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Running Head: high-intensity exercise and cardiac troponin 

 

Abstract 

Aims: This study characterized (1) the cardiac troponin T (cTnT) response to three forms of 

acute high-intensity interval exercise (HIE), and (2) the impact of 12 weeks of HIE training on 

the cTnT response to acute exercise in sedentary obese young women.  

 

Methods: Thirty-six sedentary women were randomized to traditional HIE training 

           -                     O2max                    -                               -

                                                              -                      O2max 

interspersed with 1.5-min rest) or repeated sprint exercise (RSE) training (40 × 6-s all-out 

sprints interspersed with 9-s rest) group. cTnT was assessed using a high sensitivity assay 

before and immediately, 3 and 4 h after the 1st (PRE), 6th (EARLY), 20th (MID), and 44th (END) 

training session, respectively.  

 

Results: cTnT was elevated (P < 0.05) after all forms of acute interval exercise at the PRE and 

EARLY assessment with cTnT response higher (P < 0.05) after HIE (307%) and SIE (318%) 

than RSE (142%) at the PRE assessment. All forms of acute interval exercise at MID and END 

had no effect on the cohort cTnT concentration post-exercise (all P > 0.05).  

 

Conclusion: For sedentary obese young women, both HIE and SIE, matched for total work, 

induced a similar elevation in cTnT after acute exercise with a smaller rise observed after 

RSE. By the 44th training session, almost no post-exercise cTnT elevation was observed in all 

three groups. Such information is relevant for clinicians as it could improve medical 

decision-making. 
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Key Words: cardiac troponin T; cardiac biomarker; high-intensity interval training; sprint 

interval exercise; repeated sprint exercise 

 

Introduction 

There is a burgeoning evidence base that cardiac troponin (cTn, cTnT, and/or cTnI), a 

biomarker pathognomic for cardiomyocyte damage1, is elevated after continuous prolonged 

exercise2. There are very few data describing the cTn response to high-intensity interval 

exercise (HIE)3. HIE typically involves repeated bouts of relatively intense exercise 

interspersed by short periods of recovery and is growing in popularity in cardiac 

rehabilitation, health, and fitness applications4. Concerns related to the safety of HIE have 

b                                                           “       ”       5. The 

interpretation of any cTn appearance following acute HIE is likely to be complicated due to 

potential variance in different forms of HIE, training status and cardiac risk, etc. Further 

insights into the acute cTn response to different forms of HIE and what adaptation, if any, 

occurs in the exercise-related cTn response with training could potentially inform clinical 

decision-making regarding the evaluation of interval type exercise-associated cTn elevation.  

 

A              f                 b                               H    “            ” 

efforts) and sprint interval exercise (SIE; “            ”  ff     4. Although it has been 

established that exercise duration and intensity are essential factors in mediating the cTn 

response to moderate intensity continuous exercise6, we do not know whether HIE and SIE 

would result in different cTn responses, if matched for total work accomplished. In addition, 

                          R                      “   -   ” b              f        7        

particularly intense form of SIE with a recent and rapid growth in interest7. Meta-analyses 

have reported RSE training can substantially improve fitness despite much shorter total 

exercise duration (one to several minutes)8. There is no current data describing the cTn 

response to RSE. 
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Experimental studies, mainly in animals, have demonstrated rapid cardioprotective 

effe      . .            f       z          b                   “                        ”  

which may be present after a single episode or a few episodes of exercise9. These findings 

raised an interesting question as to whether a few episodes of exercise may rapidly affect 

cTn response to acute exercise, but there have been few previous studies addressing this. In 

an animal study10, eight days of continuous endurance swimming in rats significantly 

blunted the post-continuous exercise cTnT response. Whether these results can be 

translated into humans exposing to interval exercise is not known. 

 

Data related to the impact of long-term training upon the cTn response to an acute 

exercise stimulus is currently limited, contradictory, and has mainly employed moderate-

intensity continuous training (MICT) interventions3. Recently, we demonstrated a 12-week 

MICT or HIE training program largely abolished the post-continuous exercise elevation of 

cTnT at the same absolute intensity but had no effects on the post-continuous exercise 

appearance of cTnT at the same relative intensity3. To date, however, no study had directly 

determined the effects of multiple episodes of interval exercise on the appearance of acute 

interval exercise-induced cTn.  

