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What is the central question of this study? 26 

Does exercise training impact resting and post-exercise cardiac troponin T (cTnT) concentration? 27 

What is the main finding and its importance?  28 

This randomized controlled intervention study demonstrated that 12 weeks of either high-29 

intensity interval training or moderate-intensity continuous training largely abolished the 30 

exercise-induced elevation in cTnT when exercise was performed at the same absolute intensity. 31 

There was no impact of training on resting cTnT or post-exercise cTnT appearance when 32 

exercise was performed at the same relative intensity. These findings provide new information 33 

that may help clinicians with decision-making in relation to basal and post-exercise values of 34 

cTnT in individuals with different training status.    35 
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Abstract  36 

We evaluated the influence of 12 weeks high-intensity interval training (HIIT, repeated 4-min 37 

cycling at 90% V̇O2max interspersed with 3-min rest, 200-300KJ/session, 3–4 days/wk) and work-38 

equivalent moderate-intensity continuous training (MICT, continuous cycling at 60% V̇O2max) on 39 

resting cardiac troponin T (cTnT) as well as exercise-induced cTnT appearance. Forty-eight 40 

sedentary obese young women were randomly assigned to HIIT, MICT, or a control group. 41 

V̇O2max and body composition were measured before and after training. At baseline, cTnT was 42 

assessed using a high-sensitivity assay at rest and immediately, 2 h and 4 h after 45-min cycling 43 

at 60% V̇O2max. After a 12-wk training period, cTnT was assessed before and after 45-min 44 

cycling at the same relative and absolute intensities as before training. Training led to higher 45 

V̇O2max and lower fat mass in both HIIT and MICT (all P < 0.05). Before training, cTnT was 46 

significantly elevated in all three groups (35 to 118%, all P < 0.05) with acute exercise. After 47 

training both resting and post-exercise cTnT levels (same relative intensity) were similar to pre-48 

training values. In contrast, post-exercise cTnT (same absolute intensity, which represented a 49 

smaller exercise stimulus) was not elevated from rest in both HIIT and MICT groups. In 50 

conclusion, 12 weeks of either HIIT or MICT largely abolished the elevation of post-exercise 51 

cTnT concentration when exercise was performed at the same absolute intensity. There was, 52 

however, no impact of training on resting cTnT or post-exercise cTnT appearance for exercise 53 

performed at the same relative intensity. 54 

 55 

Key words: High-intensity interval training; Moderate-intensity continuous training; Cardiac 56 

biomarker  57 
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Introduction 58 

The elevation of cardiac troponin (cTn, cTnT and/or cTnI) in the bloodstream is a highly 59 

sensitive and specific marker for cardiac injury and serves as a key biomarker in the diagnosis of 60 

acute myocardial infarction (Wu et al., 1999). With the introduction of high-sensitivity assays 61 

cTn  concentrations are now detectable in apparently healthy subjects (Daniels, 2013). This has 62 

expanded the role of cTn from acute cardiac care to risk stratification and prognostic medicine in 63 

the general population (Daniels, 2013). Minimally elevated basal cTn, even at concentrations 64 

below the 99th percentile of a healthy reference population, are associated with an increased risk 65 

of adverse cardiac events in the general population including young people (Daniels, 2013) and 66 

have consequently emerged as intervention targets (Januzzi, 2016).  67 

Low cardiorespiratory fitness (CRF) and obesity are known to be two strong and 68 

independent predictors for risk of cardiovascular disease, mortality and morbidity (Lavie et al., 69 

2014). As such, improving CRF and/or reducing adiposity may be an effective strategy to reduce 70 

overall cardiovascular risk and this could be associated with changes in cTn. Indeed, Florido et 71 

al. (Florido et al., 2017) have recently reported in an epidemiological study that physical 72 

inactivity was associated with higher cTnT concentrations and that there was a significant 73 

interaction with obesity status such that obese individuals with low physical activity had the 74 

highest concentrations of basal cTnT. It is therefore of interest to examine how different exercise 75 

interventions, which can increase CRF and reduce adiposity, might impact basal (resting) cTn 76 

concentrations in obesity.  77 

Observational studies have reported an inverse association between physical activity and 78 

resting cTn concentrations in aged populations (deFilippi et al., 2012; Florido et al., 2017). To 79 

date the limited evidence linking training status and resting cTn from randomized longitudinal 80 

training interventions is inconsistent. DeFilippi et al. (deFilippi et al., 2016) reported that 81 

completion of a supervised physical activity program resulted in a small increase in resting cTnT 82 

in an elderly population, but two other studies showed that the training had no effect on resting 83 

cTnT (van der Linden et al., 2014; van der Linden et al., 2015). An insufficient training stimulus 84 

due to the light exercise load adopted in the elderly subjects and lack of CRF data in the three 85 

studies (van der Linden et al., 2014; van der Linden et al., 2015; deFilippi et al., 2016) make it 86 

