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Abstract

Objectives. This study aimed to analyze an indication of physical exercise on the increase of cardiac troponin (cTn)
levels as a marker of myocardial infarction from the physiological perspective.

Materials and methods. A search of journal databases including MEDLINE-Pubmed, Web of Science, Scopus, and
Science Direct was used in this systematic review study. The inclusion criteria were papers that addressed cardiac
troponin (cTn), physical activity, and myocardial infarction, and were published within the last five years. Using the
databases Science Direct, Pubmed, and Web of Science, 83 recognized publications were found. For this systematic
review, finally ten publications that fulfilled the requirements for inclusion were chosen and examined. This study
evaluated standard operating procedures using the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA).

Results. This systematic review reports that physical exercise has been found to increase cardiac troponin (cTn)
levels as a marker of myocardial infarction, but this increase is triggered by the body’s physiological response during

exercise and is not considered as a pathological response.

Conclusions. According to the findings of the study, physical exercise has been proven to elevate the risk of heart
muscle damage by triggering an increase in cardiac troponin (cTn). However, this feature occurs in a physiological
state and represents an exercise adaptation process. An analysis of the relevant articles reveals that this increase in
cardiac troponin (cTn) has not been shown to have a negative influence on developing cardiovascular disease.

Keywords: cardiac troponin, physical exercise, myocardial infarction, healthy lifestyle.

Introduction

Regular physical exercise is strongly connected to better
human life expectancy and has an impact on reducing
morbidity, as well as mortality in cardiovascular disease
(Ekelund et al., 2019). Regular exercise with moderate
intensity is proven as a healthy lifestyle that can improve
the health status of the human body (Bull et al., 2020).
Consequently, according to global guidelines for physical
activity, individuals should routinely exercise for 150-
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300 minutes in a steady state or 75-150 minutes at a high
intensity per week (Pelliccia et al., 2021). Acute exercise
has long-term benefits, but if done incorrectly it can also
have negative side effects, such as sudden cardiac death
(Franklin et al., 2020). In addition, after prolonged exercise,
endurance athletes may experience depression in left and
right ventricular function; Nonetheless, after six hours of
exercise, this impact is typical and frequently returns to
baseline levels (Paul-Hus & Desrochers, 2019).

There are different viewpoints and debates regarding the
pathological or physiological aspects of cTn release brought
on by exercise. The increase in cTn after exercise is considered
by some researchers to be a physiological reaction to exercise
as it is frequent, occurs in the absence of clinical symptoms,
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and often returns to normal within 24-72 hours after activ-
ity (S. L. Janssen et al., 2023). Increased cTn concentrations
have been documented in research results throughout the
last thirty years including among others the association with
different types, duration, and intensity of exercise. These re-
sults have also been noted among a wide range of individu-
als, including age, gender, health conditions, and exercise
type (Donaldson et al., 2019). The high levels of cTn induced
by endurance training may compromise the cardiomyocyte
sarcolemma It might cause cTn particles to flow into the
bloodstream. In addition, the amount of exertion induced by
physical exercise that results in increased ¢Tn concentrations
has also been linked to the risk of developing occult obstruc-
tive coronary artery disease (Kleiven et al., 2020). However,
this is still confusing and confusing among researchers.
Regular engagement in physical activity and exercise has
been associated with a reduced prevalence of cardiovascular
disease. It also has a positive impact on longevity (Aakre
& Omland, 2019). Contrary to popular belief, a number of
studies have shown that exercise, regardless of duration or
level of intensity, is shown to immediately increase troponin
concentrations (Aengevaeren et al.,, 2019). This exercise-
induced increase in troponin concentration is considered
benign as it occurs immediately after an activity session, will
naturally return to normal, is observed in healthy individuals,
and does not show any clinical signs. However, much remains
to be learned about the processes and practical significance
of troponin generated by exercise elevations which are
still very complex (Aengevaeren et al., 2019). Therefore,
this systematic review will attempt to discuss how physical
exercise mechanisms increase cardiac troponin (cTn) levels.
In addition, it will also provide recommendations whether
this physical exercise with a review of cardiac troponin levels
is a natural thing or will actually have a negative impact on
health, researchers will discuss in this systematic review.

