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Abstract

:

Background: Postexercise release of cardiac biomarkers (cardiac troponins, cTn, and N-terminal pro b-type natriuretic peptide, NT-proBNP) is a well-known phenomenon in adults, although it remains unclear how it manifests in children. The aim of this review is to compare the pre-exercise with the post-exercise measurement of serum cardiac biomarkers, as well as to analyze their post-exercise release based on age, sex, and exercise intensity and duration. Methods: The terms troponin, football, swimmers, marathon, run, and exercise were used in a literature search at National Library of Medicine. The search was further refined by adding the keywords athletes, children, adolescents, and sport. Results: Fifteen pediatric studies and four studies with a mixed population of adults and children totaled 19 studies for the final analysis. In addition to them, some adult studies have been included for comparison. The kinetics of the cTn and NT-proBNP response after exercise have been the subject of our interest. While the impact of sport type, age, and sex has not yet been fully characterized, the existing data points to considerable impacts of sport intensity and duration on post-exercise biomarkers elevation. Most of the findings came from endurance sports, but the evidence is sparse. Furthermore, there is only limited data on women and less on young adults, African Caribbeans, and professional athletes. Conclusions: Both amateur and competitive athletes can exhibit post-exercise release of both cTn and NT-proBNP. This is transient and lacks pathological significance, in contrast with adult population, in which exercise-induced increases in in these biomarker levels may not always be benign. While NT-proBNP release is still primarily driven by activity duration, cTnT release is additionally affected by exercise intensity. To define individual ranges of normality for postexercise cTn and NT-proBNP elevation, the role of several confounders (age, sex, sport type/intensity etc.) remains to be further elucidated.
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1. Introduction


Cardiac troponins T and I (cTnT and cTnI) are regarded as sensitive markers of myocardial injury (MI) and acute myocardial infarction (AMI) and are recognized indications of myocyte necrosis [1]. Following permanent cardiac muscle injury, serum levels of cTnT and cTnI rise and reach their peak during the following days [2,3]. The prohormone brain natriuretic peptide’s N-terminal fragment (NT-proBNP) is a marker that reflects myocardial stretch [4] and is currently used to diagnose heart failure and asymptomatic left ventricular dysfunction with the magnitude and duration of release dependent on the severity of stretch and stress [5,6,7].



Recent years have seen a significant reduction in the lower detection limits of cTnT and cTnI tests due to the availability of new, sensitive assays. These tests can detect cTn concentrations in at least 50% of a healthy population at rest and can identify the 99th percentile with a coefficient of variation of 10% [8]. Although these assays’ improved sensitivity allows for better true positive detection rates, a loss in specificity has been noted, raising the possibility that cTn presence may be linked to causes other than AMI. In this context, exercise is a recognized nonpathological source of cTn rise [2,9,10,11].



Numerous studies have documented the presence and the kinetics of the serological release of cTnT, cTnI, and NT-proBNP during exercise [12,13,14]. Most of the physiological processes that result in troponin release during exercise are unknown. It has been suggested that an increase in preload may contribute to an increase in myocardial stretch and the transfer of cTn molecules across the intact myocyte membranes by integrins. Posttranslational changes, such proteolytic degradation, phosphorylation, glycation, and acetylation, have an impact on the amount of circulating troponins. Individual variations in these alterations may modify the circulating cTn molecules and affect how well existing techniques detect cTn molecules [15]. Moreover, the hs-cTn release might be caused by a brief imbalance in oxygen uptake compared to oxygen supply, and the level of training may have an impact on hs-cTn elevation [16].



Contrary to an AMI-related release, cTn values typically peak between two and five (cTnT) and three to six (cTnI) hours after exercise, decline, and revert to baseline levels in most participants after 24 h of recovery. Following exercise, NT-proBNP release often achieves its peak and remains increased for the next 72 h [17,18,19]. Due to their shorter kinetics and lower Molecular Weight (MW) isoforms, hs-cTnI and hs-cTnT rise driven on by physical activity may be clearly separated from one another. It has been demonstrated that the major circulating forms following arduous exercise are degraded fragments (MW of 14–18 kDa) of cTnT. These lower molecular forms of cTnT appear to be more comparable to those seen in individuals with end-stage renal disease (ESRD) than in those with MI [16].