difficult to interpret the effect of exercise training interventions on basal cTn. 87 
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Recently, scientific literature is replete with observations of elevated cTn during and after 88 

acute exercise in apparently healthy populations (Gresslien & Agewall, 2016). Empirical 89 

evidence for underlying mechanisms in humans is absent but it has been suggested that exercise-90 

induced changes in cTn may be related to cardiomyocyte membrane "injury" or subclinical 91 

myocardial ischemia during exercise (Shave et al., 2010). Further, there is, to date, no consensus 92 

as to the clinical relevance of such findings (Gresslien & Agewall, 2016).  93 

An important part of exploring the cTn response to exercise is understanding the 94 

association between training status and the amplitude of cTn concentrations. This information 95 

may be useful for clinicians when interpreting an exercise-associated cTn elevation in 96 

individuals with different training status. Based on cross-sectional studies the impact of training 97 

status on post-exercise cTn appearance is equivocal. We (Nie et al., 2011a) and others (Gresslien 98 

& Agewall, 2016) have reported that individuals with less training experience had a greater cTn 99 

appearance consequent to acute exercise. In contrast, some studies show no association between 100 

training status and exercise-induced cTn appearance (Middleton et al., 2006; Jassal et al., 2009). 101 

These discrepancies may be largely based on the limitations associated with cross-sectional 102 

studies and the lack of control in field-based competitive studies. To the best of our knowledge, 103 

Legaz-Arrese et al. (Legaz-Arrese et al., 2015) is the only study to employ a randomized 104 

controlled intervention trial to investigate the effects of training on the appearance of cTnT 105 

following acute exercise. These authors noted that endurance training resulted in higher post-106 

exercise values of cTnT. However, the use of an “all-out” running “time trial” before and after 107 

training confounded the interpretation as the training intervention improved participants’ fitness.  108 

High-intensity interval training (HIIT) is increasingly popular as an exercise training 109 

intervention and meta-analyses have suggested HIIT to be more effective at improving CRF and 110 

reducing adiposity compared to moderate-intensity continuous training (MICT) (Weston et al., 111 

2014). Currently, the effects of HIIT on resting and post-exercise cTn appearance have not been 112 

investigated.  113 

Consequently, we employed a randomized controlled trial design to investigate the 114 

effects of 12-wk HIIT and MICT in young obese female participants, compared with a control 115 

(CON) intervention. We evaluated potential changes in resting cTnT and the cTnT response to 116 

acute 45-min cycling trials performed at the same relative and absolute exercise intensity as that 117 
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completed in a single trial pre-training. Our hypotheses were as follows: 1) training would 118 

reduce resting cTnT; 2) training would not alter the cTnT response to exercise at the same 119 

relative intensity, but reduce the elevation of post-exercise cTnT at the same absolute exercise 120 

intensity, and 3) changes in resting and post-exercise cTnT would be similar with HIIT and 121 

MICT.  122 

 123 

Materials and Methods 124 

Ethical Approval 125 

All procedures conformed to the latest revision of Declaration of Helsinki, except for 126 

registration in a database and were approved by the ethics committee at Macao Polytechnic 127 

Institute (protocol no. RP/ESEFD-01/2012). After receiving a thorough briefing, the participants 128 

gave their written informed consent to participate. 129 

Participants 130 

Seventy volunteers were publicly recruited through local advertisements to participate in the 131 

study. In total, 52 females were eligible according to the following inclusion criteria: 1) age 132 

range of 18–25 years; 2) body fat percentage ≥ 35%, which is the obesity cut-off for women 133 

(Deurenberg et al., 1998); 3) body weight remained constant (±2 kg) during the past three 134 

months; 4) no regular physical activities or exercise training; 5) no history of smoking and 6) no 135 

history of hormonal, orthopaedic, or cardiovascular diseases, diabetes, hyperlipidaemia, 136 

hypertension and polycystic ovary syndrome, and no current use of prescribed medication 137 

(including contraceptive pill). Four eligible participants declined to enter the study for personal 138 

reasons; the remaining 48 participants were randomly assigned to one of three groups: HIIT 139 

(n=17), MICT (n=15), and CON (n=16). One participant in the HIIT group (discontinued 140 

intervention), one participant in the MICT group (discontinued intervention), and three 141 

participants in the CON group (did not complete the exercise test) were not included in the final 142 

analysis. At the completion of the study, 16 participants from the HIIT group, 14 participants 143 

from the MICT group, and 13 participants from the CON group were included in the intervention 144 

analysis.  145 

Experimental design and procedures 146 
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The experimental design is illustrated in Figure 1. Briefly, on the first and second visits to 147 

the laboratory, two exercise sessions of 20- and 30-min duration were performed to accustom the 148 

participants to cycling and pacing exercise intensity on a cycle ergometer. At least three days 149 

later, anthropometric measurements including body composition analysis, as well as the 150 

assessment of V̇O2max were completed. On a separate day and after having refrained from 151 

strenuous exercise for 48 h, subsequent to a general warm-up, all participants performed an acute 152 