Materials and methods

Study Design

Searches via journals databases, like Science Direct,
Web of Science, MEDLINE-Pubmed, and Scopus are used in
this kind of systematic review study. Since it collects papers
of scientific significance and influence, it is considered a
leading platform worldwide.

Eligibility Criteria

The study’s inclusion criteria were papers that discussed
cardiac troponin (cTn), physical activity, and myocardial
infarction, and were published in the previous five years.
In addition, journals that did not meet scientific credibility
standards or were not included in the Scopus and Web of
Science indexes were excluded from this study.

Procedure

Article Full texts, abstracts, and titles were checked, con-
firmed, and entered into Mendeley software. A total of 83
publications were found during the first phase using the data-
bases Web of Science, Pubmed, and Science Direct. 36 papers
were then selected for screening in the second stage based on

whether the title and abstract met the criteria. In the third
step, a total of 24 articles were asked to be processed further.
We now filtered the articles according to their overall ap-
propriateness. In the last phase of comprehensive investiga-
tion and observation, 10 papers that satisfied the inclusion
criteria were chosen for analysis. For operational standards,
this study adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) assessment.

[ Identification of studies via databases and registers ]
()
Records Identified Records Identified Records Identified
from PubMed from Web of from Science
H (n=23) Science Direct
- (n=19) (n=41)
=
£
< Records Identified through database searching
(n=83)
Duplicate records removed (n=32)
—
TR
Overview of titles Record exclude:
(n=36) (n=47)
-]
c
s
[ Report exclude:
a - Not a human
Fulltext text assessed for subject was
eligibility exclude (“h= 8) .
(n=24) - Not 'a physical
exercise
intervention was
— exclude (n=4)
°
§ Studi  Included in
] review
F (n=10)

Fig. 1. PRISMA flowchart of the article selection process

Results

Description of Physical Exercise Increase
Cardiac Troponin (cTn) Include in Review

The researchers found information regarding increased
cardiac troponin (cTn) levels following exercise based on
the papers examined. The rise in cardiac troponin levels
is influenced by the length and intensity of exercise. The
average intervention that has been given is physical exercise
with moderate to high intensity. Both have a positive effect
on increasing post-exercise cardiac troponin (cTn) levels as
a marker of myocardial infarction.

Based on the 10 articles that have been analyzed (Tesema
and George, 2021, Nguyen et al., 2023, Kastner et al., 2024,
Orn et al., 2020, Bjorkavoll-Bergseth et al., 2024, Janssen et
al., 2024, Paana et al,, 2019, Cirer-Sastre et al., 2019, Birat
et al., 2020, Cirer-Sastre et al., 2021) everything put into
practice physical exercise interventions consisting of warm-
up, core, and cool-down:

1. Warming up.

2. Moderate Intensity Physical Exercise.

3. High Intensity Physical Exercise.

4. Low Intensity Physical Exercise.

5.  Stretching and Relaxation.

The participants of this study were humans consisting of
athletes, untrained people, and trained people. This study did
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notinclude animal participants since the criteria for inclusion
were not met (Tesema and George, 2021, Nguyen et al., 2023,
Kastner et al., 2024, Orn et al., 2020, Bjorkavoll-Bergseth et
al., 2024, Janssen et al., 2024, Paana et al., 2019, Cirer-Sastre
etal., 2019, Birat et al., 2020, Cirer-Sastre et al., 2021).

Report results from research Cirer-Sastre et al. (2019)
proved that the highest increase in cardiac troponin (cTn)
occurred at 3 hours after the administration of physical
exercise intervention. Other research from Cirer-Sastre et
al. (2021) also proved the same thing, notably, that three
hours following the physical activity intervention, the rise in
cardiac troponin (cTn) levels peaked. Another report from
Bjorkavoll-Bergseth et al. (2024) also said the same thing that
3 hours is the peak time of cardiac troponin increase after
physical exercise. Of course, differences in the concentration
of cardiac troponin levels are also caused by many factors
including the duration of exercise, type of exercise, and
research samples, as well as blood sampling methods.

