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Objective: The purpose of this study was to investigate the effects of a single bout of high-intensity
interval exercise (HIIE) on high-sensitivity cardiac troponin T (hs-cTnT) release and to explore the po-
tential influencing factors.
Methods: Twenty-one experienced marathon runners completed HIIE on treadmill. Each bout of HIIE
included a hard run (15.8 ± 1.3 km$h�1) at 90% vVO2max for 2 min followed by an easy run (8.8 ± 0.7
km$h�1) at 50% vVO2max for 2 min performed 23 times within 92 min. Heart rate (HR) was recorded
every 2 min during HIIE. The hs-cTnT level was measured before (pre), immediately after (0 h), and at 4
and 24 h after exercise.
Results: The hs-cTnT level was elevated at 0 h, peaked at 4 h, and had not returned to the baseline value
at 24 h after exercise. The response of hs-cTnT at 4 h was positively related to exercise HR. Subjects with a
greater increase in hs-cTnT level had a higher exercise HR under fixed exercise intensity.
Conclusion: HIIE at 90% vVO2max interspersed with 50% vVO2max for recovery can elicit hs-cTnT elevation.
HR is a good predictor of exercise-induced cardiac troponin (cTn) release under fixed exercise intensity.
Further study should consider to correct for HR when constructing impact factors contributing to
exercise-induced cTn release.

© 2017 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiac troponin (cTn) is a highly specific and sensitive
biomarker for the identification of cellular damage or injury in the
diagnosis of acute myocardial infarction.1,2 Exercise is possibly the
only documented cause of cTn release that is not associated with an
adverse clinical outcome.3 Many reports suggested that cTn
increased in 0% to 100% of subjects,4,5 peaked at 3 to 4 h and rapidly
returned to baseline level within 24 h after the completion of
ion, Beijing Sport University,
a.

Exercise Physiology and Fitness. P
es/by-nc-nd/4.0/).
intense exercise.6 Exercise-induced cTn release is related to exer-
cise intensity and duration, age, training experience, cardiovascular
disease, and the environment.7e10 Transient changes in membrane
permeability may be responsible for the release of unbound cTn
from the cytosolic pool of cardiomyocytes,11 but the mechanism is
still under debate. The factors that may affect the increase in cTn
require further investigation to determine the mechanism and
clinical relevance of such exercise-induced perturbations.

From the existing evidence, it seems that exercise intensity,
mostly evaluated by heart rate (HR), is a predictor of cTn ele-
vation,12e14 but this has not been confirmed in other studies.15,16

One reason for this inconsistency is that there seems to be a
threshold of exercise intensity at which cTn may not be released at
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a low HR.17 Furthermore, exercise-induced cTn release, including
cardiac troponin T (cTnT) and I (cTnI), subunits of cTn, has been
predominantly observed in field-based settings, during which ex-
ercise intensity including running velocity and HR are hard to
manipulate and instantly record. Consequently, it is impossible to
show the respective independent effects of exercise intensity and
HR per se on the changes of cTn. Actually, cTnTelevation is primarily
dependent on HR when tachycardia is present in patients with no
coronary disease.18 Therefore, it is necessary to survey the inde-
pendent effect of HR on cTn release during exercise.

High-intensity interval exercise (HIIE) performed at an intensity
associated with competition pace and maximal oxygen consumption
(VO2max) is a training method commonly used by experienced run-
ners. In contrast to constant running at a steady state and submaximal
intensity, HIIE places a fluctuated workload on the myocardium,
during which intensity can be sustained at a higher level than that
attained during constant exercise load.19 Various HIIE protocols, that
of repeated bouts of 1 to 8minof hard running at 90% to 100%VO2max,
have proven to be effective in improving the VO2max of experienced
runners,19e24 and HIIE has also been found to benefit cardiorespira-
tory fitness in non-athletes.25 To date, the data on exercise-induced
cTn release during interval exercise mode are very limited and
inconsistent.26 In field-based settings, cTn elevation was observed
after basketball,27 floorball,28 and sprints29 but not after rugby, foot-
ball,30 and indoor soccer matches.31 Research on cTn change induced
by HIIE in a laboratory-based setting remains limited. Lu and colleges
reported no significant change in cTnI after 7 intervals of a 2-min run
at 90% VO2max interspersed by 1-min recovery periods.32 Due to the
development of a high-sensitivity cardiac troponin T (hs-cTnT) assay,
it is now possible to reliably detect changes in cTnT at low levels.33

Therefore, the effect of acute bouts of HIIE on hs-cTnT release can
and should be investigated.

The purpose of this study was to investigate the effect of HIIE on
hs-cTnT release and the relationship between hs-cTnT release and
exercise HR, physical characteristics, and training information in
the setting of the same relative exercise intensity (runs at hard and
easy velocities).