45-min exercise bout at an intensity of 60% V̇O2max (PRE60) on a cycle ergometer (Monark, 153 

839E, Sweden). This exercise bout represented a typical physical activity session recommended 154 

by public health guidelines (e.g. a bout of exercise that, if performed 3-4 days per week, would 155 

allow one to accumulate 150 min.wk−1 at moderate intensity) (Haskell et al., 2007). Heart rate 156 

(HR) was recorded continuously via a Polar HR monitor (Polar Electro Oy, Kempele, Finland). 157 

Immediately afterward, the participants rated the test for perceived exertion (RPE, Borg scale 6–158 

20). Venous blood samples were drawn before exercise (Pre-exe), immediately after (0HR) as 159 

well as 2 h (2HR) and 4 h (4HR) after the PRE60 to assess serum cTnT. The timing for the post-160 

exercise blood samples were in accordance with our previous work that demonstrated that blood 161 

cTnT concentrations peaked within 4 h after exercise in a laboratory-based study (Tian et al., 162 

2012). 163 

 164 

Insert Figure 1 here 165 

 166 

After pre-intervention assessments, the HIIT group commenced training with prescribed 167 

work of 300 kJ in most training sessions; the MICT group was prescribed exercise during each 168 

training session that was matched for total work (details below). The CON group received no 169 

training. All participants were asked to maintain their daily activity outside of the study and 170 

avoid altering their eating habits during the experimental period.  171 

After a 12-wk training intervention (two days after last training session) or control period, 172 

anthropometric and V̇O2max measurements were repeated. Two tests were performed in a random 173 

sequence in the HIIT and MICT groups: (1) a 45-min cycling trial at the same absolute intensity 174 

as in the PRE60 (POST60ABS) and, (2) a 45-min cycling trial at the same relative intensity 175 
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corresponding to 60% new V̇O2max obtained following training (POST60REL). In the CON 176 

group, only the POST60REL was performed as we expected little change in CRF. All 177 

measurements of HR, RPE, and serial cTnT were determined in the same manner as pre-training 178 

tests. All exercise tests started at 11:00 and were performed in an air-conditioned laboratory 179 

(20°C and 50% relative humidity).  180 

Exercise training 181 

In each training session, the HIIT group participants repeated 4-min exercise bouts on a 182 

cycle ergometer (Monark, 839E, Sweden) at an intensity of 90% V̇O2max, followed by a 3-min 183 

passive recovery until the targeted 300 kJ of work was achieved. By contrast, the MICT group 184 

participants performed continuous cycling exercise at an intensity of 60% V̇O2max until the 185 

targeted 300 kJ of work was achieved. The pedal frequency was maintained at 60 rpm during 186 

each training session in both groups. In each training session, both groups completed an identical 187 

10-min warm-up and 5-min cool down at 50–60% of HRmax. For the first four weeks, the 188 

participants in the two training groups completed 200 kJ of work (excluding warm-up and cool-189 

down) for one session per day, three days per wk. During the fifth through twelfth weeks, the 190 

training frequency was increased to four days per wk, and the total work done in each session 191 

was increased to 300 kJ in both groups. All participants exercised with close supervision, and 192 

exercise HR and RPE (Borg scale 6–20) were monitored at every training session. Details of the 193 

exercise in a single session of HIIT and MICT are shown in Table 1. At the end of the fourth and 194 

eighth weeks, the V̇O2max of all participants was determined to readjust the workload 195 

corresponding to the pre-set intensity. The training adherence of the participants was calculated 196 

as the percentage of the actual number of training sessions completed in compliance with the 197 

targeted intensity and duration, relative to the total number of training sessions prescribed.  198 

Insert Table 1 here 199 

Protocol and measurements 200 

Graded exercise test. V̇O2max was determined using a graded cycling exercise protocol 201 

that has been described previously (Zhang et al., 2017). The participants began at 50 W with a 202 

pedal frequency of 60 rpm; power output was increased by 30 W every 3 min until volitional 203 

exhaustion. Oxygen consumption during the exercise test was measured using a Cosmed breath-204 
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by-breath metabolic analyzer (Quark-PFT-ergo, Cosmed, Rome, Italy). V̇O2max was calculated as 205 

the highest 30-s average value. Following the graded exercise test, a power output that elicited 206 

approximately 60% and 90% V̇O2max in the MICT and HIIT groups, respectively, was selected 207 

from the linear relationship of steady-state V̇O2 versus power output.  208 

Body composition measurement. The participants were instructed to refrain from exercise 209 

and alcohol consumption for 24 h. Before each test participants underwent a 12-hour overnight 210 

food and fluid fast. After voiding, barefoot height was determined using a stadiometer and body 211 

mass and composition (fat mass, percent fat and lean body mass) were assessed using multi-212 

frequency bioelectrical impedance with eight tactile electrodes (InBody 720, Biospace Co., Seoul, 213 

