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Abstract

Introduction: Previous studies have indicated that acute bouts of strenuous, long duration exercise induce sig-
nificant increases in the inflammatory profile and cardiovascular risk markers. Although recreational soccer
(RS) is a widespread activity, there are no data on this topic. Thus, the aim of this study was to examine RS-in-
duced changes in inflammatory, cardiac, and skeletal muscle damage indicators in young and middle-aged males.
Methods: Twelve young and 11 middle-aged males participated in the study. The participants played 6v6 1 h RS,
where heart rate (HR) responses and external loads (distance covered, number of accelerations/decelerations)
were determined. Blood samples were taken immediately prior to and following the matches, and 2 h, 4 h, 24 h, 48
h, and 72 h later. Results: Absolute HR responses and the number of accelerations and decelerations were higher
in young participants than the middle-aged participants (p < 0.05). RS increased high sensitivity cardiac troponin
I (hs-cTnl) in almost all participants. A total of 83.3% of the young participants exceeded the upper reference limit
(URL), whereas none of the middle-aged participants exceeded the URL. Hs-cTnl levels returned to baseline after
24 and 48 h in the middle-aged and young participants, respectively. High sensitivity C-reactive protein (hs-CRP)
and creatine kinase (CK) increased in the middle-aged participants (p < 0.05), and in the young participants,
though not significantly (p > 0.05). RS also led to significant increases in lactate dehydrogenase (LDH) in both
groups (p < 0.05). Hs-CRP, CK, and LDH values returned to baseline levels within 48 to 72 h, except for the LDH
values of the young participants. Conclusion: RS induced short-term increases in cardiac and skeletal muscle
damage markers and the inflammatory profile in young and middle-aged RS participants.
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Introduction

Previous studies have reported the positive ef-
fects of regular physical activity on several
health parameters (1-3); however, there remains
uncertainty regarding the health benefits of acute
bouts of exercise since strenuous and long-du-
ration exercise induces significant increases in
cardiovascular risk markers (4).

The release of cardiac biomarkers after endur-
ance and ultra-endurance events has been well
documented (5—9); however, reports on these
exercise modalities have only documented the
reasons for a significant cardiac troponin release
without the presence of negative clinical symp-
toms (10). Many other studies have focused on
troponin release following competitive soccer
matches (11—13), reporting varying results of
modest (11), nonsignificant (12), and significant
(13) elevations in cardiac troponin levels during
the post-match recovery period.

Intermittent exercise, such as soccer, involves
forceful muscle contractions. In particular, con-
centric propulsive forces during the acceleration
phase and eccentric braking forces during the de-
celeration phase are highly associated with skel-
etal muscle damage and inflammatory response
(14,15). Intermittent exercise-induced muscle
damage markers increase immediately after ex-
ercise, typically peak between 24 h and 48 h,
and return to baseline values within 72—120 h
(14-16).

Although many studies have examined these
parameters in different soccer populations
(13,15,17-19), no data exist for RS, a wide-
spread activity for all populations. RS involves
intermittent periods of high-intensity effort in-
terspersed with low-intensity recovery periods.
A large number of studies has demonstrated that
the cardiovascular stress imposed on players ex-
ceeds 80% of the maximum heart rate (HR__ )
(1,20). At least 20% of the total RS match time
is spent at > 90% of HR__, regardless of age,

gender, or health status (20). Furthermore, play-
ers exert high-intensity effort that is expected to
induce an inflammatory response and skeletal
muscle damage.

Despite the popularity of RS, there are no exist-
ing data on whether RS activity increases car-
diac-specific markers and the inflammatory re-
sponse. Thus, the aim of the present study was
to investigate RS-induced changes in inflamma-
tory, cardiac, and skeletal muscle damage indi-
cators in physically active, healthy young and
middle-aged males.

Materials and Methods

Subjects

Twelve young and 11 middle-aged (one player
was injured and therefore excluded from the
study) healthy males voluntarily participated in
the present study. The descriptive characteris-
tics of the participants are illustrated in Table
1. The subjects had been participating in soc-
cer matches for recreational purposes at least 3
months (3 to 5 months), 1 h per day and 2 days
per week before the start of the study. None of
the participants reported a personal or family
history of cardiovascular disease or any other
metabolic or systemic disorders. None of the
participants had any acute medical conditions
and had not taken any medications during 1
month prior to the study. Written informed con-
sent was obtained from each subject after a de-
tailed description of the aim and procedures of
the study were provided. The Ethical Commit-
tee of the local university approved the experi-
mental protocol.

