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ABSTRACT

Background: High sensitivity cardiac troponin-T (hs-TnT) has been associated with mortality in
patients hospitalized with COVID-19. We aimed to determine if hs-TnT levels and their timing are inde-
pendent predictors of adverse events in these patients.

Design: Retrospective chart review was performed for all patients hospitalized at our institution
between 23 March 2020 and 13 April 2020 who were found to be COVID-19-positive. Clinical, demo-
graphic, and laboratory variables including initial and peak hs-TnT were recorded. Univariable and mul-
tivariable analyses were completed for a primary composite endpoint of in-hospital death, intubation,
need for critical care, or cardiac arrest.

Results: In the 276 patients analysed, initial hs-TnT above the median (>17 ng/L) was associated with
increased length of stay, need for vasoactive medications, and death, along with the composite end-
point (OR 3.92, p <0.001). Multivariable analysis demonstrated that elevated initial hs-TnT was inde-
pendently associated with the primary endpoint (OR 2.92, p=0.01). Late-peaking hs-TnT (OR 2.19 for
each additional day until peak, p<0.001) was also independently associated with the compos-
ite endpoint.

Conclusions: In patients hospitalized with COVID-19, hs-TnT identifies patients at high risk for adverse
in-hospital events, and trends of hs-TnT over time, particularly during the first day, provide additional
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prognostic information.

Introduction

The rapid spread of the novel coronavirus disease (COVID-19)
has resulted in over 18 million cases worldwide and over
600,000 deaths (World Health Organization 2020). The con-
tinued accrual of cases has significantly impacted health care
expenditures and resource utilization. Methods to identify
those who are likely to have morbid outcomes may help
point these patients towards more intensive monitoring and
aggressive medical therapy (Bartsch et al. 2020).

Even in the absence of an acute coronary syndrome,
troponin elevation indicative of myocardial injury has been
identified in 20-30% of hospitalized patients with COVID-19
and has been associated with increased risk of mortality in
retrospective studies (Aikawa et al. 2020, Hendren et al. 2020,
Shi et al. 2020). However, given the non-specific nature of
troponin elevations, some have argued against its routine
use unless there is clinical concern for an acute coronary pla-
que rupture (Imazio et al. 2020, Januzzi 2020). The objective
of this study is to determine the predictive value of high
sensitivity cardiac troponin-T (hs-TnT) as compared to trad-
itional inflammatory markers for adverse outcomes that

include the need for critical care, respiratory failure requiring
intubation, cardiac arrest, and in-hospital mortality.

Clinical significance

e Elevated troponin values have been associated with
increased risk of adverse events in patients hospitalized
with COVID-19.

e Unlike pure inflammatory markers (CRP, ferritin, LDH, etc.)
which are elevated in nearly all patients with COVID-19
regardless of outcome, a normal hs-TnT is common in
these patients and predictive of freedom from adverse
events, so this biomarker is a better discriminator for
overall prognosis.

e The time it takes for hs-TnT to peak is also independently
predictive. Checking hs-TnT upon presentation to the hos-
pital and trending it for the first day could allow for
effective stratification, by the end of that first day, of the
patient population into those who will likely survive with-
out need for escalation of care and those who are at high
risk for critical illness, intubation, arrest, and death.
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Methods
Study participants

We performed a single-centre, retrospective, observational
study of all patients over 18years of age who presented to
the Emergency Department (ED) at the University of Chicago
Medical Centre between 23 March 2020 and 13 April 2020
and were found to be COVID-19 positive by nasopharyngeal
swab polymerase chain reaction (PCR) testing for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Retrospective chart review was performed following
Institutional Review Board approval. De-identified study data
were collected from the electronic health record system
(Epic, Madison, WI) and managed using the secure, web-
based platform REDCap (Research Electronic Data Capture),
an electronic data capture tool hosted at the University of
Chicago (Harris et al. 2009, 2019).