2. Methods

2.1. Subjects

After approval of this study by the local Ethical Committee, 21
experienced marathon runners were recruited from the Depart-
ment of Physical Education at a local university. They were free of
diseases, did not smoke, and had not taken drugs or antioxidant
supplements in the month before the study. Training history, vol-
ume, and personal best time in a marathon race (within 6 months)
were self-reported. Table 1 summarises these physical character-
istics and training information. An initial medical screening and
examination were performed by a team of medical doctors and
technicians. None of the subjects had a history of cardiac symp-
toms, and all had normal resting blood pressures and electrocar-
diographic results. All subjects provided their written consent and
were fully informed about the purposes, procedures, and potential
cardiovascular risks of this study.

2.2. Preliminary testing

All tests took place in a local sports science research centre
between October and December at 14:00 and 18:00. Air conditions
were similar for each test with small variations in temperature
(20.9 ± 1.6�C) and humidity (43.9% ± 9.5%). Subjects were asked to
refrain from intense exercise and alcohol intake for 48 h before and
after each test and were allowed to freely ingest pure water during
the test. Before the HIIE protocol, VO2max (Max-II, Physio-Dyne
Instrument Corp., Quogue, NY) and corresponding velocity of
VO2max (vVO2max) for each subject were determined on a treadmill
(Pulsar 4.0, h/p/cosmos sports & medical GmbH, Nussdorf-
Traunstein, Germany) at a 2% slope. After a general warm up, the
initial speed of 12 km$h�1 was increased by 1 km$h�1 every 3 min
until the test subject's respiratory exchange ratio reached 1.00. The
speed was then increased every 2 min by 1 km$h�1. The test was
stopped either when the increase in VO2 was less than 2.1
ml$kg�1$min�1 while the respiratory exchange ratio was 1.15 or
greater, or when exhaustion was reached.38 The VO2max and
maximal heart rate (HRmax) were the average of the highest value
over 30 s, and the vVO2max was the minimal speed at which VO2max
was reached, but only if this speed was sustained for at least 1 min.

2.3. Experimental trial

Each bout of HIIE consisted of a 2-min hard run at 90% vVO2max
followed by a 2-min easy run at 50% vVO2max for recovery per-
formed 23 times within 92 min.

2.4. Measurements

During HIIE, the subjects' HR (S810, Polar, Finland) was recorded
before exercise in rest and during exercise every 2 min. Venous
blood samples (5 ml) from the antecubital vein were collected
before HIIE (pre), immediately after (0 h) and at 4 h and 24 h after
exercise. The blood was allowed to clot at room temperature and
was then centrifuged at 3000g for 15min. The separated serumwas
then collected and stored at �80�C for further analysis.

The hs-cTnT analysis method is based on a new electro-
chemiluminescence technology that uses Elecsys 2010 automated
batch analysers (Roche Diagnostics, Basel, Switzerland).33 The
measurement range was 3 to 1000 pg$ml�1. Data lower than the
minimal detection limit was recorded as 3 pg$ml�1 when statistical
analysis was conducted. The 99th percentile cut-off concentration
and the level at the 10% coefficient of variation were 14 and 13
pg$ml�1, respectively, and the upper reference limit (URL) was set
at 14 pg$ml�1.

2.5. Statistical analyses

Data are presented as means ± standard deviations (SD) unless
otherwise stated. Log-transformation was applied to the hs-cTnT
values. A one-way repeated analysis of variance was used to
determine the effect of time and identify the peak level of hs-cTnT
across sampling points with post hoc Bonferroni tests when
appropriate. The relationship between the increase of hs-cTnT at 4
h after exercise (delta scores of 4-h post- and pre-exercise values,
Dhs-cTnT4 h) and the relevant variables, physical characteristics,
training information and exercise HR and velocity were assessed by
bivariate Pearson's product-moment correlation coefficients.

Depending on the magnitude of Dhs-cTnT4 h, the subjects were
defined as a high responder (n ¼ 7) with a large increase in 4-h hs-
cTnT (Dhs-cTnT4 h: 32.0 to 95.0; 4-h hs-cTnT: 35.0 to 98.0 pg$ml�1),
a medium responder (n ¼ 7) with a moderate increase in 4-h hs-
cTnT (Dhs-cTnT4 h: 15.1 to 31.9; 4-h hs-cTnT: 18.1 to 38.0
pg$ml�1) and a low responder (n ¼ 7) with a small increase in 4-h
hs-cTnT (Dhs-cTnT4 h: 0.3 to 13.0; 4-h hs-cTnT: 5.8 to 16.0 pg$ml�1).
A mixed between-subjects and within-subject analysis of variance
was conducted to explore the differences between the three groups
in hs-cTnT and HR of hard and easy runs and average values, and a
one-way between-groups analysis of variance was used to analyse
the differences in subjects' physical characteristic, training infor-
mation variables and percent of HR reserve (% HRR). The level of



Table 1
Relationship between high-sensitivity cardiac troponin T (hs-cTnT) and the subjects' physical characteristics, training information, and exercise heart rate (HR) during
high-intensity interval exercise (HIIE).

