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ABSTRACT

Background: Although troponin elevation is associated with worse outcomes among patients with coronavirus
disease 2019 (COVID-19), prognostic implications of serial troponin testing are lacking. We investigated the
association between serial troponin measurements and adverse COVID-19 outcomes.

Methods: Using Danish registries, we identified COVID-19 patients with a high-sensitivity troponin measurement
followed by a second measurement within 1-24 h. All measurements during follow-up were also utilized in
subsequent time-varying analyses. We assessed all-cause mortality associated with the absence/presence of
myocardial injury (>1 troponin measurement >99th percentile upper reference limit) and absence/presence of
dynamic troponin changes (>20% relative change if first measurement elevated, >50% relative change if first
measurement normal).

Resuits: Of 346 included COVID-19 patients, 56% had myocardial injury. Overall, 20% had dynamic troponin
changes. In multivariable Cox regression models, myocardial injury was associated with all-cause mortality (HR
= 2.56, 95%CI = 1.46-4.51), as were dynamic troponin changes (HR = 1.66, 95%CI = 1.04-2.64). We observed
a low incidence of myocardial infarction (4%) and invasive coronary procedures (4%) among patients with
myocardial injury.

Conclusions: Myocardial injury and dynamic troponin changes determined using serial high-sensitivity troponin
testing were associated with poor prognosis among patients with COVID-19. The risk of developing myocardial
infarction requiring invasive management during COVID-19 hospitalization was low.

1. Introduction

February 01, 2022, >300 million cases have been reported in 188
countries, and >5 million deaths have been attributed to COVID-19 [1].

Coronavirus disease 2019 (COVID-19), caused by severe acute res- Patients with a high burden of cardiovascular risk factors or pre-existing
piratory syndrome coronavirus 2, constitutes an ongoing global cardiovascular disease appear to be particularly vulnerable during
pandemic with considerable implications for public health. As of infection [2-6]. Furthermore, COVID-19 per se may increase the risk of

* Corresponding author at: Department of Cardiology, Herlev and Gentofte Hospital, Gentofte Hospitalsvej 4, 2900 Hellerup, Denmark.
E-mail address: mananpareek@dadlnet.dk (M. Pareek).

https://doi.org/10.1016/j.ahjo.2022.100131

Received 2 February 2022; Received in revised form 25 March 2022; Accepted 28 March 2022

Available online 16 April 2022

2666-6022/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).

Downloaded for Anonymous User (n/a) at Aalborg University Hospital from ClinicalKey.com by Elsevier on May 05,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


mailto:mananpareek@dadlnet.dk
www.sciencedirect.com/science/journal/26666022
https://www.sciencedirect.com/journal/american-heart-journal-plus-cardiology-research-and-practice
https://www.sciencedirect.com/journal/american-heart-journal-plus-cardiology-research-and-practice
https://doi.org/10.1016/j.ahjo.2022.100131
https://doi.org/10.1016/j.ahjo.2022.100131
https://doi.org/10.1016/j.ahjo.2022.100131
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahjo.2022.100131&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

C. Polcwiartek et al.

cardiovascular complications such as arrhythmias, heart failure, or
myocarditis [7-9].

Based on elevated cardiac troponin measurements at a single time
point, early reports have shown a high, up to 36%, prevalence of
myocardial injury among patients with COVID-19 [10-15]. Besides
isolated myocardial injury or type 2 myocardial infarction, such eleva-
tions may be indicative of myocarditis or type 1 myocardial infarction
and may further be associated with both increased disease severity and
mortality [10-15]. While serial cardiac troponin testing plays crucial
diagnostic and prognostic roles among patients presenting with acute-
onset chest pain [16-20], evolving data also suggest that serial
troponin assessment may improve prognostic stratification in patients
with COVID-19 [21-24].