Patients with multiple presentations for COVID-related ill-
ness during the study period were considered as single
entries, and first hospitalization following confirmed diagno-
sis was used for data collection and analysis. Patients who
were found to be COVID-19 positive in the ED but did not
require admission during this time period (n=11) and those
who were still hospitalized at the time of chart review
(h=17) were excluded from analysis. Of the initial 304
patients considered, 276 remained for final analysis after
application of these exclusions (Supplemental Figure).

Patient data

Demographic information on age, gender, race (white, black,
Hispanic, other), body mass index (BMI), and insurance status
(Medicare, Medicaid, Private, or None/Other) were collected
for all patients. Race was self-disclosed by each patient.
Baseline clinical variables including presence of hypertension
(HTN), hyperlipidaemia (HLD), diabetes (DM), cerebrovascular
disease, vascular disease, heart failure, lung disease, renal
impairment, and history of malignancy were recorded.
Smoking status was recorded and further stratified into cur-
rent, prior (documented quit date prior to admission), or
never. Hyperlipidaemia was defined by history or use of
lipid-lowering agents at time of admission. Diabetes was
defined by documented history and haemoglobin Alc value
>6.5% or current use of anti-hyperglycemic medications.
Cerebrovascular disease was defined by documented history
of stroke, transient ischaemic attack (TIA), or imaging evi-
dence of prior cerebral infarct, regardless of residual effects.
Vascular disease was defined by documented history of cor-
onary artery disease (CAD), peripheral arterial disease (PAD),
or a history of peripheral or coronary revascularization. Heart
failure was defined by documented clinical history of heart
failure, irrespective of left ventricular ejection fraction. Lung
disease was defined as a documented history of interstitial
lung disease, asthma, chronic obstructive lung disease, or
use of inhalers for greater than one month prior to admis-
sion. Renal impairment was defined by an estimated glom-
erular filtration rate (eGFR) of less than 30 mL/min/1.73m? by
the Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) equation or dialysis dependence (Levey et al. 2009,
Matsushita et al. 2012).

Initial and peak laboratory data of interest were collected
starting from time of admission. Interleukin-6 testing was
sent to the Mayo Clinic (Mayo Clinic Department of Medicine
and Pathology, 3050 Superior Drive NW, Rochester, MN
55901) for analysis, with values <1.8 pg/mL being considered
within normal range. All other laboratory testing was com-
pleted on-site at the University of Chicago Medical Centre.
Hs-TnT values were assessed using the Roche cobas €601
system, which is an automated immunoassay system using
electrochemiluminescence. It has a coefficient of variation
(CV) of <10% at the reported 99th percentile of a normal,
healthy population (U.S. Food and Drug Administration
2017). Per manufacturer datasheets, a value of 14.0 ng/L was
considered the 99th percentile of a normal population (Bagai
et al. 2017, U.S. Food and Drug Administration 2020). No dis-
tinction was made by the manufacturer with regards to sex-
specific cut-offs. In those without an acute myocardial infarc-
tion, hs-TnT values using the Roche system have demon-
strated  significant  variability between studies and
manufacturer claims, which may be related to differences in
populations studied (Monneret et al. 2018). Additionally,
black patients were not well represented in these studies,
and the true 99th percentile values are unknown. For these
reasons, we used the median value in our study population
for the hs-TnT analysis.

The clinical outcomes recorded during the index hospital-
ization included length of stay (LOS), need for intubation,
need for critical care as defined by admission or transfer to
the intensive care unit (ICU), cardiac arrest, and all-
cause mortality.

