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Abstract: Background: Acute cardiac injury (ACI) after COVID-19 has been linked with unfavorable
clinical outcomes, but data on the clinical impact of elevated cardiac troponin on discharge during
follow-up are scarce. Our objective is to elucidate the clinical outcome of patients with elevated
troponin on discharge after surviving a COVID-19 hospitalization. Methods: We conducted an
analysis in the prospective registry HOPE-2 (NCT04778020). Only patients discharged alive were
selected for analysis, and all-cause death on follow-up was considered as the primary endpoint.
As a secondary endpoint, we established any long-term COVID-19 symptoms. HOPE-2 stopped
enrolling patients on 31 December 2021, with 9299 patients hospitalized with COVID-19, of which
1805 were deceased during the acute phase. Finally, 2382 patients alive on discharge underwent
propensity score matching by relevant baseline variables in a 1:3 fashion, from 56 centers in 8 countries.
Results: Patients with elevated troponin experienced significantly higher all-cause death during
follow-up (log-rank = 27.23, p < 0.001), and had a higher chance of experiencing long-term COVID-19
cardiovascular symptoms. Specifically, fatigue and dyspnea (57.7% and 62.8%, with p-values of 0.009
and <0.001, respectively) are among the most common. Conclusions: After surviving the acute phase,
patients with elevated troponin on discharge present increased mortality and long-term COVID-19
symptoms over time, which is clinically relevant in follow-up visits.

Keywords: COVID-19; troponin; cardiomyopathy; long-term COVID-19 symptoms; mortality

1. Introduction

The World Health Organization (WHO) officially declared COVID-19 a pandemic on
11 March 2020, which has led to millions of deaths thus far [1].

Acute cardiac injury (ACI) represents a significant complication of COVID-19 [2,3],
correlating with increased susceptibility to disease severity [4] and mortality [5]. Cardiac
muscle damage can either be inflicted by direct heart damage by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [6] or by a concurrent condition, such as respiratory
failure, sepsis, and systemic inflammation, among others [7-9].

Persistent cardiac injury is common among COVID-19 survivors and has been shown
to recover in only 44.9% of the patients [2]. It might harbor persistent inflammation with
myocarditis-like injury [10] and ventricular impairment [11] detected by cardiac magnetic
resonance (CMR) and, even though it might not be a frequent finding, it may represent
a clinically relevant topic in COVID-19 survivors. However, the clinical impact of these
persistently elevated troponin levels on cardiovascular outcomes and long-term prognosis
has yet to be determined [12].

Long-term COVID-19 symptoms can be broadly defined as signs, symptoms, and
sequelae that continue or develop after an acute COVID-19 infection for any period of time,
with the possibility of severe and life-threatening events even months or years after the
infection [13]. It is clinically challenging to establish the cessation of the COVID-19 infection,
and prospective data regarding the duration of long-term viral persistence are scarce.
Moreover, long-term COVID-19 phenotypes might grow over time, generating confusion
among stakeholders and precluding the successful research of effective interventions [13].

Our aim is to study the clinical outcomes and prognosis of COVID-19 survivors who
are discharged with elevated troponin levels, as well as its relationship with long-term
COVID-19 symptoms in an international prospective multicenter registry.
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2. Material and Methods
2.1. Study Design and Participation Criteria

The registry HOPE-2 (Health Outcome Predictive Evaluation for COVID-19—2,
NCT04778020) is an international, investigator-led, prospective study framed with a practi-
cal “all comers” approach, not offering financial incentives to researchers. Data supporting
this research can be requested from the lead author. Inclusion criteria encompass patients
discharged after any in-hospital stay, with a subsequent diagnosis of COVID-19, irrespec-
tive of survival status. Diagnostic confirmation was done by throat swabs, and analyzed
using real-time reverse transcriptase-polymerase chain reaction assays, following the WHO
guidelines. Diagnostic confirmation was waived in case of death before testing in a highly
suspected COVID-19 case. Clinical decisions and procedures adhered to by the attending
medical team were in line with the established local standards and practices [14].

The HOPE-2 registry received ethical approval from Hospital Clinico San Carlos’ ethics
committee (21/128-E), gaining endorsement from local institutional boards or ethics com-
mittees. The requirement for written informed consent was not applied given the study’s
anonymized and observational nature. Electronic collection of the data was performed
using an online database [15]. This manuscript reflects data analysis up to 31 December
2021. Data integrity and draft revision are warranted by the lead researchers at each local
facility. A detailed participant list and study definitions have already been published
elsewhere [14]. The study design and implementation did not involve input from patients.

2.2. Data Acquisition and Study Definitions

The inclusion criteria encompassed patients after any in-hospital admission, from any
medical facility, given that they had either a confirmed or a highly suspected diagnosis of
COVID-19 (especially if death occurred prior to testing).

Patients were considered to have persistent cardiac troponin elevation if, at the time
of discharge, they had a serum troponin (T or I) level above the 99th percentile upper
reference limit for the cut-off value used in each hospital.

A pragmatic definition of heart disease was adopted and divided into various groups:
arrhythmic, coronary, heart failure or cardiomyopathy, heart valve disease, combined and
non-specified, or other heart disease different from the aforementioned (e.g., congenital
heart disease) according to the local physicians. Any heart disease was considered when
it was stated in the clinical history and/or the patient was receiving medication for such
purpose [15].

Events occurring during hospitalization (respiratory insufficiency, congestive heart
failure, relevant bleeding episodes, upper respiratory tract infection, embolic events, pneu-
monia, hemoptysis, systemic inflammatory response syndrome, and kidney dysfunction)
and during clinical follow-up were assigned by the local physicians’ criteria according to
the preestablished definitions. The complete list of variables used in this investigation and
their definitions recorded in HOPE-2 have already been published [14]. The flowchart with
the detailed patient selection algorithm is shown in Figure 1.