Dhs-cTnT4 h

r P

n 21 (20 males, 1 female)
Age (y) 22.9 ± 4.5 �0.06 0.791
Body mass (kg) 64.2 ± 4.8 0.29 0.195
Body height (cm) 174.0 ± 6.2 �0.11 0.628
BMI (kg/m2) 21.2 ± 1.3 0.54 0.011
VO2max (ml$kg�1$min�1) 63.3 ± 5.6 �0.10 0.658
vVO2max (km$h�1) 17.6 ± 1.4 �0.40 0.075
Velocity of hard run 15.8 ± 1.3 �0.40 0.075
Velocity of easy run 8.8 ± 0.7 �0.40 0.075
HRmax (beats$min�1) 191.5 ± 7.7 0.35 0.119
HRaverage (beats$min�1) 157.8 ± 11.1 0.69 0.001
%HRmax (%) 82.4 ± 4.3 0.63 0.002
% HRR (%) 76.1 ± 5.8 0.779 0.000
HRhard run (beats$min�1) 173.7 ± 9.8* 0.77 0.000
HReasy run (beats$min�1) 141.8 ± 13.5* 0.58 0.006
Distance covered in HIIE (km) 18.9 ± 1.5 �0.32 0.161
Training history (years) 5.4 ± 2.9 �0.65 0.002
Training volume (km$w�1) 45.8 ± 17.2 �0.17 0.48
Personal best in a marathon event (min) 183.8 ± 15.2 0.68 0.016

BMI, body mass index; VO2max, maximal oxygen consumption; vVO2max, velocity of VO2max; %HRmax, HRaverage/HRmax; % HRR, percent of heart rate reserve; Dhs-cTnT4
h, delta scores of 4-h post- and pre-exercise values, 0.3 to 95.0 pg$ml�1; * HRaverage is significantly different from the corresponding HRhard run or HReasy run; P < 0.05.

Fig. 1. Relationship between delta scores of 4-h post- and pre-exercise values of high-
sensitivity cardiac troponin T (Dhs-cTnT, pg$ml�1) and average heart rate (HRaverage,
beats$min�1) during high-intensity interval exercise (HIIE). High responder, subjects
with large increase in 4-h hs-cTnT (Dhs-cTnT4 h: 32.0 to 95.0; 4-h hs-cTnT: 35.0 to 98.0
pg$ml�1; n ¼ 7); medium responder, subjects with moderate increase in 4-h hs-cTnT
(Dhs-cTnT4 h: 15.1 to 31.9; 4-h hs-cTnT: 18.1 to 38.0 pg$ml�1; n ¼ 7); low responder,
subjects with small increase in 4-h hs-cTnT (Dhs-cTnT4 h: 0.3 to 13.0; 4-h hs-cTnT: 5.8
to 16.0 pg$ml�1; n ¼ 7).
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significance was set at 0.05. Statistical analysis was performed by
IBM SPSS Statistics for Windows (v19.0; Armonk, NY).

3. Results

All 21 subjects completed the 92-min HIIE, and none of them
reported any cardiac symptoms either during or within the 48-h
post-exercise period. The exercise HR data are shown in Table 1,
and the changes in hs-cTnT level after the completion of the 92-min
HIIE are listed in Table 2. The level of hs-cTnT in all subjects was
below the pre-exercise URL of 14 pg$ml�1. It increased at 0 h
(P < 0.000) and peaked at 4 h after exercise at a value significantly
higher than that at 0 and 24 h after exercise (P < 0.000). The hs-
cTnT level failed to return to the baseline value at 24 h after exercise
(P ¼ 0.006). In detail, the hs-cTnT level was still significantly
elevated at 24 h after exercise in the high responder group
(P ¼ 0.002) but not in the medium (P ¼ 0.5) and low (P ¼ 1)
responder groups. The hs-cTnT values of two subjects (15 and 18
pg$ml�1) from the high responder group were still above the URL.
Follow-up 48-h post-exercise blood sampling in these two subjects
detected an hs-cTnT value in both of 10 pg$ml�1, which was below
the URL. The variation in the peak level of hs-cTnT after exercise
was highly relevant to each subject's body mass index, training
years, personal best completion time in a recent marathon, and
exercise HR but not to running velocity during HIIE (Table 1 and
Fig. 1).

