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ABSTRACT
Background Previous studies were conducted only on
elite athletes, and they investigate acute training responses
of cardiac troponin I (CTnI). However, cardiac troponin
was found to be elevated in young and inexperienced
athletes than adults, and immature myocardium is more
susceptible to injury, which needs further consideration.
Aim Therefore, we aimed to observe the association
between CTnI and cardiovascular parameters in response
to chronic endurance training adaptation in young athletes.
Methods Fifteen participants aged (19.5±1.3) years
were selected and placed in endurance running at 70%–
80% HRmax intensity for 35 min per training for the first
week and additional 2 min each week from the second to
the last week for 12 weeks. Serum cardiac troponin and
cardiovascular parameters were assessed at pre-training
and after 12 weeks of training.
Result We find a significant CTnI level (p<0.05) and it
is positively correlated with systolic blood pressure (BP)
(r=0.425). Moreover, CTnI was statistically significant
(p<0.01) and positively associated with mean arterial
pressure (r=0.516) with a moderate correlation.
Besides, CTnI showed a significant (p<0.001) and
positive relationship with resting heart rate (r=0.605)
and a moderate correlation. We did not find a significant
relationship between CTnI and diastolic BP in response to
endurance training adaptation.
Conclusion In conclusion, serum CTnI was significantly
and positively associated with cardiovascular parameters
in young amateur athletes in response to 12-week
endurance training adaptation.

INTRODUCTION
Regular endurance training decreases cardiovascular disease and related problems1
through maintaining normal blood pressure
(BP) and decreasing high BP.2 Recent studies
reported elevated cardiac troponin I (CTnI)
levels which have been observed in marathon runners with exercise-induced high BP.3
Even though cardiac troponin is found to be
elevated in various clinical settings, that is,
myocardial infarction, heart failure, hypertensive cases,4 recent studies reported that
CTnI could be released due to myocardial

Key messages
What are the findings?
►► Elevated cardiac troponin I (CTnI) levels have been

observed in young athletes with exercise-induced
high blood pressure (BP) after acute endurance
running.
►► After a 12-week chronic endurance training, CTnI
showed a decreased concentration and moderate
positive association with systolic BP, mean arterial
pressure and resting heart rate.

How might it impact clinical practice in the
future?
►► An elevation of serum CTnI concentration after an

acute endurance training might indicate the athletes’ younger age and lesser training experience.
This, however, could be adaptable after chronic
training.

ischaemia during exercise as a result of rapid
atrial pacing in the absence of cell necrosis.4 5
Conversely, exercise-induced stress has shown
an adverse effect on the heart by enhancing
apoptosis and dysregulation of the matrix
metalloproteinase system in a rat model.6
Previous studies were conducted only on elite
athletes and investigated responses of CTnI
with acute responses of endurance exercise
with the variability of exercise-induced hypertension. However, cardiac troponin was found
to be elevated in adolescents than adults7–9
after endurance training, and young myocardium may be more susceptible to injury.10
Thus, the increased interest of involvement
in endurance sports by young athletes11 has
driven us to observe CTnI and cardiovascular
parameters.
Studies reported a transient systolic and
diastolic abnormality12 13 hypertension and
abnormally elevated level of cardiac troponin
after endurance exercise,14–16 indicating a
positive correlation between cardiac troponin
elevation and the level of cardiac abnormalities. The risk of developing this abnormality
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is partly explained by the training experiences of the
athletes.17 18 Moreover, systolic BP was reported to have
positive associations with troponin I serum levels19 20 with
the acute endurance training response. However, the
increase in cardiac troponin after endurance training is
likely due to the cytosolic release of the biomarker, not
due to the myocyte’s true breakdown that does not lead to
cardiovascular problems.21 Although some studies tried
to observe the relationship between cardiac biomarkers
and BP, they did not consider youngsters with gradual
training adaptation.
Therefore, it is of interest to observe the association of
cardiac troponin and cardiovascular parameters (resting
heart rate (RHR), MAP, systolic and diastolic BP) in
response to chronic endurance training in young athletes.
Therefore, we aimed to observe the relationship between
serum cardiac troponin I and cardiovascular parameters
in response to long-term endurance running in young,
moderately trained athletes. Accordingly, we applied
continuous endurance running with 70%–80% HRmax
intensity for 35 min per session for the first week and
additional 2 min each week from the second to the last
week for 12 weeks. Hence, we hypothesised that cardiac
troponin I is significantly and positively associated with
cardiovascular parameters in response to endurance
training adaptation. As a result, this study will give active
individuals and amateur athletes information to monitor
their progress and maintain their cardiovascular health
to reduce the potential of a cardiac problem and the
probability of illness.
METHODS
Study area
This study was done in Bahir Dar, Ethiopia, at an altitude
of 1840 m above the sea level with 11°36′N 37°23′E coordinates of latitude and longitude. It is characterised by a
25°C–32°C annual average temperature and 58% annual
average humidity.22
Study population
Fifteen healthy, moderately trained male athletes aged
(19.5±1.3) years were selected. The sample size was based
on similar studies done before23 using the following equations, which consider 80% power and p≤0.05:

may exclude participants from participating in endurance running. Therefore, participants that reported
health problems (ie, heart dysfunction and chest pain
during exercise), physical conditions (ie, loss of balance,
consciousness, and bone or joint problem) and currently
taking antihypertensive drugs were excluded from the
study. In addition, participants who were smokers and
alcoholics were also excluded from participation in the
study due to effects on both physical performance and
metabolic biomarkers.25 26
Study design
A single group pre-post study design was used in this
study. Fifteen subjects were selected and placed in high-
intensity endurance training. Serum cardiac troponin
and cardiovascular parameters were assessed at the beginning of the training and after 12 weeks of endurance
training. High-intensity endurance training was done at
70%–80% HRmax 35 min per session for the first week
and 2-minute increments each week from the second to
the last week for 12 weeks.
Written consent was delivered to the participants, and
they were informed about the objectives of the study.
Participation of subjects in this study was purely voluntary,
and their right not to participate was respected. Issues of
confidentiality and anonymity were maintained, too.
Training protocol
This field-
based study was conducted based on the
protocol specified here. There were 5 min of warming up
and stretching exercises at the beginning of the training
and 5 min of cooling down exercise at the end of each
training session. Then continuous endurance running
was done at 70%–80% HRmax at a constant intensity of
35 min per session for the first week and 2-minute increments each week from the second to the last week for 12
weeks. Participants were provided with heart rate (HR)
monitors, and the training intensity was monitored with a
Polar HR monitor (Polar Electro Oy, Kempele, Finland)
throughout the entire session. Intensities were individualised by adjusting training paces based on the percent
maximal HR (% HRmax).27 They were instructed not to
participate in other exercise training and continue with
their nutrition habits throughout the experiment.

Measurements of cardiovascular parameters
n=
n=
= 14.5 Systolic and diastolic BP were measured with an electronic
 BP monitor (Spengler ES-60, France). The tourniquet of

the sphygmomanometer was tied on the wrist of the lower

arm and inflated with air while the subject was seated.
The result displayed from the indicator of the sphygwhere n=sample size needed per group, σ∗2 T is the
momanometer was recorded in millimetre mercury.
variance of the treatment, σ∗2 R is the variance of the
Mean arterial pressure (MAP) was computed using the
reference, δ is the maximum percent of no clinical
following formula: MAP=DBP+1/3(SBP−DBP).28
importance, CVT is the coefficient of variations of the
Measurement of RHR was done in the morning
treatment and CVR is the coefficient of variations of the
immediately after waking up using a HR monitor. The
reference.
HR monitor sensor was tied on the hand’s radial artery,
In addition, a validated physical activity readiness
and the subject laid down relaxed in a supine position.
questionnaire24 was given to evaluate conditions that
(

2

)2 (
)
zα+zβ/2 σ2+σ2 R∗T∗
,
(
)2
δ−/CVT−CVR/

(

)2 (
)
1.64+0.84 0.302 +0.352
(
)2
0.10+0.70−0.50
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After about 1 min, the HR monitor was started. The
subject breathed calmly for 3–5 min without looking at
the HR monitor. Then after 3–5 min, the HR monitor
was stopped. Finally, the result of HR was checked and
recorded.
Assay of serum CTnI
About 5 mL of blood samples was collected just before
training (pretest) and 4 hours after the 12-
week post-
training sessions from each participant. The peak of
cardiometabolic markers has been observed 3–4 hours
after the training period.7 29 The blood was withdrawn from an antecubital vein with vacutainer serum
separator tube containing blood clotting accelerant gel.
The serum was isolated by centrifugation of the blood
sample at 4000 rpm (revolution per minute) for 3 min
and stored at −20°C until analysis. The amount of cardiac
troponin I band (cTnI) was measured by chemiluminescence immunoassay using Maglumi 800 fully automated
chemiluminescence immunoassay analyser in ng/mL
via Shenzhen New Industries Biomedical Engineering
(Snibe).
Data analysis
To analyse the data found from the study, inferential
statistics were used. The Kolmogorov-
Smirnov and
Shapiro-Wilk30 31 normality tests have been applied to
check whether the data are normally distributed. To identify the presence of any significant correlations between
variables, Pearson’s correlation analysis was applied.
IBM-SPSS V.20 packages were used to analyse the data.
Variables were specified as Pearson’s correlation coefficient (r) and probability value (p). In all cases we took,
p≤0.05 was reported as being a significant result.

