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A B S T R A C T

Biomarkers are well established for the diagnosis of myocardial infarction, heart failure and cardiac fibrosis. Different papers on cardiac biomarker evolution during
exercise have been published in the literature and generally show mild to moderate elevations. However, the mechanism responsible for these elevations, reflecting
physiological or even pathophysiological changes, still has to be clearly elucidated. There are also indications of higher cardiac risk in poorly trained athletes than in
well-trained athletes. Whether regular repetition of intensive exercise might lead, in the longer term, to fibrosis and heart failure remains to be determined. In this
review, we summarized the main research about the effects of intense exercise (in particular, running) on cardiac biomarkers (including troponins, natriuretic
peptides, etc.). We found that cardiac fibrosis biomarkers seemed to be the most informative regarding the biological impact of intense physical activity.

1. Introduction

Expert panels, composed of the Centers for Disease Control and
Prevention (CDC), the American College of Sports Medicine (ACSM),
and the American Heart Association (AHA), along with the 1996 US
Surgeon General’s Report on Physical Activity and Health, reinforced
scientific evidence associating regular physical activity with various
measures of cardiovascular health [1–3]. The evidence shows that more
active and fit people are less susceptible to coronary heart diseases [2].
Even during midlife, lifestyle changes resulting in an increase in phy-
sical activity, such as a change in occupation or leisure activities, are
also associated with a mortality decrease [4]. On the other hand, sports
do not always seem to coincide with good health. Indeed, during the
last decade, several cases of sudden death in young athletes have been
brought to our attention by the mass media [5–8]. Additionally, in
recent years, there has been an important increase in the popularity of
long-distance, high-endurance activities such as marathons, triathlons,
ultra-marathons and long-distance cycling races, especially in in-
dividuals aged 30+ [9]. The amount of physical activity in these
strenuous exercises far exceeds the current recommended 150 min per
week [10]. As a consequence, the subjects practising such exercises can
develop cardiovascular adaptations as a consequence of athletic
training, called “athletes’ heart”. The athletes’ heart is a set of physio-
logical adaptations due to exercise, which includes but is not limited to,
cardiac chamber enlargement, increased ventricular wall thickness and
increased resting vagal tone. These changes are associated with normal
left ventricular (LV) function and probably have a benign prognosis.
However, investigators recognize the possibility that LV hypertrophy
(LVH) could provoke unfavourable alterations in LV function, which

might be an important cause of sudden death among young athletes
[5,11]. Vigorous-intensity exercise can also increase myocardial
workload, as evidenced by heart rate, stroke volume, and systolic blood
pressure during exercise [12].

In 1986, Paffenbarger et al. were the first to report a U-shaped as-
sociation between leisure-time physical activity and mortality [4].
Shnorhr et al. also reported a U-shaped association between all-cause
mortality and exercise dose and showed that the lowest mortality levels
were found in those who jogged at a slow or average pace fewer than 3
times per week, accounting for a total of 2.5 h. On the other hand, those
who jogged at a faster pace more than 3 times per week, accumulating
more than 4 h of run time, demonstrated a loss of the longevity ob-
served in the previous group [13].

Cardiac biomarkers are endogenous substances released in the cir-
culation when the heart is damaged or stressed. A long race, such as a
marathon or ultra-marathon, can lead to changes in biomarkers,
electro- and echocardiography, indicating a pathological process po-
tentially leading to physiopathological changes in the heart. These
shifts are usually temporary, depending on the intensity and duration of
the performance, and generally normalize after the race [14,15].

In clinical practice, higher biomarker values are generally asso-
ciated with higher severity of a given condition or a disease, and in-
creases in cardiac biomarkers after strenuous exercises deserve our at-
tention. In the next sections, the potential interest of older and
emerging new biomarkers in intensive sport practice will be reviewed.
The Fig. 1 and the Table 1 summarize the potential mechanisms re-
sponsible of the release of the different markers and their character-
istics, pre-analytical aspects and their role discussed in this paper.
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2. Ischaemic biomarkers

2.1. Troponins

The first study where troponin was measured in subjects after ex-
ercise was published in 1987, and it was the beginning of a long debate
not yet finished [16].