There were no differences in vVO2max, running velocities and
Table 2
High-sensitivity cardiac troponin T (hs-cTnT) measurements before and after high-
intensity interval exercise (HIIE).

Pre-exercise 0 h 4 h 24 h

Mean ± SD 4.7 ± 1.9 11.0 ± 4.6*z 29.8 ± 22.0* 7.1 ± 3.7*z
Median 5.0 10.0 25.6 6.6
Range 3.0 to 7.7 3.5 to 19.0 5.8 to 98.0 3.0 to 18.0
PR, % 0 28.6% 76.2% 9.5%

Values are in pg$ml�1; n¼ 21; PR, positive rate, percentage of subjects with hs-cTnT
exceeding the upper reference limit of 14 pg$ml�1; * Significantly different from
pre-exercise value; z 4-h value significantly different from 0- or 24-h post-exercise
value; P < 0.05.
distance run during HIIE between the high, medium and low
responder groups (Table 3), but the hs-cTnT level (interaction effect
of time � group: 0.000) (Fig. 2) and corresponding exercise HR
(main effect: 0.000) (Fig. 3) were higher in the high responder
group than those in the low responder group. Furthermore, there
were significant differences in training years, training volume per
week, personal best completion time in a recent marathon and %
HRR between the high and low responders (Table 3).
4. Discussion

To our knowledge, this is the first study to explore the effect of
HIIE on hs-cTnT release in a laboratory-based setting. Our findings
suggest that one 92-min bout of HIIE, comprising 23 2-min periods



Table 3
Stratification of subjects' physical characteristics and training information according to the delta scores of 4-h post- and pre-exercise values of high-sensitivity cardiac troponin
T (Dhs-cTnT, pg$ml�1) after high-intensity interval exercise (HIIE).

High responder Medium responder Low responder p

n 7 (7 male) 7 (7 male) 7 (6 male, 1 female)
Age (y) 21.3 ± 2.1 24.1 ± 6.7 23.3 ± 3.7 0.498
Body mass (kg) 65.1 ± 2.0 66.0 ± 4.3 61.4 ± 6.3 0.161
Body height (cm) 172.2 ± 4.0 176.6 ± 6.8 173.1 ± 7.2 0.4
BMI (kg/m2) 22.0 ± 1.1 21.2 ± 1.3 20.5 ± 1.0 0.058
VO2max (ml$kg�1$min�1) 61.8 ± 6.3 62.7 ± 6.6 65.5 ± 3.4 0.451
vVO2max (km$h�1) 17.0 ± 1.4 17.7 ± 1.6 18.0 ± 1.2 0.408
Velocity of hard run 15.3 ± 1.3 15.9 ± 1.4 16.2 ± 1.0 0.408
Velocity of easy run 8.5 ± 0.7 8.9 ± 0.8 9.0 ± 0.6 0.408
HRmax (beats$min�1) 197.0 ± 4.8 187.4 ± 7.1 190.1 ± 8.9 0.057
% HRR (%) 71.0 ± 5.0 77.1 ± 3.9 80.1 ± 4.7 0.005*
Distance in HIIE (km) 18.2 ± 1.5 19.0 ± 1.7 19.3 ± 1.3 0.423
Training history (years) 3.0 ± 1.8 5.0 ± 1.6 7.9 ± 2.9 0.003*
Training volume (km$w�1) 33.3 ± 19.9 45.0 ± 13.2 57.1 ± 11.1 0.034*
Personal best (min) 193.3 ± 6.5 191.3 ± 20.5 171.6 ± 8.5 0.043*

