Signs ∗

Systolic BP 131 (115 - 145) 124 (110.5 - 147) 0.241 

Diastolic BP 74 (65 - 86) 76 (62 - 87) 0.863 

Heart Rate 99 (87 - 112) 100 (84 - 116.5) 0.725 

Respiratory Rate 21 (19 - 25) 22 (20 - 28) 0.080 

Pulse Oximetry 93 (88 - 96) 94.00 (87.5 - 97.5) 0.762 

Temperature 99.0 (98.1 - 100.3) 98.5 (97.8 - 99.85) 0.030 

ULN = upper limit of normal; BMI = body mass index; CKD = chronic kidney disease; COPD = chronic ob- 

structive pulmonary disorder; DVT = deep venous thrombosis; CRP = c-reactive protein; LDH = lactate dehy- 

drogenase; BP = blood pressure 
∗ Variables expressed as median and interquartile range 

Table 2 

Cardiac Troponin Level as a Predictor for 60-Day Mortality and Severe COVID-19 Infection. All models were adjusted for baseline characteristics, pre-existing 

comorbidities, and initial values of c-reactive protein, lactate dehydrogenase, and ferritin during the index hospitalization 

Normal cTn, 

≤ 1x ULN 

(n = 657) 

Mild cTn Elevation, > 1 

to < 2x ULN 

(n = 69) P -value 

Severe cTn Elevation, ≥
2x ULN 

(n = 46) P -value 

60-Day Mortality 

Incidence (%) 91 (13.9) 20 (29.0) 24 (52.2) - 

Model 1 Adjusted OR ∗

(95% CI) 

Ref 1.35 (0.68 – 2.60) 0.38 2.45 (1.13 – 5.25) < 0.05 

Model 2 Adjusted OR † 

(95% CI) 

- Ref - 2.05 (0.74 – 5.78) 0.17 

Severe Infection ‡ 

Incidence (%) 288 (43.7) 49 (71.0) 43 (93.5) - 

Model 3 Adjusted 

OR ∗(95% CI) 

Ref 3.00 (1.51 – 6.29) < 0.01 9.96 (2.75 – 64.23) < 0.01 

Model 4 Adjusted OR † 

(95% CI) 

- Ref - 5.97 (0.97 – 72.35) 0.09 

cTn = cardiac troponin; ULN = upper limit of normal; OR = odds ratio; CI = confidence interval; Ref = reference 
∗ Model 1 and Model 3 compared both mild and severe cTn elevation to those with normal cTn levels. 
† Model 2 and Model 4 compared severe cTn elevation those with mild cTn elevation. 
‡ Severe infection was defined through a composite consisting of 60-day mortality, ICU requirement, and need for non-invasive positive pressure ventilation 

or intubation 

4 
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Table 3 

Secondary Outcomes by Presence/Absence of Cardiac Troponin Elevation 

Normal Troponin, ≤ 1x ULN Elevated Troponin, > 1x ULN P -value 

n 657 115 

Readmitted (%) 72 (11.0) 12 (10.4) 0.997 

In-Hospital Mortality or Readmission (%) 142 (21.6) 48 (41.7) < 0.001 

Admitted to ICU (%) 143 (21.8) 73 (63.5) < 0.001 

Required ICU During Admission (%) 267 (40.6) 88 (76.5) < 0.001 

ECMO (%) 10 ( 1.5) 6 ( 5.3) 0.027 

Tracheostomy (%) 21 ( 3.2) 11 ( 9.6) 0.004 

Required Pressors (%) 159 (24.2) 65 (56.5) < 0.001 

Required Inotropes (%) 10 ( 1.5) 15 (13.0) < 0.001 

Total 60-Day MAE (%) 104 (15.8) 57 (49.6) < 0.001 

PE (%) 17 ( 2.6) 12 (10.4) < 0.001 

DVT (%) 16 ( 2.4) 11 ( 9.6) < 0.001 

Renal Replacement Therapy (%) 42 ( 6.4) 25 (21.7) < 0.001 

Life-threatening Arrhythmia (%) 43 ( 6.5) 24 (20.9) < 0.001 

Stroke (%) 1 ( 0.2) 0 ( 0.0) 1.000 

Acute HF Exacerbation (%) 9 ( 1.4) 10 ( 8.7) < 0.001 

ULN = upper limit of normal; ICU = intensive care unit; ECMO = extracorporeal membrane oxygenation; MAE = major 

adverse events; PE = pulmonary embolism; DVT = deep vein thrombosis; HF = heart failure 
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CI: 2.75 – 64.23]; P < 0.01) were at increased risk for the compos- 

te outcome compared to those with normal cTn levels ( Table 2 ). 

hen compared to those with mild cTn elevation, patients with 

evere cTn elevation (aOR 5.97 [CI: 0.97 – 72.35]; P = 0.09) were 

ot at increased risk of severe infection. The incidence of the indi- 

idual components of the composite outcome by level of cTn ele- 

ation is shown in Supplemental Table 1 . 

