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confirmed diagnosis of COVID-19 who were hospitalized between January
and June 2021 (n = 358). We describe the demographic and paraclinical
characteristics of the patients and their association with outcomes at the
time of discharge. We also estimate the diagnostic accuracy, including
sensitivity, specificity, and predictive values, of elevated troponin levels in
predicting in-hospital mortality. Results: patients with elevated troponin
levels demonstrated a significantly increased risk of in-hospital mortality
(OR: 9.4; 95% Cl: 5.5-16.0; p < 0.05) and had a notably higher in-hospital
mortality rate (55.6%) compared to those with non-elevated troponin
levels (11.7%). The troponin biomarker exhibited a sensitivity of 77.9% and
specificity of 72.7%, with positive and negative predictive values of 55.6%
and 88.3%, respectively, for in-hospital mortality. Conclusion: troponin
elevation in subjects with COVID-19 is positively related to in-hospital
mortality, independently of other conditions such as age group,
comorbidities, oroxygen therapy requirement.
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Introduction

The year 2019 marked a milestone in modern history
with the emergence of Coronavirus disease, COVID-19, a
highly contagious respiratoryillness caused by the SARS-CoV-2
virus (severe acute respiratory syndrome coronavirus 2) (1).
Since the onset of the pandemic, cardiovascular risk factors
and chronic diseases have been shown to play a significant
roleinthe development of severe and fatal forms of COVID-19
(2). Factors such as diabetes, hypertension, respiratory
diseases, being male, over 65 years of age, and being an active
smokerhave beenassociated withanincreasedrisk of disease

progression(3,4).

Likewise, various multicenter studies have observed
that anincrease in biomarkers such as leukocytes, creatinine,
procalcitonin, C-reactive protein (CRP), MB fraction of
creatine kinase, myoglobin, high-sensitivity troponin T, N-
terminal pro-B-type natriuretic peptide (NT-proBNP), and

aspartate aminotransferase are associated, with varying
statistical significance, with increased morbidity and fatal
outcomesin ARDS-CoV-2 disease (3-5).

Myocardial injury, defined as an elevation of cardiac
troponins, occursin up to 38% of patients with severe forms of
COVID-19, and its occurrence has been described as an
independent marker of mortality (51.2% vs. 4.5%) (6). A study
conducted in Wuhan, China (7), linked troponin elevation and
in-hospital mortality with a sensitivity of 67.3% and a specificity
of 88.7%. This reiterated that the cutoff points are
approximately 40% lower than those typically defined for
traditional cardiac pathology. The study also demonstrated
thatthisisindependent of previous cardiovascular pathology,
as patients with a history of heart disease who did not present
elevated troponins had a lower mortality rate compared to
those who did, even without prior cardiovascular disease (8).
Taking this into account, the aim of this study is to determine
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the predictive value of troponins for in-hospital mortality in
adults with COVID-19.

Methods
Study design and participants

A case-control study was conducted, nested within a
retrospective cohort, whichincluded subjects diagnosed with
SARS-CoV-2/COVID-19 infection and treated at the
Organizacion Clinica General del Norte in Barranquilla,
Colombia, between January1,2021,and June 30,2021.

The inclusion criteria were individuals aged 18 years
orolder, with a confirmed diagnosis of COVID-19, and arecord
of ultrasensitive troponin T measurements in their clinical
history. Subjects diagnosed based solely on clinical findings,
radiological findings, or antibody measurements were
excluded. Patients with acute myocardial injury who showed
clinical evidence of acute myocardial ischemia, with a rise
and/or fall of cardiac troponin (cTn) values, with at least one
value exceeding the 99th percentile URL, and meeting at
least one of the following criteria were also excluded:
Symptoms of myocardial ischemia, new ischemic ECG
changes, development of pathological Q waves, imaging
evidence of new loss of viable myocardium or new regional
wall motion abnormality consistent with anischemic etiology,
or identification of a coronary thrombus by angiography or
autopsy, in accordance with the fourth universal definition of
acute myocardialinfarction (9).