Many studies were not consistent regarding the sample size or the
use of the first-generation assay of cardiac troponin T (cTnT) having
known cross-reactivity with skeletal troponin. In addition, subjects
were highly selected considering that only trained individuals are
capable of performing strenuous exercise for several hours, all of which
was limiting. After that (with the improvement of the troponin assay)
and the ability to quantify very low concentrations of troponin plus the
increase in the sample sizes and the fact that several types of popula-
tions were examined, it has become clear that exercise may lead to
cardiac troponin elevation [17].

Numerous theories have been proposed to explain the exercise-in-
duced elevation of troponin, but it is difficult to come to a general
agreement about the clinical relevance of the cTn increase in athletes
during and after a run. Nonetheless, some of the described mechanisms
responsible for cTn increase during a run include a higher myocyte
membrane permeability caused by an increased mechanical stress on
the cardiomyocytes (bleb formation), an increased production of oxi-
dative radicals or altered acid-base balance [18–24].

Normally, as the release of troponin in acute coronary syndrome
occurs in two phases, we could imagine that the first amount of cTn
release comes from the cytosol due to increased membrane perme-
ability, while the subsequent rise is attributed to the release of bound
cTns. Therefore, according to the magnitude of the observed increase, it
could be released only from the cytosol or released from cytosol and
bound cTn [9].

However, according to van Wijk et al., the release of cardiac tro-
ponin I (cTnI), in this case, could be the result of primarily complex cTn
from myofibrillar origin in the absence of detectable tissue necrosis but
not in the absence of cell death. This finding contrasts with the theory

of Hickman et al., who hypothesized that cytosolic cTnI may be re-
leased in the absence of cell death [25].

Other observations have been made about troponin elevation after
exercise: it has been observed that intensity is correlated with cTn re-
lease such that higher intensity but shorter duration leads to a greater
release [26]. Additionally, milder levels of cTns have been observed in
marathon runners who had trained longer distances, proposing a heart
adaptation to intense exercise with a subsequent decrease in cardiac
injury [27–29].

In the general population, an elevation in troponins above the 99th
percentile of the reference population indicates a bad prognosis [30],
but this level is exceeded in many studies after strenuous exercise
[26,31–33].

The increase in troponin could be attributed to undetected small
islands of necrosis, as suggested by some investigators [34,35]. Tro-
ponins are the cardiac biomarker that was probably the most widely
studied in the context of intense physical activity. Many hypotheses
have been proposed, but none have been clearly selected to explain the
increase in troponins. However, the release seems to be more harmful,
even if reversible, than beneficial [36]. Indeed, a study on older long-
distance walkers of exercise-induced cardiac troponin I increase and
incident mortality and cardiovascular events has been recently per-
formed by Aengevaeren et al. and showed that the increase in troponin I
above the 99th percentile after 30 to 55 km of walking is independently
associated with a higher mortality and the onset of cardiovascular
events [36,37]. Therefore, it is recommended that until the clinical
impact of increased cTns after endurance exercise is clarified, affected
athletes should undergo further cardiological investigation, including a
stress test [5].

3. Neuro-endocrine peptides

3.1. Natriuretic peptides (NPs)

The synthesis of B-type natriuretic peptide is performed by cardio-
myocytes [38,39]. Elevated levels in circulation indicate a large

Fig. 1. Potential mechanisms involved in the release of the different cardiac biomarkers after an exercise.
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afterload paretic tension in the myocardium as a result of myocyte
elongation, derived from an increase in pressure, volume or neuro-
hormonal activation in cases of heart dysfunction, failure, acute cor-
onary syndromes, cardiomyopathies and other syndromes [40–42]. As
an indicator for cardiac dysfunction, the determination of B-type na-
triuretic peptide (BNP) and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) is essential for cardiovascular disease evaluation, optimal
therapeutic management and risk stratification [43,44].

