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Abstract: Numerous studies have been published suggesting that troponin levels are related to
adverse outcomes in chronic cardiac and non-cardiac conditions. Our study investigated whether
troponin levels gathered from unselected blood samples taken during outpatient care are associated
with adverse outcomes in a population with stable coronary artery disease. In a cohort of 949 patients
with stable coronary artery disease, an average age of 67.5 ± 9.5 years, 69.5% male, 52.1% diabetics,
51.6% with previous myocardial infarction, and 57.9% with triple-vessel disease, 21.7% of patients
encountered new events during an average period of monitoring of 2.07 ± 0.81 years. Troponin I/99th
percentile categorized into tertiles emerged as an independent predictor of death and combined
events risk (hazard ratio: 2.02 (1.13–3.60), p = 0.017; 2.30 (1.37–3.88, p = 0.002, respectively). A troponin
ratio > 0.24 was able to identify 53.3% of patients at risk of death and heart failure hospitalization.
In patients with stable coronary artery disease who are adherent to treatment, troponin levels are
independently associated with death and heart failure hospitalization in a medium-term follow-up.

Keywords: high-sensitivity troponin I; cTnI/99th tertiles; stable coronary artery disease; cardiovascular
events

1. Introduction

Cardiac troponin (cTn), a structural protein found in the contractile apparatus of
cardiac muscle, is the preferred biomarker for detecting myocardial necrosis. In 2018, the
ESC/ACCF/AHA/WHF guidelines introduced the term “high sensitivity cardiac troponin”
(hs-cTn) to describe newly available assays. These assays can detect troponin levels in more
than 50% of healthy individuals [1] and have proven effective in both diagnosing acute
myocardial infarction (MI) and predicting patient outcomes [2–4].

Elevated troponin levels have been observed in various clinical conditions, including
non-ischemic cardiac conditions like stable coronary artery disease, heart failure (HF),
arrhythmias, and non-cardiac conditions such as stroke, sepsis, thromboembolic events,
oxidative stress, and intense physical activity [5,6]. Several studies have suggested that
the chronic elevation of troponin in patients with cardiac damage but without necrosis can
serve as a prognostic factor for adverse outcomes, such as MI, HF, and cardiovascular and
all-cause mortality [7–9].
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A meta-analysis of 28 studies involving 154,052 individuals without clinical manifesta-
tions of myocardial injury indicated that troponin within the normal range is associated
with an increased risk of cardiovascular disease (CVD) [10]. However, another study con-
ducted on a group of 20,000 patients found that the 99th percentile cutoff value for troponin
in outpatients differed from the value indicated by the manufacturer. This suggests that
troponin levels should be interpreted cautiously in stable populations [11].

Considering that troponin levels can be elevated due to cellular damage not caused
by acute illness and that undisclosed chronic conditions may contribute to the release
of this biomarker, it is crucial to investigate the role of troponin in identifying various
clinical conditions.

The aim of this study was to determine whether troponin levels gathered from unse-
lected blood samples taken during outpatient care are associated with adverse events in a
population with stable coronary artery disease.

2. Results

Of the 1003 patients initially assessed for the study, 32 did not have coronary artery
disease (CAD), 15 had chronic kidney disease, and 7 had incomplete clinical data, resulting
in a final study cohort of 949 patients. They were monitored for an average period of
2.07 ± 0.81 years.

The patients had a median age of 67.5 years, and 69.5% of them were male. This
group of patients was predominantly composed of individuals who had diabetes (52%),
hypertension (71.9%), and dyslipidemia (75.4%). Additionally, 526 patients (57.9%) had
triple-vessel disease, and 486 (51.6%) had a history of a prior MI, which had been managed
with either percutaneous coronary intervention (PCI) (40%) and/or coronary artery bypass
grafting (CABG) (35%).

The clinical characteristics and laboratory results can be found in Table 1.
Troponin levels exceeding the detection limit of 2.5 ng/dL were observed in 95% of

the patients, which was higher than what is specified by the manufacturer for a healthy
population (72%). Remarkably, even in the absence of a recent episode of myocardial injury,
9.5% of the patients had troponin levels surpassing the 99th percentile.

Separate analyses on TnI/99th diabetic and non-diabetic patients were carried out.
There were no differences between TnI values: non-diabetic TnI/99th, 0.18 (95% CI:
0.17–0.20); diabetic TnI/99th, 0.17 (95% CI: 0.16–0.19), p = 0.677.