 

Consequently, the aims of the present study were (1) to compare cTnT appearance 

following acute HIE and SIE, when matched for total work and to determine the appearance 

of cTnT after RSE with short exercise duration (four minutes); and (2) to investigate the 

effects of 5, 19, and 43 sessions of training of HIE, SIE, and RES on cTnT responses to acute 

respective exercise. This study recruited young, sedentary, obese females who were 

completing a 12-week training program targeted at a health-related fitness changes in an at-

risk group. This provided the opportunity to work in an ecologically valid training program 

and target an under-researched group (females generally, untrained). There is limited data 

evaluating sex-based differences in the cTn response to acute and chronic exercise but our 

knowledge of potential genetic11,12, metabolic13 and health14 related differences in men and 

women undertaking training programs allied to the fact that that obesity is associated with 

higher resting cTn conccentration15, and training status alters post-exercise cTn level16, 
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suggest that  sedentary, young, obese females might show marked adaptation of the 

exercise-related cTnT response with training. 

 

Methods 

Participants  

Two hundred and ninety-eight volunteers were recruited publicly through local 

advertisements to participate in the study (Figure1). In total, 54 females were eligible 

according to the following inclusion criteria: 1) age range of 18–25 years; 2) body mass index 

(BMI) ≥ 25 kg.m-2, which is the obesity cut-off for Asian adults17; 3) body weight remained 

constant (± 2 kg) during the past three months; 4) no regular physical activities or exercise 

training; 5) no history of smoking; and 6) no history of hormonal, orthopedic, or 

cardiovascular diseases, diabetes, hyperlipidemia, hypertension, and polycystic ovary 

syndrome; and no current use of prescribed medication (including contraceptive pills). 

Eighteen eligible participants declined to enter the study for personal reasons; the 

remaining 36 participants were randomly assigned to one of three groups: HIE (n = 12), SIE 

(n = 12), and RSE (n = 12). One participant in the SIE group (discontinued intervention) was 

not included in the final analysis. At the completion of the study, 12 participants from the 

HIE group, 11 participants from the SIE, and 12 participants from the RSE group were 

included in the final analysis. After receiving a thorough briefing, the participants gave their 

written informed consent to participate. The experiment was approved by the regional 

ethics committee for the use of human and animal subjects in research. 

 

Experimental design and procedures 

Briefly, on the first and second visits to the laboratory, two respective exercise (HIE, 

SIE or RSE) sessions were performed to acclimate the participants to cycling and pacing 

exercise intensity on a cycle ergometer. At least three days later, maximal oxygen uptake 

(  O2max) was completed. Five days after pre-intervention assessments, the HIE, SIE, and RSE 

groups commenced their respective training. The training period consisted of 44 training 

sessions carried out over a time span of 12 weeks for all three groups. The 1st (PRE), 6th 
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(EARLY), 20th (MID), and 44th (END) training sessions were selected for observing the cTnT 

response to acute interval exercise. For each observation, after having refrained from 

strenuous exercise for 48 h, subsequent to a general warm-up, HIE, SIE, and RSE groups 

performed their respective scheduled training session on a cycle ergometer. Heart rate (HR) 

was recorded continuously via a portable HR monitor (Zephyr BioHarness 3.0, Zephyr 

Technology, Auckland, New Zealand). Immediately afterward, the participants rated the test 

for perceived exertion (RPE, Borg scale 6–20). Venous blood samples were drawn before 

exercise (Pre-exe), immediately after (0HR) as well as 3 h (3HR) and 4 h (4HR) after the 

training session to assess serum cTnT. The timing for the post-exercise blood samples were 

in accordance with our previous work that demonstrated that blood cTnT concentrations 

peaked 3 or 4 h after exercise in a laboratory-based study18. All exercise tests started at 

11:00 a.m. and were performed in an air-conditioned laboratory (20 °C and 50% relative 

humidity). All participants were asked to maintain their daily activity and avoid altering their 

eating habits during the experimental period.  

 

Exercise training 

In each training session, the HIE group participants repeated 4-min exercise bouts on 

                                                          f       O2max, followed by a 3-

min passive recovery until the targeted 200 kJ of work was achieved. By contrast, the SIE 

group participants repeated 1-min exercise bouts on a cycle ergometer (Monark, 839E, 

                         f        O2max, followed by a 1.5-min passive recovery until the 

targeted 200 kJ of work was achieved. In both groups, participants were instructed to cycle 

as fast as possible at the beginning of each bout so as to get to the goal cadence of 60 rpm 

within 2 s, and then were required to keep their cadence at 60 rpm for the entire exercise 

bout time. The participants in the RSE group repeated 6-  “   -   ”            erspersed with 

9-s passive recovery on a cycle ergometer (Monark, 894E, Sweden) until the targeted 40 

repetitions were achieved. At the beginning of the RSE training period, participants started 

with a resistance of 1.0 kg and worked as hard as they could during the sprinting phase. 