2.3. Study Follow-Up and Outcomes

Eligible patients for this research had to be discharged alive and have elevated troponin
levels on discharge. All-cause death was the main endpoint. Long-term COVID-19 symp-
toms, as well as hospital readmissions during follow-up, were considered as secondary
endpoints. A structured protocol for long-term COVID-19 symptoms was elaborated ac-
cording to previous reports [16]. Patient follow-up was carried out either by phone calls
with the patient or their family, interviews with their referring physicians, or health records
revision [14].

2.4. Statistical Analysis

Continuous variables are described as mean and standard deviation, or mean and
interquartile range, when appropriate. Categorical variables were reported as frequency
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(%). Exclusion of missing data (in a listwise fashion) was performed without employing
imputation techniques.

r ™\
9060
4 N\ Patients in the initial cohort
78 patients without a x .
valid Follow-up date
\ ) 'd N\
8982
- ~ L With valid follow-up dates ) (
1550 deaths during 483 without a valid
hospitalization P discharge status
\ J 6949
Alive at discharge with a
( h \ valid discharge status y
278 patients with
missing dates
\ J [ 6671 b

Alive at discharge with valid

4175 without valid final
vital follow-up status
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114 without valid propensity N \__ and final vital follow-up status
variables:age, diabetes mellitus,
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Matched with elevated \_
troponin on discharge
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Alive at discharge with valid dates, final
vital follow-up status and valid variables 234
for propensity score matching Y, Matched without elevated
| troponin on discharge

Propensity score matching 1:3: |

312 patients

Figure 1. Flowchart describing the stepwise patient selection process, only patients with the needed
available variables for analysis were selected for propensity score matching. A total of 4175 pa-
tients did not have a structured long-term follow-up, because they came from HOPE-1, a cross-
sectional study.

A Student t-test or Mann—Whitney U test were used to compare continuous variables
when needed. A Chi-square test or Fisher’s exact test (when needed) were used to compare
categorical variables.

A propensity score for having elevated troponin levels on discharge was calculated
from the overall sample based on baseline variables deemed as clinically relevant for the
outcome that exhibited a p-value <0.10 in the univariant analysis: age, diabetes mellitus
hypertension, and previous heart disease (Supplementary Table S1).

The propensity score technique was employed to address imbalances in our study
groups and mitigate bias arising from the disparity in group sizes.

A 1:3 propensity-matched sample was selected of patients who were discharged alive
and had elevated troponin levels on discharge [17]. After the propensity, two balanced
groups were produced, thereby allowing for comparisons and eliminating biases that might
arise from differences in baseline characteristics.

The nearest neighbor matching method was used for propensity matching. Survival
was plotted on Kaplan—-Meier curves and assessed with a log-rank test. Survival time was
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calculated from discharge to the last follow-up date (or death). Relative risk with 95% CI
was calculated.

The analysis was performed in the overall selected population as well (Supplementary
Tables 52 and S3; Supplementary Figure S1).

Statistical analysis was performed with IBM SPSS statistics v26.0 (SPSS, Inc., Chicago,
IL, USA), and R statistical software v. 4.3.1 in the aforementioned analyses. The tests were
two-sided, and a p-value < 0.05 was considered statistically significant [14].

3. Results

Baseline clinical data from the general population discharged alive from the hospital
after propensity score matching are described in Table 1. Long-term COVID-19 symptoms
incidence in the matched population is described in Table 2.

Table 1. Baseline characteristics of the general population discharged alive from the hospital after
propensity score matching. Data were calculated over the available population with the information
unless indicated otherwise with a fraction sign “/” using the available subjects for such parameter.
Follow-up time is expressed as days (median) and interquartile range (IQR). Parameters included in
the propensity score matching analysis are outlined in italics. p-Values marked with an asterisk (*)
were corrected using a Fisher’s exact test.