Patients were categorized into tertiles based on their troponin levels relative to the 99th
percentile: group 1 (0.09–0.1 ng/L), group 2 (0.14–0.2 ng/L), and group 3 (0.34–1.12 ng/L).
The group with the highest cTn ratio had fewer male participants and a greater incidence
of MI, angina, and HF compared to the group with the lowest cTn ratio.

Regarding the other clinical and laboratory variables, no differences were observed
among the groups. They all had an equivalent number of patients with diabetes, hyper-
tension, and dyslipidemia, as well as comparable levels of glucose, glycated hemoglobin,
urea, creatinine, hemoglobin, HDL cholesterol, LDL cholesterol, and triglycerides. Also,
the distribution of the number of vessel diseases was similar among the groups.

Throughout the follow-up period, 206 patients experienced clinical events, consti-
tuting 21.7% of the total. The most common event was death, occurring in 88 patients
(9.3%), whereas 54.5% died within their first year of participation in the study, followed
by PCI/CABG in 62 patients (6.5%), HF hospitalization in 42 patients (4.5%), and MI in
24 patients (2.5%). In a univariate analysis where cTn was stratified into tertiles, the likeli-
hood of death, hospitalization, and combined events was higher in conjunction with the
increase in troponin levels (Table 2).

After adjusting for age, sex, previous MI, angina, HF, coronary artery disease, and left
ventricular ejection fraction, cTnI/99th percentile ratio treated as a continuous variable
emerged as an independent factor associated with higher mortality risk, with an HR (95%
CI) of 1.08 (1.03–1.13, p = 0.001). Similar results were found when combined events were
analyzed, with an HR (95% CI) of 1.07 (1.03–1.11, p = 0.0004).
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Table 1. Demographic, laboratory, and clinical characteristics of the study population stratified by
troponin/99th tertiles.

Total
(n = 949)

Group 1
(0.09–0.1)
(n = 316)

Group 2
(0.14–0.2)
(n = 316)

Group 3
(0.34–1.12)
(n = 317)

p-Value

Age (years) 67.5 ± 9.5 67.1 ± 9.5 68.0 ± 9.5 67.3 ± 9.5 0.07

Male Sex 660 (69.5%) 249 (78.8%) 215 (68.0%) 196 (61.8%) <0.001

Hypertension 682 (71.9%) 235 (74.4%) 231 (73.1%) 216 (68.1%) 0.18

Diabetes 494 (52.1%) 163 (51.6%) 167 (52.8%) 164 (51.7%) 0.94

Dyslipidemia 716 (75.4%) 239 (75.6%) 244 (77.2%) 233 (73.5%) 0.55

Previous MI 486 (51.6%) 138 (43.8%) 161 (51.4%) 187 (59.2%) 0.004

Previous Angina 199 (21%) 51 (16.1%) 72 (22.8%) 76 (24.0%) 0.03

Smoking 503 (53.2%) 165 (52.4%) 164 (52.2%) 174 (54.9%) 0.75

Previous PCI 383 (40.5%) 134 (42.4%) 136 (43.3%) 113 (35.6%) 0.16

Previous CABG 332 (35.1%) 115 (36.4%) 116 (36.9%) 101 (31.9%) 0.34

Previous HF 340 (35.9%) 82 (25.9%) 110 (34.9%) 148 (46.7%) <0.001

LVEF % 55 (40–63) 60 (51–65) 55 (40–61.5) 43 (35–60) 0.49

CAD
Single-Vessel
Double-Vessel
Triple-Vessel

96 (10.6%)
286 (31.5%)
526 (57.9%)

42 (13.7%)
102 (33.2%)
163 (53.1%)

26 (8.7%)
87 (29.1%)

186 (62.2%)

28 (9.3%)
97 (32.1%)

177 (58.6%)
0.12

Creatinine
(mg/dL)

1.11
(0.95–1.30)

1.06
(0.9–1.22)

1.12
(0.94–1.31)

1.17
(0.98–1.39) 0.83

Total Cholesterol
(mg/dL)

153
(129–188)

149
(126–185)

156
(130–185)