From the overall review results that have been analyzed
also prove that There is no correlation between the rise in
cardiac troponin brought on by physical exercise treatments
and a higher risk of cardiovascular disease. Based on existing
data, it proves that cardiac troponin levels will decrease by
themselves after peaking in healthy people (Tesema and
George, 2021, Nguyen et al., 2023, Kastner et al., 2024, Orn et
al., 2020, Bjorkavoll-Bergseth et al., 2024, Janssen et al., 2024,
Paana et al., 2019, Cirer-Sastre et al., 2019, Birat et al., 2020,
Cirer-Sastre et al., 2021). So the increase in cardiac troponin
during physical exercise is not a trigger for cardiovascular
disease. However, it is still a debate among researchers
whether the rise in heart troponin levels with physical
activity is a physiological factor or even a pathological factor
is still confusing and needs further exploration.

Intensity and Type of Physical Exercise Influence
Differences in Cardiac Troponin (cTn) Concentrations

The type of exercise intervention affects the concentration
of cardiac troponin levels. Based on the data that has been
taken from the study Nguyen et al., 2023 that high-intensity
exercise was shown to increase cardiac troponin levels higher
than moderate-intensity exercise 4 hours post-intervention.
And low-intensity exercise has lower cardiac troponin levels
than high-intensity exercise and moderate-intensity exercise
(Nguyen et al., 2023). Elevated cardiac troponin during
exercise has a strong effect on increasing cardiovascular risk in
people with cardiovascular disease, but not in people without
cardiovascular disease (Bjorkavoll-Bergseth et al., 2024).

Research results from Cirer-Sastre et al. (2021) with
subjects who were given a swimming intervention with a
maximum of 45 minutes proved that cardiac troponin
increased shortly after the intervention and peaked at
3 hours post exercise. The value of cardiac troponin (cTn)
concentration seems to be lower in young age than old age,
and this can be explained that age affects the prevalence of
an increase in cardiovascular disease patients (Cirer-Sastre et
al,, 2019). Interestingly although the increase in ¢Tn peaked
3 hours after the physical exercise intervention, however
Cirer-Sastre et al. (2021) in his study found that there was an
increase shortly after the highest exercise ¢Tn levels in adults.

It may be that cTn elevations appear earlier compared
to teenagers, in adults. Additionally, it is expanding

evidence that exercise-induced cTn elevations in apparently
healthy athletes may respond physiologically rather than
pathologically (Baker etal.,2019). Cardiac troponin is indeed
one of the biomarkers of myocardial infarction. However,
especially during exercise, cTn levels increase immediately
after exercise. This is highly debatable as cTn is essentially a
marker of myocardial infarction.

Discussion

This study aims to examine the relationship in between
exercises that can increase cardiac troponin (cTn) levels as one
of the biomarkers of myocardial infarction. From the journal
database search, 10 relevant articles were found according to
the inclusion criteria. Due to the limited research related to
cardiac troponin, the author is more focused and concentrated
on this topic. Report results from Nguyen et al. (2023) proved
that high-intensity exercise had higher cardiac troponin levels
than low- and moderate-intensity exercise. We all know that
regular exercise is a therapy that is very beneficial for the body
and hasa protective effect in reducing the risk of cardiovascular
disease, However, other studies claim that following cardiac
troponin (cTn) levels rise with physical exercise, which causes
heart injury (Celeski et al., 2024).

Troponin is a complex protein that is attached to
tropomyosin found in all skeletal and cardiac muscle cells
(Aakre & Omland, 2019). The increase in cTn levels after
physical exercise is highly variable based on how long and
how hard the workout is (Aengevaeren, Baggish, Chung,
George, Kleiven, Mingels, @rn, Shave, Thompson, etal.,2021).
Several investigations have been conducted to explore what
factors influence and contribute to the high release of specific
biomarkers of myocardial infarction markers. The high levels
of cTn were found to be influenced by several factors including
age, trained person, blood pressure, surrounding conditions,
level of exertion, and length of exercise (Aengevaeren,
Baggish, Chung, George, Kleiven, Mingels, Orn, Shave,
Thompson, et al., 2021). During physical exercise, the heart's
oxygen demand in the body increases significantly (Heusch,
2019). The sole biomarker recommended for the diagnosis
of myocardial infarction is cardiac troponin (cTn) in clinical
practice (Taggart & Chapman, 2024).