O                   ’  f                                       b          HR     perceived 

exertion (RPE, Borg scale 6–20), resistance was increased by increments of 0.5 kg until 
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            5   f            ’  b          .                                                  

an identical 10-min warm-up and 5-min cool down at 50–60% of HRmax. For the first four 

weeks all participants completed one session per day, three days per week. During the fifth 

through twelfth weeks, the training frequency was increased to four days per week in all 

three groups. All participants exercised with close supervision, and exercise HR and RPE 

were monitored at every training session. At the end of the f                            

  O2max of all participants was determined to readjust the workload corresponding to the 

pre-set intensity in HIE and SIE groups. All training sessions were supervised by a researcher, 

who provided verbal encouragement during the exercise bouts and ensure that the 

participants trained at the intended intensity. The training adherence of the participants 

was calculated as the percentage of the actual number of training sessions completed in 

compliance with the targeted intensity and duration, relative to the total number of training 

sessions prescribed. 

 

Graded exercise test 

  O2max was determined using a graded cycling exercise protocol that has been described 

previously3. The participants began at 50 W with a pedal frequency of 60 rpm on a cycle 

ergometer (Monark, 839E, Sweden); power output was increased by 30 W every 3 min until 

volitional exhaustion. Oxygen consumption during the exercise test was measured using a 

       b     -b -b          b          z         -   -              R           .   O2max 

was calculated as the highest 30-s average value. Following the graded exercise test, a 

                                                        O2max        H                   

                          f                            f       -        O2 versus power 

output.  

 

Body composition measurement 

The participants were instructed to refrain from exercise and alcohol consumption for 24 h. 

Before each test, participants underwent a 12-hour overnight food and fluid fast. After 

voiding, barefoot height was determined using a stadiometer and body mass and 
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composition (fat mass, percent fat, and lean body mass) were assessed using multi-

frequency bioelectrical impedance with eight tactile electrodes (InBody 720, Biospace Co., 

Seoul, Korea)19. 

 

Blood sampling procedures  

 For each sample, 5 ml of venous blood was drawn from the antecubital vein by 

venipuncture with the subjects in a seated position. To separate serum, the blood was 

allowed to clot at room temperature and then centrifuged at 3500 g for 20 min. The serum 

was drawn off and stored at -80 °C for later analysis of cTnT. cTnT was measured 

quantitatively with a new high-sensitivity immunoassay based on electrochemiluminescence 

technology using a Cobas E 601 analyzer (Roche Diagnostics, Penzberg, Germany). This assay 

has a lower detection limit of 3 ng.l-1 with a upper limit of 10,000 ng.l-1. Serum cTnT 

concentrations that were below the limit of detection are reported as 1.5 ng.l-118.   The 

coefficient of variation at a mean cTnT concentration of 13.5 ng.l-1 is 5.2%. The upper 

reference limit (URL) for cTnT, defined as the 99th percentile of healthy participants, was 14 

ng.l-120. 

 

Statistical analysis.  

The Kolmogorov–Smirnov test was used to evaluate the normality of the data. Non-

parametric Friedman's test was used to compare the cTnT across the time points (Pre-exe, 

0HR, 3HR, and 4HR) and training sessions (PRE, EARLY, MID, and END) because of the 

skewed distribution of the cTnT data. Wilcoxon signed ranks tests were completed for 

pairwise comparisons where appropriate. Moreover, cTnT in the HIE, SIE, and RSE groups 

were compared using the Kruskal–Wallis test, and the Mann–Whitney U test was completed 

for pairwise comparisons where appropriate. The percentages of subjects with cTnT 

exceeding the limit of detection of 3 ng.l-1 (cTnT positive rate) and the URL of 14 ng.l-1 at 

                                                ’            .  
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A two-way ANOVA with repeated measures on time was used to examine the changes 

in work, power, exercise time, exercise mean HR, %HRmax, RPE and   O2max across the three 

groups (HIE, SIE, and RSE) and training period. Post-hoc analyses using Newman–Keuls were 

performed for cases in which the main effect was significant. Statistical significance was 

assumed at a level of P < 0.05. Data analysis was performed using the statistical software 

package SPSS 20.0 (IBM Corp., Armonk, NY, USA). 

 

Results 

No adverse events were reported during testing or training in all three groups. Among 

the participants who completed the study compliance with the exercise intervention was 

99.6 ± 1.3%, 99.0 ± 2.1%, and 99.4 ± 1.0% in the HIE, SIE, and RSE groups, respectively. 

Training led to a gradual decrease in exercise time (only in HIE and SIE groups) and mean 

exercise HR as well as an increase in power (all P < 0.05) in a single training session of all 

groups (Table 1).  

 

Participant characteristics at PRE, MID, and END are presented in Table 2. Training 

led to a similar decrease in body mass, BMI, body fat mass, and percent fat as well as a 

                      O2max (all P < 0.05) in all groups. Further, training led to an increase (P < 

0.05) in Powerexe and decrease in HRmean and %HRmax in all three groups (Table 3).  