Demographic variables included age (defined as the
time elapsed from birth to inclusion in the study) and sex,
categorized as male or female. Clinical variables, known to
influence the prognosis of the disease based on the literature,
were included: the presence of comorbidities such as arterial
hypertension, diabetes mellitus, and/or lung diseases
(bronchial asthma, COPD) (2-4). Additionally, the values of
the following biomarkers taken within the first 24 hours of
admission were considered: total leukocyte count, ferritin,
lactate dehydrogenase (LDH), ultrasensitive troponin T, C-
reactive protein, D-dimer, and the final dichotomous
condition of being alive or deceased. Non-probabilistic
convenience sampling was conducted. The sample size was
calculated using Epidat 4.2 with a power of 80% and a
confidencelevel of 95%.

Data Collection

After obtaining the necessary approvals from the
relevant authorities, medical records were identified by
filtering participants' diagnoses recorded under the codes
Uo71 (COVID-19 identified virus) and Uo72 (COVID-19
unidentified virus) as per ICD-10 (International Classification of
Diseases - 10). Subsequently, a database was created to
record the study data abstracted from the medicalrecords.
Information extracted from clinical histories was
systematized into an Excel table, tabulating each variable
based on the established treatment criteria for
operationalization. A table was designed to relate patient

identification data (masked for privacy), demographic and
clinical variables, based on the defined treatment for each
variable's operationalization and their respective categories.
Each independent row corresponded to a single study
subject.

Statistical Analysis

For data analysis, the SPSS V23 program was
employed. Qualitative variables were presented as
frequencies, and quantitative variables were described using
mean, standard deviation, and range. Bivariate analysis
utilized the chi-square test (with p-value) to determine the
presence of statistically significant differences (p<0.05). The
Mantel-Haenszel formula was used for dichotomous variables
to calculate odds ratios (ORs) and their 95% confidence
intervals (95% Cl) to describe the relationship between
elevated cardiac troponin and COVID-19 patient outcomes.
Receiver Operating Characteristic (ROC) curve analysis was
applied to calculate the sensitivity, specificity, and predictive
values of elevated troponins and specific variables in relation
to mortality, with their corresponding level of statistical
significance (p<0.05).

Ethical Considerations

To conduct this study, it underwent evaluation by the
ethics committee of the healthcare provider institution
(Organizacién Clinica General del Norte) and was approved
with filing number T.I-448, considering it as posing no risk to
the patients. It was also evaluated by the research bioethics
committee of Universidad Libre, which verified that the study
was conducted in accordance with current scientific,
methodological, and ethical principles.

Results
Characterization of the Population

Out of the 358 participants, just over half were male (52.2%).
The average age was 65.1 years with a standard deviation of
14.9, and 70.4% fell within the age range of 50 to 79 years. The
primary method of detecting COVID-19 cases was through
antigen testing (60.6%), and 61.5% required oxygen upon
admission. Approximately two-thirds of the participants had
at least one comorbidity, with 53.1% suffering from arterial
hypertension, 31.6% from obesity, and 21.5% from Diabetes
Mellitusamong those (n=245).

Inflammatory Markers

The averages of the inflammatory markers are
presented in Table 1. It's worth noting that not all cases had
the opportunity to undergo all five markers, but all had
troponin measurements. CRP had the highest percentage of
cases with elevated values (91.8%), followed by D-dimer
(83.1%). Notably, 42.7% of the participants exhibited elevated
troponin levels. Just under a third (30.4%) of the subjects did
notsurvive.
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Table1
Inflammatory Markers
Mean SD+/- Range
Troponins 0,1 0,2 0-1,38
Ferritin*" 1910,6  5873,3  12-81094
LDH*" 467,0 362, 140-3603

D Dimer **1 3160,6  8135,8  100-99000
Lymphocytes***“ 1040,5 1286,5 84-21400

*¥N=344; **n=345; ***n=348 SD: Standard deviation

LDH: Lactate Dehydrogenase

§: Some participants did not have all the biomarkers measured but all had
troponinmeasurements, so they wereincludedin the study.