Exercise Training Protocol and Data
Collection

The participants played a 6v6, 1 h soccer match
on a 30-50 m artificial grass pitch. During the
matches, HR responses and activity profiles
were recorded with a sampling frequency of 1
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Table 1. Descriptive values in addition to HR responses and activity profiles of participants during the
recreational soccer match (Mean = Standard Deviation)

Young Males Middle-Aged Males

Age (years) 22.8 +1.8% 43.1+4.4
Height (cm) 177.8 £4.1 174.6 £ 6.3
Body Weight (kg) 71.1 +8.4" 86.7+ 8.6
BMI 22.5+£2.4" 28.4+1.7
Mean HR (bpm) 185.4+9.3* 168.0+11.6
HRreserve (%) 87.5+4.5 84.7+5.3
HRmax (bpm) 200.7 + 6.7* 186 +15.0
Total Distance Covered (m) 4156 £+ 654.0 4147 £ 466.0
LID (0-11 km/h) 3169.9 + 601.6 3226.6 = 441.5
MID (12-15 km/h) 364.6 + 187.3 347.5+164.7
HID ( >15 km/s) 161.1+127.9 89.6 +43.1
Number of acceleration (m/sn?) 709 + 52.8* 601 +77.0
Number of decelerations (m/sn?) 694 + 39.4* 593+ 74.6

BMI: body mass index, Mean HR: mean heart rate during recreational soccer match, HRmax: maximal heart rate either during
matches or age adjusted maximum (220-age), LID: distance covered in low intensity, MID: distance covered in moderate inten-
sity, HID: distance covered in high intensity, *significantly lower than middle-aged males (p<0.05), *significantly higher than

middle-aged males (p<0.05).

s and 10 Hz GPS units, respectively (Team Pro;
Polar, Helsinki, Finland). The data were subse-
quently synchronized according to the manu-
facturer’s guidelines and exported to an Excel
worksheet, in which further analyses were per-
formed. HR data were quantitated as the mean
HR and the mean percentage of HR . The
percentage of HR _was calculated using the
following formula: %HR = (match mean
HR — resting HR)/(HR _ — resting HR) x 100.
The highest HR value recorded during a match
or the age-predicted maximal value (220 — age)
was accepted as HR . The resting HR value
corresponded to the minimal HR value from
10-min recordings in the supine position. Total
distance covered, distance covered during low
(0-11 km/h), moderate (11-15 km/h), and high
(>15 km/h) intensity running, and the number
of decelerations and accelerations were also de-
termined. The matches started at 12:00 pm, at a
temperature and relative humidity of 20-22°C
and 63-68%, respectively (HI 8564; Hanna In-
struments, Baranzate MI, Italy). The participants

refrained from physical activity 5 days prior and
until the end of the study.

Blood Sampling and Analysis

Blood samples (7 mL) were taken from the ante-
cubital vein immediately prior to and following
the matches, and 2 h, 4 h, 24 h, 48 h, and 72
h later. The blood samples were centrifuged at
4,000 rpm for 5 min, and the supernatant was
transferred to two centrifuge tubes (one for bio-
chemical parameter analysis and the other for an
enzyme-linked immunosorbent assay) for each
participant. Serum samples were stored at -80 °C
until analysis. Biochemical analyses of the sam-
ples were performed in the central laboratory of
the local University Medical Faculty Hospital.
Troponin measurements were performed on a
Siemens Advia Centaur XP instrument (Siemens,
Latham, NY,USA) using kits compatible with
this device, and tested according to the manu-
facturer’s instructions. The URL for hs-cTnl was
defined as the 99" percentile of the healthy male
participants, corresponding to 58 ng/L (21). High
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sensitivity C-reactive protein (hs-CRP) levels
were measured using the BN system (Dade Beh-
ring, Newark, DE, USA). CK and LDH Ilevels
were measured using the Siemens Advia 1800
35 autoanalyzer (Siemens Healthcare Diagnos-
tics Inc., Tarrytown, NY, USA) and compatible
commercial kits (Advia Chemistry).