 

The acute exercise cTnT data for all three groups across the training period are 

presented as cohort data in Table 4 and as individual data points for pre-exercise (Pre-exe) 

and peak post-exercise (Post-exe) values in Figure 2. The cTnT increased after acute exercise 

(P < 0.05) at the PRE and EARLY assessments in all three groups with no between-group 

differences for HIE and SIE although the response after RSE was smaller. Accordingly, acute 

interval exercise also led to an increase (P < 0.05) in cTnT positive rates in the HIE (PRE, 

EARLY, and MID), SIE (PRE and MID), and RSE (PRE and EARLY). Finally, at the MID and END 
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assessments acute HIE had no significant effect on cohort post-exercise cTnT (all P > 0.05) in 

all groups with a reduced frequency of positive individual cTnT responses. 

 

Discussion 

To our knowledge, this study is the first to characterize cTnT responses to different 

forms of acute high intensity, intermittent exercise and to determine the impact of training 

progression in these forms of exercise on the cTnT response to acute interval exercise. The 

main findings of this study are that, for sedentary obese young women,  1) equal-work (200 

kJ) HIE and SIE induced similar cTnT elevations after acute exercise before any significant 

training accumulation, 2) the cTnT response to an acute bout of RSE was elevated, but  to a 

lesser extent than after HIE and SIE, 3) five sessions of training (HIE, SIE, or RSE) did not 

blunt the cTnT response to acute exercise, and 4) at the MID and END assessments acute 

HIE had no significant effect on cohort post-exercise cTnT in all groups with a reduced 

frequency of positive individual cTnT responses.  

 

cTnT responses to three forms of acute high intensity interval exercise.  

When all three groups were combined, we observed most of our participants (89%, 

31 of 35) demonstrated an increase in cTnT after exercise at the PRE-assessment, but only 

11% (four of 35) of them exceeded the URL (14 ng.l-1). The prevalence (11%) is lower than 

that (83%) from a meta-analysis on continuous endurance exercise21 that used the same 

high-sensitivity assays. Given that a higher cardiac load is likely to result in a greater cTnT 

elevation6, the findings are not surprising, as the total mechanical work performed in the 

present study was very low (200kJ or ~ 50kJ) when compared with previous studies that 

used continuous endurance tasks over many hours, days and even weeks21,22. 

 

Our current data show that, when identical total mechanical work is being 

completed during the cycling trials, HIE and SIE elicited similar cTnT elevations despite 

employing different exercise intensities. Our group6 and Stewart et al23 have demonstrated 
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that continuous aerobic exercise performed above the gas exchange threshold can induce 

cTn elevation. The present study extends this to higher intensity and interval type exercise. 

We can conclude that equal-work interval exercise may induce similar cTnT elevation when 

intensity varies but is above the gas exchange threshold. Nevertheless, additional studies 

are still warranted to clarify whether, provided that total work accomplished are similar, 

variables of interval exercise such as intensity and duration of work and relief intervals can 

be manipulated without impacting cTnT response. The similar cTnT elevation between HIE 

and SIE could be attributed to similar myocardial work, as reflected by relative HRs during 

exercise trials (HIE vs. SIE, %HRmax: 85 ± 4 vs. 85 ± 4). This must be approached with some 

caution considering that HR lag and inertia at exercise onset and cessation occurred during 

interval exercise7. 

 

While previously thought to be a phenomenon exclusive to ultra-endurance exercise, 

cTn elevation has also recently been found to be present after high-intensity exercise of 

relatively short duration such as half-marathon race24. Our recent study suggests that the 

exercise-induced elevation of cTnT might occur even after a typical bout of physical activity 

recommended by public health guidelines3. In the present study, we complement our recent 

f        b              “   -   ”            R                                             

substantial cTnT elevation in most participants, but the increase was somewhat less than 

that in HIE or SIE, likely due to a much lower total mechanical work of RSE (RSE vs. HIE or SIE: 

~ 50 vs. 200 kJ). To our knowledge, so far, the shortest exercise that elicited cTnT elevation 

only had a duration of 12 min (exercise session: two series of 12 × 30-second sprints)25. The 

current results with RSE further shorten the duration to 4 min and suggest that a 

surprisingly small amount of high-intensity interval exercise may lead to a small but 

detectable cTnT elevation. This is also the first study to demonstrate detectable cTnT 

elevation may be observed as short as 10 min following the start of the interval-type 

exercise (i.e., cTnT increase immediately after RSE), which indicates the exercise-induced 

cTnT elevation may occur rapidly. Considering shorter protocols are nowadays becoming a 

trend in health-related research26 and interval type exercise is common in daily life, 

especially in children, it is important for future studies to identify how a short duration of 

exercise is still sufficient to cause high levels of cTnT in a range of different populations. 
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Impact of training progression on the cTnT response to acute interval exercise 