Accordingly, in a Danish nationwide COVID-19 population under-
going serial testing with high-sensitivity cardiac troponin, we investi-
gated prognostic implications of the absence/presence of myocardial
injury and absence/presence of dynamic cardiac troponin changes. We
further explored the incidence of diagnosed cardiovascular and non-
cardiovascular conditions and related procedures following serial
testing.

2. Methods
2.1. Data sources

Data from Danish nationwide administrative registries were linked
on an individual level using a unique personal identifier. Data on age
and sex were obtained from the Danish Civil Registration System, and
vital status was acquired using the Danish Registry of Causes of Death.
The Danish National Patient Registry was used to obtain data on inpa-
tient and outpatient encounters based on International Classification of
Diseases, 8th Revision (ICD-8) codes until 1994, after which ICD-10
codes were utilized. Through this registry, we also collected data on
procedures based on Nordic Medico-Statistical Committee Classification
of Surgical Procedures (NCSP) codes. From the Danish National Pre-
scription Registry, we obtained data on filled prescriptions based on
Anatomical Therapeutic Chemical (ATC) codes from all Danish phar-
macies. Finally, blood test results were obtained from the Registry of
Laboratory Results for Research. All registries have been described in
detail previously [25-29].

2.2. Study setting and population

This study was conducted as a retrospective cohort study, in which
all Danish residents >18 years of age were eligible for inclusion. Patients
who were examined in a hospital and had a diagnosis of COVID-19 (ICD-
10 codes: B342, B342A, B972, and B972A) registered after February 01,
2020, were included. The diagnosis code for COVID-19 has been vali-
dated previously with a positive predictive value of 98% [30]. The index
date was the day of diagnosis of COVID-19. Patients were required to
have a cardiac troponin measurement at or following the index date and
a subsequent measurement within 1-24 h.

2.3. Myocardial injury and dynamic cardiac troponin changes

A variety of high-sensitivity cardiac troponin assays were used at the
discretion of each institution: Elecsys Troponin T-high sensitive (Roche
Diagnostics, 99th percentile upper reference limit [URL]: 14 ng/L),
STAT-Troponin I (Abbott Diagnostics ARCHITECT, 99th percentile URL:
25 ng/L), Troponin I Ultra (Siemens Healthcare Diagnostics ADVIA
Centaur, 99th percentile URL: 40 ng/L), Troponin I Flex reagent
(Siemens Healthcare Dimension Vista, 99th percentile URL: 45 ng/L),
and high-sensitivity troponin I (Siemens Healthcare Dimension Vista,
99th percentile URL: 59 ng/L).

In accordance with the Fourth Universal Definition of Myocardial
Infarction [17], we defined myocardial injury as cardiac troponin >99th
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percentile URL on either measurement, while patients with cardiac
troponin within the normal range on both measurements were consid-
ered to have no myocardial injury.

We defined dynamic cardiac troponin changes (i.e., significant rise
and/or fall patterns) as a >20% relative change among those with car-
diac troponin >99th percentile URL on the first measurement or >50%
relative change among those with cardiac troponin within the normal
range on the first measurement, as suggested by the European Society of
Cardiology [20]. Therefore, patients with or without myocardial injury
could present with dynamic cardiac troponin changes.

2.4. Covariates

Comorbidities of interest for the present study were ischemic heart
disease including prior myocardial infarction, heart failure, atrial
fibrillation or flutter, valvular heart disease, hypertension, hyperlipid-
emia, diabetes, chronic obstructive pulmonary disease, chronic kidney
disease, chronic liver disease, rheumatic disease, and malignancy. Drug
prescriptions filled within 180 days prior to the index date that were
recorded included angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers, beta-blockers, calcium channel blockers,
diuretics, mineralocorticoid receptor antagonists, and antiplatelets.
Since hypertension, hyperlipidemia, diabetes, and chronic obstructive
pulmonary disease are often managed in primary care, patients may not
necessarily have ICD codes registered. Accordingly, prior filled pre-
scriptions for antihypertensives (at least dual therapy), lipid-lowering
drugs, antidiabetics, and beta-adrenergic or anticholinergic inhalants
were also used to define these conditions. Table S1 in the Supplement
displays ICD-8, ICD-10, NCSP, and ATC codes used for the present study.