The decision threshold for the diagnosis of MI is set at the 99th percentile of a normal reference population, which is known as the upper reference limit (URL) for both general and pediatric populations. In this regard, the reported 99th percentiles for cTn and NT-proBNP, both of which are utilized for clinical diagnosis, are lower for children than for adults [11,20].



There are currently very few studies that have examined the cardiac biomarker response to exercise in children and adolescents. Furthermore, these studies have small sample numbers and uneven exercise exposure, which limits their statistical power. As a result, the relationship between cTn and NT-proBNP and exercise is still debatable and may be complicated by factors related to both the individual and the characteristics of exercise. Based on research involving adult participants, factors other than age may affect the release of cardiac biomarkers. It is unclear whether cTn and NT-proBNP show sex differences [19,21,22,23,24,25,26,27]. While training load may not be related to the emergence of biomarkers [28,29,30,31,32,33], prior exercise experience has been negatively connected with cTn release. Although its association with training load is still controversial, NT-proBNP is not related to previous exercise experience either. Finally, neither cTn nor NT-proBNP findings have been associated with fitness conditions [32,34,35,36,37,38]. The effects of exercise parameters on the release of cardiac biomarkers have also been investigated. Exercise duration has been related to both cTn and NT-proBNP data, whereas exercise intensity has been mentioned as a predictor for cTn release.



In contrast to the pediatric population, several studies have examined the kinetics of troponin levels in the adult population. All researchers agree that cTnI levels are related to baseline cTn concentration, exercise intensity, and exercise duration. A recent study has shown that an individual’s cTnI response, which is affected by the duration of high-intensity exercise and the timing of cTnI sampling, accounts for a considerable percentage of the variability in exercise-induced cTnI increase. Troponin levels are at their lowest prior to reaching their peaks at 3 h and 24 h, respectively. The greatest significant cTnI difference is occurring 3 h after the most demanding activity and the least demanding exercise. There are no variations in baseline echocardiographic parameters or race performance among participants with the highest or lowest cTnI levels [15].



Another study in adults showed that recreational runners have temporary ventricular shocking and transitory alterations in myocardial biomarkers after a 21 km run. One hour after exercise, all biomarkers rise, and by 24 h after the run, they return to their pre-exercise levels. The global longitudinal strain in the left ventricle and the free wall of the right ventricle (RV) are both reduced [39].



Young amateur athletes who participated in a 12-week exercise program have shown a substantial increase in cTnI levels, which has a positive correlation with systolic blood pressure (BP). Furthermore, there is statistically significant positive correlation between CTnI and mean arterial pressure. A strong and favorable connection between CTnI and resting heart rate was observed. Therefore, following 12-week adaptation to endurance training, serum CTnI is strongly and favorably correlated with cardiovascular parameters [40].



Given the modest cardiovascular risk that children and adolescents have, the levels of their cardiac biomarkers should be carefully examined. An analysis may be able to reveal potential relationships between personal traits and exercise levels that might partially account for the variety of the present findings. It is worth noticing that immature myocardium is more susceptible to injury than the myocardium in adult athletes [39].



This review’s major goal is to examine studies that involved healthy children and adolescents who exercised and whose resting and post-exercise measurements of cTnT, cTnI, and NT-proBNP are described. A secondary goal is to analyze the moderator effects of age, pubertal status, sex, previous training (years), current training (in hours per week or kilometers per week), exercise duration (in minutes), and exercise mode on the pooled effects determined by the main objective.




2. Methods


2.1. Search Strategy


We searched National Library of Medicine (PubMed) and Scholar databases. A 3-component additive search key (A AND B AND C) was used with: A, measurement; B, intervention; and C, population. The measurement was defined with the expression “cardiac biomarker” OR “Troponin” OR “TnT” OR “TnI” OR “cTn” OR “hs-cTn” OR “N-terminal prohormone of brain natriuretic peptide” OR “NT-proBNP” OR “NT-pro-BNP”. The intervention was specified with “exercise” OR “physical activity” OR “running” OR “marathon” OR “football” OR “swimming” OR “athletes”. Finally, the population was stated with “children” OR “adolescent” OR “young” OR “infants” OR “adults”.