RESULTS
Based on Kolmogorov-
Smirnov and Shapiro-
Wilk
normality tests,30 31 we find p>0.05. Also, visual inspection
of histograms, normal Q-Q plots and box plots displayed
that the data were approximately normally distributed.
The general characteristics of participants in mean±SD
were age (19.5±1.3) years, height (1.67±0.07) m, body
mass (53.96±5.67) kg and body mass index (19.31±1.41)
kg/m2.
After the 12-week endurance training, serum cardiac
troponin was found to be correlated with cardiovascular
parameters (systolic BP, MAP and RHR) (table 1). The
level of CTnI after the 12-week endurance training was
significantly (p<0.05) and positively associated with
systolic BP (r=0.425), indicating a weak relationship.
Moreover, CTnI was statistically significant (p<0.01) and
positively associated with MAP (r=0.506) with a moderate
relationship. Furthermore, CTnI showed a significant
(p<0.001) and positive association with RHR (r=0.605)
with a moderate relationship. In both cases, CTnI and
cardiac parameters were found to be decreased at the
week endurance training. However, we
end of the 12-
did not find a significant association between CTnI and
diastolic BP after the 12-week endurance training adaptation in young, moderately trained athletes.
DISCUSSION
This study aimed to look for the relationship between
serum cardiac troponin I and cardiovascular parameters
in response to the 12-week endurance training in young
athletes. The study’s main findings support our hypothesis that serum cardiac troponin I is positively associated
with cardiovascular parameters after endurance training
adaptation. Consequently, we find a reduced serum
cardiac troponin (CTnI) in response to the 12-
week
endurance training, indicating a significant and positive correlation with RHR (p<0.001), MAP (p<0.01)
and systolic BP (p<0.05). However, we did not find a

Patient and public involvement
Patients and/or the public were not involved in the
design, or conduct, or reporting or dissemination plans
of this research.

Table 1 Pearson’s correlations
CTnI
CTnI

Pearson’s r
P value

SYSTBP

Pearson’s r

MAP

P value

0.004

RHR

Pearson’s r

0.605***

RHR

DIASTBP
 
 

_

P value

0.019

_

Pearson’s r

0.516*

Pearson’s r
P value

MAP

_
_
0.425*

P value
DIASTBP

SYSTBP

<0.001
0.198
0.294

 
 
0.586***

<0.001

_

 

_

 

0.285

0.540**

_

 

0.127

0.002

_

 

0.178
0.347

_
_

0.029
0.878

0.432
0.017

*

*p<0.05; **p<0.01; ***p<0.001.
CTnI, cardiac troponin I band; DIASTBP, diastolic blood pressure; MAP, mean arterial pressure; RHR, resting heart rate; SYSTBP, systolic
blood pressure.
Tesema G, George M. BMJ Open Sp Ex Med 2021;7:e001065. doi:10.1136/bmjsem-2021-001065

3

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2021-001065 on 18 March 2021. Downloaded from http://bmjopensem.bmj.com/ on May 8, 2021 by guest. Protected by
copyright.

Open access

significant association between CTnI and diastolic BP
(p>0.05) in response to the 12-week endurance training
adaptation.
This study confirmed a reduced and significant
positive association between CTnI and systolic BP in
response to the 12-week endurance training. In line with
our study, systolic BP was reported to have positive associations with troponin I serum levels.19 20 Conversely, an
abnormally elevated cardiac troponin level related to
high BP with positive association following acute endurance exercise has been reported.14–16 This abnormality
could be explained by the training experiences of the
athletes.17 18
Different studies reported a significant reduction of
MAP32 and systolic BP in response to chronic endurance training, indicating reduced BP.33 34 These reports
support our finding that MAP was significantly reduced
and was positively associated with cardiac troponin. This
could be attributed to the decreased concentration of
plasma endothelin-1 (ET-1), a potent vasoconstrictor
peptide produced by vascular endothelial cells,35
resulting in decreased BP and associated cardiac troponin
in response to endurance training adaptation. Accordingly, the reduction in the cardiac troponin release in
experienced endurance athletes might be explained by
myocardial scar replacing with new and normal cardiac
tissue.
In this study, we confirmed a significantly reduced
and positively correlated resting heart rate with cardiac
troponin. Even though we did not find similar studies
observing RHR association with cardiac troponin,
different studies reported that RHR was reduced after
8–12 weeks of high-intensity endurance training.32 36 The
reduction of these cardiac parameters could be attributed
to altered autonomic regulation of HR towards vagal
dominance36 and lower sympathetic and increased
parasympathetic outflow, increased muscular capillarisation, vascular remodelling with a resulting reduction in
systemic vascular resistance.37 Changes in serum cardiac
troponin can be influenced by training experience,
intensity differences and training method differences
that we could not address in our study design. Nevertheless, we can see a chronic endurance training effect with a
gradual increment in the training duration for 12 weeks.
Generally, our findings improve the understanding of
physiological and pathological foundations of serum
CTnI association with cardiovascular parameters after
long-term endurance training in young athletes. In addition, these findings add to the growing body of evidence
linking cardiac troponin to cardiovascular fitness. This
indicates that gradual training adaptation reduces serum
cardiac troponin concentration and associated cardiovascular parameters after the 12-week endurance training
in young, moderately trained amateur athletes. However,
further investigation is needed across different intensity
and different methods of training.
4

CONCLUSION
In this study, we concluded that serum CTnI is significantly
and positively associated with cardiovascular parameters
in amateur athletes in response to the 12-week endurance training.
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