Chen et al10 noted that eight days of continuous endurance swimming in rats 

significantly blunted the post-exercise cTnT response. This supports the concept that rapid 

cardioprotect     ff         b          f      f             f                  “         

               ”9. In the present human study, we observed that similar cTnT responses to 

exercise between the first and sixth training sessions in all three regimes. These human data 

seem to indicate that cardioprotective effects after the five interval exercise sessions does 

not include a blunting of the cTnT response to acute exercise, and the reason(s) remains 

unclear. The standardized use of laboratory-based settings in the current study largely 

excludes the possibility that the effects of environment influenced the exercise 

preconditioning in HIE and SIE. Considering the efficacy of classic preconditioning is 

attenuated in the presence of risk factors for cardiovascular disease (CVD), such as obesity9, 

we can speculate the fact that the female participants were obese may have impaired or 

delayed the exercise preconditioning. This speculation is supported by a field-based study 

showing, in subjects with CVD risk factors, moderate-intensity long-distance exercise-

induced increase in cTnI levels was comparable across four consecutive exercise days27. 

Nevertheless, to further support such an assertion, future studies in laboratory-based 

settings, which take risk factors of CVD into account, will need to be undertaken. 

 

We recently assessed the effects of a 12-week training (~ 44 total sessions) program 

of interval exercise on cTnT response to continuous exercise3. Thus, the present study 

complements our prior work In the current study, we observed that all forms of acute 

interval exercise at the last (the 44th) training session had no effect on the cohort cTnT 

concentration with almost no positive individual cTnT responses to acute interval exercise. 

The reduced myocardial work, as reflected by lower mean exercise HR and reduced exercise 

duration is likely, at least partially, to explain the blunting of the cTnT response. This 

speculation is supported by our recent observation that 12 weeks of high-intensity interval 

training largely abolished the post-continuous exercise elevation of cTnT at the same 

absolute intensity but had no effects on the post-continuous exercise appearance of cTnT at 

the same relative intensity3. In fact, exercise training per se may not abolish the post-
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exercise cTnT elevation but increases the absolute exercise intensity threshold for the cTnT 

            b                        ’                   f      .            f           

explain contradictory results. For example, our current findings may seem to be at odds with 

Legaz-Arrese et al.28 who noted that endurance training resulted in higher post-continuous 

exercise cTnT. Legaz-Arrese et al.28 employed an all-out time trial as the acute exercise bout 

before and after training, and thus higher relative and absolute exercise intensities post-

training can be assumed due to improved fitness levels. The higher post-exercise values of 

cTnT after training might be attributable to the higher exercise intensity post-training. Any 

training-induced changes in post-exercise cTnT must take into account absolute and relative 

intensity of the exercise provocation. 

 

In addition, we also noted a gradual decrease in training HR during the progression 

of high-intensity interval training. This phenomenon also has been noted in our prior3 and 

another study29. Of note, it has been suggested that the use of intermittent effort instead of 

continuous could have independent physiological effects such as metabolic fluctuations, 

which per se induces a greater activation of mitochondrial biogenesis30. Whether this is 

related to a gradual decrease in exercise HR during the progression of interval training or an 

alternative explanation of the gradual blunting of the cTnT response to acute interval 

exercise in the present study is unclear but worth exploring in further research. 

 

Individual variability in cTnT response to acute interval exercise 

This study confirmed the findings of previous studies that considerable inter-

individual variation exists in cTnT response to acute exercise24,31-34. The novel aspect of our 

study is that we examined the effects of training progression on individual variability in 

response to three forms of interval exercise. The finding demonstrated a similar trend in 

changes in inter-subject variability from the 1st to 44th training session, and the largest inter-

individual variability occurred on the 6th session (Figure 2). The factors that influence the 

marked inter-subject variability in the exercise-associated cTnT response are not fully 

understood but could not be explained in our data by power output and/or peak HR during 
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exercise, exercise form, time of day, or environment. Moreover, there were no significant 

differences in age, body mass,   O2max, and percentage fat of subjects between high and low 

responders on the 1st, 6th or 20th training session, indicating that the variability could not be 

attributed to subject characteristics we assessed. Further determination of factors 

mediating this heterogeneity was constrained by our relatively small and homogeneous 

cohort. Of note, addressing a principal limitation of other studies16,32,33,35 that typically 

focused on single factors, Eijsvogels et al. assessed the influence of multiple parameters on 

post-exercise cTnI levels in a large and heterogeneous cohort, and noted a large portion (> 

90%) of the post-exercise cTnI levels cannot be explained36. Therefore, one may suggest that 

cTn increases seem to be random and be irrespective of subject and exercise characteristics.  