2.2. Inclusion and Exclusion Criteria


We chose studies that used a repeated measures methodology (pre-exercise and post-exercise) and were either observational or experimental. The studies we included involved children and/or adolescents without underlying heart disease and with a normal resting electrocardiogram (ECG). Adult studies were included for comparison. The interventions that exposed participants to physical activity, such as sporting activities and laboratory investigations, were of interest. Blood samples were taken before exercise and at least once after exercise (immediately after, 1 and/or 2 and/or 3 and/or 4 h after). In addition, a measurement was taken 24 and 48 h after the exercise to determine the drop or not of the biomarkers, but also the peak of their increase. We searched primarily for studies that reported cTnT and/or cTnI and/or NT-proBNP concentrations before and after exercise. According to our exclusion criteria, we excluded the studies which reported children with any heart disease. Studies where participants were exposed to specific pharmacological or nutritional interventions were also excluded and the remaining articles were included in our review.




2.3. Data Extraction


Studies were inspected to gather the data for: sample size; sex; maturational status; age; training status (years of previous experience, weekly hours of training, and weekly kilometers of training); performed exercise; exposure duration (minutes); and absolute concentration of cTnT, cTnI, or NT-proBNP before and after exercise. All concentrations were expressed in nanograms per liter (ng/L) [1].





3. Results


The inclusion/exclusion criteria were met by 19 studies, with a total population of 478 participants (mean sample size of 25.3 participants) and a mean age of 14.8 years (± standard deviation, 2.1). Interventions were based on nine distinct modalities: in one investigation (children population), participants ran a full-marathon (42 km); in three (children population), they ran a half-marathon (21 km); in seven (one with mixed and six with children population), they had a treadmill or outdoor run in distance non related to a marathon; in one (children population) they played basketball; in one (mixed population) they played football; in one (children population), they played soccer; in three (two with mixed and one with children population) they swam; in one (children population), they had cycling; and one (children population) included a set of table tennis exercises (Table 1 and Table 2).



3.1. Cardiac Troponin T


At baseline, participants’ average cTnT concentration was 5 ng/L (4–6 ng/L). After 2 to 5 h, this concentration increased and peaked at 144 ng/L (83–205 ng/L). cTnT was reduced with a pooled concentration of 11 ng/L (5–16 ng/L), which was somewhat higher than at baseline, 24 h after exercise. This time frame of decreasing troponin’s level has been also shown in adults [56], in whom troponin kinetics have the same distribution. Nevertheless, the absolute values of cTnT (as well as cTnI) are higher in the adult population. The three pooled concentrations were all diverse between studies, as were their differences. A cTnT peak was observed in 69% of subjects above the URL. For comparison, it is worth mentioning that elevated troponin levels in studies with adults have been observed at a percentage of participants up to 75% [57]. Eight different activity types—a full-marathon, a half-marathon, a treadmill running, a football-7 game, a soccer game, table tennis, basketball, and swimming—were examined in the subgroups analysis for cTnT. A post hoc study revealed that cTnT rises were higher after a full or half marathon and a treadmill run than after intermittent table tennis and swimming. It is important to note that cTnT rise was positively correlated with intensity and duration and negatively correlated with age. There is no association between the rise in cTnT and gender, Tanner stage, years of prior training, or weekly training kilometers.




3.2. Cardiac Troponins I


The pooled baseline value for cTnI was 16 ng/L (10–22 ng/L). Participants increased this concentration up to a high of 248 ng/L (17–478 ng/L) after 3 to 6 h of exercise exposure. This dropped to 38 ng/L (19–56 ng/L) after a 24-h recovery period, which was statistically identical to the projected peak concentration. All three of the pooled concentrations, together with their variations, were diverse between trials, nevertheless, 47% of individuals had their cTnI higher than the URL. The corresponding percentage of adults in the relevant studies is up to 93%. Six different activity types—a full-marathon, a half-marathon, treadmill running, basketball, table tennis, and football—were used to quantify cTnI for the subgroup analysis. There was no difference in the peak cTnI rise between exercise types, age groups, intensities, or durations. Furthermore, we could not discover any differences brought on by years of training.