Statistical Analysis

All variables are expressed as the mean =+ stan-
dard deviation. The assumptions of homogene-
ity of variance and normality were tested using
Hartley’s F__and Kolmogorov—Smirnov tests,
respectively. The differences between the young
and middle-aged participants in terms of de-
scriptive characteristics, HR responses, and ac-
tivity profiles were tested using an independent
samples -test. Repeated-measures analysis of
variance (ANOVA) followed by the Bonferroni
post-hoc test were performed to measure the
differences between sampling times. The age
differences with respect to baseline to post-ex-
ercise peak in the biomarkers were tested using
an independent samples #-test. Pearson’s cor-
relation analyses were used to detect the rela-
tionships between the biomarkers and internal
and external loading parameters during RS.
Non-parametric versions of the test were per-
formed when appropriate. All statistical analyses
were performed using the SPSS for Windows,
version 15.0 software (SPSS Inc., Chicago, IL,
USA). A p-value <0.05 was considered statisti-
cally significant.

Results

The descriptive characteristics, HR responses,
and activity profiles of the participants during
RS are illustrated in Table 1.

Hs-cTnl levels were analyzed descriptively due
to undetectable values at baseline and certain
time points of the assessment. Hs-cTnl levels
increased in all young participants, with 83.3%

(10 players) exceeding the URL (FigurelA),
whereas hs-cTnl increased in 10 out of the 11
middle-aged participants, but none exceeded the
URL (FigurelB). Mean hs-cTnl levels in the
young and middle-aged participants are shown
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Fig. 1. A and B illustrate high sensitivity cardiac
troponin I values for each young and middle-
aged male prior to and following the recreational
soccer match, respectively. C illustrates the mean
high sensitivity cardiac troponin I values for
young and middle-aged males. Horizontal line
indicates the upper reference level (58 mg/L).
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in Figure 1C. None of the participants expressed
any cardiovascular symptoms during the match
or within the 48 h post-exercise period.

The results of repeated-measures ANOVA indi-
cated significant differences between sampling
times in hs-CRP levels only in middle-aged par-
ticipants (p=0.000, Figure 2). A post-hoc anal-
ysis indicated a significant increase in hs-CRP
from baseline (1.18+0.55 mg/L) to 24 h post-
match (2.42+1.06 mg/L; p=0.001). The hs-CRP
levels in the middle-aged participants tended to
increase after the matches (p>0.05). The base-
line to peak increase in hs-CRP was similar be-
tween the age groups (p>0.05).
Repeated-measures ANOVA indicates signifi-
cant differences between sampling times in CK
levels in the young and middle-aged participants
(»=0.001 and p=0.000, respectively, Figure 3).
However, even though CK values tented to in-
crease in the young participants, Bonferroni post-
hoc analysis revealed that there were no signifi-
cant differences between baseline CK levels and
those at other time points (p>0.05), whereas CK
levels in the middle-aged participants increased
from baseline (122.09+49.08 U/L) to immedi-
ately post-match (167.36+£66.07 U/L; p=0.031)
and 24 h later (238.82+105.75 U/L; p=0.025).
Significant differences in LDH were observed
between sampling times in the young and mid-
dle-aged participants (p=0.000 and p=0.004,
respectively, Figure 4). LDH levels in the
young participants increased from baseline
(87.08+28.74 U/L) to 24 h (184.42+32.46 U/L;
p=0.000), 48 h (175.67+27.31 U/L; p=0.000),
and 72 h (165.92+29.19 U/L; p=0.000) post-
match, whereas the LDH levels in the mid-
dle-aged participants only increased from base-
line (175.18+17.54 U/L) to immediately post-
match (212.45+26.46 U/L; p=0.002). Baseline
to peak LDH levels were significantly higher in
the young than in the middle-aged participants
(p=0.000).

5.0

4.0

3.0

2.0

hs-CRP (mg/L)

1.0

0.0

-1.0

—&— Middle-aged male Young male

*

|

Pre Post 24 h 48 h 72h

Fig. 2. High sensitivity C-reactive protein levels
prior to, immediately after, and 24 h, 48 h, and
72 h following the recreational soccer match.
*significantly higher than pre-match (p<0.05).