Indeed, circulating concentrations of NPs are directly related to the
severity of ventricular dysfunction, and their powered negative prog-
nostic values are used to exclude acute and chronic heart failure for
concentrations below the decision cutoffs [41,45].

After heavy exercise, NT-proBNP increases have been shown in
different studies [5,46–49]. Some authors have studied myocardial
damage by echocardiography and magnetic resonance imaging to cor-
relate the levels of cTn and NT-proBNP with the absence of the evidence
of myocardial damage. The rise in NT-proBNP may reflect a physiolo-
gical reaction without pathological harm in cardiomyocytes. The car-
diovascular consequences of such physiological escalation, however,
remain unknown [50]. A hypothesis is that it could indicate the acti-
vation of a counter-regulatory system (e.g., the adrenergic system).
Therefore, during exercise, NT-proBNP may be considered an indicator
of the neuroendocrine system rather than a marker of cardiac dys-
function [38]. It has been suggested that a close link exists between the
plasma concentration of NP and cardiac morphology in different types
of athletes. The increase observed after exercise indicates a transient
production/secretion of NPs from the heart. These phenomena might be
based on subclinical myocardial cell necrosis [5,51,52]. A possible
mechanism inducing an increase in myocardial NP expression could be
due to the increase in plasma catecholamines, increased mechanical
stress on the ventricular wall, changes in energy dynamics and calcium
homeostasis and oxygen-derived free radicals [5,49]. However, there is
no doubt that NPs can reliably discriminate pathological from physio-
logical cardiac hypertrophy. Therefore, persistently elevated plasma
concentrations of NPs after effort warrant further cardiological eva-
luation [5].

Throughout strenuous exercise, occasional disruptions in local LV wall
behaviour can occur. Many outcomes can result from subclinical myocar-
dial damage throughout exercise, including reduced cardiac function and
elevated mechanical myocardial pressure on the regional ventricular wall
[52]. A time-dependent increase has also been observed. This observation is
in accordance with the time-dependent increased expression of NPs in over-
stretched myocytes in vitro. Therefore, runners who run longer present the
highest NP concentrations after exercise.

As demonstrated in a rat model, NPs could have cytoprotective ef-
fects by limiting the size of infarction effects via the elevation of cGMP
by opening the adenosine triphosphate-sensitive potassium channels
(KATP) of myocardial mitochondria via the natriuretic peptide receptor
A signalling pathway [53]. Similarly, the increase in NPs observed
during exercise could have a cytoprotective effect on the heart and not a
deleterious effect.

However, a pitfall in all mentioned studies is that the intensity of the
effort and mechanical stress are two factors that are difficult to mea-
sure.

Elevation in NPs can be seen in many apparently healthy athletes following
intense exercise. The production of NPs both during and after exercise,
even when medical cut-off values are reached, may not result in myocardial
injury but may have an active role in cytoprotection or growth regulation
[54]. Therefore, as for troponins, the mechanism underlying NP release is
not yet elucidated and has to be studied but seems to be more physiological
than pathological and could even have a cytoprotective effect.

3.2. Copeptin

Copeptin is the C-terminal fragment of the vasopressin prohormone.

In this way, some authors suggested that the measurement of this
peptide may serve as a surrogate marker of arginine vasopressin se-
cretion. However, copeptin reflects haemodynamic and endocrine stress
levels in several conditions, including acute myocardial infarction (MI),
and has been shown to increase 30 min following induced MI. In ad-
dition to troponin, copeptin has been proposed as an additional bio-
marker of non-ST-segment elevation myocardial infarction-acute cor-
onary syndrome in the 2015 European Society of Cardiology guidelines
[55]. Very few studies have assessed the variation in copeptin during
either long-distance endurance exercise or short-term exercise. Co-
peptin was independently associated with the maximal work rate [56].
Copeptin was evaluated in the exploration of exercise-associated hy-
ponatraemia [57]. Copeptin levels increased significantly throughout
and at the end of extreme distance runs [55,58]. An increase in co-
peptin was described by the clear association between exercise intensity
and plasma volume reduction and the subsequent increase in blood
sodium levels already recorded during brief exercise [56].