Statistical analyses

For baseline clinical characteristics, continuous variables were
expressed as meanzstandard deviation or median with
interquartile range and compared with either Student t-test
or Mann-Whitney U (Wilcoxon) tests depending upon nor-
mality as determined by Shapiro-Wilk tests. Initial biomarker
measurements were dichotomized using their median values.
Categorical variables were expressed as relative counts and
percentages and compared with Chi-square tests of associ-
ation or Fisher exact tests. There was no imputation of miss-
ing data. Multivariable logistic regression was conducted to
determine which baseline and clinical characteristics were
associated with the outcome variables. Relevant clinical
parameters that did not correlate with each other and which
had a p-value <0.01 in the univariable logistic regression
were included in the multivariable logistic regression model,
and results were presented as odds ratio (OR) and 95% confi-
dence interval (Cl). Independent parameters were checked
for multicollinearity using Spearman rank correlations, and
there were no multicollinearity issues between the independ-
ent parameters. Tests were two-tailed, and a p-value <0.05
was considered statistically significant. All statistical analyses
were performed using STATA MP version 15 (College
Station, TX).
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Table 1. Demographic and clinical description of study population stratified by median initial hs-TnT value.
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Overall population

hs-TnT > 17ng/L

hs-TnT < 17ng/L

Variable (n=276) (n=132) (n=129) p Value
Age 62 (50-73) 71 (62-81) 53 (45-63) <0.01
Male 130 (47.1) 70 (53.0) 54 (41.9) 0.07 (NS)
BMI 30.8 27.7 326 <0.01
(25.5-36.6) (23.7-34.7) (27.7-40.6)
Race
Black 232 (84.1) 13 (85.6) 107 (83.0) 0.56 (NS)
White 24 (8.7) 14 (10.6) 9 (7.0) 0.30 (NS)
Hispanic 6 (2.2) 1(0.8) 5 (3.9 0.09 (NS)
Other 14 (5.1) 4 (3.0) 8 (6.2) 0.22 (NS)
Insurance
Medicare 129 (46.7) 92 (69.7) 33 (25.6) <0.01
Medicaid 65 (23.6) 21 (15.9) 38 (29.5) 0.01
Private 77 (27.9) 20 (15.2) 52 (40.3) <0.01
History of smoking
Current 18 (6.5) 6 (4.6) 9 (7.0) 0.40 (NS)
Former 98 (35.5) 56 (42.4) 38 (29.5) 0.03
Never 160 (58.0) 70 (53.0) 82 (63.6) 0.08 (NS)
Diabetes 117 (42.4) 63 (47.7) 50 (38.8) 0.14 (NS)
Hypertension 201 (72.8) 17 (88.6) 76 (58.9) <0.01
Hyperlipidaemia 130 (47.1) 83 (62.9) 44 (34.1) <0.01
Renal impairment 44 (15.9) 40 (30.3) 3(23) <0.01
Lung disease 79 (28.6) 35 (26.5) 42 (32.6) 0.28 (NS)
Vascular disease 49 (17.8) 35 (26.5) 14 (10.9) <0.01
Heart failure 56 (20.3) 41 (31.2) 14 (10.9) <0.01
Cerebrovascular disease 37 (13.4) 28 (21.2) 8 (6.2) <0.01
Malignancy 41 (14.9) 29 (22.0) 11 (8.5) <0.01

Continuous variables reported as median (interquartile range).
patients in the overall population did not have hs-TnT measured.

Results

The patients in the study population were primarily black
(84%), with a majority being female (53%) and obese
(median BMI 31 [IQR 26-37]); median age was 62years
(Table 1). Medicare was the most common form of insurance
(46.7%). Median initial hs-TnT value was 17 ng/L, with 261
(95%) of patients having recorded values at presentation.
The median initial hs-TnT was 14 ng/L for women and 21 ng/
L for men. Compared to those with low values, patients with
initial hs-TnT values above the median were older (median
age 71years [IQR 62-81] vs 53years [IQR 45-63]) and had
higher rates of traditional cardiovascular comorbidities and
risk factors including hypertension, hyperlipidaemia, renal
insufficiency, cerebrovascular disease, heart failure, vascular
disease, and tobacco use.

Patients with initial hs-TnT above the median had longer
hospital LOS (median 9 vs 4days, p<0.001) and were less
often discharged to home (55% vs 92%, p < 0.001), either
because of death or facility placement (Table 2). Patients
with elevated hs-TnT also had higher rates of ICU admission
(48% vs 19%, p <0.001), intubation (22% vs 8%, p=0.001),
and shock requiring vasoactive medications (21% vs 5%,
p < 0.001). These patterns persisted using sex-specific thresh-
olds based on median hs-TnT (Supplemental Table 1).