700

600

500

400

CK (U/L)

300

200

100

0

—@— Middle-aged male

|

Young male

*

Pre Post 24 h 48 h 72 h

Fig. 3. Creatine kinase levels prior to,
immediately after, and 24 h, 48 h, and 72
h following the recreational soccer match.
*significantly higher than pre-match (p<0.05).
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Fig. 4. Lactate dehydrogenase levels prior
to, immediately after, and 24 h, 48 h, and 72
h following the recreational soccer match.
*significantly higher than pre-match (p<0.05).
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The correlation between hs-cTnl and absolute
HR was not significant (»>0.05). In addition,
no significant correlation was observed between
hs-CRP, CK, or LDH, and the external load pa-
rameters (total distance covered, high-intensity
distance, acceleration or deceleration; p>0.05).

Discussion

The purpose of the present study was to exam-
ine the effects of a 1 h RS match on biomark-
er responses in young and middle-aged males.
This is the first study to examine age differences
in cardiac and skeletal muscle damage, in addi-
tion to the inflammatory profile, in response to
RS matches. The main findings indicate that RS
caused substantial increases in hs-cTnl, hs-CRP,
CK, and LDH levels in young and middle-aged
males, even though the time course of the in-
crease and the sustainability in blood were dif-
ferent between the two groups.

Previous reports have indicated that the post-ex-
ercise increase in troponins is principally medi-
ated by exercise intensity (22), which is gener-
ally evaluated by HR measurements and is also
dependent on exercise duration when the intensi-
ty is fixed (22). In the present study, even though
low-intensity distances constituted an important
proportion of the total distance covered during
RS, the mean HR was approximately 85% of
HR . during the matches (Table 1). The high
HR responses may occur in conjunction with
energy-demanding activities, such as dribbling,
tackling, shooting, and backward/sideways run-
ning, which contribute to the overall demand on
players (23). In addition, HR can be affected by
several other factors, such as increased catechol-
amines and hyperthermia, which can increase
the mean values by causing the HR after high
intensity activities to remain high even during
subsequent low intensity activities. It has been
well-established that increased core temperature
and plasma catecholamines stimulate the sympa-

thetic nervous system, leading to an increase in
HR and force of contraction. Furthermore, a pre-
vious study observed that HR rarely decreases
below 65% of HR _ during a soccer match (23).
These results demonstrate that, although the ac-
tivity profile of soccer is intermittent in nature,
players maintain an elevated cardiac output, HR,
and systolic blood pressure throughout the ac-
tivity. This sustained increase in cardiac work
stresses the myocardium and could potentially
damage cardiac cells (4).

RS resulted in increased hs-cTnl levels in almost
all participants (with the exception of one mid-
dle-aged male). Moreover, 10 of the 12 young
participants exceeded the URL at any of the time
points of assessment, whereas none of the mid-
dle-aged participants reached such a high level
(Figure 1A—B). Age also appears to be an im-
portant factor for the time kinetics of troponin
release, since the baseline to peak increase and
peak to baseline decrease took longer in young
participants (Figure 1A—B). To the best of our
knowledge, no study has investigated cardiac
troponins in RS participants. However, although
the findings of the present study are in accordance
with the results obtained by Hosseini et al., (13)
in adolescent soccer players and in studies con-
ducted on other intermittent sports (24), the in-
crease in troponin level was much higher in our
young participants. The greater elevation in tro-
ponins may be explained by the higher absolute
HR response (185.4 bpm) of our young players
as compared with reference HR values observed
during soccer matches (generally 165-175 bpm)
(23). In addition, recent studies have indicated a
significant negative correlation between post-ex-
ercise troponin levels and fitness level (4,5);
hence, potential differences in the fitness level
of our subjects may also be a causative factor
for the higher troponin levels seen in the pres-
ent study. On the other hand, Carranza—Garcia
et al., (11), in a study of male and female soccer
players, and Rahmana et al., (12), in elite soccer
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players, also showed only modest and nonsignif-
icant increases in circulating post-exercise cTnl
levels. These inconsistent observations between
the present and aforementioned studies may also
be attributed to differences in the fitness level of
the participants and absolute HR responses, in
addition to the type of troponin assay. Similar to
the present study, recent studies using the latest
highly sensitive methods have demonstrated that
strenuous exercise leads to a significant eleva-
tion in cardiac-specific troponins in almost all
participants (25).