BMI, body mass index; VO2max, maximal oxygen consumption; vVO2max, velocity of VO2max; % HRR, percent of heart rate reserve; high responder, subjects with large increase
in 4-h hs-cTnT (Dhs-cTnT4 h: 32.0 to 95.0; 4-h hs-cTnT: 35.0 to 98.0 pg$ml�1; n¼ 7); medium responder, subjects with moderate increase in 4-h hs-cTnT (Dhs-cTnT4 h: 15.1 to
31.9; 4-h hs-cTnT: 18.1 to 38.0 pg$ml�1; n¼ 7); low responder, subjects with small increase in 4-h hs-cTnT (Dhs-cTnT4 h: 0.3 to 13.0; 4-h hs-cTnT: 5.8 to 16.0 pg$ml�1; n¼ 7); *
Significantly different between high and low responders; P < 0.05.
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of exercise at 90% vVO2max interspersed with 2-min periods of
exercise at 50% vVO2max for recovery, can elicit hs-cTnT elevation of
nearly 634%, with 16 of 21 (76.2%) experienced marathon runners
having an hs-cTnT value above the cutoff for the diagnosis of
myocardial damage. High responders with a larger increase in hs-
cTnT had a higher HR at the same absolute running velocity and
relative exercise intensity (%vVO2max) than the low responders.
Exercise HR was positively related to the magnitude of the hs-cTnT
response to exercise in the setting of fixed exercise intensity.
Therefore, the novel finding of this study is that HR appears to be an
important independent predictor of exercise-induced cTn release.
Besides exercise HR, training adaptation may reduce the sensitivity
of exercise-induced cTn release because the experienced marathon
runners with longer training experience, higher training volume
per week and better performance completed the HIIE with a lower
average HR and correspondingly minor increase in hs-cTnT.
Fig. 2. Stratification of high-sensitivity cardiac troponin T (hs-cTnT, pg$ml�1) accord-
ing to the delta scores of 4-h post- and pre-exercise values of hs-cTnT (Dhs-cTnT,
pg$ml�1). High responder, subjects with large increase in 4-h hs-cTnT (Dhs-cTnT4 h:
32.0 to 95.0; 4-h hs-cTnT: 35.0 to 98.0 pg$ml�1; n ¼ 7); medium responder, subjects
with moderate increase in 4-h hs-cTnT (Dhs-cTnT4 h: 15.1 to 31.9; 4-h hs-cTnT: 18.1 to
38.0 pg$ml�1; n ¼ 7); low responder, subjects with small increase in 4-h hs-cTnT (Dhs-
cTnT4 h: 0.3 to 13.0; 4-h hs-cTnT: 5.8 to 16.0 pg$ml�1; n ¼ 7); * Significantly different
between high and low responders; z significantly different between high and medium
responders; # significantly different between medium and low responders; P < 0.05.

Fig. 3. Stratification of exercise heart rate (HR, beats$min�1) of hard and easy runs and
the average during high-intensity interval exercise (HIIE) according to the delta scores
of 4-h post- and pre-exercise values of hs-cTnT (Dhs-cTnT, pg$ml�1). High responder,
subjects with large increase in 4-h hs-cTnT (Dhs-cTnT4 h: 32.0 to 95.0; 4-h hs-cTnT:
35.0 to 98.0 pg$ml�1; n ¼ 7); medium responder, subjects with moderate increase
in 4-h hs-cTnT (Dhs-cTnT4 h: 15.1 to 31.9; 4-h hs-cTnT: 18.1 to 38.0 pg$ml�1; n ¼ 7);
low responder, subjects with small increase in 4-h hs-cTnT (Dhs-cTnT4 h: 0.3 to 13.0; 4-
h hs-cTnT: 5.8 to 16.0 pg$ml�1; n ¼ 7); * Significantly different between high and low
responders; z significantly different between high and medium responders; P < 0.05.
4.1. Effects of HIIE on hs-cTnT release

With respect to the inconsistent results of cTn release after in-
terval exercise, the subjects, exercise protocol, sampling time and
biomarkers chosen in our study may be different than those of past
studies. Using a pre- and post-sampling method, George et al.
showed that cTnT (3rd generation) was not present in 19 male
soccer and rugby players after playing competitive games of 80 to
90 min.30 Carranza-García et al. found that cTnT (3rd generation)
was only detected in one (0.022 ng ml�1) out of 21 adult soccer
players after an 81 to 99-min match with average HR of 159 ± 20
beats$min�1.31 Nie et al. indicated that after a 66-min basketball
game in adolescent players with an average HR (during intervals) of
169 ± 9 beats$min�1, multiple measurements of cTnT (3rd genera-
tion) in 4 of the 10 players were above the cutoff of 10 pg$ml�1 for
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myocardial injury.27 The peak values of cTnT occurred at 4 h and
returned to baseline within 24 h after exercise. Weippert et al. also
showed that the hs-cTnT level at 4 h was higher than that at 1 h
after a very short 21-min bout of HIIE and was above the URL in 5 of
13 (38.5%) adults.29 It was suggested that the peak level of cTn
appears within 3 to 4 h after either shorter-duration exercise,6 or
longer-duration marathons.34 This was also confirmed in our study
with a positive rate of hs-cTnT elevation of 76.2%. A review paper26

reported the increase of hs-cTnT to be 69.8% after running when
evaluated immediately or within 6 h after exercise. When the 3rd-
generation immunoassay of cTnT was adopted, it was reported that
47% of runners exceeded the detection limit in a meta-analysis.34