Korea) (Kyle et al., 2004). 214 

Blood sampling procedures. For each sample, 5 mL of venous blood was drawn from the 215 

antecubital vein by venipuncture with the subjects in a seated position. To separate serum, the 216 

blood was allowed to clot at room temperature and then centrifuged at 3500g for 20 min. The 217 

serum was drawn off and stored at -80 °C for later analyses of cTnT. cTnT was measured 218 

quantitatively with a new high-sensitivity immunoassay based on electrochemiluminescence 219 

technology using a Cobas E 601 analyzer (Roche Diagnostics, Penzberg, Germany). This assay 220 

has a range from 3 to 10,000 ng.l-1 with a lower limit of detection of 3 ng.l-1. Serum cTnT 221 

concentrations that were below the limit of detection are reported as 1.5 ng.l-1 (Tian et al., 2012; 222 

Kong et al., 2017). The coefficient of variation at a mean cTnT concentration of 13.5 ng.l-1 is 223 

5.2%. The upper reference limit (URL) for cTnT, defined as the 99th percentile of healthy 224 

participants, was 14 ng.l-1 (Giannitsis et al., 2010). 225 

Statistical analysis 226 

The Kolmogorov–Smirnov test was used to evaluate the normality of the data. Non-227 

parametric Friedman's test was used to compare the cTnT across the time points (Pre-exe, 0HR, 228 

2HR, and 4HR) and three intensities because of the skewed distribution of the cTnT data. 229 

Wilcoxon signed ranks tests were completed for pairwise comparisons where appropriate. 230 

Moreover, cTnT in the HIIT, MICT, and CON groups were compared using the Kruskal–Wallis 231 

test, and the Mann–Whitney U test was completed for pairwise comparisons where appropriate. 232 

The percentages of subjects with cTnT exceeding the limit of detection of 3 ng.l-1 and the URL 233 

of 14 ng.l-1 at each assessment point were compared using Fisher’s exact test.  234 
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A 3 × 2 mixed ANOVA with repeated measures on time was used to examine the changes 235 

in V̇O2max as well as body size and compositions across the three groups (HIIT, MICT, and CON) 236 

from pre-training to post-training. In addition, a 3 × 3 two-way ANOVA with repeated measures 237 

was used to examine the differences in HRmean, HRmax, RPE, and Powerexe across the three 238 

groups (HIIT, MICT, and CON) and three intensities (60% V̇O2max at pre-training, 60% new 239 

V̇O2max at post-training, and same absolute intensity as in the pre-training at post-training). Post-240 

hoc analyses using Newman–Keuls were performed for cases in which the main effect was 241 

significant.  Spearman's rank correlation analysis was used to determine the correlation among (1) 242 

post-exercise peak cTnT and pre-exercise resting cTnT; (2) pre-training and post-training resting 243 

cTnT; (3) pre-training and post-training post-exercise peak cTnT. Statistical significance was 244 

assumed at a level of P < 0.05. Data analysis was performed using the statistical software 245 

package SPSS 20.0 (IBM Corp., Armonk, NY, USA). 246 

Results 247 

Among the participants (n=43) who completed the study, compliance with the exercise 248 

intervention was 96% ±3% and 95% ±1% in the HIIT and MICT groups, respectively. No 249 

adverse events were reported during testing or training in either group. 250 

Impact of exercise training on participant characteristics and exercise data 251 

Pre- and post-training participant characteristics are presented in Table 2. Both HIIT and 252 

MICT led to a similar decrease in body mass, BMI, body fat mass, and percent fat, and a similar 253 

increase in V̇O2max (all P < 0.05). After the CON period V̇O2max was marginally but significantly 254 

reduced (29.6 ±3.7 to 28.1 ±3.5 ml.kg-1.min-1, P < 0.05). As expected, training led to a 255 

significant increase in power output (Powerexe) in the POST60REL (Table 3). Nevertheless, the 256 

exercise data, including HRmean, %HRmax, and RPE, in the POST60REL were similar to those in 257 

the PRE60 in all subjects, but these variables in the POST60ABS were significantly (P < 0.05) 258 

lower than those in the PRE60 and POST60REL (Table 3).  259 

Insert Table 2 and Table 3 here 260 

Effect of exercise training on resting and post-exercise cTnT 261 
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cTnT data for all groups at rest and after 45-min cycling (PRE60, POST60REL, and 262 

POST60ABS) are presented in Table 4 and as individual data points in pre-exercise and peak 263 

post-exercise in Figure 2. The HIIT and MICT interventions had no effect on resting cTnT 264 

concentrations or the number of participants presenting with a cTnT exceeding the limit of 265 

detection of 3 ng.l-1 or the URL of 14 ng.l-1. cTnT increased (P < 0.05) after the PRE60 and 266 