Using median initial biomarker values as cut-offs, univari-
able analysis showed that all recorded serum biomarker ele-
vations, except for erythrocyte sedimentation rate (ESR),
showed association with the primary composite endpoint of
in-hospital death, critical care, intubation, or cardiac arrest
(Table 3). This included elevated hs-TnT > 17ng/L (OR 3.92;
95% Cl 2.25-6.81, p < 0.001). Additionally, time to peak hs-
TnT on a continuous scale was also associated with the

Categorial variables reported as number (percentage). Fifteen

primary composite endpoint (OR 1.61; 95% Cl 1.25-2.07 for
each additional hospital day to peak, p <0.001). Apart from
hyperlipidaemia and diabetes, no recorded clinical or demo-
graphic variables of interest correlated with the composite
endpoint. A similar pattern was seen for the composite end-
point of in-hospital death, intubation, or cardiac arrest,
except diabetes was no longer significantly associated.
Furthermore, for both composite endpoints, none of the vari-
ables measured demonstrated a negative correlation (i.e. OR
< 1) suggestive of ‘low risk'.

From the above analysis, using the largest set of signifi-
cant factors that did not correlate with each other, along
with age, black race, and sex, multivariable analysis (Table 4)
demonstrated independent predictive value of hs-TnT for the
primary composite endpoint (OR 2.92; 95% Cl 1.27-6.71,
p=0.01). Lactate dehydrogenase (LDH) and C-reactive pro-
tein did not significantly correlate with hs-TnT but were also
independent predictors of this endpoint. Other biomarkers
(ferritin, IL-6, D-dimer) significantly correlated with hs-TnT
and were less often measured in the population, so they
were not included in the multivariable analysis. Time to peak
hs-TnT was also independently associated with increased risk
(OR 2.19; 95% Cl 1.43-3.35 for each additional day until peak,
p < 0.001). When analysed in conjunction with these bio-
markers, demographic factors (age, race, sex) were not inde-
pendent predictors of outcomes.

Because both initial hs-TnT and time to peak troponin
were independently associated with the composite outcomes
on multivariable analysis, the study population was further
stratified and analysed by time to peak troponin (Figure 1).
Patients who had low initial hs-TnT that peaked during the
first day of admission (Group A) had lower event rates than
those (Group D) with initially high hs-TnT that continued to
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Table 2. In-hospital clinical outcomes of study population stratified by median initial hs-TnT value.
hs-TnT > 17ng/L

hs-TnT < 17ng/L

Variable Overall population (n =276) (n=132) (n=129) p Value
Length of stay (days) 6 (3-11) 9 (5-14) 4 (3-8) <0.01
Discharged home 202 (73.2) 72 (54.6) 118 (91.5) <0.01
Discharged to facility 48 (17.4) 40 (30.3) 6 (4.7) <0.01
Deceased inpatient 26 (9.4) 20 (15.2) 5(3.9) <0.01
Intubation 41 (14.9) 29 (22.0) 10 (7.8) <0.01
Shock requiring vasoactive agents 36 (13.0) 27 (20.5) 7 (5.4) <0.01

ICU admission 93 (33.7) 63 (47.7) 25 (19.4) <0.01
Cardiac arrest 9 (3.3) 7 (5.3) 2 (1.6) 0.17 (NS)

Continuous variables reported as median (interquartile range). Categorial variables reported as number (percentage).

Table 3. Univariate analysis of clinical outcomes of interest.