The use of hs-cTnT measurement in exercise makes it clearer that
cTn release after exercise commonly occurs in apparently ‘healthy
athletes’, and hs-cTnT has higher precision at measured concen-
trations below 100 pg$ml�1,33 which is exactly the general range of
exercise-induced cTn release. In our study, hs-cTnT rapidly
decreased 24 h after exercise and returned to a normal value in all
subjects within 48 h even with a strenuous exercise protocol. Ex-
ercise HR is related to the changes of hs-cTnT. This suggests that
exercise-induced cTn release may be a physiological process
directly related to cardiac workload rather than pathological pro-
cess. Actually, it is assumed that increased membrane permeability
or bleb formation may be involved in this transient release of
cytosolic cTn in cardiomyocytes.4,35 Our previous research also
partially confirmed the hypothesis that peak cTn was related to the
concentration of malondialdehyde (MDA), which is a marker of
lipid peroxidation and cell membrane permeability.36 In this study,
hs-cTnT rapidly decreased but failed to return to baseline at 24 h
after exercise, which challenges the common point of view that 24
h is adequate for recovery.3,6 The novel observation of our study
was that delayed recovery occurred in the high responder group,
which had higher peak hs-cTnT values and exercise HR during HIIE.
Scherr et al. also reported that 72-h levels of hs-cTnT in adults were
higher than baseline levels after a marathon.37 HIIE is a popular
training method used by long distance runners especially in
training programmes during the competition season.39 This sug-
gests that further study should be performed to evaluate the effect
of repeated HIIE training sessions on hs-cTnT release, and its
possible relationship to overtraining.

4.2. Potential factors regarding the variation of hs-cTnT release
after HIIE

Reproducibility in the release of hs-cTnT after constant39 and
interval28 exercise was reported and was influenced by certain
factors. Exercise intensity, duration, training experience, age and
weight are reported to affect exercise-induced cTn release.4,34

Because many studies were conducted in field-based settings dur-
ing which running velocity was self-selected, the influencing fac-
tors could not be manipulated. Two laboratory-based studies
confirmed that exercise intensity strongly affected exercise-
induced cTn release,12,13 and such release would be severe as ex-
ercise duration increased.14,16 We fixed the relative exercise in-
tensity and found high and low responders with similar values of
VO2max, HRmax and running velocity and distance but different
exercise HRs and variations of cTn release. The low responder group
had better training, as indicated by longer training experience and
volume per week and a better personal best in an event, and
completed HIIE at a lower average HR and % HRR than the high
responders. These observations suggest that the reduction in ex-
ercise HR with training19 may have a significant positive impact on
cTn release during exercise. Taken together, these factors suggest
that HR during exercise may be a good single predictor of hs-cTnT.
Exercise-induced cTn release is the cardiac response to exercise
stress in a single bout of exercise. Actually, cTnT elevation is pri-
marily dependent on HR when tachycardia is present without any
coronary disease evident at rest.18 Kim et al. examined exercise
status and found that the cTnI level after a marathonwas related to
increased blood pressure, which is another parameter affecting the
workload of the heart.40 Further study should consider to correct
for HR and exercise intensity when constructing impact factors
contributing to exercise-induced cTn release. The limitations of this
study are the lack of data on stroke volume and cardiac function
and that the effects of exercise duration were not considered. The
low responder group contained two subjects with hs-cTnT levels
slightly higher (15.2 and 16.0 pg$ml�1) than the URL of 14 pg$ml�1.
Further study should consider conducting ‘dose-response’ research
to investigate the determinates of cardiac work in exercise-induced
cTn release, and also a longitudinal study is recommended.

5. Conclusion

A single bout of HIIE performed in 23 2-min periods at 90%
vVO2max interspersed with 2-min periods at 50% vVO2max for re-
covery, can elicit hs-cTnT elevation of nearly 634%. Considering all
of the affecting factors, it appears that HR is a good predictor of
exercise-induced cTn release under fixed exercise intensity and
that exercise-induced cTn release is directly related to cardiac work.

Conflicts of interest

The authors have no financial conflicts.

Funding/support

Financial support is from a research grant received from the
China Postdoctoral Science Foundation (No. 2016M600957).

Authorship

Each author's contribution to the manuscript is equal.

References

1. Jaffe A, Apple F. The third universal definition of myocardial infarction-moving
forward. Clin Chem. 2012;58:1727e1728.

2. Thygesen K, Alpert J, Jaffe A, et al. Third universal definition of myocardial
infarction. Circulation. 2012;126:2020e2035.

3. George K, Whyte G, Green D, et al. The endurance athlete’s heart: acute stress
and chronic adaptation. Br J Sports Med. 2012;46:i29e36. Suppl І.