Matched Population Elevated Troponin Not Elevated Troponin

(n =312) on Discharge (n =78)  on Discharge (n = 234) p-Value

Age (years) 65.76 £ 14.90 65.69 + 14.49 65.78 £ 14.73 0.966

Male 188 (60.3%) 46 (59%) 142 (60.7%) 0.789

Hypertension 196 (62.8%) 50 (64.1%) 146 (62.4%) 0.787

Obesity 60 (19.2%) 14 (17.9%) 46 (19.7%) 0.740

Diabetes Mellitus 63 (20.2%) 17 (21.8%) 46 (19.7%) 0.684

Dislipidaemia 107 (34.3%) 27 (34.6%) 80 (34.2%) 0.945

Active smoking 42 (14%) 19 (25.7%) 23 (10.2%) 0.001

Renal failure 21 (6.7%) 8 (10.3%) 13 (5.6%) 0.151

Lung disease 68 (23.7%) 14 (20.3%) 54 (24.8%) 0.446

Heart disease 130 (41.67%) 32 (41%) 98 (41.9%) 0.895

Cerebrovascular disease 22 (7.1%) 6 (7.7%) 16 (6.8%) 0.798

Connectivopathy 8 (2.6%) 1(1.3%) 7 (3%) 0.684

Liver disease 7 (2.2%) 2 (2.6%) 5(2.1%) 1.000

Cancer status 34 (10.9%) 8 (10.3%) 26 (11.1%) 0.834

Inmunosupression 21 (6.7%) 6 (7.7%) 15 (6.4%) 0.696

Respiratory insufficiency 135 (43.5%) 38 (48.7%) 97 (41.5%) 0.262

Heart failure 29 (9.3%) 16 (20.5%) 13 (5.6%) <0.001

2 Renal failure 41 (13.1%) 15 (19.2%) 26 (11.1%) 0.066

:(‘% Upper respiratory tract 39 (12.5%) 11 (14.1%) 28 (12%) 0.621

% Pneumonia 231 (76.2%) 60 (76.9%) 171 (76%) 0.869

;2 Sepsis 36 (11.5%) 26 (33.3%) 10 (4.3%) <0.001

& Systemic inflammatory 36 (11.5%) 7 (9%) 29 (12.4%) 0413
g response syndrome

5 Relevant bleeding 11 (3.5%) 6 (7.7%) 5(2.1%) 0.032

Hemoptysis 9 (2.9%) 6 (7.7%) 3 (1.3%) 0.009 *

Embolic events 6 (1.9%) 3(3.8%) 3 (1.3%) 0.168

Hospital readmission for any cause 81 (26%) 37 (47.4%) 44 (18.8%) <0.001

All-cause death 19 (6.1%) 14 (17.9%) 5(2.1%) <0.001

Follow-up

12.97; 8.60-14.79

12.60; 7.07-13.23

13; 9.60-15.54
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Table 2. Long-term COVID-19 symptoms according to discharge troponin status after propensity
score matching. Data were calculated over the available population with the information unless
indicated otherwise with a fraction sign “/” using the available subjects for such parameter. p-values
marked with an asterisk (*) were corrected using a Fisher’s exact test.

Matched Population Elevated Troponin Not Elevated Troponin

(n =312) on Discharge (n = 78) on Discharge (n = 234) p-Value
Any long-term COVID-19 symptoms 210 (67.3%) 57 (73.1%) 153 (65.4%) 0.210
Fatigue 140 (44.9%) 45 (57.7%) 95 (40.6%) 0.009
Dyspnea 123 (39.4%) 49 (62.8%) 74 (31.6%) <0.001
2 Dizziness 48 (15.4%) 23 (29.5%) 25 (10.7%) <0.001
% Chest pain 36 (11.5%) 15 (19.2%) 21 (9%) 0.014
% Acute coronary syndrome 9 (2.9%) 6 (7.7%) 3 (1.3%) 0.009 *
g Palpitations 47 (15.1%) 23 (29.5%) 24 (10.3%) <0.001
;% Increased resting heart rate 13 (10.6%) 14 (17.9%) 19 (8.1%) 0.015
g Syncope 6 (1.9%) 2 (2.6%) 4 (1.7%) 0.642*
g Arthythmia 41 (13.1%) 20 (25.6%) 21 (9%) <0.001
N Atrial fibrillation 32 (10.3%) 10 (12.8%) 22 (9.4%) 0.389
8 Peri/myocarditis 5 (1.6%) 5 (6.4%) 0 (0%) 0.001 *
% Inferior limb edema 24 (7.7%) 12 (15.4%) 12 (5.1%) 0.003
éo New onset hypertension 13 (4.2%) 3(3.8%) 10 (4.3%) 1.000
3 New g;‘:f&rfcetfi‘gﬂwlar 21 (6.7%) 15 (19.2%) 6 (2.6%) <0.001
Relevant bleeding 2 (0.6%) 1(1.3%) 1 (0.4%) 0.438 *
) Headache 27 (8.7%) 3(3.8%) 24 (10.3%) 0.081 *
g Migraine 13 (4.2%) 1(1.3%) 12 (5.1%) 0.197 *
Ei Ageusia 22 (7.1%) 5 (6.4%) 17 (7.3%) 0.798
%D Anosmia 19 (6.1%) 7 (9%) 12 (5.1%) 0.272
é Attention disorder 26 (8.3%) 9 (11.5%) 7 (7.3%) 0.237
cé: Memory loss 11 (9.9%) 10 (12.8%) 21 (9%) 0.325
% Cognitive impairment 21 (6.7%) 8 (10.3%) 13 (5.6%) 0.151
5‘ Anxiety 50 (16%) 17 (21.8%) 33 (14.1%) 0.109
2 Depression 33 (10.6%) 13 (16.7%) 20 (8.5%) 0.043
§ Jgg‘g}fgslgs 13 (4.2%) 6 (7.7%) 7 (3%) 0.098 *
% Sleep disorder 46 (14.7%) 10 (12.8%) 36 (15.4%) 0.580
o Mood disorder 39 (12.5%) 14 (17.9%) 25 (10.7%) 0.093
§ Paraonia 10 (3.2%) 5 (6.4%) 5(2.1%) 0.128
Cough 47 (15.1%) 21 (26.9%) 26 (11.1%) 0.001
) Redg&?jsf;{‘fe‘;?ary 31 (9.9%) 13 (16.7%) 18 (7.7%) 0.022
g Polypnea 18 (5.8%) 8 (10.3%) 10 (4.3%) 0.087
i Sleep apnea 15 (4.8%) 5 (6.4%) 10 (4.3%) 0.540
2 Digestive disorders 22 (7.1%) 10 (12.8%) 12 (5.1%) 0.022
A Nausea/Vomiting 13 (4.2%) 5 (6.4%) 8 (3.4%) 0.323
2 Intermittent fever 17 (5.4%) 8 (10.3%) 9 (3.8%) 0.042
o Chills 17 (5.4%) 9 (11.5%) 8 (3.4%) 0.017
g Hair loss 20 (6.4%) 5 (6.4%) 15 (6.4%) 1.000
%0 Joint pain 34 (10.9%) 7 (9%) 27 (11.5%) 0.529
P Myalgias 34 (10.9%) 5 (6.4%) 29 (12.4%) 0.142
g Significant sweating episodes 8 (2.6%) 1(1.3%) 7 (3%) 0.684 *
Significant weight loss 24 (7.7%) 3 (3.8%) 21 (9%) 0.141*
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Table 2. Cont.