155
(133–192) 0.68

LDL-Cholesterol
(mg/dL) 82 (64–109) 77 (62–105) 83 (65–108) 86 (66–113) 0.58

HDL-Cholesterol
(mg/dL) 42 (36–50) 42 (35–49) 42 (36–51) 42 (36–49) 0.99

Triglycerides
(mg/dL)

120
(87–181)

120
(85–176)

118
(85–179)

126
(90–185) 0.36

Fasting Glucose
(mg/dL)

118
(103–149)

119
(105–150)

115
(102–143)

121
(103–152) 0.54

Glycated
Hemoglobin (%)

6.5
(5.8–7.7)

6.3
(5.8–7.6)

6.5
(5.9–7.7)

6.6
(5.9–7.9) 0.85

Hemoglobin
(g/dL)

14.0
(12.9–15.1)

14.1
(12.9–15.2)

14.0
(13.0–15.1)

13.8
(12.6–14.9) 0.45

Troponin (ng/L) 9.0
(5.0–17.0)

4.0
(3.0–6.0)

9.0
(8.0–11.0)

26.0
(17.0–57.0) <0.001

Data are presented as median and interquartile range or n (%). MI: myocardial infarction; PCI: percutaneous
coronary intervention; CABG: coronary artery bypass graft surgery; HF: heart failure; LVEF: left ventricular
ejection fraction; CAD: coronary artery disease.

Cox regression was also applied to analyze the association between heart failure
hospitalization and risk factors. In a model adjusted by age, HF, and left ventricular
ejection fraction, cTnI/99th percentile ratio did not emerge as a significant predictor of
hospitalization, with an HR (95% CI) of 1.06 (0.99–1.12, p = 0.062).

A higher significant association was observed when Cox analysis was applied in a fully
adjusted model considering cTnI/99th percentile categorized into tertiles and using group 1
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as a reference. In group 3, for each one-point incremental rise in the cTnI/99th percentile
ratio, the risk of mortality and the occurrence of combined events both doubled (Table 3).

Table 2. Incident events in the study population stratified by cTnI/99th tertiles.

Group 1 (n = 316) Group 2 (n = 316) Group 3 (n = 317) p-Value *

HF Hospitalization 4 (1.3%) 13 (4.2%) 25 (8.0%) <0.001

MI 12 (3.9%) 5 (1.6%) 7 (2.3%) 0.13

PCI or CABG 22 (7.1%) 18 (5.8%) 22 (7.1%) 0.52

Death 19 (6.0%) 28 (8.9%) 41 (12.9%) 0.002

Combined Events
(Death +

Hospitalization)
22 (7.0%) 40 (12.8%) 58 (18.5%) <0.001

HF: heart failure; MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery
bypass graft surgery. * Cox regression model (univariate analysis).

Table 3. Adjusted Cox proportional hazards model for death and combined events (troponin/99th
percentile assessed as a categorical variable).

Group 1
(Reference) Group 2 Group 3

Overall Death HR (95% CI),
p-value 1.0 1.12 (0.60–2.10),

p = 0.71
2.02 (1.13–3.60),

p = 0.017

Combined
Events

HR (95% CI),
p-value 1.0 1.33 (0.77–2.32),

p = 0.31
2.30 (1.37–3.88),

p = 0.002
HR: hazard ratio; CI: confidence interval. Model adjusted for age, sex, previous MI, angina, heart failure, coronary
artery disease, and left ventricular ejection fraction.

In addition to the troponin ratio, age and LVEF were also associated with both death
(1.04, 1.02–1.07, p = 0.002 and 0.98, 0.96–0.99, p = 0.025) and combined events (1.04, 1.01–1.06,
p = 0.002 and 0.97, 0.96–0.99, p = 0.001).

The differences between the three groups become more evident when employing the
Kaplan–Meier curve. In comparison to group 1, group 3 exhibited lower survival rates
for both mortality and combined events throughout the 2.07 ± 0.81-year study period, as
illustrated in Figures 1 and 2, respectively.

p-values were calculated considering group 1 as the reference in both models. The
number of deaths is indicated on the right side of the graphs.

The optimal cutoff values for troponin concentration and the cTnI/99th percentile
ratio were determined by analyzing the area under the curve (AUC), sensitivity, and
specificity of the receiver operating characteristic (ROC) curves. The troponin concentration
threshold, determined using the ROC curve, identified over half (50.8%) of patients at
risk of both death and hospitalization who would otherwise have remained undetected
(61 out of 120 patients). Similarly, the troponin ratio identified 53.3% of at-risk patients
(64 out of 120 patients) who would not have been recognized using conventional methods
(Tables 4 and 5).