In-hospital mortality, intubation, need for

In-hospital mortality In-hospital mortality, intubation, cardiac arrest critical care, cardiac arrest

Variable OR (95% Cl) p Value OR (95% Ci) p Value OR (95% Cl) p Value
Hs-TnT > 17 ng/L 443 (1.61-12.19) <0.01 4.29 (2.02-9.11) <0.01 3.92 (2.25-6.81) <0.01
CRP > 79 mg/L 2.42 (1.01-5.77) 0.05 3.12 (1.57-6.23) <0.01 3.75 (2.19-6.43) <0.01
ESR > 81 mm/hr 0.75 (0.31-1.78) 0.51 (NS) 1.21 (0.60-2.42) 0.60 (NS) 1.04 (0.60-1.82) 0.89 (NS)
LDH > 366 U/L 4.83 (1.76-13.24) <0.01 4.27 (2.01-9.08) <0.01 4.03 (2.28-7.12) <0.01
D-dimer > 2.02 (0.87-4.70) 0.10 (NS) 3.59 (1.77-7.27) <0.01 2.47 (1.47-4.16) <0.01
1.18 ug/mL
Ferritin > 2.94 (1.19-7.26) 0.02 2.74 (1.39-5.40) <0.01 2.34 (1.39-3.93) <0.01
592 ng/mL
IL-6 > 19 pg/mL 4.48 (1.59-12.58) 0.01 4.63 (2.05-10.44) <0.01 2.73 (1.48-5.03) <0.01
Hospital day of peak  1.32 (1.16-1.51) <0.01 1.40 (1.19-1.65) <0.01 1.61 (1.25-2.07) <0.01
hs-TnT
Male sex 1.91 (0.83-4.37) 0.13 (NS) 1.65 (0.88-3.11) 0.12 (NS) 1.45 (0.88-2.39) 0.15 (NS)
Age 1.03 (1.01-1.06) 0.01 1.01 (1.00-1.03) 0.15 (NS) 1.01 (1.00-1.03) 0.07 (NS)
Race (Black 1.05 (0.62-1.77) 0.86 (NS) 0.94 (0.60-1.46) 0.78 (NS) 0.98 (0.70-1.38) 0.92 (NS)
vs other)
Insurance (private 0.31 (0.09-1.07) 0.06 (NS) 0.56 (0.26-1.22) 0.15 (NS) 0.83 (0.48-1.47) 0.53 (NS)
vs other)
Smoking history 0.58 (0.32-1.06) 0.08 (NS) 0.64 (0.39-1.03) 0.07 (NS) 0.77 (0.52-1.14) 0.19 (NS)
Diabetes history 1.00 (0.44-2.26) 0.99 (NS) 1.69 (0.90-3.18) 0.10 (NS) 1.71 (1.03-2.83) 0.04
Hypertension history 1.27 (0.49-3.30) 0.62 (NS) 1.11 (0.54-2.27) 0.78 (NS) 1.75 (0.97-3.18) 0.06 (NS)
Hyperlipidaemia 3.40 (1.38-8.38) 0.01 2.85 (1.46-5.56) <0.01 2.15 (1.30-3.57) <0.01
history
Renal 1.29 (0.46-3.62) 0.63 (NS) 1.31 (0.58-2.95) 0.51 (NS) 1.42 (0.73-2.75) 0.30 (NS)
Impairment
history
Lung disease history 1.64 (0.71-3.79) 0.25 (NS) 1.07 (0.54-2.13) 0.85 (NS) 1.09 (0.63-1.88) 0.76 (NS)
Vascular 2.78 (1.16-6.67) 0.02 1.78 (0.85-3.74) 0.13 (NS) 1.43 (0.76-2.69) 0.27 (NS)
disease history
Heart failure history 2.29 (0.96-5.45) 0.06 (NS) 1.89 (0.93-3.84) 0.08 (NS) 1.46 (0.80-2.67) 0.22 (NS)

OR: odds ratio; Cl: confidence interval.

Table 4. Multivariable analysis of composite endpoints.