C-reactive protein (CRP), hemoglobin, D-dimer, and creatinine levels
measured concomitantly with cardiac troponin were included as addi-
tional biomarkers, and the estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology Collab-
oration equation [31].

2.5. Outcomes

Patients were followed from serial cardiac troponin testing to the
occurrence of an outcome or censoring due to end of follow-up on
August 26, 2020. The primary outcome was all-cause mortality. The
secondary outcome was a composite of severe COVID-19 (ICD-10 code:
B972A [i.e., COVID-19 with severe acute respiratory syndrome]),
intensive care unit (ICU) admission (NCSP codes: NABE and NABB), or
all-cause mortality.

The incidence of diagnosed cardiovascular and non-cardiovascular
conditions and related procedures following serial cardiac troponin
testing was also reported. Associated ICD-10 and NCSP codes are dis-
played in Table S2 in the Supplement.

2.6. Statistical analysis

Continuous variables were reported as medians (25th-75th percen-
tiles) and categorical variables as counts (%). Between-group differences
were assessed using Mann-Whitney U and chi-squared tests, as
appropriate.

Absolute risks of outcomes according to the absence/presence of
myocardial injury and absence/presence of dynamic cardiac troponin
changes were estimated using the Kaplan-Meier method, and event
distributions were compared with the log-rank test. Multivariable Cox
proportional-hazards regression analysis was used to compute hazard
ratios (HRs) with 95% confidence intervals (CIs) of the association be-
tween the absence/presence of myocardial injury or absence/presence
of dynamic cardiac troponin changes and outcomes. We also performed
a time-varying analysis to assess the associations, in which we utilized
all cardiac troponin measurements for each patient and accounted for
newly diagnosed comorbidities during follow-up [32].
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All models were adjusted for age, sex, ischemic heart disease
including prior myocardial infarction, heart failure, atrial fibrillation or
flutter, valvular heart disease, hypertension, hyperlipidemia, diabetes,
chronic obstructive pulmonary disease, and chronic kidney disease
including eGFR <30 mL/min/1.73 m?.

Due to non-linearity, age was grouped by the median value (<71 or
>71 years). The proportional-hazards assumption was assessed using
Martingale residuals and was not violated. Models were also examined
for statistical interactions between the absence/presence of myocardial
injury or absence/presence of dynamic cardiac troponin changes, each
covariate, and outcomes. In these analyses, a two-sided p-value < 0.01
was considered statistically significant, and no interactions were found.
In all other analyses, a p-value < 0.05 was considered statistically
significant.

Data management and analysis were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) and R version 3.6.1 (R Founda-
tion for Statistical Computing, Vienna, Austria).

2.7. Sensitivity analysis

To test the robustness of the association between the absence/pres-
ence of dynamic cardiac troponin changes and outcomes, we stratified
the analysis by the absence/presence of myocardial injury, obtaining the
following subgroups: no myocardial injury and no dynamic cardiac
troponin changes (reference), no myocardial injury and dynamic cardiac
troponin changes, myocardial injury and no dynamic cardiac troponin
changes, and myocardial injury and dynamic cardiac troponin changes.
Due to sample size limitations, we only adjusted for age and sex.
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2.8. Ethics

In Denmark, registry-based studies do not require ethical committee
approval or individual patient consent if the study is conducted for the
sole purpose of statistics and scientific research, as defined in the Data
Protection Act. Approval to use the data sources for research purposes
was granted by the data responsible institute in the Capital Region of
Denmark in accordance with the General Data Protection Regulation
(approval number, P-2019-191).