Table 4. ROC curves of cTnI.

AUC (95% CI) Sensibility
(%)

Specificity
(%)

Cut Off
(ng/L) p-Value

Death 0.619 (0.587–0.650) 48.9 69.7 >13 <0.0001

Combined Events 0.645 (0.613–0.675) 50.8 70.8 >13 <0.0001
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Table 5. ROC curves of cTnI/99th percentile.

AUC (95% CI) Sensibility
(%)

Specificity
(%)

Cut Off
(Ratio) p-Value

Death 0.611 (0.579–0.642) 53.4 66.0 0.24 <0.0001

Combined Events 0.639 (0.607–0.669) 53.3 67.7 0.24 <0.0001
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3. Discussion

In this prospective study, we found that chronic coronary artery disease patients with
elevated troponin levels had a higher risk of death and cardiovascular events, considered
as death and HF hospitalization, compared to the patients with lower troponin levels.
These findings remained consistent whether troponin was considered as a continuous
or categorical variable. Thus, troponin levels may add prognostic information for these
patients. In this study, we included consecutive patients with stable CAD, who were
compliant with their treatment, and with severe clinical characteristics. They received
regular care at an outpatient clinic dedicated to chronic coronary disease management.

Troponin results were normalized, transforming troponin concentrations in a ratio
relative to the 99th percentile since our primary interest lies in the range between the
detection limit and the 99th percentile, where the influence of gender over the upper
reference limit is more pronounced. The ratio provides a common metric for comparing
results obtained using different antibody detection kits, as it accounts for the potential
discrepancies in antibody-specific epitopes and cutoff values among kits from different
manufacturers [12].

We opted to exclude individuals with chronic renal insufficiency as it is acknowledged
to have an impact on troponin levels. Conversely, although there is a recognized association
between diabetes and troponin levels, we chose to include diabetic patients in the study
since they represent more than 50% of the patients under treatment for CAD [2,9]. In
addition, no differences were found between the troponin levels of the two groups.

A greater incidence of previous MI and congestive HF was present in the group with
higher troponin levels, the third tertile group. Moreover, a higher proportion of women was
also observed in this group, even considering the correction for the distinct 99th percentiles
that account for gender differences. Interestingly, the results did not show differences across
the troponin groups regarding the prevalence of type 2 diabetes mellitus, nor in glucose
parameters such as glycemia and glycated hemoglobin. We also did not find differences
concerning the number of coronary arteries with obstructive lesions.

Coronary artery disease patients in the third tertile of troponin ratios exhibited two
times more risk of overall mortality and combined events compared to the patients in the
first tertile. Importantly this association persisted even after multivariate adjustment for
important clinical factors. On the other hand, the lack of an association between troponin
and the risk of MI and revascularization procedures should be discussed. While these
events were infrequent in the present study, their rates were quite consistent across the
tertile troponin groups. These results are also in line with what troponin is expected to be
related to, as a cardiac muscle protein associated with muscle dysfunction and not with
coronary plaque instability. Thus, based on the possible mechanisms involved with its
higher blood concentrations, it is plausible that it is associated with events related to cardiac
muscle dysfunction and not with cardiac events related to the coronary vessels.

The timing of blood collection varied between patients since they were at different
points of their treatment, and the data were consistently gathered upon their initial en-
try into the protocol. Troponin results suggest that there is a release mechanism that is
consistent but does not necessarily imply irreversible cardiac cell necrosis.

The adoption of the new assays of troponin allowed the detection of very low levels of
this protein. Several studies were published suggesting that detectable cTn, not necessarily
above the 99th percentile, is related to adverse outcomes in chronic cardiac and non-cardiac
conditions in the absence of cell necrosis. Some of the studies enrolled populations that
were not routinely tested for troponin in an effort to understand the potential prognostic
role of troponin and explore the mechanisms underlying its release [13–15].