4. Gresslien T, Agewall S. Troponin and exercise. Int J Cardiol. 2016;221:609e621.
5. Middleton N, George K, Whyte G, et al. Cardiac troponin T release is stimulated

by endurance exercise in healthy humans. J Am Coll Cardiol. 2008;52:
1813e1815.

6. Tian Y, Nie J, Huang C, et al. The kinetics of highly sensitive cardiac troponin T
release after prolonged treadmill exercise in adolescent and adult athletes.
J Appl Physiol. 2012;113:418e425.

7. Hubble K, Fatovich D, Grasko J, et al. Cardiac troponin increases among
marathon runners in the Perth Marathon: the Troponin in Marathon (TRIM)
study. Med J Aust. 2009;190:91e93.

8. Eijsvogels T, George K, Shave R, et al. Effects of prolonged walking on cardiac
troponin levels. Am J Cardiol. 2010;105:267e272.

9. Eijsvogels T, Fernandez A, Thompson P. Are there deleterious cardiac effects of
acute and chronic endurance exercise? Physiol Rev. 2016;96:99e125.

10. Li F, Hu Y, Nie J, et al. Effects of acute, intermittent exercise in hypoxic envi-
ronments on the release of cardiac troponin. Scand J Med Sci Sports. 2016;26:
397e403.

11. Shave R, Baggish A, George K, et al. Exercise-induced cardiac troponin eleva-
tion. J Am Coll Cardiol. 2010;56:169e176.

12. Fu F, Nie J, Tong T. Serum cardiac troponin T in adolescent runners: effects of
exercise intensity and duration. Int J Sports Med. 2009;30:168e172.

13. Serrano-Ost�ariz E, Terreros-Blanco J, Legaz-Arrese A, et al. The impact of ex-
ercise duration and intensity on the release of cardiac biomarkers. Scand J Med
Sci Sports. 2011;21:244e249.

14. Eijsvogels T, Hoogerwerf M, Oudegeest-Sander M, et al. The impact of exercise
intensity on cardiac troponin I release. Int J Cardiol. 2014;171:e3e4.

http://refhub.elsevier.com/S1728-869X(17)30117-X/sref1
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref1
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref1
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref2
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref2
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref2
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref3
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref3
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref3
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref4
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref4
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref5
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref5
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref5
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref5
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref6
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref6
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref6
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref6
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref7
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref7
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref7
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref7
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref8
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref8
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref8
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref9
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref9
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref9
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref10
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref10
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref10
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref10
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref11
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref11
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref11
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref12
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref12
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref12
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref13
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref13
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref13
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref13
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref13
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref14
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref14
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref14


F. Li et al. / Journal of Exercise Science & Fitness 15 (2017) 49e5454
15. Fortescue E, Shin A, Greenes D, et al. Cardiac troponin increases among runners
in the Boston Marathon. Ann Emerg Med. 2007;49:137e143.

16. Eijsvogels T, Hoogerwerf M, Maessen M, et al. Predictors of cardiac troponin
release after a marathon. J Sci Med Sport. 2015;18:88e92.

17. Legaz-Arrese A, George K, Carranza-García L, et al. The impact of exercise in-
tensity on the release of cardiac biomarkers in marathon runners. Eur J Appl
Physiol. 2011;111:2961e2967.

18. Ben Yedder N, Roux J, Paredes F. Troponin elevation in supraventricular
tachycardia: primary dependence on heart rate. Can J Cardiol. 2011;27:
105e109.

19. Billat V. Interval training for performance: a scientific and empirical practice,
special recommendation for middle and long-distance running, part I: aerobic
interval training. Sports Med. 2011;31:75e90.

20. Astrand I, Astrand P, Christensen E, et al. Intermittent muscular work. Acta
Physiol Scand. 1960;48:448e453.

21. Billat V, Blondel N, Berthoin N. Determination of the velocity associated with
the longest time to exhaustion at maximal oxygen uptake. Eur J Appl Physiol.
1999;80:159e161.

22. Fox E, Bartels R, Billings C, et al. Frequency and duration of interval training
programs and changes in aerobic power. J Appl Physiol. 1975;38:481e484.

23. Robinson D, Robinson S, Hume P, et al. Training intensity of elite male distance
runners. Med Sci Sports Exerc. 1991;23:1078e1082.

24. Tschakert G, Hofmann P. High-intensity intermittent exercise: methodological
and physiological aspects. Int J Sports Physiol Perform. 2013;8:600e610.

25. Ciolac E. High-intensity interval training and hypertension: maximizing the
benefits of exercise? Am J Cardiovasc Dis. 2012;2:102e110.