Relationship between Clinical Variables and Mortality

When examining the relationship between
sociodemographic and clinical variables with mortality,
statistically significant differences (p<0.05) were observed in
all the variables studied, except for sex (Table 2). Regarding
troponin levels, their elevation represented statistically
significant differences (p<0.05)in terms of vital status, with an
ORof9.4(95%Cl:5.5-16.0) (Figure1).

Table2
Relationship between sociodemographic and clinical variables
withmortality in the participants

%Deceased Z%Alive Chi2; p

Sex Male (n=187) 32,1 67,9 0,496: 0,481
Female (n=171) 28,7 71,3
260 (n=242) 39,3 60,7

Age (years) 27,3; 0,000%
20-59 (N=116) 12,1 87,9

Oxygen Yes (n=220) 40,0 60,0

requirement N 128 848 24,6; 0,000%

at admission 0(n=138) 15,2 4
Y = 6, 63,

Comorbidities es (n=245) 367 33 14,9; 0,000%
No (n=113) 16,8 83,2

1(n=12 ,0 6,0

Number.o.f. >1(n=125) 44 > 5,79; 0,016%

comorbidities 1(n=120) 29,2 70,8

Troponins Increased (n=153) 55,6 44,4 26,54 0,000%
Normal (n=205) 1,7 88,3

Lymphocytes Altered (n=198 419 58,1 24,3; 0,000%
Normal (n=147) 17,0 83,0

LDH Increased (n=313) 335 665 oo
Normal (n=31) 6,5 93,5

b Dimer Increased (n=287) 34,5 65,5 9,66: 0,002%
Normal (n=58) 13,8 86,2

CRP Increased (n=329) 32,5 67,5 Fisher:
Normal (n=9) 6,9 93,1 0,0027*

Ferritin Increased (n=268) 354 64,6 12,21; 0,000%
Normal (n=76) 14,5 85,5

*Statistically significant differences (p<0.05)
LDH: Lactate dehydrogenase; CRP: Creactive protein

Predictive Values of Cardiac Troponins vs. Mortality

An analysis of the overall relationship between
troponin levels and in-hospital mortality revealed a significant
increase in mortality among those with elevated troponins
(55.6%), compared to the group without elevated troponins

(11.7%). When stratified by subgroups, a consistent increase in
mortality was observed in participants with elevated
troponins, irrespective of age group, oxygen requirement
uponadmission, or presence of comorbidities (Table 3).

Figure1
Forest Plot for variables related to mortality
Pvalue OR
Troponines T <0.001 9.400(5500- T6.000) : ——
LDH 0.001 7.300(1.700- 31.200) i»—li
RCP 0.002 6.500(1.500- 27.900) i.—.—¢
Age <0.001  4.700(2.500- 8.700) i il —
02 At Admission <0.001 3.700(2.200-6,300) : o
Lymphocites <0.001 3.500(2.100- 5.200) E-.-.
D - Dimer 0.002 3.300(1500-7.200) E..—.
‘
Lymphocites <0001  3.200(1.800-6.400) E"._'
:
Comorbidities <0001  2.900{1.800- 5.000) E;.-l
:
>1 Comorbidity 0.016  1.900(1,100- 3,200) Ip
Sex 0.481_ 1.200(0.700- 1.800) I' OR
17T T 1T 7T T1
0 5 15 25
Table3

Relationship between having elevated troponins or not and
vitalstatus at discharge, ingeneral and according to age, oxygen
needat admission and presence of comorbidities

Deceased
%Yes  %No

Increased (n=153) 55,6 44,4

Troponins

Total

Normal (n=205) 1,7 833

560 Increased (n=132) 57,6 42,4

Ace - Normal (n=110) 17,3 82,7

& Increased (n=21) 42,9 57,
20-59

Normal (n=95) 53 94,7

Increased (n=106) 65,1 ,
Oxygen Yes ( ) 65 549

Normal (n=114) 16,7 83,3
Increased (n=47) 34,0 66,0
Normal (n=91) 5,5 94,5
Increased (n=121) 57,9 42,1
Normal (n=124) 16,1 83,9
Increased (n=32) 46,9 53,1
Normal (n=153) 4,9 95,1

requirement
at admission No

L Yes
Comorbidities

No

The sensitivity and specificity of troponin elevation in
predicting in-hospital mortality were 77.9% and 72.7%,
respectively. These values increased when troponin elevation
occurred in patients without other comorbidities, with
sensitivity at 78.9% and specificity at 81.1%. The positive
predictive value of troponin elevation was 55.6%, while the
negative predictive value was 88.3%, rising to 95.1% in the
absence of othercomorbidities (Figure 2).