Copeptin was measured in the participants of a 100 km ultra-
marathon and in those of a 60 km ultra-marathon. An increase in co-
peptin was observed at the end of the races with a magnitude of 12.4
and 6 times between prerun and postrun sampling, respectively, despite
decreases in plasma sodium, suggesting the existence of nonosmotic
vasopressin stimulation during this strenuous exercise activity [56,57].
To summarize, and according to the study of Aakre et al, copeptin re-
sponse after exercise did not seem to predict ischaemia [55].

4. Cardiac fibrosis – emerging biomarkers

The literature is poor about emerging cardiac fibrosis biomarkers
during exercise. As shown above, the increased concentrations of tro-
ponins and NPs are not clearly understood. A recent systematic review
highlights an increased prevalence of clinical myocardial fibrosis in
endurance athletes [59].

Hence, fibrosis cardiac biomarkers could help elucidate the long-
term effects of vigorous exercise on the individual.

Galectin-3 (Gal-3) and suppression of tumorigenicity 2 (ST2) are
assessed in cardiac fibrosis exploration. These proteins participate in
heart failure pathophysiology, and each of their concentrations is in-
creased in patients who exhibit cardiac remodelling and fibrosis,
making them useful in the monitoring of disease progression [60,61].

4.1. Galectin-3

Gal-3 is involved in numerous physiological and pathophysiological
mechanisms, such as immune and inflammatory reactions. In the gen-
eral population, high levels of Gal-3 are an indicator of poor prognosis
and mortality [62–64]. In the cardiovascular field, Gal-3 is secreted by
cardiac macrophages, which are activated during the inflammatory
process [62,65]. As a biomarker, Gal-3 complements NT-proBNP; it
provides upstream information about the progression of cardiomyo-
pathy (an indicator of fibrosis and remodelling), while NT-proBNP is a
downstream indicator of raised blood pressure in the cardiac wall (the
result of fibrosis and remodelling). Determining the levels of Gal-3 as a
means of cardiac prognosis was approved in early 2013 by the Amer-
ican College of Cardiology (ACC) and the American Heart Association
(AHA) [66]. A high level of Gal-3 indicates an increased risk of mor-
tality or re-hospitalization for patients with heart failure [65,66]. Fur-
thermore, the doubling of Gal-3 levels over six months, independent of
the initial concentration, is also a sign of an adverse evolution [67].

Some studies have shown that participating in intense and sustained
exercise leads, in the long term, to the formation of cardiac fibroid
deposits, which may be involved in cardiac arrhythmias [68,69]. Gal-3
thus appears to be an interesting cardiac biomarker for cardiovascular
screening in athletes [70]. Few studies have been conducted on the
relationship between Gal-3 and sports. A significant increase in Gal-3
levels has been observed after running 30 km [69] or after a marathon
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[71] or a 60 km ultra-marathon [72]. These increases did not correlate
with an increase in cardiac markers such as troponins (cTn) and NT-
proBNP. Gal-3 expression also seems to be higher in athletes than in
sedentary subjects, and this difference has been tentatively attributed to
insufficient rest periods between training sessions. The increase in Gal-3
appears to be inversely proportional to the runners' habitual training
intensity, as does the increase in IL-6 and white blood cells, both known
as markers of inflammation. Muscle adaptation with training reduces
the inflammatory response, accounting for these inversely proportional
relationships [69]. Whether the increase in Gal-3 is of skeletal muscle
origin [45,69] or reflects structural cardiac anomalies caused by intense
exercise remains unknown [45]. Gal-3 levels recovered relatively
quickly after exercise, showing that strenuous effort-induced cardiac
stretch and inflammatory processes may not be able to cause shorter-
term heart remodelling and fibrosis. The possible adverse impact of
long-term cardiovascular effects for repetitive vigorous sporting activ-
ities must still be shown.