 

Limitations  

There are a few limitations that should be considered. The data in the current study 

pertain only to young female participants with obesity and, as such, generalizability of the 

data is limited. Further, although we attempted to control for menstrual cycle health (no 

oral contraceptive users and no one with menstrual dysfunction) in the female participants, 

we could not constrain testing to specific phases of the menstrual cycle on each exercise 

session observed. This could have some influence upon post-exercise cTnT concentrations 

and a specific menstrual cycle phase study would be useful. In addition, although we made a 

great effort to control exercise intensity, the relatively exercise intensity performed in all 

trials of each training mode was not exactly the same, as the four assessments in the HIE 

and SIE occurred at different timepoints after applying the corresponding updated exercise 

power output, and the “   -   ” nature of RSE. Nonetheless, given the ecological validity, we 

believe that our design is clinically relevant as this represents the real situation of interval 

training exposures. Finally, the logistical issues induced by doubling the number of tests in 

extremely short time windows (1st, 6th, 20th, and 44th training session) prevented the 

inclusion of control groups primarily due to our study design of a three-regime comparison.  
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In conclusion, in previously sedentary young obese females, equal-work HIE and SIE 

induced similar cTnT elevation in response to acute high intensity, intermittent exercise. A 

smaller cTnT increase also occurred after a smaller exercise volume associated with RSE. In 

all three training regimes, an elevated post-exercise cTnT could be expected in the early 

stages of training but this response was gradually abolished with increased exposure to 

interval exercise in real training settings. Clinicians should be aware that an elevated cTnT 

can be observed even after an extremely short duration of high-intensity interval exercise, 

and the progression of interval training can largely affect cTnT response to acute interval 

exercise.  

 

Perspectives  

In the current study, almost all participants presented with an increase in cTnT 

following interval exercise that suggests that an exercise-induced cTnT elevation is largely 

obligatory and thus likely physiological in nature. This argument is supported by our recent 

animal studies, which demonstrated that the elevation of cTnT post-exercise was not 

associated with any histological evidence of irreversible cardiomyocyte injury, suggesting a 

cytosolic release of the biomarker rather than a breakdown of bound contractile proteins37. 

Based on our current data, clinicians should be aware that an elevated cTnT may occur 

rapidly following extremely short duration high-intensity interval exercise. Our study also 

provides some additional clinical insight, as we found that cTnT responses to interval 

exercise are dependent on training period. Specifically, an elevated cTnT can be expected in 

the early stages of interval training, but cTnT positive rates would reduce with increased 

exposure to interval exercise in real training settings, e.g. the appearance of a large increase 

in cTnT (above the URL of 14 ng.l−1) in interval training experienced participants with a 

recent history of acute interval exercise should raise a potential red flag for further clinical 

investigation. Such information is relevant for clinicians as it could improve medical 

decision-making.  
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Table 1. The work, power, exercise time, mean heart rate (HR) and rating of perceived exertion (RPE) of training sessions during the 12-week intervention consisted of 44 
training sessions. (Data are mean ±SD) 

 
HIE (n=12)  SIE (n=11)  RSE (n=12) 

Session  
1-12  

Session  
13-28 

Session  
29-44 

 
Session  

1-12  
Session  
13-28 

Session  
29-44 

 
Session  

1-12  
Session  
13-28 

Session  
29-44 

Work (kJ) 200 200 200  200 200 200  48±4 57±4* 64±6*
†
 

Power (Watt) 119±12 132±14* 146±15*
†
  161±18 191±19* 205±21*

†
  202±16 238±16* 269±24*

†
 

Exercise time (min) 28.3±2.8 25.5±2.8* 23.1±2.5*
†
  21.0±2.2 17.6±1.8* 16.4±1.8*

†
  4 ±0 4 ±0 4 ±0 

HR (beats.min
-1

) 174±7 174±11 168±7*  168±9 164±7 162±7*  175±8 168±7* 165±8*
†
 

RPE 16±1 17±1* 17±1*  16±1 17±1* 17±1*  15±1 16±1 16±1 

HIE, high-intensity interval exercise training; SIE, sprint interval exercise training; RSE, repeated sprint exercise training 
* Significantly different from corresponding value of Session 1-12, P <0.05 
†      f          ff      f                         f           -28, P <0.05 

 

 

Table 2. Participant characteristics during the 12-week intervention consisted of 44 training sessions. (Data are mean ±SD) 

 
HIE (n=12)  SIE (n=11)  RSE (n=12) 