POST60REL in the three groups, with substantial variability in individual post-exercise data. 267 

After POST60ABS post-exercise cTnT concentrations and positive rates were no different to rest 268 

in both the HIIT and MICT groups (P > 0.05). 269 

Insert Table 4 and Figure 2 here 270 

The post-exercise concentrations of cTnT in the CON group after the 12-wk control 271 

period elapsed were higher than those in the two training groups, as well as those in the CON 272 

group at pre-intervention (all P < 0.05). Accordingly, the POST60REL also led to a significant 273 

(P < 0.05) increase in number of participants presenting with an cTnT exceeding the URL (0 to 274 

46% [6 of 13]) in the CON group. When all subjects were combined, peak post-exercise cTnT 275 

after the PRE60 and POST60REL were not associated with pre-exercise cTnT (r=0.110 and 276 

0.044, both P > 0.05). Nevertheless, the pre-exercise resting concentrations were strongly 277 

correlated among the three bouts of 45-min exercises (i.e. PRE60 vs. POST60REL, r=0.563; 278 

PRE60 vs. POST60ABS, r=0.810; POST60REL vs. POST60ABS, r=0.903, all P < 0.05). 279 

Further, the between pre- and post-training correlation for peak cTnT of post-exercise at the 280 

same relative intensity (i.e. PRE60 vs. POST60REL) was also significant (r=0.331, P < 0.05).  281 

 282 

Discussion 283 

The main findings of this study are that in young females with obesity 1) a single 45-min 284 

bout of cycling at 60% V̇O2max resulted in a significant increase in cTnT with substantial 285 

variability in individual post-exercise data, 2) 12 weeks of HIIT or MICT program substantially 286 

improved CRF and reduced body fat mass, 3) training did not alter resting cTnT or the cTnT 287 

response to exercise at the same relative intensity, but 4) training largely abolished the elevation 288 

of post-exercise cTnT at the same absolute exercise intensity, which represented a smaller 289 

exercise stimulus. 290 
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Effect of exercise training on resting cTnT 291 

In the current study, the prevalence of resting cTnT over the assay detection limit of >3 292 

ng.l-1 was 77% (33 of 43). In a multi-ethnic population-based study, using the same high-293 

sensitivity assays, the prevalence of resting cTnT above the limit of detection (3 ng.l-1) was 25% 294 

(de Lemos et al., 2010). This between-study difference is presumably due to the larger 295 

proportion of obese individuals in our population as obesity may be associated with higher 296 

resting cTn concentrations in the general population (Daniels, 2013). We observed no evidence 297 

for an effect of 12 weeks of HIIT or MICT on the positive rate and concentration of cTnT under 298 

resting conditions in the previously sedentary individuals, despite the favorable effects on CRF 299 

and body composition. In two recent randomized longitudinal resistance training studies in frail 300 

participants aged older than 65 years (van der Linden et al., 2014; van der Linden et al., 2015), 301 

there was no effect on resting cTnT despite favourable training effects on strength. Our current 302 

work extends this to HIIT and MICT in young individuals. In contrast, Legaz-Arrese et al. 303 

(Legaz-Arrese et al., 2015) reported that a controlled endurance training intervention resulted in 304 

higher resting values of cTnT in young healthy participants. The reason for these discrepancies is 305 

not clear. Whether uncontrolled potential confounders, such as diurnal rhythm (Klinkenberg et 306 

al., 2014) and mental stress (Eggers et al., 2013) may have influenced resting cTnT 307 

concentrations requires further investigation.  308 

hs-TnT concentrations after acute exercise 309 

When all groups were combined, we observed that most of our participants (88%, 38 of 310 

43) demonstrated an increase in cTnT after exercise at 60% V̇O2max, but only 12% (5 of 43) of 311 

them exceeded the URL (14 ng.l-1). The prevalence (12%) is lower than that (83%) from a meta-312 

analysis (Sedaghat-Hamedani et al., 2015) that used the same high-sensitivity assays. Given that 313 

a higher cardiac load likely results in a larger cTnT elevation (Fu et al., 2009), the findings are 314 

not surprising, as the total myocardial work undertaken in the present study was low when 315 

compared to previous studies that employed endurance tasks over many hours, days, and even 316 

weeks (Gresslien & Agewall, 2016). In addition, Ranjbar et al. (Ranjbar et al., 2017) employed a 317 

similar moderate-intensity aerobic exercise (40 min duration) in sedentary non-obese males and 318 

reported similar cTnT elevation data to the current study. In combination, this suggests that the 319 

exercise-induced elevation of cTnT may occur even after a typical bout of physical activity 320 
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recommended by public health guidelines (Haskell et al., 2007) and that cTnT elevations are not 321 