Our findings demonstrated that there is an independent association between troponin
levels and the risk of death and combined events over a medium-term follow-up. This
suggests that even in well-managed chronic conditions, cardiac tissue may continue to
be exposed to stress and vulnerability, potentially resulting in unfavorable outcomes.
Various theories attempt to explain the elevation of troponin levels in different clinical



Int. J. Mol. Sci. 2023, 24, 17286 7 of 10

situations unrelated to necrosis. Troponin elevation may involve a transient disruption
of the plasma membrane with cytoplasmic troponin release, a coronary microvascular
dysfunction promoting functional ischemia; the apoptosis of cardiomyocytes, triggered by
increased myocardial wall stress; the formation of membrane blebs; imbalances in oxygen
supply and demand; inflammation; and increased macromolecule exchange through the
membrane due to cardiomyocyte contractions [16–19].

Blood pressure measurements were not included in this study due to the continu-
ous and controlled follow-up of all patients in the hospital’s outpatient clinics. While
this approach ensured stringent control over blood pressure, it can be regarded as a
study limitation.

4. Materials and Methods
4.1. Study Design

This study was a prospective cohort investigation involving consecutive outpatients
diagnosed with stable coronary artery disease who underwent treatment at a tertiary
hospital between 2020 and 2023. These patients were scheduled for regular appointments
with a cardiologist every 6 months as part of their outpatient follow-up.

To be eligible for inclusion, individuals needed to meet the following criteria: be above
18 years of age, have chronic coronary artery disease with luminal stenosis of ≥70%, experi-
ence well-controlled clinical symptoms, and be consistently taking prescribed medications.
The diagnosis of coronary artery disease was confirmed through angiography that showed
at least one vessel branch with a proximal obstructive lesion of 70% of the lumen vessel.
All patients were on optimal medical therapy at the time of their entry into the protocol.
Optimal medical therapy included the use of aspirin, statins, ACE inhibitors or angiotensin-
receptor blockers, and beta-blockers in patients with left ventricular dysfunction or angina.
Nitrates and calcium-channel blockers were also used to control angina symptoms.

Patients were excluded from the study if they had experienced an MI within the past
6 months, had ongoing recurrent or unstable angina, or showed clinical or laboratory
evidence of renal insufficiency with creatinine levels exceeding 3 mg/dL.

The study was conducted at the Instituto do Coracao (InCor) and was approved on
6 March 2020 by the Ethics Committee of the Hospital das Clinicas HCFMUSP da Faculdade
de Medicina da Universidade de Sao Paulo, SP, Brazil (CAAE: 27728619.3.0000.0068).

4.2. Laboratory Analyses

Venous blood samples were collected from all patients at the time of their enrollment
in the study, regardless of the duration of their disease. High-sensitivity troponin I (hs-cTnI)
levels were measured using the ADVIA Centaur TNIH kit (Siemens Healthcare Diagnostics,
Tarrytown, NY, USA) on automated equipment from the same manufacturer. The detection
limit of the assay is 2.5 ng/L, with intra- and inter-assay coefficients of variation (CV) at
8 ng/L of 6.1% and 8.7%, respectively. The 99th percentile upper reference limit values are
40 ng/L for women and 58 ng/L for men.

For other measurements, venous blood was drawn from fasting patients, typically on
or close to the day of their inclusion in the protocol. Serum creatinine, urea, total choles-
terol, triglycerides, HDL cholesterol, and glucose levels were determined using commercial
colorimetric–enzymatic methods with Dimension EXL equipment from Siemens Health-
care (Newark, DE, USA), along with dedicated reagents. LDL cholesterol (LDL-c) was
calculated using the Friedewald equation, or when triglycerides were >300 mg/dL, LDL-c
was determined using the LDL direct kit from Siemens on automated equipment. Glycated
hemoglobin was assessed in whole blood samples using a turbidimetric method with a
specific kit designed for automated Dimension EXL equipment from Siemens Healthcare.
Hemoglobin levels were measured with automated equipment, the Abbott Alinity hq ana-
lyzer from Abbott Diagnostics, Wiesbaden, Germany. All measurements were performed
on the same day of the blood collection.