In-hospital mortality, intubation,
or cardiac arrest

In-hospital mortality, intubation, need for critical care,
or cardiac arrest

Variable OR (95% Cl) p Value OR (95% Cl) p Value
Hs-TnT > 17 ng/L 2.35 (0.81-6.79) 0.12 (NS) 2.92 (1.27-6.71) 0.01

CRP > 79 mg/L 1.71 (0.71-4.15) 0.23 (NS) 3.22 (1.56-6.65) <0.01

LDH > 366 U/L 4.35 (1.63-11.63) <0.01 3.18 (1.52-6.64) <0.01
Hospital day of peak hs-TnT (continuous) 142 (1.15-1.77) <0.01 2.19 (1.43-3.35) <0.01
Male sex 1.20 (0.53-2.71) 0.66 (NS) 1.20 (0.61-2.38) 0.60 (NS)
Age (continuous) 1.00 (0.97-1.03) 0.78 (NS) 0.99 (0.96-1.01) 0.23 (NS)
Race (Black vs other) 1.32 (0.77-2.25) 0.31 (NS) 1.10 (0.70-1.72) 0.68 (NS)
History of hyperlipidaemia 2.78 (1.11-6.98) 0.03 1.63 (0.76-3.47) 0.21 (NS)
History of diabetes N/A N/A 1.43 (0.72-2.87) 0.31 (NS)

OR: odds ratio; Cl: confidence interval.

uptrend beyond the first day (18% vs 63%, respectively, for Discussion
the primary endpoint, p < 0.0001). Even in patients with high
initial hs-TnT, the event rates were lower if it peaked within
the first day (Group C) than if it continued to rise (Figure 1,

p < 0.01 for Group C vs Group D in all panels).

This study investigated the relationship between elevated
troponin and adverse in-hospital events for patients hospital-
ized with COVID-19, consistent with prior retrospective
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Figure 1. Event rates stratified by initial hs-TnT and time to peak hs-TnT.

studies (Bikdeli et al. 2020). Elevations in troponin had pre-
dictive value outside of cardiac events in our study popula-
tion, as only one patient received a clinical diagnosis of
acute coronary syndrome and underwent coronary revascula-
rization. Compared to traditional inflammatory markers, such
as ESR and C-reactive protein (CRP), we demonstrated better
predictive value for multiple outcomes with hs-TnT and
LDH - two biomarkers that are less frequently utilized in risk
stratification for inflammatory or infectious disease. Other
biomarkers that could be mechanistically linked to cardiovas-
cular events such as IL-6 (through inflammatory pathways)
and D-dimer (as a marker of thrombosis) were less often
measured as compared to troponin, but were significantly
correlated with hs-TnT, indicating that these biomarkers tend
to be high as a group in higher-risk patients and that hs-TnT
may capture some of the risk inherent in these other path-
ways. Lastly, our study found significant association between
time to peak troponin and adverse clinical outcomes, sug-
gesting that trending this parameter over just the first day of
admission could provide useful prognostic information for
patients and physicians.

The Task Force of the 4th Universal Definition of Acute
Myocardial Infarction recognizes variability in cTn values
between sexes in normal populations (Thygesen et al. 2018).
In our study population, median hsTnT values for men was
21 ng/L and for women was 14 ng/L. However, there was no
independent contribution of sex in our multivariable analysis,
and the pattern of outcomes was similar when using a com-
mon cut-off rather than sex-specific cut-off values. For this
reason, we chose to use the overall median value for our
population and report both sexes together.

Our results are in line with prior smaller studies in China
demonstrating correlation between troponin and COVID-19
disease severity (Wei et al. 2020). A multi-centre retrospective
cohort study from Wuhan, China studied 191 patients hospi-
talized with COVID-19 (Zhou et al. 2020). Those with higher
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in-hospital mortality were of older age, elevated sequential
organ failure assessment (SOFA) score, and elevated D-dimer
>1ug/mL on admission. Elevated high sensitivity troponin |
(hs-Tnl) and LDH were also associated with in-hospital mor-
tality. Meta-analysis of similar studies from China show con-
sistent results when utilizing hs-Tnl in patients with COVID-
19 (Lippi et al. 2020). When comparing hs-Tnl values of 341
patients across four studies, significant elevations in hs-Tnl
values were found in those with severe disease compared to
those without. A larger retrospective study from New York
not utilizing high-sensitivity assays showed that elevated
troponin-l was associated with increased risk of death in a
large US population (Lala et al. 2020).