Exercise training has been shown to have a beneficial
impact on the cardiovascular system. The overall physiological
changes that result from physical exercise induce a rise in
cardiac output, heart rate, and stroke volume in response to
exercise (Chen et al., 2022). Moreover, physical activity of the
right intensity and duration can provide benefits in improving
enhancing respiratory and cardiovascular fitness and lowering
the risk of cardiovascular disease and other causes of death
(Ezzatvar et al., 2021). WHO recommendations in 2020 that
physical exerciseatamoderate tohigh intensityisrecommended
to be done routinely and regularly (Bull et al., 2020). Regular
physical exercise also has a beneficial effect on the occurrence
of cardiac muscle hypertrophy, a condition in which the mass
of the heart muscle increases and results in increased heart
protection (Chen et al., 2022). Exercise-induced hypertrophy
physiologically has different features and characteristics than
pathologically induced hypertrophy (Li et al., 2022).

Researchers disagree on the rise in cardiac troponin
after exercise. It is known that an increase in ¢Tn during
exercise is normal because it is a physiological response and
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not a pathological response (Aengevaeren, Baggish, Chung,
George, Kleiven, Mingels, @rn, Shave, & Thompson, 2021).
It should be noted that physical exercise is proven to improve
the health status of the human body (Hussey & Gupta, 2023).
During exercise, the body will activate the sympathetic
nervous system (Moscatelli et al., 2022) and releases the
hormone catecolamin (Er et al., 2024). The function of the
heartis significantly improved during physical exercise (Lavie
et al,, 2023). The working mechanism of the heart muscle is
also very extra to fulfill the supply of oxygen to all capillaries
(Paluch et al., 2024). From the results of the study mentioned
that the increase in ¢Tn levels during physical exercise has an
impact on the occurrence of cardiac muscle hypertrophy and
exercise can be concluded to induce a temporary increase in
troponin caused by a temporary increase in cardiomyocyte
membrane permeability (Aengevaeren et al., 2019).

It is known that an increase in ¢Tn is synonymous
with an increased risk of cardiovascular disease. However,
this does not apply and does not occur in people who
have done physical exercise. Because the results of several
studies did not mention any disorders related to increased
cardiovascular system disease (Cirer-Sastre et al., 2019; Birat
etal., 2020; Janssen et al., 2024). Post-physical exercise there
were also no problems with the heart despite the increase in
cTn (Nguyen et al., 2023). Further analysis and research is
needed regarding the duration or other factors that influence
the increase in ¢Tn after physical exercise. cTn levels rise and
are shown to also decrease and return to normal limits some
time after the increase in c¢Tn triggered by physical exercise
(Tesema & George, 2021). So it can be said that the increase
in cTn levels is normal because it is a physiological response
to exercise and not pathological. Now the impact of the
increase in cTn during exercise can be further analyzed and
researched in order to provide understanding to academics
and practitioners about its effect on other factors.

Strenght and Limitations

One of the advantages of this systematic review is that it
only examines controlled trials conducted at random, which
are as the most trustworthy type of scientific data because
there is no possibility of unclear causal relationships. The
provision of regular physical exercise and its impact on ¢Tn
improvement is very relevant with a detailed discussion of
its role so as to recommend physical exercise as a preventive
measure and can improve the workings of the cardiovascular
system. The restriction we ran across is that there are scarcely
any recent studies that address this issue, which show that the
increase in cTn levels after physical exercise has a beneficial
impact, has not received much attention, even though the
improvement of human quality of life can be improved
depending on how we can regularly perform physical
exercises that can lower the risk of degenerative diseases like
heart disease which is a serious problem globally.

Conclusions

Considering the related articles that we discovered, it
can be concluded that regular physical training can increase
cTn levels after exercise. However, this is a physiological
adaptation response to exercise that does not increase the
risk of myocardial infarction.
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QisnuHi BNpaBun NigBuULLYIOTb piBeHb CEpLIEBOro TPOMNOHIHY
(cTn) Ak mapKkepa iHpapKTy miokapaa: CucremaTnuHnn ornapg

Hosapgpi A1w6i'*®P%, Ixynian Yax’ssuto BibaBa?A®P, Moxammen AmmxyHain’ P,

ITpokomio b. Jadyn momogumit**°, Xepy lllapni Jlecmana®AP

'Cypabaiicbkuii lep>kKaBHUI YHIBEpCUTET

*TpeHraneKcbKuil megaroriyHuit konemx Acouianii Buutenis [ngonesii
*YuiBepcuret Taisy

*Ilep>xaBHuiI yHiBepcuteT iMeHi Mapiano Mapkoca

*IHCOPYKCBKMIT yHiBepCHTET

ABTOpCHKNMII BKIAJ;: A — nu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komrtis

Pedepar. Crarst: 8 ¢., 1 Tabm., 1 puc., 34 mxepena.