exclusive to an ultra-endurance effort. 322 

The observation that cTnT elevation after acute exercise is quite variable among 323 

individuals (see Figure 2) is important to note and this supports data from our laboratory (Nie et 324 

al., 2011b; Nie et al., 2011c; Tian et al., 2012) as well as others’ (Legaz-Arrese et al., 2015). The 325 

factors that influence the between-subject variability could not be explained in our data by 326 

exercise mode, duration, intensity, time of day, environment, or pre-exercise basal cTnT 327 

concentrations (Gresslien & Agewall, 2016). Despite the high between-subject variability, we 328 

observed within-subject consistency in peak cTnT concentrations post-exercise at the same 329 

relative intensity over a 12-wk HIIT or MICT. This confirms and extends the work of Legaz-330 

Arrese et al. (Legaz-Arrese et al., 2015), in which peak post-exercise concentrations of cTnT 331 

correlated between two bouts of exercise at self-selected “all-out” intensity before and after 14-332 

wk of MICT. These findings support the notion that the post-exercise cTnT do not increase 333 

randomly but maybe accentuated in certain “susceptible” individuals (Tian et al., 2014). Future 334 

studies should determine the causes of the high between-subject variability in quantitative 335 

exercise-induced cTn elevation. 336 

The underlying mechanism(s) contributing to exercise-induced cTnT elevation remains 337 

unclear, as no direct mechanistic evidence is available in humans. Nevertheless, our recent 338 

animal studies (Nie et al., 2010; Nie et al., 2016) support the notion that an increase in the 339 

production of reactive oxygen species could lead to a reversible membrane “insult” and hence 340 

transient leakage of cytoplasmic cTn from cardiomyocytes. Moreover, using a remote ischemic 341 

preconditioning model in healthy individuals, Cocking et al. (Cocking et al., 2017) recently 342 

provided the first indirect human evidence of the role of myocardial ischemia in exercise-343 

induced cTnT elevation, though other potential mechanisms cannot be rule out. 344 

Effect of exercise training on hs-TnT concentrations after acute exercise 345 

We used two different modes of matched-work exercise training, HIIT and MICT, and 346 

saw similar effects including improved CRF and reduced body fat mass. The findings are similar 347 

to our previous study (Zhang et al., 2015), which used similar HIIT and MICT protocols. The 348 

key finding from the current trial was that post-training exercise performed at the same absolute 349 

intensity as imposed before training had no effect on cTnT concentrations. Conversely when 350 
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post-training acute exercise was performed at the same relative intensity as pre-training similar 351 

cTnT appearance kinetics were observed. On first sight, these findings may be controversial, 352 

since Legaz-Arrese et al. (Legaz-Arrese et al., 2015) noted that an endurance training 353 

intervention resulted in higher post-exercise values of cTnT. Of note Legaz-Arrese et al. (Legaz-354 

Arrese et al., 2015) employed an all-out time trial as the acute exercise bout before and after 355 

training, and thus a higher relative and absolute exercise intensity of the post-training bout would 356 

be expected due to improved fitness and performance; the higher post-exercise values of cTnT 357 

after training might be due to the higher exercise intensity. In other words, perhaps the training-358 

induced differences observed in post-exercise values of cTnT would disappear when the intensity 359 

is controlled at the same relative level. Intensity has been identified by our group (Fu et al., 2009) 360 

and other groups (Legaz-Arrese et al., 2011), as an essential factor in eliciting cTnT elevations 361 

following exercise. Our current study adds to the literature in this area of research by 362 

distinguishing the roles of absolute and relative intensity. Specifically, our current findings 363 

suggest that increased cTnT with exercise is associated with relative exercise intensity but not 364 

with absolute intensity.  365 

Training abolished the elevation of post-exercise cTnT at the same absolute intensity. 366 

This finding implies that training increased the absolute intensity threshold for the post-exercise 367 

cTnT elevations. The reduced myocardial work at the same absolute intensity resulting from the 368 

improved CRF, as reflected by lower mean heart rates (before vs. after training: ~146 vs. ~128 369 

beats.min-1), is likely to at least partially explain these findings.  370 

It was somewhat surprising to see higher post-exercise concentrations of cTnT in the 371 

CON group after a 12-wk control period elapsed. The fact that the same period was associated 372 

with a significant reduction in V̇O2max may be partially responsible. In future studies, it would be 373 

important to determine whether more intense and/or a longer training intervention may reduce 374 

post-exercise cTn responses at the same relative intensity. In addition, further research should be 375 

conducted to assess the clinical significance of a change in the absolute intensity threshold for 376 

post-exercise cTnT increases. It may be postulated that a threshold for cTn response to acute 377 

exercise may be a better marker for prognostic or risk stratification purposes.  378 