Matched Population Elevated Troponin Not Elevated Troponin

(n =312) on Discharge (n = 78) on Discharge (n = 234) p-Value
Cutaneous involvement 14 (4.5%) 3(3.8%) 11 (4.7%) 1.000 *
New onset diabetes mellitus 7 (2.2%) 2 (2.6%) 5(2.1%) 1.000 *
New onset renal failure 22 (7.1%) 13 (16.7%) 9 (3.8%) <0.001
Red eye symptoms 4 (1.3%) 0 (0%) 4 (1.7%) 0.575 %
Flushing 1 (0.3%) 0 (0%) 1 (0.4%) 1.000 *
Incident neoplasia 6 (1.9%) 3(3.8%) 3 (1.3%) 0.168

Patients with elevated troponin levels on discharge were more commonly active
smokers, with previous heart disease and had a more abrupt clinical course during hospi-
talization, with higher rates of heart failure and sepsis (p < 0.001). After discharge, they
were more likely to be readmitted and showed higher all-cause death rates (p < 0.001).

Survival analysis is presented by Kaplan—-Meier curves in Figure 2, demonstrating
greater all-cause mortality with a log-rank (Mantel-Cox) test of 27.23 (p < 0.001) in patients
with elevated troponin after hospital discharge.

Troponin =+ No Yes
T.007 iyttt HE
20751
=
@
O
o
0 0.50 1
©
=
£
=
W 0.25 1
0.00 1
0 3 6 9 12 15
Follow-up months
Number at risk
-
S5 = 234 204 197 180 157 67
g 78 64 60 50 44 6
= 0 3 6 9 12 15

Follow-up months

Figure 2. Survival analysis represented by Kaplan-Meier curves (upper part) and number of patients
at risk after the end of each time period (lower part). The shaded area surrounding each curve
represents the 95% confidence interval.

Long-term COVID-19 cardiovascular traits were more common in patients with ele-
vated cardiac troponin on discharge, who had higher rates of fatigue, dyspnea, dizziness,
palpitations, chest pain, acute coronary syndrome, new onset ventricular dysfunction, and
arrhythmia. Even though the number of certain events was reduced, a trend towards
increased resting heart rate, atrial fibrillation, pericarditis and /or myocarditis, and inferior
limb edema in patients with elevated troponin was observed. No differences were observed
in syncope, new onset hypertension, and relevant bleeding during follow-up.

Certain neurological manifestations of long-term COVID-19 were more common in
patients with elevated cardiac troponin levels on discharge, such as depression. How-
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ever, the rest of the studied variables did not exhibit statistically significant differences
between groups.

Regarding multisystemic manifestations of long-term COVID-19, cough and digestive
disorders were more common in patients with elevated cardiac troponin on discharge, with
a trend towards greater respiratory manifestations such as intermittent fever and chills,
as well as new onset renal failure. No relevant differences were found in the incidence of
reduced function in the pulmonary diffusion test, nausea/vomiting, hair loss, joint pain,
myalgias, sweating episodes, significant weight loss, cutaneous involvement, new-onset
diabetes mellitus, red eye symptoms, flushing, sleep apnea, or incident neoplasia.

4. Discussion

In this study, we evaluate the impact of elevated cardiac troponin levels at discharge
on the prognosis following hospitalization in patients with COVID-19, and its correlation
with long-term COVID-19 symptoms, using a prospective multi-center registry.

The principal results are as follows: After propensity score matching, patients dis-
charged alive with hospitalization and COVID-19 with elevated cardiac troponin levels
(1) suffer significantly higher all-cause mortality during follow-up, even when matched for
previous heart disease, (2) have a more complex in-hospital course, with a higher incidence
of sepsis and heart failure, and (3) are more likely to exhibit long-term COVID-19 cardio-
vascular traits (Central Illustration). These results are reproducible both in the matched 1:3
cohort, as well as in the overall population of our study.

It is well-established that patients with cardiovascular risk factors, particularly those with
hypertension, diabetes, or underlying cardiovascular disease have worse outcomes [15,18]. In
such cases, the age-adjusted Charlson comorbidity index score has been shown to be a great
predictor for severe clinical outcomes in hospitalized patients with COVID-19 infection, partic-
ularly in the elderly [19], even among other classical comorbidities such as thrombocytopenia,
low body mass index, anemia, and male sex in the cohort by Kim et al. [19]. Other parameters
such as the neutrophil-to-lymphocyte ratio have been proven to be useful, as well as to predict
in-hospital mortality during the omicron dominant period [20]. Additionally, undertreatment
with angiotensin-converting enzyme inhibitors/ angiotensin II receptor blockers was listed
as a main prognostic indicator of in-hospital mortality in the same cohort, underscoring the
importance of this finding that might help clinicians to reduce patient mortality [20].