PRE MID END  PRE MID END  PRE MID END 

Age (yr) 20.0±1.0    20.5±1.6    21.2±2.0   

Height (cm) 161.0±6.7    163.4±2.7    162.3±5.6   

Weight (kg) 70.0±7.5 68.4±6.3* 65.7±6.7*
†
  74.4±11.3 72.5±10.5* 71.1±10.9*

†
  69.5±6.8 67.4±6.7* 64.9±6.2*

†
 

Body mass index (kg.m
-2

) 27.0±2.8 26.2±2.8* 25.5±3.0*
†
  27.9±4.3 27.2±4.0* 26.6±4.2*

†
  26.4±1.9 25.6±2.0* 24.6±1.8*

†
 

Body fat (%) 33.4±2.8 31.5±3.3* 30.0±3.5*
†
  33.4±3.7 31.3±3.7* 31.5±4.4*  32.5±2.3 30.2±2.7* 28.9±2.5*

†
 

Fat mass (Kg) 24.3±3.8 21.6±3.9* 19.9±4.1*
†
  25.2±6.7 23.3±6.5* 22.9±6.8*  22.4±3.7 20.5±3.4* 18.8±2.9*

†
 

  O2max (ml.kg
-1

.min
-1

) 28.5±2.2 32.2±2.1* 36.7±4.2*
†
  26.2±4.4 29.9±3.7* 35.2±5.8*

†
  27.6±3.3 30.4±2.4* 33.6±2.9*

†
 

  O2max (ml.kgFFM
-1

.min
-1

) 44.0±3.2 47.6±3.7* 52.5±6.9*
†
  39.2±5.4 43.6±3.7* 51.5±7.5*

†
  40.7±5.4 43.7±3.6 47.2±4.0*

†
 

HIE, high-intensity interval exercise training; SIE, sprint interval exercise training; RSE, repeated sprint exercise training; PRE, before the 1
st

 exercise session; MID, after the 
12

th
 exercise session; END, after the 44

th
 exercise session. 

* Significantly different from corresponding value of PRE, P<0.05 
†      f        different from corresponding value of MID, P<0.05 
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Table 3. Acute exercise data during the 12-week intervention consisted of 44 training sessions. (Data are mean 
±SD) 

 
Powerexe  

(W) 
Timeexe  
(min) 

Workexe  
(KJ) 

HRmean  
(beat.min

-1
) 

%HRmax RPE 

HIE (n=12)       
  PRE 119±12 28±3 200±0 157±9 85±4 15±3 

  EARLY 119±12 28±3 200±0 155±6 84±4 16±3 

  MID 132±14*
†
 26±3*

†
 200±0 147±7*

†
 80±5*

†
 18±1* 

  END 146±15*
†‡

 23±3*
†‡

 200±0 144±11*
†
 79±7*

†
 18±2* 

SIE (n=11)       
  PRE 160±18 21±2 200±0 148±11 85±4 18±2 

  EARLY 160±18 21±2 200±0 147±7 85±5 17±3 

  MID 191±19*
†
 18±2*

†
 200±0 146±7 84±5 19±2 

  END 205±21*
†‡

 16±2*
†‡

 200±0 138±11*
†‡

 79±7*
†‡

 18±2 

RSE (n=12)       
  PRE 193±17 4±0 46±4 169±5 94±7 18±2 

  EARLY 204±15* 4±0 49±4* 171±8 95±6 18±1 

  MID 256±31*
†
 4±0 61±8*

†
 166±6

†
 92±7

†
 19±1 

  END 282±30*
†‡

 4±0 67±8*
†‡

 156±9*
†‡

 87±9*
†‡

 19±1 

HIE, high-intensity interval exercise training; SIE, sprint interval exercise training; RSE, repeated sprint exercise 
raining; PRE, the 1

st
 training session; EARLY, the 6

th
 training session; MID, the 20

th
 training session; END, the 

44
th

 training session (the last training session of the twelfth week); Powerexe, power output during exercise; 
Timeexe, total exercise duration; Workexe, work output during exercise; HRmean, mean heart rate during training 
session; %HRmax, percentage of individual maximal heart rate during training session; RPE, rating of perceived 
exertion at end of exercise 
* Significantly different from corresponding value of PRE, P<0.05 
†      f          ff      f                         f EARLY, P<0.05 
‡ Significantly different from corresponding value of MID, P<0.05 
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Table 4. Serum cardiac troponin T (ng.l
-1

) before (Pre-exe) and immediately (0HR), 3h (3HR) and 4 h (4HR) after 
a training session of high-intensity interval exercise (HIE), sprint interval exercise (SIE) and repeated sprint 
exercise (RSE) during the 12-week intervention. 