3. Results
3.1. Patients and characteristics

Of 5490 confirmed cases of COVID-19 (Fig. 1), 1013 (19%) patients
had at least one high-sensitivity cardiac troponin measurement during
hospitalization. Differences in characteristics and outcomes between
patients with and without cardiac troponin measurements are displayed
in Table S3 in the Supplement. Overall, patients with cardiac troponin
measurements were older, more often males, had a higher burden of
cardiovascular disease, more often filled prescriptions for cardiovascu-
lar drugs, and were more likely to experience outcomes compared with
those who did not have measurements available.

We included a total of 346 (34%) patients who underwent serial
cardiac troponin testing, and characteristics appeared overall well
balanced between these patients compared with those who did not have
a second cardiac troponin measurement within 1-24 h (n = 667, 66%)
(Table S4 in the Supplement).

Danish patients hospitalized with
COVID-19 from February 01, to
August 26, 2020
(n=5490)

» Age <18 years (n=178)

Y

A

A

No cardiac troponin measurement (n=4299)*

COVID-19 patients with at least
one high-sensitivity cardiac
troponin measurement
(n=1013)

» No second cardiac troponin
measurement within 1-24 h
(n=667)"8

Y

I |
i )
i« COVID-19 patients subjected to |

. . . . |
i serial cardiac troponin testing
| |
I |

Fig. 1. Flowchart of patient selection.

Time-varying analysis

| I
[ |
E « Suitable cardiac troponin measure- 3
‘[ ments to assess myocardial injury :
I during follow-up (n=3505) ]
(« Two suitable cardiac troponin levels 1
: measured within 1-24 h of each other,
I to assess dynamic cardiac troponin |
: changes during follow-up (n=1877) |

ASee Table S3 in the Supplement for comparison of characteristics and outcomes between patients with and without cardiac troponin measurements.
BSee Table S4 in the Supplement for comparison of characteristics and outcomes between patients with and without serial cardiac troponin testing.

Abbreviations: COVID-19, coronavirus disease 2019.
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Baseline characteristics of patients with serial cardiac troponin
testing are shown in Table 1. A total of 195 (56%) patients had
myocardial injury, of whom 173 (89%) had two concomitantly elevated
cardiac troponin measurements, and 22 (11%) had only one elevated
measurement. A total of 70 (20%) patients had dynamic cardiac
troponin changes, of whom 42 (60%) had a rise pattern from first to
second measurement. The most frequently utilized assay was Elecsys
Troponin T-high sensitive (50%). Compared with patients without
myocardial injury, those with myocardial injury were older, predomi-
nantly males, had higher CRP levels, and lower eGFR levels. They were
also more likely to have cardiovascular comorbidities and fill pre-
scriptions for cardiovascular drugs.

3.2. Myocardial injury, dynamic cardiac troponin changes, and adverse
outcomes

Median (25th-75th percentiles) follow-up was 116 (45-146) days
(primary outcome, i.e., all-cause mortality) and 45 (1-132) days (sec-
ondary outcome, i.e., composite of severe COVID-19, ICU admission, or
all-cause mortality). A total of 89 patients (26%) died, and 174 (50%)
experienced a secondary outcome event, most commonly severe COVID-
19 (n = 84, 48%). Absolute risks of outcomes according to the absence/
presence of myocardial injury and absence/presence of dynamic cardiac
troponin changes are shown in Fig. 2. Overall, patients with myocardial
injury had higher absolute risks, which was also the case for patients
with dynamic cardiac troponin changes.

Adjusted HRs are shown in Fig. 3. The presence of myocardial injury
was only associated with the primary outcome (HR = 2.56, 95% CI =
1.46-4.51). A significant association was not evident for the secondary
outcome (HR = 1.38, 95% CI = 0.98-1.94). Similar findings were
observed for the presence of dynamic cardiac troponin changes (primary
outcome: HR = 1.66, 95% CI = 1.04-2.64; secondary outcome: HR =
1.42, 95% CI = 1.00-2.01).