. Secondary outcomes by presence/absence of cTn elevation 

When compared to those with normal cTn levels, patients with 

levated cTn were more likely to be intubated (57.4% vs 25.7%, 

 < 0.001), require tracheostomy (9.6% vs 3.2%, P < 0.01), need 

CMO (5.3% vs 1.5%, P < 0.05), have a pressor requirement (56.5% 

s 24.2%, P < 0.001), have an inotrope requirement (13.0% vs 1.5%, 

 < 0.001), and require admission to the ICU (63.5% vs 21.8%, P 

 0.001) or ICU level of care during their hospitalization (76.5% 

s 40.6%, P < 0.001) ( Table 3 ). Those with elevated cTn also had

 higher incidence of a combined outcome of in-hospital mortality 

r readmission compared to those with normal cTn levels (41.7% vs 

1.6%, P < 0.001). There was no significant difference in the rates 

f readmission alone between the groups. 

The median time of the first MAE was 5 days after hospitaliza- 

ion (IQR 1 – 12). Those with elevated cTn levels were more likely 

o suffer a MAE in general compared to those with normal cTn 

easurement (49.6% vs 15.8%, P < 0.001). For individual MAE, el- 

vated cTn was associated with increased rates of pulmonary em- 

olism (10.4% vs 2.6%, P < 0.001), deep venous thrombosis (9.6% 

s 2.4%, P < 0.001), acute kidney injury requiring renal replace- 

ent therapy (21.7% vs 6.4%, P < 0.001), life-threatening arrhyth- 

ia (20.9% vs 6.5%, P < 0.001), and acute heart failure exacerba- 

ion (8.7% vs 1.4%, P < 0.001). There was no significant difference 

etween the groups in the incidence of stroke. 

. Secondary outcomes by level of cTn elevation 

Those with severe cTn elevation were more likely to be intu- 

ated (71.7% vs 47.8%, P < 0.05), require the intensive care unit on 

dmission (76.1% vs 55.1%, P < 0.05) or at some point during the 

ospitalization (89.1% vs 68.1%, P < 0.05), and need vasopressor 

76.1% vs 43.5%, P < 0.01) and inotropic agents (23.9% vs 5.8%, P 

 0.05) ( Table 4 ). Significant differences between the mild and se- 

ere cTn groups were not present in the incidence of readmission, 

CMO, tracheostomy, or a composite of both in-hospital mortality 

r readmission. 
5 
There were also no significant differences between the inci- 

ence of MAE between the severe and mild cTn groups. 

0. Light cTn elevation 

In this cohort, 64 patients (8.3%) had light cTn elevation. When 

ompared to cTn ≤ 0.5x ULN, those with light cTn elevation were 

ore likely to have severe COVID-19 infection (61.5% vs 41.8%, P < 

.01), in-hospital mortality (18.5% vs 9.6%, P < 0.05), and 60-day 

ortality (24.6 vs 12.6%, P < 0.05). 

1. Comparing those with vs without cTn measurement 

The 820 patients who had cTn measured during their hos- 

italization were compared with the 512 patients without mea- 

urement regardless of chronic kidney disease status. In com- 

aring baseline characteristics, the cTn group was more likely 

o be older and male with a higher median body mass index 

 Supplemental Table 2 ). Patients with cTn measured were also 

ore likely to have a prior history of most comorbidities tested 

ncluding atrial fibrillation, coronary artery disease, hypertension, 

nd prior myocardial infarction ( P < 0.001). The cTn group also had 

ignificantly higher incidence of 60-day mortality (17.1% vs 3.1%, P 

 0.001) and severe COVID-19 infection (48.9% vs 19.9%, P < 0.001) 

hen compared to those with no cTn measurement during their 

ndex hospitalization. 

2. Comparing initial to maximum cTn measurement 

A total of 218 patients had multiple cTn measurements during 

heir hospitalization. The median delta of the maximum cTn value 

inus the initial cTn value was 0.040 (IQR 0.016 – 0.323). On aver- 

ge, the maximum cTn value was obtained on hospital day 4 (IQR 

 – 9). No statistical analysis was performed using the delta or the 

aximum cTn value as the focus of this study was on the prog- 

ostic role of initial cTn measurement. 