3.3. N-Terminal Prohormone Brain Natriuretic Peptide


NT-proBNP had a pooled baseline value of 77 ng/L (14–140 ng/L). Directly following exercise, this concentration increased, achieving a peak of 106 ng/L (17–195 ng/L). Finally, it did not vary from its peak or baseline 24 h after exercise, with an estimate of 83 ng/L (0–182 ng/L). In total, 13% of subjects had NT-proBNP concentrations that were higher than the URL. This proportion of participants is much lower than in adults; up to 67% of adult participants in adult studies exceeded the URL [58]. In the subgroup analysis, four distinct activity modes—a half marathon, treadmill running, swimming, and football—showed the presence of NT-proBNP. The primary factor affecting the post-exercise rise in NT-proBNP was exercise modality. Post hoc comparisons showed that the larger NT-proBNP increases were associated with swimming being followed by half and then by the latter. In addition, the duration of exercise was positively correlated with the estimate whereas age and intensity were not. Finally, there are no variations in NT-proBNP for sex, Tanner stage, or years of prior training.





4. Discussion


This review’s major goal is to determine how exercise influenced the levels of cTnT, cTnI, and NT-proBNP in children’s and adolescents’ plasma. Overall, we discovered that: (1) all three biomarkers were significantly increased after exercise; (2) only cTnT showed a significant decline from peak values after a 24-h recovery; (3) individual variability was seen between studies; and (4) exercise duration affected both cTnT and NT-proBNP while intensity only affected cTnT. Despite these conclusions, the analysis for publication bias and the quality evaluation of research showed that current studies had a reasonable degree of quality.



4.1. Cardiac Troponins T and I


Our findings suggest that physical activity causes cTn release in children and adolescents. Data indicate a rapid spike in cTnT within the first hours after recovery and a practically full return to baseline at 24 h. Although statistical power was constrained and resulted in only marginally significant differences between peak and 24-h values, similar outcomes were discernible for cTnI. These findings imply that cTn variations in children and adolescents over the period of a 24-h recovery are equivalent to those observed in adults [12,59]. Our findings are consistent with other studies that found the maximum cTnT and cTnI concentrations occurred between two and three and three and five hours after exercise, respectively. According to the existing data, exercise-induced cTn release is subject to significant individual variation, much like in the case of adults. Controlled research with adolescents and adults has shown that exercise volume influences cardiac work and that the relationship between exercise volume and cTnT variability is also partially explained. The proportion of people surpassing the URL in our study is larger than that reported by a recent meta-analysis without age limitations, which may be due to the increased cTnT release we saw in the younger participants. Some of the adolescents included in the study exceeded the reference levels for an acute myocardial infarction, which recovered within 24 h. Previous authors suggested that the less mature myocardium in younger people may be more sensitive to exercise-induced increases in cTn. This would indicate that maturity is involved in modulating the release of cTn following the exercise. Furthermore, based on the available data, no correlation between cTnT release and the puberty phase was found, even though the puberty phase positively affects absolute cTnT (but not its elevation). Furthermore, we could not discover any correlation between cTnT release and pubertal state using the scant data currently available. Running appears to cause more cTnT releases than other types of sport, while it is difficult to confirm this claim through side-by-side comparisons [60]. We were unable to confirm whether the cTnT rise is caused by recent or past training. Whether there were any sex differences in the cTn release was not immediately apparent. This is consistent with adult research that found gender and training history had no effect on cTn release. The limited number of trials made it impossible to account for the between-subject heterogeneity in cTnI release.