Other studies have found that while inflammatory markers
demonstrated correlation with ICU transfer or death, only
CRP was found to be independently associated with these
outcomes (Cecconi et al. 2020). Our study population was
larger and had much higher rates of cardiovascular risk fac-
tors and obesity. These factors may account for the differen-
ces noted in our results. Based on our results, since almost
all patients with COVID-19 had very high inflammatory
markers including CRP, ESR, LDH, ferritin, and D-dimer
(median values for the study population were all well above
the normal reference range), hs-TnT—which was normal in
the majority of patients who survived— appears to serve as
a better prognostic discriminator when relying on standard
laboratory reference ranges.

The aetiology of elevated hs-TnT in patients with COVID-
19 is likely multifactorial. Elevations of hs-TnT can reflect a
spectrum of myocardial injury ranging from reversible ischae-
mia to irreversible cellular injury and apoptosis (Hammarsten
et al. 2018, Mair et al. 2018). Our study found that only one
patient (<1%) with elevated hs-TnT had clinical evidence of
acute coronary syndrome. Given this, the elevated hs-TnT in
most of our patients was likely a reflection of inflammatory
response, demand ischaemia, and microangiopathic disease
rather than true myocardial infarction (Tersalvi et al. 2020).

With this proposed mechanism, it would be of interest to
know if targeted anti-inflammatory therapies, such as IL-6
inhibitors, decrease troponin elevation and if this response is
predictive of improvement in outcomes. While we can specu-
late that use of IL-6 inhibitor therapy would decrease inflam-
mation, as has been reported in other clinical scenarios, so
far, no clear benefit for directed anti-IL-6 therapy has been
found in COVID-19 patients with regards to our outcomes of
interest (Kleveland et al. 2016, Cortegiani et al. 2020).
Additionally, although we have identified the prognostic
value of a cardiac biomarker, the outcomes we are reporting
on are not limited to cardiovascular events. Our findings sug-
gest that elevated hs-TnT serves as a marker of risk of future
adverse events based on the current severity of the infec-
tious disease and inflammatory process, but not necessarily
as a marker of hard cardiovascular outcomes. Therefore, we
are unable to comment on potential benefit, and no clear
evidence currently exists, for cardiac-specific therapies in
these patients (Sandoval et al. 2020).

To the best of our knowledge, our study is the first to
investigate the prognostic utility of hs-TnT in patients with
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COVID-19 in the US. Furthermore, our study was done in a
vulnerable population with high rates of cardiovascular
comorbidities. Elevations of TnT have been associated with
increased risk of cardiovascular events, similar to Tnl; how-
ever, TnT has also been associated with increased all-cause
mortality, which may make it a more useful tool when
attempting to stratify patients presenting with primarily non-
cardiac pathology (Aldous et al. 2011, Rusnak et al. 2017,
Welsh et al. 2019). Furthermore, while hs-Tnl and hs-TnT are
comparable in detecting myocardial infarction, the correl-
ation at lower concentrations between the two measures is
weak and may be due to differences in how the assays, even
though they are cardio-specific, interact with skeletal muscle
troponin (Jaffe et al. 2011, Rittoo et al. 2014, Welsh et al.
2018). Thus, because many institutions use hs-TnT as their
primary troponin assay, it is important to demonstrate its
prognostic utility in COVID-19.

Additionally, we found that late versus early peaking of
hs-TnT serves as a useful metric to provide additional prog-
nostic information for mortality and our composite endpoint.
This suggests that it may be useful for providers to not only
check initial levels, but to trend hs-TnT through the first day
of presentation. Our findings suggest that hs-TnT levels that
peak within the first day, even if elevated, are associated
with significantly lower rates of mortality, ICU stay, and car-
diac arrest. This time-dependent troponin relationship is a
new finding for patients with COVID-19.