3. Discussion 

To date, prior studies have demonstrated the prognostic role of 

Tn level measurement in predicting COVID-19 severity and mor- 

ality [ 11 , 13 , 16–20 ]. However, many of these studies only mea-

ured complications and mortality during a patient’s hospitaliza- 

ion without post-discharge follow up [ 13 , 16 , 17 ]. Our study sup-

orts prior work and provides additional longitudinal outcomes 

ith our 60 day follow up post hospital discharge. 
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Table 4 

Secondary Outcomes by Level of Cardiac Troponin Elevation 

Mild cTn Elevation, > 1 to < 2x ULN Severe cTn Elevation, ≥ 2x ULN P -value 

n 69 46 

Readmitted (%) 10 (14.5) 2 (4.3) 0.152 

In-Hospital Mortality or Readmission (%) 26 (37.7) 22 (47.8) 0.375 

Admitted to ICU (%) 38 (55.1) 35 (76.1) 0.036 

Required ICU During Admission (%) 47 (68.1) 41 (89.1) 0.017 

ECMO (%) 3 (4.3) 3 (6.7) 0.910 

Tracheostomy (%) 8 (11.6) 3 (6.7) 0.585 

Required Pressors (%) 30 (43.5) 35 (76.1) 0.001 

Required Inotropes (%) 4 (5.8) 11 (23.9) 0.011 

Total 60-Day MAE (%) 30 (43.5) 27 (58.7) 0.159 

PE (%) 5 (7.2) 7 (15.2) 0.290 

DVT (%) 4 (5.8) 7 (15.2) 0.174 

Renal Replacement Therapy (%) 11 (15.9) 14 (30.4) 0.106 

Life-threatening Arrhythmia (%) 12 (17.4) 12 (26.1) 0.373 

Stroke (%) 0 (0.0) 0 (0.0) 1.000 

Acute HF Exacerbation (%) 4 (5.8) 6 (13.0) 0.311 

cTn = cardiac troponin; ULN = upper limit of normal; ICU = intensive care unit; ECMO = extracorporeal membrane oxygenation, 

MAE = major adverse event; PE = pulmonary embolism; DVT = deep venous thrombosis 

Supplemental Table 

1: Individual Components of the Composite Outcome for Severe COVID-19 Infection by Level of Cardiac Troponin Elevation 

Normal cTn, ≤ 1x ULN Mild cTn Elevation, > 1 to < 2x ULN Severe cTn Elevation, ≥ 2x ULN P -value 

n 658 69 46 

60-Day Mortality (%) 91 (13.8) 20 (29.0) 24 (52.2) < 0.001 

Need for ICU (%) 268 (40.7) 47 (68.1) 41 (89.1) < 0.001 

NIPPV (%) 40 (6.1) 1 (1.4) 6 (13.0) 0.039 

Mechanical Ventilation (%) 170 (25.8) 33 (47.8) 33 (71.7) < 0.001 

Overall Composite (%) 288 (43.8) 49 (71.0) 43 (93.5) < 0.001 

cTn = cardiac troponin; ULN = upper limit of normal; ICU = intensive care unit; NIPPV = non-invasive positive pressure ventilation 

Supplemental Table 

2: Comparison of baseline characteristics, comorbidities, and outcomes in patients with and 

without cardiac troponin measurement 

No cTn Measured cTn Measured P -value 

n 512 820 

Age (median [IQR]) 54.00 [42.00, 66.00] 59.50 [47.00, 72.00] < 0.001 

Male (%) 254 (49.6) 485 (59.1) 0.001 

BMI (median [IQR]) 27.10 [23.15, 31.70] 28.00 [24.10, 33.45] 0.004 

Comorbidities 

Atrial Fibrillation (%) 42 (8.2) 141 (17.2) < 0.001 

Coronary Artery Disease (%) 87 (17.0) 241 (29.4) < 0.001 

Hypertension (%) 283 (55.3) 540 (65.9) < 0.001 

Chronic Kidney Disease (%) 102 (19.9) 225 (27.4) 0.002 

COPD (%) 22 (4.3) 67 (8.2) 0.008 

Diabetes Mellitus (%) 215 (42.0) 389 (47.4) 0.059 

Asthma (%) 66 (12.9) 105 (12.8) 1.000 

Cancer (%) 47 (9.2) 92 (11.2) 0.275 

Stroke (%) 52 (10.2) 126 (15.4) 0.008 

Myocardial Infarction (%) 38 (7.4) 145 (17.7) < 0.001 

Venous Thromboembolism (%) 48 (9.4) 121 (14.8) 0.005 

Outcomes 

60-Day Mortality (%) 16 (3.1) 140 (17.1) < 0.001 

Severe COVID-19 Infection (%) 102 (19.9) 401 (48.9) < 0.001 

cTn = cardiac troponin; IQR = interquartile range; BMI = body mass index; COPD = chronic 

obstructive pulmonary disorder 
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In our cohort, both severe and mild cTn elevation were signif- 

cant predictors of severe COVID-19 infection compared to those 

ith normal cTn levels. Additionally, severe cTn elevation, but not 

ild cTn elevation, was also predictive of both in-hospital and 

0-day mortality. Those with an elevated cTn level were also at 

ncreased risk for 60-day MAE in virtually every individual out- 

ome including pulmonary embolism, deep venous thrombosis, 

ife-threatening arrhythmia, and acute heart failure exacerbation. 