Int. J. Mol. Sci. 2023, 24, 17286 8 of 10

4.3. Clinical Endpoints

Clinical events were tracked and the data on troponin were collected. All clinical
endpoints were recorded in data sets and were confirmed based on patient and family
information, in case of death. The primary endpoint for analysis included a composite
of death from any cause and/or hospitalization for HF. Mortality data were confirmed
based on hospitalization records, death certificates, family information, and national death
certificates. The diagnosis of MI was based on the patient history of acute coronary
syndrome associated with electrocardiographic and laboratory changes that characterize
MI. Percutaneous coronary intervention and coronary artery bypass grafting were also
investigated and documented. These procedures were indicated if patients evolved with
worsening angina symptoms with important physical limitations despite optimal medical
therapy that included the use of beta-blockers, nitrates, and calcium-channel blockers in
maximal tolerated doses. Revascularization procedures were also indicated in the case of
acute coronary syndrome. Patient follow-up was conducted during clinic consultations
every 6 months.

4.4. Statistical Analysis

The Kolmogorov–Smirnov distribution test was employed to assess the distribution of
variables. Values were reported as mean ± standard deviation or median and interquartile
range, as appropriate. Categorical data were reported as absolute and relative frequencies.

The troponin results were transformed in the ratio between troponin concentration
and the 99th percentile, accounting for gender-related variations, and then categorized into
tertiles. Continuous data with symmetrical distribution were compared among the 3 groups
using one-way analysis of variance (ANOVA), and when distribution was asymmetrical,
the Kruskal–Wallis test. The comparison of categorical data was performed by the chi-
square test. Survival data were presented as non-adjusted Kaplan–Meier curves, and the
log-rank test was used to compare these data. Multivariate adjustments were calculated by
Cox regression models that tested the association between the ratio of cTnI/99th percentile
with the occurrence of events, combined and isolated. The predictor was analyzed both as
continuous data and also categorized in tertiles. Covariates were included in the regression
model based on the differences among them in the baseline analysis (all data with a p-value
lower than 10% were included in the model), and also if they had a plausible biological
association with both the predictor and outcome (such as the severity of coronary disease
obstruction and left ventricular ejection fraction). Receiver operating curves were also
constructed to assess the optimal cut-off value of troponin I concentration and the ratio
of cTnI/99th percentile associated with death and combined endpoints. All tests were
two-sided and p-values < 0.05 were considered statistically significant. All analyses were
performed using R software version 3.5.3 (R Project for Statistical Computing).

5. Conclusions

In patients with stable CAD who are adherent to treatment, cTnI/99th percentile
is independently associated with combined events, death, and HF hospitalization in a
medium-term follow-up.

The study’s outcomes and clinical implications suggest that, unlike the acute phase of
myocardial infarction, the persistent release of cTn can lead to lasting clinical implications.

These findings underscore the multifaceted nature of troponin elevation and its poten-
tial as a signal of ongoing cell stress and damage, shedding light on the need for further
research to elucidate the underlying mechanisms involved.

Author Contributions: C.M.C.S., concept and design of the manuscript, analyzed the data, and
drafted the manuscript; W.H. contributed to patient selection and reviewed the manuscript; P.C.R.,
acquisition of data, statistical analysis, interpretation of data, and reviewed the manuscript; S.P.d.A.V.,
acquisition, laboratory analysis, and interpretation of data; A.C.R.d.A., acquisition and analysis
of data; A.R., laboratory analysis and acquisition of data; M.S.T. and M.F.S., acquisition of data;



Int. J. Mol. Sci. 2023, 24, 17286 9 of 10

G.d.C.A.K. and S.A.O., laboratory analysis and acquisition of data; and R.K.F., final approval of the
version to be published. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was reviewed and approved on 6 March 2020 by
The Ethics Committee for Analysis of Human Research Projects of The Faculdade de Medicina da
Universidade de São Paulo (CAAE: 27728619.3.0000.0068). All procedures were performed according
to the Helsinki Declaration.

Informed Consent Statement: Written informed consent was obtained from the patients involved in
the study.

Data Availability Statement: Data is contained within the article.

Acknowledgments: Troponin I kits were kindly provided by the local representative of Siemens
Healthcare Diagnostics (Tarrytown, NY, USA).