4.2. N-Terminal Prohormone Brain Natriuretic Peptide


Without a substantial decrease throughout the 24-h recovery period, a rise in NT-proBNP immediately following exercise was confirmed, supporting earlier findings with adults [31,61]. NT-proBNP could have a clearance time that is longer than cTn, possibly reaching 72 h [22,62]. This might be an early cardiac response to the demanding training stimulus in children and adolescents [63]. We noticed that exercise-induced NT-proBNP alterations were less pronounced than those shown in cTn. These variations might be influenced by age. However, no changes in NT-proBNP for age and pubertal status were discovered in either our research [19,55] or earlier studies that explicitly compared adolescents with adults. Therefore, it is reasonable to assume that these discrepancies may be explained by shorter exercises in studies with adolescents compared to their equivalents with adults. Our findings support recent reports from research with adults showing the duration of exercise has a significant impact on the release of NT-proBNP in adolescents [32,64]. Given the strong correlation between pre-exercise and postexercise results [65], baseline variations between trials may contribute to the variations in NT-proBNP peak levels we observed depending on the kind of exercise. The production of NT-proBNP in response to exercise is largely unaffected by factors such as exercise intensity, training, fitness, and sex, as was also validated by our findings in adults.




4.3. Clinical Implications


Despite some cross heterogeneity, most patients in all included studies found a release of cardiac biomarkers. Importantly, our data demonstrate that the mechanisms controlling cardiac biomarkers after exercise as well as their kinetics in children and adolescents are like those found in earlier investigations in adults. This, according to some studies, is a reversible cellular process that is brought on by a typical physiological response to exercise [34,66,67,68]. Similarly, the rise in cTn may be due to an increase in the rate and power of cardiac contraction during exercise, which results in temporary membrane disruption and makes it possible for cytosolic cTn to enter the bloodstream [69]. However, the release of NT-proBNP by the ventricular cardiomyocytes during exercise may indicate a volume overload and stretch of the cardiac wall [62]. In this context, our review extends this to children and adolescents and recommends that thorough information regarding any recent exercise should be collected when considering cTnT, cTnI, and NT-proBNP in emergency circumstances [70].




4.4. Limitations


In the existing published studies, there are several weaknesses. First of all, the population samples they have relied on are mostly very small (8–70 cases per study), and as a result, their conclusions are not reproducible in a wider part of the population, nor do they have great statistical power. Another limitation of this review is the insufficient data presented by a variety of different research. Some nonsignificant results could be explained by this lack of statistical power. In addition, there is heterogeneity in the studied variables, as well as in the time frame of their measurement. The methods of measuring cardiac troponins (cTnT and cTnI) differ between the included studies in terms of detection the sensitivity (some studies had measured the high sensitivity types while others had measure the basic form) of them, as well as the antibodies used. It is extremely challenging to address the pathophysiological significance of elevated cTn levels following vigorous exercise in children in accordance with the diagnosis of cardiac damage, as required by international guidelines. Throughout neonatal age to the age of 18, there are no accurate statistics on the precise estimation of the 99th percentile URL. Additionally, several studies used a mixed sample (both adults and children) of the population but did not draw distinct, in-depth results.





5. Conclusions


Children’s and adolescents’ cardiac biomarkers seem to elevate after aerobic exercise; a finding which is consistent with the corresponding findings for adults. Of course, this phenomenon is transient and lacks pathological significance, in contrast with adult population, in which exercise-induced increases in hs-cTn may not always be benign. Additionally, while NT-proBNP release is still primarily driven by activity duration, cTnT release is additionally affected by exercise intensity. Adolescent heart seems to cope well with two high-duration sports performed on the same day. Overall, to define individual ranges of normality for postexercise cTn elevation, the role of several confounders (age, sex, sport type/intensity/duration, and training level) remains to be further elucidated.
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Table 1. Studies reflecting on effects of exercise on cardiac biomarkers in pediatric populations.
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	Author
	Type of Exercise
	Population
	Parameters Tested
	Conclusions





	Pompa et al., 2022 [41]
	Treadmill exercise test
	13 children
	ECG, cTnT prior to exercise and 4 h after
	Troponin T levels did not increase as a result of exercise; if they were found elevated, this meant that there is an underlying heart disease



	Tong et al., 2021 [42]
	7–21 km treadmill run
	12 male adolescents
	ECG (and other tests non related to the cardiac function)
	Running did not cause any ECG abnormalities