Moreover, some authors suggest that mortality of COVID-19 is even higher for pa-
tients with previous cardiovascular disease than in patients with previous respiratory
disease [15,21]. Nevertheless, in our study, mortality remained higher in the elevated
troponin cohort even after balancing previous heart disease between groups in propensity
score matching. This suggests a higher mortality rate in myocardial injury associated with
COVID-19 hospitalization, even in the absence of previous heart disease. Furthermore, the
elevated troponin cohort had a more abrupt in-hospital clinical course with more sepsis,
which is a known factor of elevated troponin and has been linked with worse cardiovascular
outcomes and all-cause death [4,22]. Moreover, hypoxia-induced myocardial injury, which
can occur in the setting of the aforementioned complications (i.e., sepsis) can decrease
the energetic cell supply, leading to intracellular acidosis and favoring apoptosis through
various mechanisms [15]. Even though inflammation has been described as one of the
main underlying mechanisms regarding endothelial activation, further investigation is
required to clarify this aspect, since no relationship was identified between the expression
of vascular adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1)
in heart tissue regarding cytokine-mediated activation [23].

Nufez-Gil et al. [15] have previously demonstrated higher mortality in discharged
patients with underlying heart disease after a COVID-19 hospitalization, particularly pa-
tients with heart failure/ cardiomyopathy, which might suggest that structurally vulnerable
hearts are prone to higher frailty. On top of that, abnormal coagulation parameters have
been described in patients with COVID-19, which could potentially add up to direct and
indirect myocardial damage through ischemic or thrombotic events. Even though the
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number of events is small in our cohort, the number of relevant bleedings was higher in
the elevated troponin cohort [15].

Our cohort includes a wider spectrum of patients, demonstrating that elevated tro-
ponin levels at discharge, whether in the presence of underlying heart disease or not, are
associated with significantly higher all-cause mortality and readmissions during follow-up.

Long-term COVID-19 symptoms have been described, even in patients without
prior cardiac disease, which might suggest relevant cardiovascular tropism of SARS-
COV2 [14,23].

Potential factors associated with the pathophysiology of long-term COVID-19 symp-
toms might encompass: (1) damage to the cell and titular structures crucial for vascular
circulation, leading to increased blood clotting; (2) the prolonged presence of viral remnants
or its constituent parts in various tissues; and (3) modifications in the immune system,
among additional contributors [14,23].

In a recent meta-analysis conducted by Lopez-Leon et al. [16], comprising 15 manuscripts
and 47,910 patients, over 50 long-term COVID-19 symptoms were identified. According
to their findings, the top five prevalent manifestations were fatigue (58%), headache (44%),
attention disorder (27%), hair loss (25%), and dyspnea (24%). Similarly, fatigue emerged as
the most common symptom among our patients with positive troponin levels on discharge
(57.7%) and in the control group (40.6%), with dyspnea being the second most common in the
whole matched cohort (39.4%), which is also in line with the previous works of Nufiez-Gil
et al. [14] in which patients with heart disease were more likely to exhibit long-term COVID-
19 symptoms on discharge. Our study suggests that dizziness, an often-unreported symptom
of long-term COVID-19, is the third most common long-term COVID-19 symptom in the
positive troponin cohort. As previously described, new symptoms can arise after the COVID-
19 illness or even continue after it [24]. Physicians should be aware of these symptom:s,
in order to properly assess their onset and minimize the risk of chronic consequences of
long-term COVID-19 symptoms, and help reestablish pre-COVID-19 health in affected
individuals [16].

Long-term COVID-19 symptoms resemble those of chronic fatigue syndrome (CES),
which has an unclear etiology [25,26] and has also been linked to other viruses (e.g., Cy-
tomegalovirus and Epstein-Barr virus, among others) [16]. In their recent work,
Corbalan et al. [25] propose a new parameter, the functional limitation index (FLI), which
can provide an accurate diagnosis of this condition, regardless of gender, in a one-day
assessment. In their work, physiological parameters of ergospirometry, such as VO2 peak
and VO2 max/ VO2 ratio, are altered in patients with CFS and might partially set the
biological basis for fatigue in CFS. Since there is an overlap between long-term COVID-19
symptoms and CFS, the former patients might also benefit from objective physiological tests
such as ergospirometry to further characterize altered parameters in this disease, secure its
diagnosis, and, eventually, lead to the development of novel therapeutic strategies [27].

5. Limitations

The primary limitation arises from the design, and the study’s observational nature,
which could lead to selection bias among other potentially relevant biases. Additionally,
variability in definitions [14,24], the nature and severity of heart disease, and index event
reports might differ across institutions, countries, and even in the dominant viral strain
during the exact moment of the pandemic the data were collected. The term “heart
disease” is broad and encompasses a wide range of conditions, thus warranting careful
interpretation. Furthermore, subjective factors, like certain symptoms and their resolution
being inconsistently reported, should be interpreted with caution. The quantitative value of
troponin was not used. Instead, a dichotomic classification according to the 99th percentile
cut-off was used [9]. We believe that this might help to overcome the heterogeneity in
a multicenter study in which different units, troponin values, and assays are employed.
Nevertheless, the results should be interpreted carefully when comparing this cohort to
others in which a quantitative classification of troponin was employed.
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Of note, smoking status was still more prevalent in the positive troponin group after
propensity score adjustment. However, when assessing the smoking status and mortality
in the matched cohort, a non-significant p-value was obtained. Nevertheless, this fact,
together with the previous limitations, should be carefully considered.

The Delphi consensus, elaborated by the WHO, has offered an official definition of the
post-COVID-19 condition [24]. According to the WHO, this condition typically occurs in
individuals with a probable or confirmed SARS-CoV-2 infection, manifesting symptoms
three months after the initial infection that can persist for at least two months and cannot be
attributed to another plausible diagnosis. However, our research did not entirely align with
these criteria, as its design was established prior to the release of this consensus [14,24].
Therefore, the expression “long-term COVID-19 symptoms” was used throughout the text.