To summarize, Gal-3 release seems to be due to an inflammatory
response, and it is clear that inflammatory processes occur during
vigorous exercise. Therefore, with the relatively few studies already
performed, it is difficult to conclude whether Gal-3 release is a harmful
effect of the physical activity or only a physiological process.

4.2. Suppression of tumorogenicity-2

ST2, also known as soluble interleukin-1 receptor-like 1, has a
prominent role in cardiovascular disease as a marker of inflammation,
tissue fibrosis, matrix remodelling, and myocyte strain [73].

The novel cardiomyocyte stress and fibrosis biomarker offers value
in addition to that of NPs for risk evaluation of patients with a wide
range of cardiovascular diseases (CVDs). Blood levels of ST2 rise in
various diseases, such as inflammatory diseases and heart disease, and
in both cases are deemed a reliable prognostic indicator. Currently, the
major source of ST2 circulating in healthy individuals and patients with
distinct disorders remains incompletely resolved [74].

On the basis of all available data, the 2013 AACC and AHA guide-
lines now recommend the measurement of ST2 for additive risk strati-
fication in patients with acute or chronic ambulatory heart failure and
for heart failure prognostication [73–75].

A recent study positions vascular endothelial cells as the main
source of ST2, rather than the myocardium, in human CVD [76].
ST2 was seen in patients with stable chronic coronary artery disease
as a good independent indicator for the prediction of long term all-cau-
se and cardiovascular mortality [77]. Interestingly, the Framingham
study highlighted that ST2 offered prognostic data in a low-risk com-
munity-based population [78].

ST2 measurement also provides a strong serological overview of the
cumulative myocardial fibrotic process [75].

ST2 was not studied in exercise before the recent contribution of
Aengevaeren et al. in 2018 [12]. The effect of repeated exercise may
increase the ST2 concentration in blood due to an acute rise in cardiac
load. According to the systematic review of van de Schoor et al., the
prevalence of myocardial fibrosis was strongly associated with the cu-
mulative lifelong exercise dose [79].

According to our recent study, ST2 was higher at baseline, probably
due to the accumulation of exercises, and could be considered a good
predictor of cardiac fibrosis development. ST2 levels were higher in the
highest length race (64 km) group, especially at the end of the race,
than in the marathon group [70]. Contrary to the Gal-3 increase, which
seemed to be correlated with the intensity of exercise, the ST2 increase
seemed to be more correlated with the duration of exercise than with
the intensity. It thus seems that more exercise correlates with a higher
ST2 concentration [70]. As data from Bayes-Genis et al. indicate that for
every 10 ng/ml increase in ST2, there is an approximately 20% increase
in event risk [75], these populations could be more at risk.

ST2 appears to be an interesting biomarker according to the few

observations done in the field of physical activity, but as all the studies
performed to date were carried out with the same kit (Presage, Critical
Care Diagnostic, USA), we have to remain cautious concerning the in-
terpretations. However, five kits are available on the market and have
been analytically evaluated by Mueller and Dieplinger [80]. The Pre-
sage assay is the most commonly used kit in different studies, and it is
considered a highly sensitive assay compared to the other kits.

Further studies are needed because, as for Gal-3, ST2 is also de-
scribed as a marker of inflammation in CVD. The large difference from
the other biomarkers studied is related to a longer period of high ST2
concentration, even after the recovery time, and could possibly reflect
the accumulation of strenuous exercise on the heart [70].