	Cirer-Sastre et al., 2021 [17]
	30 min, high-intensity swimming
	70 male children

7–18 yo
	cTnT (before, immediately after, and 3 h after exercise)
	Baseline cTnT levels are directly related to the Tanner stage

However, this elevation does not depend on maturational status



	Cirer-Sastre et al., 2019 [43]
	Soccer
	20 children

(11.9 ± 2 yo)
	hs-cTnT (before and 3 h after exercise)
	As time (since the beginning of the exercise) passes, the proportion of children who exceed the troponin threshold levels for MI increases



	Peretti et al., 2018 [44]
	Cycling
	21 male preadolescent athletes

(age 9.2 ± 1.7 yrs)
	hs-cTnT, ΝΤ-proBNP, CK-MB, CK, ECG-Holter, heart rate
	Some athletes showed an elevation in their troponin, CK, and NT-proBNP levels. Those with elevated troponin were less trained than those with normal values. CK levels elevation is positively related to the duration of exercise



	Kong et al., 2017 [18]
	6–21 km run

(6–7 times/week)
	19 male children

(16.1 ± 1.2 yo)

19 girls

(15.9 ± 1.4)
	cTnT (pre-exercise and 4 h post-exercise), echocardiogram
	Males had greater troponin levels than females

Estrogen probably has a protective role against troponin elevation

Athletes’ normal troponin ranges should not be the same as the general pediatric population



	Ma et al., 2014 [45]
	Table tennis

(2 h/day, 5 times a week)
	28 male children (7.21 ± 1.11 yo)
	cTnT and cTnI and CK-MB (before exercise, immediately after, 4 h, 24 h, and 48 h postexercise) echocardiogram
	The levels of all enzymes were elevated immediately after exercise. Troponin levels returned to baseline 48 h after exercise. In some individuals, these levels exceeded the cut-off for MI, while in others, CK-MB levels did not return to normal 24 h after exercise



	Traiperm et al., 2012 [46]
	Marathon (42 km run)
	40 adolescents

(20 females)

13–17 years old
	cTnT and cTnI (before, immediately after and 24 h post-exercise)
	Most of the participants noted an elevation in all biomarker levels, but these were normal 24 h post-exercise. Cardiac biomarkers elevation is a result of exercise, but an underlying cardiac disease cannot be completely ruled out



	Nie et al., 2011 [47]
	21 km run
	63 adolescent runners

16.4 ± 1.5 yo

10 females
	cTnT (pre-exercise and 24 h postexercise) ECG, echocardiogram
	Cardiac biomarkers elevation was inversely related to age and training level



	Nie et al., 2011 [48]
	2 bouts of prolonged exercise run
	12 male adolescent runners

14.5 ± 1.5 yo
	cTnT and NT-pro-BNP (before, immediately after, and 255 min after each bout), echocardiogram
	LV ejection fraction decreased after the 1st bout of run (but remained within normal range). The E:A ratio was found to have a higher reduction after the 1st bout than after the 2nd. Systolic blood pressure and LV meridional wall stress increased significantly after each round



	Nie et al., 2011 [49]
	21 km run
	12 male adolescents

16.2 ± 0.6 yo
	cTnT, cTnI, CK-MB, CK, LDH (all at rest, 2, 4, and 24 h after exercise), echocardiogram, ECG
	The levels of all biomarkers were elevated. Some of the participants had values above the cut-off for MI. Nevertheless, their rapid return to normal range indicates that the damage is transient and not pathological



	Fu et al., 2009 [36]
	Treadmill exercise
	13 adolescent runners

14.8 ± 1.6 yo
	cTnT (immediately after and 5 h after exercise), ECG, echocardiogram
	The greater elevation of troponin levels was found 5 h after the exercise



	Nie et al., 2007 [50]
	Basketball
	10 male adolescent players

15.0 ± 0.7 yo
	cTnT and cTnI (immediately before, and at 2, 4, and 24 h post-exercise), ECG, echocardiogram
	Within 24 h of exercise, troponin levels return to normal range, indicating that elevation in troponin levels is not due to pathology, but due to transient exercise-induced changes in the heart