According to the LONG-COVID-EXP-CM Multicenter Study [22], a more critical
presentation of long-term COVID-19 can be linked to more developed symptoms. Our
study does not capture the evolution time of the symptoms, so this trait could not be
assessed [28]. Multi-specialty management in long-term COVID-19 symptom clinics could
enhance diagnosis and recovery [29].

6. Conclusions

Our findings underscore the importance of long-term COVID-19 symptoms in clinical
practice, particularly among patients with elevated troponin levels at discharge, as they
face higher mortality rates and are more prone to experiencing cardiovascular traits of
long-term COVID-19. Physicians should be equipped to promptly identify these patients
and consider closer follow-up.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jem13092596/s1, Figure S1: Survival analysis represented by
Kaplan-Meier curves; Table S1: Baseline values before and after propensity score matching; Table S2:
Baseline characteristics of the general population discharged alive from the hospital after propensity
score matching; Table S3: Long-term COVID-19 symptoms according to discharge troponin status
after propensity score matching.

Author Contributions: Conceptualization, R.V. and G.E; methodology, M.C.V.-L., S.R.-R. and R.R;;
software, E.A.-R,; validation, A.U., ES. and L].N.-G.; formal analysis, R.S.-d.H.; investigation, V.B.-
M., M.P, LE.-B,, H.R. and A.F.C.-M.; resources, J.5.-C. and A.G.; data curation, EM. and J.L.-P,;
writing—original draft preparation, R.V. and I.].N.-G.; writing—review and editing, R.V. and L.].N.-G.;
visualization, E.C., O.V.-C. and C.E.-P; supervision, L].N.-G., ALM., LV.and A.F-O. project admin-
istration, I.].N.-G. and A.F.-O.; funding acquisition, I.J.N.-G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: HOPE-2 was approved by the research ethic committee of
the Hospital Clinico San Carlos (21/128-E, 17 February 2021) and was also appraised and accepted
by the institutional board or local committees.

Informed Consent Statement: Written informed consent was waived given the study’s anonymized
and observational nature.

Data Availability Statement: Data is available upon reasonable request to the corresponding author.
Acknowledgments: All HOPE-2 researchers.

Conflicts of Interest: The authors declare no conflict of interest.

1.  WHO. Available online: https://covid19.who.int/ (accessed on 17 February 2024).

2. Lu,J.Q.; Lu, J.Y,; Wang, W.; Liu, Y.; Buczek, A.; Fleysher, R.; Hoogenboom, W.S.; Zhu, W.; Hou, W.; Rodriguez, C.J.; et al. Clinical
predictors of acute cardiac injury and normalization of troponin after hospital discharge from COVID-19: Predictors of acute
cardiac injury recovery in COVID-19. eBioMedicine 2022, 76, 103821. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jcm13092596/s1
https://www.mdpi.com/article/10.3390/jcm13092596/s1
https://covid19.who.int/
https://doi.org/10.1016/j.ebiom.2022.103821
https://www.ncbi.nlm.nih.gov/pubmed/35144887

J. Clin. Med. 2024, 13, 2596 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Huang, C.; Wang, Y.; Li, X;; Ren, L.; Zhao, J.; Hu, Y,; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef] [PubMed]

Eggers, K M.; Jernberg, T.; Lindahl, B. Cardiac Troponin Elevation in Patients without a Specific Diagnosis. J. Am. Coll. Cardiol.
2019, 73, 1-9. [CrossRef] [PubMed]

Nunez-Gil, 1].; Fernandez-Perez, C.; Estrada, V.; Becerra-Munoz, V.M.; El-Battrawy, I.; Uribarri, A.; Fernandez-Rozas, I.; Feltes, G.;
Viana-Llamas, M.C.; Trabattoni, D.; et al. Mortality risk assessment in Spain and Italy, insights of the HOPE COVID-19 registry.
Intern. Emerg. Med. 2021, 16, 957-966. [CrossRef] [PubMed]

Tersalvi, G.; Vicenzi, M.; Calabretta, D.; Biasco, L.; Pedrazzini, G.; Winterton, D. Elevated Troponin in Patients with Coronavirus
Disease 2019: Possible Mechanisms. . Card. Fail. 2020, 26, 470-475. [CrossRef] [PubMed]

Shi, S.; Qin, M,; Cai, Y.; Liu, T,; Shen, B.; Yang, F.; Cao, S.; Liu, X;; Xiang, Y.; Zhao, Q.; et al. Characteristics and clinical significance
of myocardial injury in patients with severe coronavirus disease 2019. Eur. Heart J. 2020, 41, 2070-2079. [CrossRef] [PubMed]
Shi, S.; Qin, M; Shen, B.; Cai, Y,; Liu, T.; Yang, F; Gong, W.; Liu, X,; Liang, ].; Zhao, Q.; et al. Association of Cardiac Injury with
Mortality in Hospitalized Patients with COVID-19 in Wuhan, China. JAMA Cardiol. 2020, 5, 802-810. [CrossRef] [PubMed]

De Michieli, L.; Jaffe, A.S.; Sandoval, Y. Use and Prognostic Implications of Cardiac Troponin in COVID-19. Cardiol. Clin. 2022, 40,
287-300. [CrossRef] [PubMed]

Kotecha, T.; Knight, D.S.; Razvi, Y.; Kumar, K.; Vimalesvaran, K.; Thornton, G.; Patel, R.; Chacko, L.; Brown, J.T.; Coyle, C.; et al.
Patterns of myocardial injury in recovered troponin-positive COVID-19 patients assessed by cardiovascular magnetic resonance.
Eur. Heart ]. 2021, 42, 1866-1878. [CrossRef] [PubMed]

