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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.
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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–

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 cTn 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.

 

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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not include 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 
et al., 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 cTn 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 cTn 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 et al., 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 has a 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, Ørn, Shave, Thompson, et al., 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, Ørn, 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 exercise at a moderate to high intensity is recommended 
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 cTn 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, Ørn, 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 
heart is 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 cTn 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 cTn 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 
et al., 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 cTn after physical exercise. cTn levels rise and 
are shown to also decrease and return to normal limits some 
time after the increase in cTn 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 cTn 
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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Фізичні вправи підвищують рівень серцевого тропоніну 
(cTn) як маркера інфаркту міокарда: Систематичний огляд
Новадрі Аюбі1ABDE, Джуніан Чахʼянто Вібава2ABD, Мохаммед Алджунаід3AD, 
Прокопіо Б. Дафун молодший4AD, Херу Шарлі Лесмана5AD
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2Тренгалекський педагогічний коледж Асоціації вчителів Індонезії 
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Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Стаття: 8 с., 1 табл., 1 рис., 34 джерела.

Мета дослідження. Метою цього дослідження було проаналізувати показник впливу фізичних вправ на підвищення 
рівня серцевого тропоніну (cTn) як маркера інфаркту міокарда з фізіологічної точки зору.

Матеріали та методи. У цьому систематичному оглядовому дослідженні використовували пошук видань, що індексу-
ються у наукометричних базах даних, включаючи MEDLINE-Pubmed, Web of Science, Scopus і Science Direct. Критеріями 
включення були роботи, які стосувалися дослідження серцевого тропоніну (cTn), фізичної активності та інфаркту міокарда, 
а також були опубліковані впродовж останніх п’яти років. За допомогою наукометричних баз даних Science Direct, Pubmed 
та Web of Science було знайдено 83 авторитетні публікації. З метою проведення систематичного огляду було відібрано та 
досліджено десять публікацій, які відповідали критеріям включення. У цьому дослідженні проведена оцінка стандартних 
методів роботи із використанням «Переважних елементів звітності для систематичних оглядів і мета-аналізів» (PRISMA).

Результати. У цьому систематичному огляді зазначається, що фізичні вправи підвищують рівень серцевого тропо-
ніну (cTn) як маркера інфаркту міокарда, однак це підвищення спричинено фізіологічною реакцією організму під час 
виконання фізичних вправ і не розглядається як патологічна реакція.

Висновки. Згідно з результатами дослідження, доведено, що фізичні вправи збільшують ризик пошкодження сер-
цевого м’яза внаслідок підвищення рівня серцевого тропоніну (cTn). Однак цей ефект спостерігається у фізіологічному 
стані і представляє собою процес адаптації до фізичних навантажень. Аналіз відповідних наукових статей показує, що 
таке підвищення серцевого тропоніну (cTn) не має негативного впливу на розвиток серцево-судинних захворювань.

Ключові слова: серцевий тропонін, фізичні вправи, інфаркт міокарда, здоровий спосіб життя.
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