	Tian et al., 2006 [51]
	21 km run (treadmill)
	10 trained male adolescents

16.2 ± 0.6 yo
	cTnI and cTnT (immediately before and 2, 4, and 24 h after exercise), VO2, running speed
	Serum cTnT and cTnI in some individuals (4 h after the run) were above the cut-off for MI, but returned towards pre-exercise levels within 24 h. The elevation in troponin levels is inversely related to the training level (those with increased troponin levels were of lower training status), VO2 and running speed, and positively related to their personal best half- and marathon races



	Chuang et al., 1995 [52]
	Running group A: 5 km/day group B: 7 km/day
	24 children

16–17 yo
	RR, BP, PR, body surface skin temperature (at rest and after exercise), cTnT CK, CK-MB, LDH
	After one week, the CK levels in both groups were higher after exercise; in group A, they decreased to the normal values and stayed the same throughout the fifth week, while in group B, they decreased to the normal value after training for three weeks, and there were significant differences between the values before exercising and those for the fourth and fifth weeks of training. Although the levels of CK-MB, LDH, and Troponin-T increased after training, all were within the normal range, and no significant difference was observed before or after five weeks of training







Abbreviations: cTnI: cardiac troponin I, cTnT: cardiac troponin T; CK: Creatin kinase; CK-MB: Creatine kinase -MB; LDH: lactate dehydrogenase; RR: respiratory rate; BP: blood pressure; PR: pulse rate; NT-pro-BNP: NT-pro-brain natriuretic peptide; ECG: electrocardiogram; MI: myocardial injury; LV: left ventricle.
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Table 2. Studies reflecting on effects of exercise on cardiac biomarkers in mixed paediatric/adult populations.
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	Author
	Type of Exercise
	Population
	Parameters Tested
	Conclusions





	Cirer-Sastre et al., 2021 [53]
	Swimming
	32 trained males (18 adolescents, 14 ± 3 yo and 14 adults, 35 ± 9 yo)
	ECG, cTnT (before, immediately, and 3 h after exercise)
	cTnT levels increase in all athletes, but they found to be unrelated to the exercise intensity. In the pediatric population, the rise is greater and occurs later (peak values are the same for both populations)



	Cirer-Sastre et al., 2020 [54]
	Football 7 match
	24 adolescents (10.7 ± 1.6 yo)
	hs-cTnT (before, and 3 h after exercise), ECG
	Children’s resting levels of cTnT were lower than those of adults. 3 h after the game, both groups had increased cTnT. Nevertheless, the absolute post-match concentration and the rise were equal among groups. At baseline, none of the participants went over the URL. However, at 3 h after activity, 66.67% of adults and 70.83% of children surpassed the threshold for MI



	Legaz-Arres et al., 2017 [19]
	Swimming
	50 Adolescent swimmers, 12–18 yo and 16 adults, 22–46 years old
	ECG, hs-cTnT and NT-proBNP (before, immediately after and at 1, 3, 6, 12, and 24 h post-exercise)
	Males have higher baseline troponin T levels and greater increases in them (in contrast to NT-proBNP which is not sex-dependent)



	Tian et al., 2012 [55]
	90-min treadmill exercise
	13 male adolescents (14.1 ± 1.1 years old) and 13 male adults (24.0 ± 3.6 years old)
	hs-cTnT and NT-pro-BNP (pre-exercise, immediately after, and 1, 2, 3, 4, 5 6, and 24 h post-exercise), echocardiogram (pre-exercise, immediately after and 6 h post-exercise)
	Troponin levels were elevated in all participants. Peak levels in Tanner 2 stage was higher compared to those in Tanner 3 (but not statistically significant). Markers of systolic function were reduced, cardiac output and heart rate were both increased. Athletes’ normal biomarker ranges should be different from the general population







Abbreviations: cTnI: cardiac troponin I, cTnT: cardiac troponin T; NT-pro-BNP: NT-pro-brain natriuretic peptide; ECG: electrocardiogram; MI: myocardial injury; LV: left ventricle.
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