26. Vilela E, Bastos J, Rodrigues R, et al. High-sensitivity troponin after runningea
systematic review. Neth J Med. 2014;72:5e9.

27. Nie J, Tong T, Shi Q, et al. Serum cardiac troponin response in adolescents
playing basketball. Int J Sports Med. 2007;29:449e452.

28. Wedin J, Henriksson A. Postgame elevation of cardiac markers among elite
floorball players. Scand J Med Sci Sports. 2015;25:495e500.

29. Weippert M, Divchev D, Schmidt P, et al. Cardiac troponin T and
echocardiographic dimensions after repeated sprint vs. moderate intensity
continuous exercise in healthy young males. Sci Rep. 2016;19(6):24624. http://
dx.doi.org/10.1038/srep24624.

30. George K, Dawson E, Shave R, et al. Left ventricular systolic function and dia-
stolic filling after intermittent high intensity team sports. Br J Sports Med.
2004;38:452e456.

31. Carranza-García L, George K, Serrano-Ost�ariz E, et al. Cardiac biomarker
response to intermittent exercise bouts. Int J Sports Med. 2011;32:327e331.

32. Lu K, Wang T, Shih C, et al. Cardiac biomarkers response to high-intensity in-
terval exercise in collegiate basketball players. J Sports Med Phys Fitness.
2014;54:680e682.

33. Giannitsis E, Kurz K, Hallermayer K, et al. Analytical validation of a high-
sensitivity cardiac troponin T assay. Clin Chem. 2010;56:254e261.

34. Shave R, George K, Atkinson G, et al. Exercise-induced cardiac troponin T
release: a meta-analysis. Med Sci Sports Exerc. 2007;39:2099e2106.

35. Nie J, Close G, George K, et al. Temporal association of elevation in serum
cardiac troponin T and myocardial oxidative stress after prolonged exercise in
rats. Eur J Appl Physiol. 2010;110:1299e1303.

36. Li F, Nie J, Lu Y, et al. The impact of intermittent exercise in a hypoxic envi-
ronment on redox status and cardiac troponin release in the serum of well-
trained marathon runners. Eur J Appl Physiol. 2016;116:2045e2051.

37. Scherr J, Braun S, Schuster T, et al. 72-h kinetics of high-sensitive troponin T
and inflammatory markers after marathon. Med Sci Sports Exerc. 2011;43:
1819e1827.

38. Billat V, Flechet B, Petit B, et al. Interval training at VO2max effects on aerobic
performance and overtraining markers. Med Sci Sports Exerc. 1999;31:
156e163.

39. Tian Y, Nie J, George K, et al. Reproducibility of cardiac biomarkers response to
prolonged treadmill exercise. Biomarkers. 2014;19:114e120.

40. Kim Y, Ahn J, Shin K, et al. Correlation of cardiac markers and biomarkers with
blood pressure of middle-age marathon runners. J Clin Hypertens. 2015;17:
868e872.

http://refhub.elsevier.com/S1728-869X(17)30117-X/sref15
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref15
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref15
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref16
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref16
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref16
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref17
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref17
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref17
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref17
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref18
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref18
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref18
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref18
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref19
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref19
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref19
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref19
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref20
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref20
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref20
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref21
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref21
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref21
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref21
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref22
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref22
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref22
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref23
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref23
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref23
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref24
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref24
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref24
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref25
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref25
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref25
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref26
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref26
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref26
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref26
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref27
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref27
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref27
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref28
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref28
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref28
http://dx.doi.org/10.1038/srep24624
http://dx.doi.org/10.1038/srep24624
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref30
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref30
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref30
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref30
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref31
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref31
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref31
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref31
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref32
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref32
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref32
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref32
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref33
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref33
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref33
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref34
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref34
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref34
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref35
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref35
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref35
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref35
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref36
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref36
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref36
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref36
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref37
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref37
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref37
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref37
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref38
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref38
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref38
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref38
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref38
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref39
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref39
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref39
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref40
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref40
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref40
http://refhub.elsevier.com/S1728-869X(17)30117-X/sref40

	High-sensitivity cardiac troponin T release after a single bout of high-intensity interval exercise in experienced marathon ...
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Preliminary testing
	2.3. Experimental trial
	2.4. Measurements
	2.5. Statistical analyses

	3. Results
	4. Discussion
	4.1. Effects of HIIE on hs-cTnT release
	4.2. Potential factors regarding the variation of hs-cTnT release after HIIE

	5. Conclusion
	Conflicts of interest
	Funding/support
	Authorship
	References