3.2.1. Time-varying analysis

Findings from the time-varying analysis are shown in Fig. 4. On
average, patients had 3 cardiac troponin measurements suitable for
assessing myocardial injury during follow-up, yielding 3505 measure-
ments. Furthermore, patients had on average 1 pair of consecutive
cardiac troponin measurements within 1-24 h of each other suitable for
assessing dynamic cardiac troponin changes, yielding 1877 pairs of
measurements. Overall, we observed a similar association with the pri-
mary outcome as in the main analysis (myocardial injury: HR = 2.24,
95% CI = 1.94-2.58; dynamic troponin changes: HR = 1.92, 95% CI =
1.59-2.31).

3.2.2. Sensitivity analysis

In the sensitivity analysis, we observed that having the combination
of both myocardial injury and dynamic cardiac troponin changes pre-
sent was associated with the worst prognosis (primary outcome: HR =
3.75, 95% CI = 1.86-7.57; secondary outcome: HR = 1.85, 95% CI =
1.20-2.87) (Fig. S1 in the Supplement).

3.3. Diagnoses and procedures following serial cardiac troponin testing

Table 2 shows the incidence of cardiovascular and non-
cardiovascular conditions and related procedures following serial car-
diac troponin testing. Overall, patients with myocardial injury or dy-
namic cardiac troponin changes were more likely to be diagnosed with a
cardiovascular condition. The incidence of myocardial infarction was
low (4% among those with myocardial injury, 6% among those with
dynamic cardiac troponin changes), and very few invasive coronary
procedures, including coronary angiography or percutaneous coronary
intervention (4% for both subgroups) and coronary artery bypass
grafting (0% for both subgroups), were performed. No patients with
myocardial injury or dynamic cardiac troponin changes were formally

American Heart Journal Plus: Cardiology Research and Practice 14 (2022) 100131

Table 1
Patient characteristics.
No Myocardial Total (n = p-
myocardial injury (n = 346) Value
injury (n = 195)
151)
Age, years 63 76 [68-83] 71.5 [61-80] <0.001
[51.5-74.0]
Males 77 (51.0) 123 (63.1) 200 (57.8) 0.032
High-sensitivity <0.001
assay (99th
percentile URL)
Elecsys Troponin 32 (21.2) 141 (72.3) 173 (50.0)
T-high sensitive
(14 ng/L)
STAT-Troponin I 9 (6.0) 5 (2.6) 14 (4.0)
(25 ng/L)
Troponin I Ultra <3 4(2.1) NA
(40 ng/L)
Troponin I Flex 31 (20.5) 11 (5.6) 42 (12.1)
reagent (45 ng/L)
High-sensitivity 77 (51.0) 34 (17.4) 111 (32.1)
troponin I (59 ng/
L)
Time from COVID-19 2 [0-8] 1 [0-5] 1 [0-7] 0.468
diagnosis to first
measurement, days
Time from first to 17 [5-24] 8 [5-19] 10.5 [5-23] <0.001
second
measurement,
hours
Dynamic cardiac 12(7.9) 58 (29.7) 70 (20.2) <0.001
troponin changes
present
C-reactive protein, 59 [13-143] 76 [34-147] 71 0.248
mg/L [19.0-146.5]
Missing 6 6 12
Hemoglobin, mmol/ 8.1 [6.9-8.7] 7.6 [6.8-8.5] 7.8 [6.8-8.6] 0.301
L
Missing 12 6 18
D-dimer, mg/L 1.0 [0.5-2.0] 1.2[0.7-2.9] 1.1 [0.6-2.6] 0.030
Missing 33 71 104
Estimated 86 [71-97] 64 76 [52-92] <0.001
glomerular [42.2-86.0]
filtration rate, mL/
min/1.73 m?
Missing 8 5 13
Ischemic heart 23 (15.2) 66 (33.8) 89 (25.7) <0.001
disease
Myocardial 6 (4.0) 33 (16.9) 39 (11.3) <0.001
infarction
Heart failure 6 (4.0) 33 (16.9) 39 (11.3) <0.001
Atrial fibrillation or 24 (15.9) 58 (29.7) 82 (23.7) 0.004
flutter
Valvular heart 5(3.3) 25 (12.8) 30 (8.7) 0.003
disease
Hypertension 41 (27.2) 98 (50.3) 139 (40.2) <0.001
Hyperlipidemia 36 (23.8) 88 (45.1) 124 (35.8) <0.001
Diabetes 23 (15.2) 49 (25.1) 72 (20.8) 0.034
Chronic obstructive 28 (18.5) 48 (24.6) 76 (22.0) 0.222
pulmonary disease
Chronic kidney 8(5.3) 26 (13.3) 34 (9.8) 0.021
disease
Chronic liver disease 6 (4.0) 7 (3.6) 13 (3.8) 0.999
Rheumatic disease 10 (6.6) 17 (8.7) 27 (7.8) 0.604
Malignancy 20 (13.2) 36 (18.5) 56 (16.2) 0.246
ACEIs or ARBs 41 (27.2) 85 (43.6) 126 (36.4) 0.002
Beta-blockers 27 (17.9) 70 (35.9) 97 (28.0) <0.001
Calcium channel 21 (13.9) 40 (20.5) 61 (17.6) 0.145
blockers
Diuretics 25 (16.6) 73 (37.4) 98 (28.3) <0.001
Mineralocorticoid 7 (4.6) 8 (4.1) 15 (4.3) 0.999
receptor
antagonists
Antiplatelets 22 (14.6) 59 (30.3) 81 (23.4) 0.001