he role of cTn as a biomarker in predicting in-hospital mortality 

nd morbidity has been elucidated in earlier studies [ 11 , 17 , 18 ]. Our
6 
tudy takes this further by establishing cTn’s role in longitudinal 

rognostication of patients hospitalized with COVID-19 disease, up 

o 60 days after initial presentation regardless of medical comor- 

idities or other markers of inflammation including CRP, LDH, and 

erritin [23] . 

In patients who have recovered from acute COVID-19 infection, 

he majority will have the persistence of at least one symptom 

ith a significant fraction even having post-infection pulmonary 

r extrapulmonary organ dysfunction [ 25 , 26 ]. While there is still 

uch to learn about the long-term effects of COVID-19 infection, 
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ome hospitals have established outpatient COVID-19 clinics to ad- 

ress the volume and unique needs of this group of patients [26] . 

hile previous studies have focused on cTn’s prognostic role for 

n-hospital events, our data on 60-day mortality and 60-day MAE 

ndicates that the prognostic value of initial cTn measurement ap- 

ears to extend beyond the acute COVID-19 hospitalization. There- 

ore, those with elevated cTn levels represent a high-risk group 

hat should be closely followed even after their index hospitaliza- 

ion. 

Our cohort does have key differences from previously published 

Tn data. Our positive cTn percentage (14.9%) was less than that 

ound in Majure et al. in New York (30%) and Shah at al. in Georgia

37.5%) but within published estimates from China (7-28%) [ 16 , 19 ]. 

urthermore, the mean age of our cohort (59) was younger than 

oth Majure et al (66) and Shah et al (63) [ 16 , 19 ]. Our hospital

lso checked cTn on a greater percentage of those admitted with 

OVID-19 than did Majure et al (61% vs 56%) [19] . 

The data is mounting that the role of cTn should be expanded 

eyond the previous engrained notion as a test for myocardial is- 

hemia. Even prior to COVID-19, cTn has been found to be a pre- 

ictor of both in-hospital and long-term mortality in intensive care 

nit patients with acute respiratory disease [27] . In addition to my- 

cardial infarction, the possible causes of elevated cTn in COVID-19 

re multiple including chronic disease-causing myocardial injury, 

cute non-ischemic cardiac injury, and acute non-ischemic non- 

ardiac injury such as sepsis or pulmonary embolism [22] . 

As advances continue to be made in the therapeutic options for 

OVID-19 treatment, it is essential to continue building stronger 

isk stratification methods to rapidly determine who would most 

enefit from these therapies [28–31] . Further studies should be fo- 

used on prospectively verifying the role of cTn as a predictor, and 

f those results support the current literature, cTn should be more 

ggressively considered as a routine prognostic lab in COVID-19 pa- 

ients. 

4. Study limitations 

In this cohort study, a significant limitation is the selection bias 

f those who had cTn measured during their hospitalization. When 

ested, those with cTn measurement had increased frequency of 

ost baseline comorbidities tested and an increased incidence of 

oth severe COVID-19 infection and 60-day mortality when com- 

ared to those without cTn measurement who were excluded from 

ur study. Additionally, while those with end-stage kidney disease 

r CKD Stage V were excluded, those with lesser degree of chronic 

idney disease (CKD stages 1-4) were included. Given that any de- 

ree of renal dysfunction can affect cTn level, this could have af- 

ected cTn assessment to a certain level. Furthermore, our insti- 

ution does not use high sensitivity cTn, which serves as an even 

ore promising biochemical biomarker for COVID-19 due to the 

ssay’s ability to detect even smaller changes in cTn level. Lastly, 

s this study was conducted within the centers of the Rush Uni- 

ersity System for Health (RUSH) alone, it is possible that some 

ost-discharge complications and deaths were not collected in our 

ataset as we only had access to local area hospitals that used the 

PIC electronic medical record. 

5. Conclusion 

In our cohort, both mild and severe initial cTn elevation were 

redictors of severe COVID-19 infection, while only severe cTn el- 

vation was predictive of 60-day mortality. First cTn value on hos- 

italization is a valuable longitudinal prognosticator for COVID-19 

isease severity and mortality. 
7 
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