The present results demonstrate that the external
and relative internal loads (%HR ) imposed
on the young and middle-aged participants were
almost the same during RS; however, when the
HR responses were expressed absolutely (bpm),
the cardiac stress imposed on the young partici-
pants was higher than that imposed on the mid-
dle-aged participants (Table 1). Thus, the high
absolute HR responses caused the cardiac stress
to increase in the young participants, leading to
higher post-match hs-cTnl levels. Similarly, Ei-
jsvogels et al., (7) reported an inverse relation-
ship between age and post-marathon cTnl levels,
observing higher absolute HR responses during
the race in younger athletes as compared with
those in older athletes, which is in accordance
with the present study. In addition, Knebel et al.,
(6) reported higher mean post-race cTnT levels
in younger subjects following division of the
athletes into younger (<60 years) and older (>60
years) age groups. Tian et al., (8) also observed
higher post-exercise ¢TnT levels and a greater
number of subjects exceeding the URL in ado-
lescents than in adults following a 90-min tread-
mill run. In contrast, several studies performed
in recreational and elite endurance athletes have
shown that post-race troponin levels are unrelat-
ed to age (9,26). Nevertheless, according to the
current findings, young males exhibited a more
pronounced cardiac troponin release after RS
as compared with middle-aged males. Howev-

er, using soccer simulation protocols is recom-
mended to reveal biological age differences in
troponin release after effort, since this method of
data collection entirely eliminates the external
load differences between participants.

Although several potential mechanisms have
been suggested as causative factors for exer-
cise-induced cardiac troponin release (25), the
underlying mechanism has not yet been clearly
defined. However, researchers have generally
accepted the notion that physical exercise does
not result in irreversible cardiac damage or ne-
crosis. Several observations support this sugges-
tion. Firstly, the time course of accumulation and
clearance of troponins follows a different pattern
after exercise than after acute myocardial infarc-
tion. Wu et al., (27) reported that serum troponin
concentration increases within 4—12 h after the
onset of acute myocardial infarction symptoms
and remains abnormal for 4-10 days, whereas
it peaks within 4-6 h after exercise and returns
to the normal level within 24-48 h post-exer-
cise, as seen in the present study. Furthermore,
Nie et al., (28) examined the troponin respons-
es following two consecutive exercise sessions
performed with a recovery interval of 255 min,
and additional troponin was not observed after
the second session. Moreover, a recent study
using cardiac magnetic resonance imaging with
late gadolinium enhancement also indicated that,
even though cardiac troponins and N-terminal
pro-brain natriuretic peptide levels are high after
endurance events, there is no evidence of any de-
tectable myocardial damage or acute changes in
left or right ventricular function (29). Addition-
ally, similar to our participants, a previous study
reported no unusual cardiovascular symptoms
during or following exercise despite an increase
in troponin levels (13). Finally, elite marathon
runners have comparatively lower troponin lev-
els than their non-elite counterparts after a race,
which may occur in conjunction with improved
resistance against exercise-induced cardiomyo-



396 Revista Romdna de Medicina de Laborator Vol. 27, Nr. 4, Octombrie, 2019

cyte membrane damage (5). Thus, elevated car-
diac troponin levels may be linked to transient
cardiomyocyte membrane damage, which acts as
a physiological signal for cardiac muscle adapta-
tion to exercise (4). Despite these observations,
some studies have reported significant correla-
tions between cardiac troponins and a decrease
in post-exercise heart function (30,31). Hence,
in future studies, investigation of the underlying
mechanism of troponin release and its acute and
long-term effects on heart function is warranted.
RS resulted in a marked increase in hs-CRP,
which peaked 24-48 h post-match and returned
to baseline within 2 days (Figure 2), as has been
previously shown after a competitive soccer
match (14—15,17) and soccer simulation (19).
On the other hand, the present study shows that
baseline to peak increases in hs-CRP levels were
higher in middle-aged than young participants.
This finding may be due to the higher body
mass index of the middle-aged participants (32).
Previous studies have reported that exercise-in-
duced increases in hs-CRP are linked to elevated
interleukin (IL)-6, which is the main precursor
for hepatic release of CRP (2). Initially, intra-
muscular signaling stimulates active muscles to
release IL-6, and subsequently, exercise-induced
muscle damage further stimulates IL-6 produc-
tion (33). The release of IL-6 is mediated by
exercise intensity, duration, and the amount of
activated muscle mass (34). In fact, RS can be
described as intermittent activity with frequent
bursts of intense effort, which has the potential
to cause muscle damage. Thus, the increase in
hs-CRP in the present study may be linked to the
increase in this myokine.