5. Other markers referenced to detect or exclude early-stage
myocardial ischaemia

5.1. Heart fatty acid binding protein (H-FABP)

H-FABP is a low-molecular-mass protein involved in the in-
tracellular uptake and buffering of long-chain fatty acids in the myo-
cardium [81,82]. H-FABP is considered a sensitive and early marker of
myocardial damage [83,84] but is not widely used because of the
sensitivity of troponin to myocardial damage.

In the field of sports, H-FABP has been very rarely studied, and its
concentration was found to be increased in all cyclists involved in the
4800 km Race Across America [85].

Another work studied the immediate impact on H-
FABP and cardiovascular function of ultra-endurance activity. H-FABP
was assessed at five stages during a 24-h ultra-marathon (i.e., prerace;
sprint, 12-h run, 24-h run, and 48-h postrace) in 14 male ultra-mar-
athoners (age 40 ± 12 years) [86]. In this study, significantly higher
H-FABP levels were observed at the post-12-h- and post-24-h-run time
points than at the postmarathon distance. As expected, a significant
correlation was found between post-24-h-run H-FABP levels and CKMB
activity as well as running distance. One important observation made in
this study was that H-FABP has been found to have different release
times of reaching maximal concentrations during the 24-h ultra-mara-
thon from other markers of myocardial injury [86].

It was reported that H-FABP levels started increasing 1 h following
myocardial cell damage with peak levels between the 6th and 8th hours
and that H-FABP may be more effective for detecting postexercise
cardiac injury. It has been suggested that the lower molecular mass of
H-FABP (15 kDa) might especially lead to its higher membrane per-
meability than CKMB and cTnT (86 kDa and 33 kDa, respectively).
The correlations between running length and serum H-
FABP concentrations suggest that exercise span was
accountable for its increase. [86]. In conclusion, there seems to be a
correlation between running length and serum H-FABP concentration.

6. Prospective biomarkers

6.1. MicroRNAs (miRNAs)

miRNAs are small non-coding RNAs that target mRNAs and are
consequently involved in transcriptional regulation of gene expression.
Some miRNAs are expressed only in some specific tissues, whereas
others are constantly present [87]. Therefore, the measurement of
miRNA in serum may provide information on the tissue or cell of origin.
Because they are involved in the regulation of gene expression, they can
participate in the adaptation of muscle to exercise and training. Some
miRNAs, such as miR-1, miR-133a, miR-208a (only heart), miR-208b,
miR486, miR-499a and miR-499b, have been shown to have muscle
(heart and skeletal) specificity [88]. The effects of exercise affect
plasma levels of miR-1, miR-133a and miR-133b, with peak values
observed 6 h after exercise (p < 0.0001), showing that they are up-
regulated in the early recovery period [89]. Therefore, the exploration
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of miRNAs appears to be a new perspective in the evaluation of the
cardiac impact of exercise.

7. Conclusion

Healthy individuals and particularly athletes
often have variations in a number
of cardiovascular biomarkers in response to physical practice.
A precise evaluation of augmented cardiac biomarkers
is therefore mandatory after vigorous exercise. Biomarkers such as
troponins, natriuretic peptides, and creatine kinase have been widely
studied, but only hypotheses have been proposed to explain the ob-
served increase during and after strenuous exercise. Prospective studies
about the impact of exercise-induced cardiac troponin are lacking.
However, in 2019, research on older long-distance walkers showed that
these phenomena may not be a benign physiological response to ex-
ercise but instead an early marker of future risk of cardiovascular
events or mortality even in runners without established cardiovascular
risk[36]. Biomarkers to detect or exclude early-stage myocardial
ischaemia, such as H-FABP, did not show added value in comparison
with the first markers studied. On the other hand, as an increased
prevalence of clinical myocardial fibrosis has been demonstrated in
athletes, the measurement of cardiac fibrosis biomarkers such as ST2 or
Gal-3 could be helpful in attempts to prevent the onset of cardiac injury.
As new biomarkers, miRNAs could provide valuable information to
exclude pathological myocardial injury before and after resistance ex-
ercise.
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