Implications 379 
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In the current study, almost all participants presented with an increase in cTnT following 380 

exercise at 60% V̇O2max that suggests that an exercise-induced cTnT elevation is largely 381 

obligatory and thus physiological. This argument is supported by our recent animal study, which 382 

demonstrated that the elevation of cTnT post-exercise was not associated with any electron 383 

microscopy-based histological evidence of irreversible cardiomyocyte injury, suggesting a 384 

cytosolic release of the biomarker rather than a breakdown of bound contractile proteins (Nie et 385 

al., 2016). In addition, none of the participants in the present study had any clinical symptoms 386 

indicative of myocardial ischemia during the experiment. This provides further support for a 387 

physiological, as opposed to pathological, mechanism responsible for the post-exercise elevation 388 

of cTnT. 389 

Based on our current data, when diagnosing AMI and/or undertaking risk stratification, 390 

clinicians should be aware that, regardless of a subject’s training status, an elevated cTnT is not 391 

limited to long-term strenuous exercise. These findings also provide new information that may 392 

help clinicians with decision-making in relation to basal and post-exercise values of cTnT in 393 

individuals with different training status, e.g. the appearance of large cTnT increase (above URL 394 

of 14 ng.l-1) in HIIT or MICT training-experienced participants with a recent history of 395 

endurance exercise at low relative intensity should raise a potential red flag for further clinical 396 

investigation.   397 

Limitations 398 

There are a few limitations that should be considered. The data in the current study 399 

pertain only to young, female participants with obesity and as such generalizability of the data is 400 

limited. The recruitment of young females is predicated on the relative lack of use of female 401 

participants in prior research and the availability of data for analyses of cTnT from a broader 402 

study on cardiovascular health in this sample. Further, although we attempted to control for 403 

global menstrual cycle health (no oral contraceptive users and no one with menstrual dysfunction) 404 

in the female participants we could not constrain testing to specific phases of the menstrual cycle 405 

both pre- and post-training. This could have some influence upon resting and post-exercise cTnT 406 

concentrations and a specific menstrual cycle phase study would be useful. In addition, we 407 

selected previously sedentary subjects in order to get a “clean” training background and preclude 408 

the effects of prior training experience. For this reason, our work was limited to assessing the 409 
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response of the appearance of cTnT after an exercise of relatively low load that would be 410 

achievable in participants (45 min at 60% V̇O2max). Thus, though we used high-volume training 411 

programs, which may not reflect typical interventions in obese individuals, our results, and their 412 

clinical impact, cannot be directly extrapolated to the effects of different acute and chronic 413 

exercise exposures. Finally, the current investigation had relatively small samples sizes which 414 

may have restricted our ability to detect some group differences in cTnT data. Considering 415 

ongoing debate about relative effectiveness of the HIIT and MICT paradigms (Holloway & 416 

Spriet, 2015; Wisloff et al., 2015), future research studies with larger sample sizes are required.  417 

Conclusion 418 

In conclusion, a 12-wk HIIT or MICT program in previously sedentary young females 419 

with obesity largely abolished the post-exercise elevation of cTnT at the same absolute intensity 420 

but had no effects on resting concentrations or the post-exercise cTnT appearance at the same 421 

relative intensity. Clinicians should be aware that an elevated cTn can be observed even after a 422 

typical bout of endurance-oriented exercise, and training that improves CRF may increase the 423 

absolute intensity threshold for the post-exercise cTnT elevation.  424 
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Table 1. Work, power, exercise time, heart rate (HR) and rating of perceived exertion (RPE) of training sessions 587 

every four weeks during the 12-wk high-intensity interval training (HIIT) and moderate-intensity continuous training 588 

(MICT) intervention. (Data are mean ±SD)  589 

 
HIIT（n=16） MICT (n=14) 

week 1-4 week 4-8 week 8-12 week 1-4 week 4-8 week 8-12 

Work (KJ) 200 300 300 200  300 300 

Power (Watt) 114±15 133 ±16 148 ±17 65 ±7 68 ±11 81 ±6 

Exercise time (min) 30 ±4 37 ±5 34 ±4 51 ±5 74 ±10 63 ±6 

HR (beats.min-1) 168 ±13 169±20 164 ±6 141±9 133 ±8 136 ±7 

RPE 15 ±1 15 ±2 16 ±1 11 ±1 12 ±1 11 ±2 
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Table 2. Pre- and post-training participant characteristics in high-intensity interval training (HIIT), moderate-intensity continuous 590 

training (MICT) and control (CON) groups. (Data are mean ±SD) 591 

 HIIT (n=16)  MICT (n=14)  CON (n=13) 

 Pre-training Post-training  Pre-training Post-training  Pre-training Post-training 

Age (yr) 21.0±1.1 -  20.9±1.6 -  20.8±1.1 - 

Height (cm) 161.6±6.5 -  159.4±4.7 -  159.6±7.9 - 

Weight (kg) 68.9±12.1 65.0±10.2*  68.3±9.5 64.1±7.9*  64.6±6.7 64.2±7.0 

Body mass index (kg.m-2) 26.3±3.6 24.8±2.9*  26.9±3.0 25.2±2.4*  26.8±4.0 26.7±3.9 