Accordingly, RS led to a transient increase in the
inflammatory response, which may trigger acute
cardiovascular risk factors in vulnerable individ-
uals (2). However, Mendham et al., (3), in a sim-
ilar group of participants (healthy middle-aged)
and using a similar exercise regimen to the pres-

ent study, indicated that a long-term small-sided
rugby match improves the inflammatory profile
by reducing cytokine production in muscle and
adipose tissues, in addition to decreasing CRP
concentrations. Nevertheless, future studies are
needed to examine the reproducibility of this
finding in diverse populations and to determine
the threshold (intensity, volume, and weekly fre-
quency) for intermittent exercise to enhance an-
ti-inflammatory efficiency.

RS resulted in significant increases in CK and
LDH levels, in accordance with other studies
conducted in participants of recreational (35)
and competitive (15—16,36) soccer matches.
However, the blood kinetics of CK are some-
what higher and sustained in competitive players
as compared with those in our recreational par-
ticipants. Following competitive matches, CK
immediately increases (+70-250%), peaks 24—
48 h after the match, and returns to the normal
level 48—120 h later, depending on the level of
the peak; the greater the peak, the longer the time
to return to normal (36). However, the present
study indicates that CK increased immediately,
peaked after 24 h, and returned to baseline 48 h
and 72 h later in middle-aged and young play-
ers, respectively. These fitness-related differenc-
es may be attributed to the larger muscle mass
of competitive players, greater effort during
high-intensity competitive matches, and longer
competition times.

Bais and Edwards (37) indicated that acute re-
sponses of CK are positively correlated with the
intensity and duration of exercise, and inverse-
ly correlated with conditioning level. When the
same supramaximal exercise is performed, plas-
ma CK levels are significantly lower in athletes
as compared with those in matched sedanters
(38). Furthermore, prior exercise sessions make
skeletal muscles more resistant to further bouts
of strenuous exercise, and any damage that does
occur recovers at a faster rate (39). Thus, it can
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be speculated that the blood kinetics of CK
would have been higher and more sustained in
RS beginners as compared with the present find-
ings, since our subjects had participated in RS
for at least 3 months prior to data collection.
The present results show that RS resulted in a
greater increase in LDH levels from baseline to
peak in young as compared with middle-aged
males. The CK rate of increase was also slightly,
though not significantly, higher in young play-
ers. The insignificant difference may be due to
the large variation in values. In addition, the
recovery kinetics of these biomarkers after ex-
ercise took longer in the young males (Figures
3—4). A possible explanation for the higher and
sustained increase in CK and LDH levels in
young players may be linked to having a higher
number of acceleration- and deceleration-type
movements (Table 1), which has been previous-
ly indicated as a causative factor for mechanical
muscle damage (37). In particular, the hamstring
muscles contract eccentrically during decelera-
tion-type movements to slow the forward move-
ment of the leg. In fact, eccentric activation gen-
erates greater tension per cross-sectional area
of contracting muscle mass as compared with
concentric action, leading to greater disruption
of structural proteins (39). On the other hand,
the repair process of eccentric exercise-induced
muscle damage is equally effective in physical-
ly active old and young individuals, with active
older participants exhibiting almost the same ca-
pability to adapt to muscular damage as young
participants (40). These results suggest that RS
provides a sufficient stimulus for reconstruct-
ing skeletal muscle, leading to muscular devel-
opment in a wide range of age groups. In fact,
a previous study indicated the effectiveness of
RS on muscular development in a diverse pop-
ulation when performed two or three times per
week for 12 weeks (1).

In conclusion, although RS increased the acute
inflammatory response, a previous study indi-

cated that regular participation in intermittent
exercise reduces the inflammatory profile (3).
RS also resulted in muscle microtrauma, which
could provide a stimulus for the improvement of
muscular development. The results of the pres-
ent study expand the current knowledge regard-
ing increases in intermittent exercise-induced
cardiac troponin levels. Furthermore, the young
participants exhibited a more pronounced tropo-
nin increase than the middle-aged participants,
which may be linked to their higher absolute
HR responses. The increase in hs-cTnl returned
to baseline within 2448 h in middle-aged and
young players. This transient increase was likely
a result of exercise-induced myocardial mem-
brane damage, which increased leakage of tro-
ponin from the cytosolic compartment. Howev-
er, future studies are needed to reveal the under-
lying mechanism of troponin release following
exercise and its clinical significance.
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