Values reported as median [25th-75th percentiles] or n (%). p-values based on
Mann-Whitney U and chi-squared tests, as appropriate.
Cells containing values <3 have been denoted in such a manner to withhold the
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exact number of patients to maintain confidentiality, as in compliance with rules
by Statistics Denmark.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin II receptor blocker; N/A, not applicable; URL, upper reference limit.

diagnosed with myocarditis or pericarditis. The most frequently occur-
ring conditions were cerebrovascular disease, heart failure, and acute
kidney injury including renal replacement therapy.

4. Discussion

In this Danish nationwide study of hospitalized patients with COVID-
19 undergoing serial high-sensitivity cardiac troponin testing, myocar-
dial injury was highly prevalent and strongly associated with poor
prognosis. The presence of a relative change between the first and sec-
ond cardiac troponin measurements also carried prognostic significance
among these patients. Time-varying analyses, in which we accounted for

American Heart Journal Plus: Cardiology Research and Practice 14 (2022) 100131

all suitable cardiac troponin measurements per patient and newly
diagnosed comorbidities during follow-up, corroborated these initial
findings. Conversely, the likelihood of developing myocardial infarction
requiring invasive management was low (graphical abstract).

Our finding of adverse COVID-19 outcomes associated with
myocardial injury based on serial high-sensitivity cardiac troponin
assessment is in line with existing evidence [21-24] and underscores the
value of serial cardiac troponin measurements in patients with COVID-
19. However, current evidence is limited by the definitions of myocar-
dial injury employed, lack of data on serial testing and thereby dynamic
cardiac troponin changes, use of inconsistent sampling intervals, and use
of non-high-sensitivity assays [12]. As such, the exact prevalence and
clinical implications of myocardial injury in COVID-19 remain unclear.
Gou et al. [15] found that 28% of hospitalized Chinese patients with
COVID-19 had myocardial injury, defined as a troponin T level >99th
percentile URL, and these patients were more often older and had car-
diovascular disease. The authors further noted that among patients with

(A) Primary outcome

All-cause mortality

‘ (B) Secondary outcome

Severe COVID-19, ICU admission, or all-cause mortality
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2
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0 T T 1

0 50 100 150
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~
H
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Fig. 2. Absolute risk of primary (A) and secondary (B) outcomes according to the absence/presence of myocardial injury and absence/presence of dynamic cardiac

troponin changes.
Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit.