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Thygesen, K.; Alpert, J.S.; Jaffe, A.S.; Chaitman, B.R.; Bax, J.J.; Morrow, D.A.; White, H.D.; Executive Group on behalf of the Joint

European Society of Cardiology (ESC)/American College of Cardiology (ACC)/American Heart Association (AHA)/World Heart
Federation (WHF). Task Force for the Universal Definition of Myocardial Infarction Fourth Universal Definition of Myocardial
Infarction. Circulation 2018, 138, e618–e651. [CrossRef] [PubMed]

2. DE Gennaro, L.; Brunetti, N.D.; Cuculo, A.; Pellegrino, P.L.; Izzo, P.; Roma, F.; DI Biase, M. Increased Troponin Levels in
Nonischemic Cardiac Conditions and Noncardiac Diseases. J. Interv. Cardiol. 2008, 21, 129–139. [CrossRef] [PubMed]

3. Azam, M.; Rahayu, S.R.; Fibriana, A.I.; Susanto, H.; Kartasurya, M.I.; Bahrudin, U. Cardiac Troponin Elevation After Long-
Distance Cycling is Associated with Oxidative Stress and Exercise Intensity: An Observational Study. Asian J. Sports Med. 2020,
11, e107053. [CrossRef]

4. Aldous, S.J.; Florkowski, C.M.; Crozier, I.G.; Elliott, J.; George, P.; Lainchbury, J.G.; Mackay, R.J.; Than, M.; Flaws, D.F.; Borowsky,
J. Comparison of high sensitivity and contemporary troponin assays for the early detection of acute myocardial infarction in the
emergency department. Ann. Clin. Biochem. Int. J. Biochem. Lab. Med. 2011, 48 Pt 3, 241–248, Erratum in Ann. Clin. Biochem. 2012,
49 Pt 2, 208. [CrossRef] [PubMed]

5. Apple, F.S. A New Season for Cardiac Troponin Assays: It’s Time to Keep a Scorecard. Clin. Chem. 2009, 55, 1303–1306. [CrossRef]
[PubMed]

6. Everett, B.M.; Brooks, M.M.; Vlachos, H.E.; Chaitman, B.R.; Frye, R.L.; Bhatt, D.L.; BARI 2D Study Group. Troponin and Cardiac
Events in Stable Ischemic Heart Disease and Diabetes. N. Engl. J. Med. 2015, 373, 610–620. [CrossRef] [PubMed]

7. Kontos, M.C.; Shah, R.; Fritz, L.M.; Anderson, F.; Tatum, J.L.; Ornato, J.P.; Jesse, R.L. Implication of different cardiac troponin I
levels for clinical outcomes and prognosis of acute chest pain patients. J. Am. Coll. Cardiol. 2004, 43, 958–965. [CrossRef] [PubMed]

8. Apple, F.S. High-Sensitivity Cardiac Troponin for Screening Large Populations of Healthy People: Is There Risk? Clin. Chem.
2011, 57, 537–539. [CrossRef] [PubMed]

9. Segre, C.A.W.; Hueb, W.; Garcia, R.M.R.; Rezende, P.C.; Favarato, D.; Strunz, C.M.C.; Sprandel, M.d.C.O.; Roggério, A.; Carvalho,
A.L.; Maranhão, R.C.; et al. Troponin in diabetic patients with and without chronic coronary artery disease. BMC Cardiovasc.
Disord. 2015, 15, 72. [CrossRef] [PubMed]

10. Willeit, P.; Welsh, P.; Evans, J.D.; Tschiderer, L.; Boachie, C.; Jukema, J.W.; Ford, I.; Trompet, S.; Stott, D.J.; Kearney, P.M.; et al.
High-Sensitivity Cardiac Troponin Concentration and Risk of First-Ever Cardiovascular Outcomes in 154,052 Participants. J. Am.
Coll. Cardiol. 2017, 70, 558–568. [CrossRef] [PubMed]

11. Mariathas, M.; Allan, R.; Ramamoorthy, S.; Olechowski, B.; Hinton, J.; Azor, M.; Nicholas, Z.; Calver, A.; Corbett, S.; Mahmoudi,
M.; et al. True 99th centile of high sensitivity cardiac troponin for hospital patients: Prospective, observational cohort study. BMJ
2019, 364, l729. [CrossRef] [PubMed]

12. Apple, F.S.; Collinson, P.O.; IFCC Task Force on Clinical Applications of Cardiac Biomarkers. Analytical Characteristics of
High-Sensitivity Cardiac Troponin Assays. Clin. Chem. 2012, 58, 54–61, Erratum in Clin. Chem. 2012, 58, 796. [CrossRef] [PubMed]

13. 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]