Microbes Infect Chemother, 2023, v.3, 1-6, 1940 3



Ospino-Guerra MC, Murgas-Cainas CH, Ospino-Guzman JL, Varela-Prieto L, Cano-Rivera R, Vargas-Moranth R

Figure2

Sensitivity, Specificity and Predictive Values of elevated
Troponins versus mortdlity, in general (total) and according to
age, oxygenneed at admission and presence of comorbidities
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Discussion

The COVID-19 pandemic has been a challenge for
healthcare workers worldwide. Since its onset in 2019, it
became evident that the presence of chronic diseases and
cardiovascular risk factors plays a significant role in the
development of fatal forms of this disease (2). In the present
study, it was observed that the sociodemographic groups at
the highest risk are adults over 60 years of age, with a
mortality rate of 39.3% compared to 12.1%, and there were no
significant differences based on sex.

The presence of at least one of the comorbidities
studied, which include arterial hypertension, diabetes
mellitus, obesity, and chronic lung disease, increased the
probability of death by 44% compared to patients without
these conditions. Although this study did not find a significant
relationship between male sex and mortality, as reportedin a
recent meta-analysis (3), the results align with other
investigations where the group at the highest risk for mortality
consists of older patients over 60 years of age with
comorbidities such as primary arterial hypertension, type 2
diabetes mellitus, and chronic obstructive pulmonary disease
(COPD), which are significantly associated with an increased
risk of mortality (OR: 5.15;95% Cl: 2.51-10.57; p<0.00001) (2).

Changes in paraclinical parameters have beenlinked,
with varying statistical significance, to in-hospital and
medium-term mortality in SARS-CoV-2 infection. When
comparing the paraclinical results of patients with mild and
critical forms of COVID-19, a higher frequency of neutrophilia,
lymphopenia, and significant elevations in CRP and troponins
were foundinthelatter(11,12).

The results of this investigation reveal that C-reactive
protein (CRP) was the most frequently elevated marker in
patients, although it is not the one with the strongest
association with their condition at discharge. Similar findings
were reported in the Asian population, where CRP elevation
was the most common alteration, but lymphopenia was the

main negative predictor of mortality (13). Consistently, this
study found a statistically significant relationship between
lymphopenia, elevated lactate dehydrogenase (LDH), ferritin,
and D-dimer with in-hospital mortality in patients with COVID-

19.

Previous studies have also described the elevation of
LDH as one of the parameters with the strongest correlation,
and within coagulation studies, the elevation of D-dimer was
significantly related to the same outcome, likely associated
with the cytokine storm described in the pathophysiology of
this disease (14,15).

In the investigated population, troponins were
elevated in only 42.7% of the participants, and despite this,
they proved to be the primary potential marker of mortality,
with an OR of 9.4 (95% Cl: 5.5-16.0). When comparing by
subgroups, a consistent increase in this outcome was
observed in patients with elevated troponins regardless of
other conditions such as the need for supplemental oxygen,
age group, or the presence of comorbidities. Even the
specificity of troponins against mortality increased
considerably when this elevation occurred in the absence of
the studied comorbidities, with no significant differences in
terms of their sensitivity. Likewise, its negative predictive
value increased from 88.3% to 95.1% in the absence of other
comorbidities.

Myocardial injury, defined as the elevation of cardiac
troponins above the reference value, occurs in up to 38% of
patients with COVID-19 (6), raising concerns about its
association with increased mortality. Previous studies
conducted between 2020 and 2021 have shown a strong
relationship between the elevation of cardiac biomarkers and
mortality, with anincrease of up to 7.9 times compared to the
group that does not elevate this cardiac enzyme (16,17).