(A) Primary outcome

(B) Secondary outcome

Group All-cause mortality Severe COVID-19, ICU admission, or all-cause mortality
Events/Total HR (95% Cl) Events/Total HR (95% Cl) ‘
Myocardial injury
Absence 17/151 . 1.00 (reference) 61/151 . 1.00 (reference)
Presence 72/195 —— 256 (1.46-4.51) 113/195 —_— 1.38 (0.98-1.94)
Dynamic cardiac
troponin changes
Absence 62/276 . 1.00 (reference) 130/276 . 1.00 (reference)
Presence 27/70 —_—— 1.66 (1.04-2.64) 44/70 —_—— 1.42 (1.00-2.01)
T T 1 T T 1
08 1 2 3 08 1 2 3

Fig. 3. Association between the absence/presence of myocardial injury or absence/presence of dynamic cardiac troponin changes and primary (A) and secondary (B)

outcomes.

Adjusted for age, sex, ischemic heart disease including prior myocardial infarction, heart failure, atrial fibrillation or flutter, valvular heart disease, hypertension,
hyperlipidemia, diabetes, chronic obstructive pulmonary disease, and chronic kidney disease.
Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; ICU, intensive care unit.
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Primary outcome

Group All-cause mortality
Measurements HR (95% ClI)
Myocardial injury
Absence 3505 ] 1.00 (reference)
Presence —e— 2.24 (1.94-2.58)
Dynamic cardiac
troponin changes
Absence 1877 . 1.00 (reference)
Presence ——— 1.92 (1.59-2.31)
T T 1
08 1 2 3

Fig. 4. Time-varying analysis of the association between the absence/presence
of myocardial injury or absence/presence of dynamic cardiac troponin changes
and all-cause mortality.

Adjusted for age, sex, and changes in comorbidities (i.e., ischemic heart disease
including prior myocardial infarction, heart failure, atrial fibrillation or flutter,
valvular heart disease, hypertension, hyperlipidemia, diabetes, chronic
obstructive pulmonary disease, and chronic kidney disease) during follow-up.
Abbreviations: CI, confidence interval; HR, hazard ratio.

Table 2
Incidence of diagnosed cardiovascular and non-cardiovascular conditions and
related procedures following serial cardiac troponin testing.

Myocardial injury Dynamic cardiac troponin

changes
Presence Absence Presence Absence
(n=195) (n=151) (n=70) (n =276)
Any cardiovascular 89 (45.6) 47 (31.1) 33 (47.1) 103 (37.3)
disease
Myocardial infarction 8(4.1) <3 4 (5.7) 5(1.8)
Coronary angiography or 7 (3.6) <3 3(4.3) 6(2.2)
percutaneous coronary
intervention
Coronary artery bypass 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0)
grafting
Heart failure 16 (8.2) <3 5(7.1) 13 (4.7)
Myocarditis or 0 (0.0) <3 0 (0.0) <3
pericarditis
Aortic valve disease 6 (3.1) 4 (2.6) <3 9(3.3)
Ventricular arrhythmia 3 (1.5) <3 <3 3(1.1)
or cardiac arrest
Pulmonary embolism 8(4.1) 10 (6.6) 5(7.1) 13 (4.7)
Aortic dissection <3 0 (0.0) 0 (0.0) <3
Cerebrovascular disease 17 (8.7) 5(3.3) 7 (10.0) 15 (5.4)
Acute kidney injury 16 (8.2) 6 (4.0) 12 (17.1) 10 (3.6)

including renal
replacement therapy

Values reported as n (%).

Cells containing values <3 have been denoted in such a manner to withhold the
exact number of patients to maintain confidentiality, as in compliance with rules
by Statistics Denmark.

fatal COVID-19, cardiac troponin levels were higher during hospitali-
zation compared with levels detected at admission. This association
between increasing cardiac troponin during hospitalization and a fatal
COVID-19 course was also noted in another study [5]. Shi et al. [10]
demonstrated that 20% of hospitalized Chinese patients with COVID-19
had myocardial injury, defined as a high-sensitivity troponin I level
>99th percentile URL, and also found older age and cardiovascular
disease to be associated with cardiac troponin elevation. The authors
further observed a more than 3-fold increased mortality risk among
those with myocardial injury relative to those without. Finally, Lala
et al. [14] reported the frequency of myocardial injury, defined as a
troponin I level >30 ng/L, among US patients with COVID-19 to be 36%,
and further observed a graded increase in mortality risk according to the
degree of cardiac troponin elevation.