Artico, J.; Shiwani, H.; Moon, ].C.; Gorecka, M.; McCann, G.P,; Roditi, G.; Morrow, A.; Mangion, K.; Lukaschuk, E.; Shan-
muganathan, M.; et al. Myocardial Involvement after Hospitalization for COVID-19 Complicated by Troponin Elevation: A
Prospective, Multicenter, Observational Study. Circulation 2023, 147, 364-374. [CrossRef] [PubMed]

Chidambaram, V.; Kumar, A.; Calcaterra, G.; Mehta, J.L. Persistent cardiac injury—An important component of long COVID-19
syndrome. eBioMedicine 2022, 77, 103892. [CrossRef] [PubMed]

Munblit, D.; O’'Hara, M.E.; Akrami, A.; Perego, E.; Olliaro, P.; Needham, D.M. Long COVID: Aiming for a consensus. Lancet
Respir Med. 2022, 10, 632-634. [CrossRef] [PubMed]

Nunez-Gil, 1].; Feltes, G.; Viana-Llamas, M.C.; Al, E. Post-COVID-19 Symptoms and Heart Disease: Incidence, Prognostic Factors,
Outcomes and Vaccination: Results from a Multi-Center International Prospective Registry (HOPE 2). . Clin. Med. 2023, 12, 706.
Nunez-Gil, L].; Fernandez-Ortiz, A.; Eid, C.M.; Huang, J.; Romero, R.; Becerra-Mufioz, V.M.; Uribarri, A.; Feltes, G.; Trabatoni, D.;
Fernandez-Rozas, I.; et al. Underlying heart diseases and acute COVID-19 outcomes. Cardiol. J. 2021, 28, 202-214. [CrossRef]
[PubMed]

Lopez-Leon, S.; Wegman-Ostrosky, T.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S. More than 50
long-term effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 2021, 11, 16144. [CrossRef] [PubMed]

Santoro, E,; Nufez-Gil, 1.].; Vitale, E.; Viana-Llamas, M.C.; Romero, R.; Maroun Eid, C.; Feltes Guzman, G.; Becerra-Murioz, V.M.;
Fernandez Rozas, I.; Uribarri, A.; et al. Aspirin Therapy on Prophylactic Anticoagulation for Patients Hospitalized with COVID-19:
A Propensity Score-Matched Cohort Analysis of the HOPE-COVID-19 Registry. J. Am. Heart Assoc. 2022, 11, e024530. [CrossRef]
[PubMed]

Anon. Available online: https://www.cdc.gov/coronavirus/2019ncov/needextraprecautions/peopleathigherrisk.html?
CDC_AA_refVal=https://www.cdc.gov/coronavirus/2019-ncov /specific-groups /high-riskcomplications.html (accessed on 5
March 2024).

Kim, D.H,; Park, H.C.; Cho, A.; Kim, J.; Yun, K.S; Kim, J.; Lee, Y.K. Age-adjusted Charlson comorbidity index score is the best
predictor for severe clinical outcome in the hospitalized patients with COVID-19 infection. Medicine 2021, 100, €25900. [CrossRef]
[PubMed]

Sonaglioni, A.; Lombardo, M.; Albini, A.; Noonan, D.M.; Re, M.; Cassandro, R.; Elia, D.; Caminati, A.; Nicolosi, G.L.; Harari, S.
Charlson comorbidity index, neutrophil-to-lymphocyte ratio and undertreatment with renin-angiotensin-aldosterone system
inhibitors predict in-hospital mortality of hospitalized COVID-19 patients during the omicron dominant period. Front. Immunol.
2022, 13, 958418. [CrossRef] [PubMed]

Anon Madjid, M.; Solomon, S.; Vardeny, O. Cardiac Implications of Novel Coronavirus (COVID-19). In ACC Clinical Bulletin;
Committee ASaQ, Ed.; American College of Cardiology: Washington, DC, USA; Available online: https://www.acc.org/latest-in-
cardiology/articles /2020/02/13/12 /42 /acc-clinical-bulletin-focuses-on-cardiac-implications-of-coronavirus-2019-ncov (ac-
cessed on 18 February 2024).

Zochios, V.; Valchanov, K. Raised cardiac troponin in intensive care patients with sepsis, in the absence of angiographically
documented coronary artery disease: A systematic review. |. Intensive Care Soc. 2015, 16, 52-57. [CrossRef] [PubMed]

Aleksova, A.; Fluca, A.L.; Gagno, G.; Pierri, A.; Padoan, L.; Derin, A.; Moretti, R.; Noveska, E.A.; Azzalini, E.; D’Errico, S.;
et al. Long-term effect of SARS-CoV-2 infection on cardiovascular outcomes and all-cause mortality. Life Sci. 2022, 310, 121018.
[CrossRef] [PubMed] [PubMed Central]

Anon. Available online: https://www.who.int/publications-detail-redirect/ WHO-2019-nCoV-Post_COVID19_condition-
Clinical_case_definition2021.1#:~:text=Post%20COVID-19%20condition%?20occurs,explained %20by%20an%20alterative %20
diagnosis (accessed on 5 March 2024).