Merta gocmimKeHHA. MeTo0 LIbOro HOCTimKeHH: 0y/I0 IpoaHali3yBaTy OKa3HUK BIUIMBY (Qi3NYHMX BIPAB HA ITifIBUIIIEHHSA
piBHA cepuieBoro TpomnoHiny (cTn) Ax Mapkepa iHpapkTy Miokapsia 3 Gi3ionOriqHOI TOUKM 30pYy.

Marepiami Ta MeTON. Y IbOMY CUCTEMATUYHOMY OIIAOBOMY IOCI/[KEHHI BUKOPUCTOBYBA/IM IIOUIYK BU/IaHb, 110 iHJEKCY-
I0TbCA Y HAYKOMeTPUYHUX 6as3ax maHux, Bkmodaiour MEDLINE-Pubmed, Web of Science, Scopus i Science Direct. Kpurepisavm
BKJIIOYEHHsI Oy/1 poOOTH, AKi CTOCYBa/INCs SOCIIIKEHH ceplLieBoro Tpononiny (cTn), disnuHoi akTuBHOCTI Ta iHpapKTy MioKapaa,
a TaKOXX Oy/u OIy6/1ikoBaHi BIIPOJOBXK OCTAHHIX I ITU POKIB. 3a JOIIOMOrOI0 HayKOMeTpUYHIX 6a3 gaHux Science Direct, Pubmed
ta Web of Science 6yro sHaiieHo 83 aBropureTHi my6mikariii. 3 MeTO0 IPOBEJEeHHS CHCTeMATUIHOTrO Oy 6y1o BigibpaHo Ta
TOC/I/PKEHO JiecAThb My6OmiKauili, sKi BiIIoBifamy KpUTepiaM BKIIOYEHHA. Y LIbOMY HOC/II>KeHH] TIPOBefieHa OL[iHKa CTaHJaPTHUX
MeTOJiB po6OTH i3 BUKOPUCTAHHAM «[lepeBakHIX €/IeMEHTIB 3BITHOCTI /i1 CUCTEMAaTUYHIX OIVISI/IB 1 MeTa-aHamisiB» (PRISMA).

Pesynbrati. Y 11bOMY CHCTeMaTYHOMY OIJIAZI 3a3HAYAETDCA, 0 (i3MUHI BIIPaBY MiIBUIIYIOTh PiBeHb CEpLIeBOIO TPOIIO-
Hiny (cTn) Ak mMapkepa iHdapkTy Miokapya, OfHAK Ije HMiIBMINEHHA COPUYMHEHO (isio/orivHoOI peakIjielo opraHisMy mif Jac
BUKOHAHHA (i3MYHNUX BIIPaB i He PO3I/IAMIAE€THCA SAK ATOIOrYHA peaKIlis.

BucHoBKM. 3rifHO 3 pesymbraTaMu HOCTI/PKEHHA, JOBeAEHO, 0 (i3N4Hi BIpaBy 30iNbIIYIOTh PUUK MOIIKOKEHHA Cep-
LIeBOTO M 5132 BHAC/II/IOK IIi/IBUIIEHHS PiBHA ceplieBoro TponoHiny (cTn). OpHak ueit edekT crioctepiraerbes y disionorivnomy
cTaHi i mpepcraBiae o600 Impolec afanTauii o (isMYHNX HaBaHTaXXeHb. AHA/Ii3 BiINIOBIJHNX HAYKOBMX CTaTell IOKA3YE, IO
TaKe MiJBUIIEHHSA ceplieBOro TponoHiny (cTh) He Mae HEraTMBHOTO BIUIMBY Ha PO3BUTOK CepILIeBO-CYANHHUX 3aXBOPIOBAHb.

KnrouoBi cmoBa: ceprieBuit TpOIOHiH, Qpi3nyHi BrpaBy, iHpapKT MioKapaa, 3TOPOBUIL CITOCIO SKUTTSL.
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