Overall, 20% met criteria for a relative change between the first and
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second cardiac troponin measurements using thresholds suggested by
the European Society of Cardiology [20], and the association with all-
cause mortality was strong. Although dynamic cardiac troponin
changes hold diagnostic, and possibly prognostic, value, additional
clinical data including cardiovascular symptoms, electrocardiogram,
echocardiogram, and coronary angiography findings are warranted to
determine if significant rise and/or fall patterns of cardiac troponin are
due to myocardial infarction, particularly type 1, in COVID-19. How-
ever, only few patients received a diagnosis of myocardial infarction and
underwent an invasive coronary procedure. This suggests that non-
coronary mechanisms such as cerebrovascular disease, heart failure, or
acute kidney injury may play an important role in the elevation of car-
diac troponin. Furthermore, circulating levels of the inflammatory
marker CRP are positively correlated with cardiac troponin, suggesting a
link between COVID-19 virulence, increased systemic inflammation,
and myocardial injury [2,10,15,33].

Based on the low incidence of invasively treated myocardial infarc-
tion among COVID-19 patients with myocardial injury or dynamic car-
diac troponin changes, we recommend clinicians to have an overall
more judicious approach toward using cardiac troponin testing for the
assessment of potential cardiac involvement of COVID-19. Only in cases
where cardiac troponin measurement is clinically indicated, such as
suspected type 1 myocardial infarction or myocarditis, should serial
rather than single-point testing be performed because of the indepen-
dent diagnostic and prognostic information that dynamic cardiac
troponin changes then provide. Importantly, chest discomfort, which is
frequent among patients with COVID-19, may not necessarily be asso-
ciated with myocardial injury, and may even obscure true angina in the
minority of patients who have type 1 myocardial infarction. Conversely,
in case of myocardial injury determined on single-point testing, clini-
cians may also be tempted to initiate unnecessary examinations or
treatments, which may lead to unwanted exposure of health care pro-
fessionals during the pandemic. The optimal risk-benefit balance re-
mains unclear as no specific means of differentiating myocardial injury
from infarction in this setting has been established.

4.1. Limitations

Our study has several limitations. In particular, the observational
design only allowed for the assessment of association, not causation.
Danish patients with COVID-19 do not routinely undergo cardiac
troponin testing, and those included were strictly required to have two
measurements recorded temporally close to each other, which resulted
in a limited sample size despite use of nationwide registry-based data.
Furthermore, it is possible that a selection bias toward more severe cases
of COVID-19, with a higher likelihood of having elevated cardiac
troponin, was present. Indeed, patients who had cardiac troponin
measurements available as well as patients who were subjected to serial
testing had a higher cardiovascular disease burden and likelihood of
experiencing adverse outcomes of COVID-19 than those without.
Conversely, although most cases of COVID-19 in Denmark are located in
the capital and more densely populated areas, the use of nationwide data
with consecutively included patients with a positive COVID-19 infection
was a major strength. Although we did adjust the multivariable models
thoroughly, our registries do not hold data on potential confounding
factors like cardiovascular symptoms, body mass index, smoking status,
electrocardiographic changes, left ventricular ejection fraction, or im-
aging evidence of myocardial ischemia. Finally, data on cause of death
were not available.

5. Conclusions

Myocardial injury was a common finding among patients with
COVID-19, and cardiac troponin changes were present in one fifth of the
population. The presence of myocardial injury and dynamic cardiac
troponin changes determined using serial high-sensitivity cardiac
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troponin testing were both associated with poor prognosis. The risk of
developing myocardial infarction requiring invasive management dur-
ing COVID-19 hospitalization was low.
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