https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.1016/j.jacc.2018.09.082
https://www.ncbi.nlm.nih.gov/pubmed/30621937
https://doi.org/10.1007/s11739-020-02543-5
https://www.ncbi.nlm.nih.gov/pubmed/33165755
https://doi.org/10.1016/j.cardfail.2020.04.009
https://www.ncbi.nlm.nih.gov/pubmed/32315733
https://doi.org/10.1093/eurheartj/ehaa408
https://www.ncbi.nlm.nih.gov/pubmed/32391877
https://doi.org/10.1001/jamacardio.2020.0950
https://www.ncbi.nlm.nih.gov/pubmed/32211816
https://doi.org/10.1016/j.ccl.2022.03.005
https://www.ncbi.nlm.nih.gov/pubmed/35851452
https://doi.org/10.1093/eurheartj/ehab075
https://www.ncbi.nlm.nih.gov/pubmed/33596594
https://doi.org/10.1161/CIRCULATIONAHA.122.060632
https://www.ncbi.nlm.nih.gov/pubmed/36705028
https://doi.org/10.1016/j.ebiom.2022.103892
https://www.ncbi.nlm.nih.gov/pubmed/35219086
https://doi.org/10.1016/S2213-2600(22)00135-7
https://www.ncbi.nlm.nih.gov/pubmed/35525253
https://doi.org/10.5603/CJ.a2020.0183
https://www.ncbi.nlm.nih.gov/pubmed/33346365
https://doi.org/10.1038/s41598-021-95565-8
https://www.ncbi.nlm.nih.gov/pubmed/34373540
https://doi.org/10.1161/JAHA.121.024530
https://www.ncbi.nlm.nih.gov/pubmed/35730631
https://www.cdc.gov/coronavirus/2019ncov/needextraprecautions/peopleathigherrisk.html?CDC_AA_refVal=https://www.cdc.gov/coronavirus/2019-ncov/specific-groups/high-riskcomplications.html
https://www.cdc.gov/coronavirus/2019ncov/needextraprecautions/peopleathigherrisk.html?CDC_AA_refVal=https://www.cdc.gov/coronavirus/2019-ncov/specific-groups/high-riskcomplications.html
https://doi.org/10.1097/MD.0000000000025900
https://www.ncbi.nlm.nih.gov/pubmed/33951004
https://doi.org/10.3389/fimmu.2022.958418
https://www.ncbi.nlm.nih.gov/pubmed/36090992
https://www.acc.org/latest-in-cardiology/articles/2020/02/13/12/42/acc-clinical-bulletin-focuses-on-cardiac-implications-of-coronavirus-2019-ncov
https://www.acc.org/latest-in-cardiology/articles/2020/02/13/12/42/acc-clinical-bulletin-focuses-on-cardiac-implications-of-coronavirus-2019-ncov
https://doi.org/10.1177/1751143714555303
https://www.ncbi.nlm.nih.gov/pubmed/28979375
https://doi.org/10.1016/j.lfs.2022.121018
https://www.ncbi.nlm.nih.gov/pubmed/36183780
https://www.ncbi.nlm.nih.gov/pmc/PMC9561478
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID19_condition-Clinical_case_definition2021.1#:~:text=Post%20COVID-19%20condition%20occurs,explained%20by%20an%20alterative%20diagnosis
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID19_condition-Clinical_case_definition2021.1#:~:text=Post%20COVID-19%20condition%20occurs,explained%20by%20an%20alterative%20diagnosis
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID19_condition-Clinical_case_definition2021.1#:~:text=Post%20COVID-19%20condition%20occurs,explained%20by%20an%20alterative%20diagnosis

J. Clin. Med. 2024, 13, 2596 12 of 12

25. Corbalan, J.A,; Feltes, G.; Silva, D.; Gémez-Utrero, E.; Nafez-Gil, L. A Quick and Practical Approach to Secure a Chronic Fatigue
Syndrome Diagnosis: The Novel Functional Limitation Index. J. Clin. Med. 2023, 12, 7157. [CrossRef] [PubMed]

26. Fulcher, K.Y.;; White, P.D. Strength and physiological response to exercise in patients with chronic fatigue syndrome. J. Neurol.
Neurosurg. Psychiatry 2000, 69, 302-307. [CrossRef] [PubMed]

27. Banerjee, I.; Robinson, J.; Sathian, B. Treatment of Long COVID or Post COVID syndrome: A pharmacological approach. Nepal. J.
Epidemiol. 2022, 12, 1220-1223. [CrossRef] [PubMed]

28. Fernandez-de-las-Pefas, C.; Martin-Guerrero, J.D.; Cancela-Cilleruelo, I.; Rodriguez-Jiménez, J.; Moro-Lépez-Menchero, P.;
Pellicer-Valero, O.]. Exploring trajectory recovery curves of post-COVID cognitive symptoms in previously hospitalized COVID-19
survivors: The LONG-COVID-EXP-CM multicenter study. J. Neurol. 2022, 269, 4613—4617. [CrossRef] [PubMed]

29. Charman, S.J.; Velicki, L.; Okwose, N.C.; Harwood, A.; McGregor, G.; Ristic, A.; Banerjee, P.; Seferovic, PM.; MacGowan, G.A.;
Jakovljevic, D.G. Insights into heart failure hospitalizations, management, and services during and beyond COVID-19. ESC Heart
Fail. 2021, 8, 175-182. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm12227157
https://www.ncbi.nlm.nih.gov/pubmed/38002769
https://doi.org/10.1136/jnnp.69.3.302
https://www.ncbi.nlm.nih.gov/pubmed/10945803
https://doi.org/10.3126/nje.v12i3.48532
https://www.ncbi.nlm.nih.gov/pubmed/36407052
https://doi.org/10.1007/s00415-022-11176-x
https://www.ncbi.nlm.nih.gov/pubmed/35538169
https://doi.org/10.1002/ehf2.13061
https://www.ncbi.nlm.nih.gov/pubmed/33232587

	Introduction 
	Material and Methods 
	Study Design and Participation Criteria 
	Data Acquisition and Study Definitions 
	Study Follow-Up and Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