Of note, our study specifically focused on a predominantly
black population in a lower socio-economic region of the
city of Chicago. Our observed in-hospital mortality rate of
9.4% is within the range of in-hospital mortality rates for
COVID-19 in the US. However, black patients have been
observed to have disproportionately high mortality rates
from COVID-19 throughout the country (Johns Hopkins
Coronavirus Resource Center 2020). In Chicago, black
patients have the highest mortality rates (City of Chicago:
COVID-19 Reports 2020). In other cities, black patients have
represented up to 70% of COVID-19 deaths despite compris-
ing just under one-third of the population (Price-Haywood
et al. 2020). Although not the primary focus of our study,
and while our mortality rate was not disproportionately high,
it is important to know that disparities of health outcomes
for black patients are well documented for a range of dis-
eases, attributable to limited access to health care, socioeco-
nomic factors, and long-standing structural inequities.

Our rates of admission for those who presented to the ED
and were found to be COVID-19 positive are high. This is
likely a reflection of the fact that our institution imple-
mented, at the start of the pandemic, a system for testing
most patients at drive-through centres or at COVID-specific
outpatient clinics. Minimally symptomatic patients who
tested positive were sent home; only those who were found
to have abnormal vital signs or significant symptoms were
sent to the ED for further evaluation. Therefore, this out-
patient triage meant that most patients who presented to
the ED and were COVID-19 positive were already determined
to likely require admission.

Our study has several limitations. Due to its retrospective
design, data collection relied on chart review and clinical
documentation for assessment of comorbid conditions and
medication use. As patients were not prospectively enrolled,
not all patients presenting with COVID-19 had every labora-
tory biomarker measured. Still, 95% of the patients did have
hs-TnT measured on presentation, so this biomarker was
well-represented. The effect of viral load on biomarker eleva-
tion and outcomes was unavailable, as cycle threshold values
were not reported for patients with positive COVID-19 tests.
Future studies investigating this would be of interest.
Additionally, those patients still hospitalized at the time of
chart review were excluded from analysis. These patients
were all hospitalized for at least 12 days by the time of initial
data entry, which is one standard deviation above the aver-
age LOS for our studied population, and this may be indica-
tive of a sicker patient population.

Outcomes following discharge are beyond the scope of
this analysis. While we were able to record ED presentations
and re-admissions to our institution and those within the
Epic CareEverywhere system, institutions outside this network
could not be queried. For mortality, the study was limited to
in-hospital deaths within our hospital system, and we did
not query outside databases. Finally, decreased incidence of
acute myocardial infarction during the COVID-19 era has
been observed at multiple centres (Solomon et al. 2020). The
reason for this finding is likely multifactorial, perhaps includ-
ing altered social habits (resulting in a true reduction), and
unwillingness to come to a hospital when symptoms strike
(which would be a false reduction). The vast majority of
patients in these studies did not have COVID-19, so the find-
ing is not directly related to the viral infection, and our study
focuses on patients who have been admitted to the hospital
for COVID-19.

Conclusions

Although multiple pathologies can result in elevated hs-TnT
values, there is a positive correlation between elevated
values and adverse events in patients hospitalized with
COVID-19, supporting its role in risk stratification. Utilization
of hs-TnT in combination with LDH levels may further help
risk-stratify patients at initial presentation, while other bio-
markers correlated with these two biomarkers and thus were
redundant. Our study also provides evidence for trending hs-
TnT values through the first day of admission to provide
prognostic information regarding in-hospital outcomes.
Compared to other biomarkers such as CRP and D-dimer,
which were more uniformly elevated regardless of eventual
outcome, the majority of survivors had normal levels of initial
hs-TnT that did not trend upward beyond the first day, so
hs-TnT served as a better discriminating factor of overall
prognosis. Further prospective studies are warranted to bet-
ter understand the mechanism of biomarker elevations and
their ability to predict adverse events in patients with
COVID-19 beyond their index hospitalization.
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