In this study, similar results were found, with a 9.4
times higherrisk of deathin the group with elevated troponin
levels, regardless of otherfactors such as age, the presence of
comorbidities, or the need for supplemental oxygen upon
admission. Similarly, a Brazilian study (8) reported the use of
troponins as a marker with special impact during the first 7
days of hospitalization, with an independent correlation to
the presence of previous heart disease.

Anotherimportant element is the timing of troponin
measurement, as demonstrated in a study conducted in Italy
(18), where early detections within the first 24 hours of
admission can discriminate patients with worse outcomes.
Theresults of this study show that mortality was higher (22.5%;
OR: 4.35; 95% Cl: 1.72-11.04) in people with elevated troponin
levels onadmission compared to those who did not have such
elevation (6.25%).

Additionally, the prognostic value of troponins for
the prediction of mortality has been compared in patients
with adult respiratory distress syndrome (ARDS) due to
COVID-19 and ARDS due to other causes, with favorable
results for troponins, taking into account potential biases, as
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the patients in the group with ARDS and COVID-19 were older
and had a greater number of comorbidities compared to the
patientswith ARDS due to other causes(19).

On the other hand, some studies report different
findings from this investigation, where the main predictor of
mortality is established as the ratio between arterial oxygen
pressure and the inspired fraction (PaO2/FiO2), (HR: 0.901;
95% Cl: 0.829-0.978; P<0.0133), with no statistically
significant findings fortroponin elevation (20).

Other results suggest the superiority of myoglobin
over troponin as a predictor (21), and that troponin alone is
not statistically significant in predicting outcomes (HR: 0.98;
95% Cl: 0.92-1.03; p: 0.507), while myoglobin was superior to
troponin as anindependent factorin predicting mortality (HR:
1.001; 95% Cl: 1.001-1.002; p < 0.001). However, the low
availability of myoglobin makesitimpractical foruse (21).

In this investigation, a sensitivity for the elevation of
troponins against mortality of 77.9% and a specificity of 72.7%
was obtained. The total positive predictive value was 55.6%,
while the negative predictive value for the elevation of
troponins against this same outcome was 88.3% in general.
These results confirm previous findings in similar studies,
where the relationship between elevated troponin and in-
hospital mortality was established with a sensitivity of 67.3%
and a specificity of 88.7% (7), a positive predictive value of
51.9%, and an 89.7% negative predictive value for all-cause in-
hospital mortality in patients with COVID-19 (22).

It is clear that this research has certain limitations
since the information on the study population was obtained
from a secondary source of information and was limited to a
single healthcare center that serves patients from the
contributory and special regime in Colombia, which may
represent a better chance of access to some services and a
different social vulnerability. Additionally, these results are
only applicable to patients who were hospitalized for COVID-
19 and do not represent the situation of patients who did not
require hospitalization.

Furthermore, several parameters described in the
literature with varying relationships between their alteration
and the development of more severe forms of the disease
were not evaluatedin this study. Thrombocytopenia has been
recognized as a partial predictor of disease severity, as have
elevations in aminotransferases and bilirubin (23). It is
essential to consider that due to logistical and safety
limitations, it was not possible to perform echocardiographic
or cardiac magnetic resonance studies to assess myocardial
involvement, as recommended in the literature (24), and to
rule out differential diagnoses such as myocarditis and stress
cardiomyopathy, which mayintroduce biasinto theresuilts.

Conclusion
This study determined the predictive value of cardiac

troponins for in-hospital mortality in adults with COVID-19.
Despite not being the most frequently altered marker, there s

a positive correlation between troponin elevation and this
outcome, independent of the presence of other conditions
such as age group, comorbidities, or the need for
supplemental oxygen therapy. One of the most significant
findings of this study was the predictive value of cardiac
enzymes for mortality, which becomes even more valuable in
patients without associated pathologies. Normal values of
this biomarker in patients infected with SARS-CoV-2
substantially reduce the probability of afatal outcome.
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