14. Sandoval, Y.; Jaffe, A.S. The Evolving Role of Cardiac Troponin: From Acute to Chronic Coronary Syndromes. J. Am. Coll. Cardiol.
2023, 82, 486–488. [CrossRef] [PubMed]

15. Hinton, J.; Mariathas, M.N.; Gabara, L.; Allan, R.; Nicholas, Z.; Kwok, C.S.; Ramamoorthy, S.; Calver, A.; Corbett, S.; Jabbour, R.J.;
et al. Association between troponin level and medium-term mortality in 20 000 hospital patients. Heart 2023, 109, 1772–1777.
[CrossRef]

https://doi.org/10.1161/CIR.0000000000000617
https://www.ncbi.nlm.nih.gov/pubmed/30571511
https://doi.org/10.1111/j.1540-8183.2007.00336.x
https://www.ncbi.nlm.nih.gov/pubmed/18248355
https://doi.org/10.5812/asjsm.107053
https://doi.org/10.1258/acb.2010.010219
https://www.ncbi.nlm.nih.gov/pubmed/21441390
https://doi.org/10.1373/clinchem.2009.128363
https://www.ncbi.nlm.nih.gov/pubmed/19478023
https://doi.org/10.1056/NEJMoa1415921
https://www.ncbi.nlm.nih.gov/pubmed/26267622
https://doi.org/10.1016/j.jacc.2003.10.036
https://www.ncbi.nlm.nih.gov/pubmed/15028350
https://doi.org/10.1373/clinchem.2011.162875
https://www.ncbi.nlm.nih.gov/pubmed/21310871
https://doi.org/10.1186/s12872-015-0051-z
https://www.ncbi.nlm.nih.gov/pubmed/26195004
https://doi.org/10.1016/j.jacc.2017.05.062
https://www.ncbi.nlm.nih.gov/pubmed/28750699
https://doi.org/10.1136/bmj.l729
https://www.ncbi.nlm.nih.gov/pubmed/30867154
https://doi.org/10.1373/clinchem.2011.165795
https://www.ncbi.nlm.nih.gov/pubmed/21965555
https://doi.org/10.1016/j.jacc.2018.09.082
https://www.ncbi.nlm.nih.gov/pubmed/30621937
https://doi.org/10.1016/j.jacc.2023.05.047
https://www.ncbi.nlm.nih.gov/pubmed/37532418
https://doi.org/10.1136/heartjnl-2023-322463


Int. J. Mol. Sci. 2023, 24, 17286 10 of 10

16. Clarke, M.S.F.; Caldwell, R.W.; Chiao, H.; Miyake, K.; McNeil, P.L. Contraction-Induced Cell Wounding and Release of Fibroblast
Growth Factor in Heart. Circ. Res. 1995, 76, 927–934. [CrossRef]

17. Takashio, S.; Yamamuro, M.; Izumiya, Y.; Sugiyama, S.; Kojima, S.; Yamamoto, E.; Tsujita, K.; Tanaka, T.; Tayama, S.; Kaikita, K.;
et al. Coronary Microvascular Dysfunction and Diastolic Load Correlate with Cardiac Troponin T Release Measured by a Highly
Sensitive Assay in Patients with Nonischemic Heart Failure. J. Am. Coll. Cardiol. 2013, 62, 632–640. [CrossRef] [PubMed]

18. Wu, A.H. Release of cardiac troponin from healthy and damaged myocardium. Front. Lab. Med. 2017, 1, 144–150. [CrossRef]
19. Mair, J.; Lindahl, B.; Hammarsten, O.; Müller, C.; Giannitsis, E.; Huber, K.; Möckel, M.; Plebani, M.; Thygesen, K.; Jaffe, A.S. How

is cardiac troponin released from injured myocardium? Eur. Heart J. Acute Cardiovasc. Care 2018, 7, 553–560. [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/10.1161/01.RES.76.6.927
https://doi.org/10.1016/j.jacc.2013.03.065
https://www.ncbi.nlm.nih.gov/pubmed/23644085
https://doi.org/10.1016/j.flm.2017.09.003
https://doi.org/10.1177/2048872617748553
https://www.ncbi.nlm.nih.gov/pubmed/29278915

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Study Design 
	Laboratory Analyses 
	Clinical Endpoints 
	Statistical Analysis 

	Conclusions 
	References