 Pre-exe 0HR 3HR 4HR 

Median (Range)     

  HIE (n=12)     

    PRE 1.50 (1.50-4.74) 1.50 (1.50-4.65) 5.92 (4.70-35.93)*
†
 6.10 (3.98-26.88)*

†
 

    EARLY 1.50 (1.50-5.15) 2.42 (1.50-5.50)*
†
 7.24 (1.50-63.78)*

†
 6.58 (1.50-49.56)*

†
 

    MID 1.50 (1.50-1.50) 1.50 (1.50-1.50) 1.50 (1.50-20.07) 1.50 (1.50-20.09) 

    END
 a

 1.50 (1.50-1.50) 1.50 (1.50-3.09) 1.50 (1.50-4.17) 1.50 (1.50-3.59) 

  SIE (n=11)     

    PRE 1.50 (1.50-3.98) 1.50 (1.50-4.20) 6.27 (3.24-37.51)*
†
 5.34 (1.50-28.25)*

†
 

    EARLY 1.50 (1.50-3.91) 1.50 (1.50-7.32) 4.42 (1.50-51.94)*
†
 4.32 (1.50-47.18)*

†
 

    MID 1.50 (1.50-1.50) 1.50 (1.50-1.50) 1.50 (1.50-9.21) 1.50 (1.50-7.20) 

    END 1.50 (1.50-1.50) 1.50 (1.50-1.50) 1.50 (1.50-7.45) 1.50 (1.50-6.73) 

  RSE (n=12)     

    PRE 1.50 (1.50-3.46) 2.30 (1.50-3.98)* 3.63 (1.50-8.21)*
‡
 3.41 (1.50-7.29)* 

    EARLY 1.50 (1.50-3.12) 1.50 (1.50-3.62) 3.03 (1.50-15.49)* 3.68 (1.50-13.42)* 

    MID 1.50 (1.50-4.27) 1.50 (1.50-5.12) 1.50 (1.50-6.93) 1.50 (1.50-6.56) 

    END 1.50 (1.50-1.50) 1.50 (1.50-1.50) 1.50 (1.50-4.41) 1.50 (1.50-1.50) 

Positive Rate 1 / 2 (%)     

  HIE (n=12)     

    PRE 8.3 / 0 33.3 / 0 100*
†
 / 16.7 100*

†
 / 16.7 

    EARLY 41.7 / 0 50.0 / 0 83.3*
†
 / 25.0 91.7*

†
 / 16.7 

    MID 0 / 0 0 / 0 41.7* / 8.3 41.7* / 8.3 

    END
 a

 0 / 0 8.3 / 0 8.3 / 0 8.3 / 0 

  SIE (n=11)     

    PRE 27.3 / 0 27.3 / 0 100*
†
 / 18.2 81.8*

†
 / 18.2 

    EARLY 36.4 / 0 45.5 / 0 72.7 / 9.1 72.7 / 9.1 

    MID 0 / 0 0 / 0 45.5* / 0 36.4* / 0 

    END 0 / 0 0 / 0 18.2 / 0 18.2 / 0 

  RSE (n=12)     

    PRE 16.7 / 0 50.0 / 0 66.7*
†‡

 / 0 58.3* / 0 

    EARLY 8.3 / 0 16.7 / 0 58.3* / 8.3 75.0*
†
 / 0 

    MID 8.3 / 0 8.3 / 0 25.0 / 0 25.0 / 0 

    END 0 / 0 0 / 0 8.3 / 0 0 / 0 

PRE, the 1
st

 training session; EARLY, the 6
th

 training session; MID, the 20
th

 training session; END, the 44
th

 
training session; Positive Rate 1, percentage of subjects with cTnT exceeding the limit of detection of 3 ng.l

-1
; 

Positive Rate 2, percentages of subjects with cTnT exceeding the upper reference limit of 14 ng.l
-1

; 
a 

n=11 
* Significantly different from corresponding Pre-exe value, P<0.05 
†      f          ff      f                    D      ND        P<0.05 
‡ Significantly different from corresponding HIE and SIE value, P<0.05 
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Figure legends 

Figure 1. The recruitment, retention and group designation participants throughout the trial.  

HIE, high-intensity interval exercise training; SIE, sprint interval exercise training; RSE, 

repeated sprint exercise training 

 

 

Figure 2. Pre-exercise (Pre-exe) and peak post-exercise (Post-exe) cardiac troponin T (cTnT, 

ng.l-1) after a training session of high-intensity interval exercise (HIE), sprint interval exercise 

(SIE) and repeated sprint exercise (RSE) during the 12-week intervention (scale is log plotted 

because of the data spread). Individual data points are presented by circles with values for 

the same participant connected by lines for each condition. 

Note: PRE, the 1st training session; EARLY, the 6th training session; MID, the 20th training 

session; END, the 44th training session; The horizontal dotted line is the upper reference limit; 

The double-arrow line is the median of cTnT values at pre-exercise (Pre-exe) or Post-exercise 

(Post-exe); , single subject; n, n subjects; 

* Significantly different from corresponding Pre-exe value, P < 0.05;  

‡ Significantly different from corresponding HIE and SIE value, P < 0.05 
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