Body fat (%) 38.2±2.4 36.3±2.5*  38.7±3.3 37.0±2.5*  40.5±2.1 40.5±2.8 

Fat mass (Kg) 26.5±6.1 23.8±5.0*  26.5±5.2 23.8±3.7*  28.9±9.1 28.8±8.6 

HRmax (beats.min-1) 181±13 180±13  177±12 178±12  185±6 187±11 

VO2max (ml.kg-1.min-1) 30.2±4.4 34.3±4.6*  27.9±3.6 31.7±3.7*  29.6±3.7 28.1±3.6* 

VO2max (ml.kgFFM
-1.min-1) 48.8±6.4 53.9±6.3*  45.5±5.4 50.4±5.7*  50.0±5.0 47.7±5.2* 

* Significantly different from corresponding Pre-training value, P<0.05 592 
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Table 3. Pre- and post-training acute exercise data for a 45-min cycling bout in high-intensity interval training 593 

(HIIT), moderate-intensity continuous training (MICT) and control (CON) groups. (Data are mean±SD). 594 

 HRmean (beat.min-1) %HRmax RPE Powerexe (W) 

HIIT (n=16)     

 PRE60 151±17* 84±7* 17±1* 84±14 

 POST60REL 148±15* 83±7* 17±1* 116±21* 

 POST60ABS 129±11 72±6 14±3 84±14 

MICT (n=14)     

 PRE60 146±19* 82±9* 17±1* 85±15 

 POST60REL 144±14* 81±7* 15±2* 105±18* 

 POST60ABS 127±12 72±7 14±2 85±15 

CON (n=13)     

 PRE60 153±16 83±9 16±2 89±13 

 POST60REL 154±16 83±7 17±2 88±14 

PRE60: pre-intervention exercise at intensity of 60% V̇O2max;  

POST60REL: post-intervention exercise at the same relative intensity corresponding to 60% new V̇O2max 

POST60ABS: post-intervention exercise at the same absolute intensity as in PRE60 

HRmean, mean heart rate during exercise; %HRmax, percentage of individual maximal heart rate during 

exercise; RPE, rating of perceived exertion at end of exercise; Powerexe, power output during exercise 

* Significantly different from corresponding POST60ABS value, P<0.05 
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Table 4. Pre- and post-training serum high-sensitivity cardiac troponin T (hs-cTnT, ng.l-1) before (Pre-exe), 596 

immediately (0HR), 2 (2HR) and 4 (4HR) h after a 45-min cycling bout in high-intensity interval training (HIIT), 597 

moderate-intensity continuous training (MICT) and control(CON) groups.  598 

 Pre-exe 0HR 2HR 4HR 

Median (Range)     

  HIIT (n=16)     

    PRE60 3.28 (1.50-4.44) 3.26 (1.50-4.62) 4.69 (1.50-19.36)*† 5.96 (1.50-25.11)*† 

    POST60REL 3.72 (1.50-6.73) 3.73 (1.50-5.79) 5.35 (1.50-24.82)*† 5.99 (1.50-44.96)*† 

    POST60ABS 3.72 (1.50-6.96) 3.71 (1.50-4.66) 3.35 (1.50-4.20)* 3.34 (1.50-4.35)* 

  MICT (n=14)     

    PRE60 3.38 (1.50-4.85) 3.63 (1.50-5.08) 4.26 (1.50-11.60)*† 4.48 (1.50-13.36)*† 

    POST60REL 3.56 (1.50-5.68) 3.59 (1.50-5.17) 4.63 (3.20-25.61)*† 4.59 (3.06-41.88)*† 

    POST60ABS 3.48 (1.50-5.84) 3.76 (1.50-5.58) 3.50 (1.50-5.35) 3.63 (1.50-6.63) 

 CON (n=13)     

    PRE60 3.52 (1.50-4.03) 3.54 (1.50-4.82) 7.42 (3.65-14.85)* 5.24 (3.59-22.00)*‡ 

    POST60REL 3.67 (1.50-5.19) 3.70 (1.50-4.44) 12.46 (3.93-38.44)* 12.85 (3.36-45.42)*§ 

Positive Rate 1 / 2 (%)     

  HIIT (n=16)     

    PRE60 68.8 / 0 68.8 / 0 93.8 / 6.3 93.8 / 12.5 

    POST60REL 81.3 / 0 81.3 / 0 87.5 / 18.8 87.5 / 18.8 

    POST60ABS 75.0 / 0 81.3 / 0 62.5 /0  68.8 / 0 

  MICT (n=14)     

    PRE60 78.6 / 0 71.4 / 0 92.9 / 0 92.9 / 0 

    POST60REL 85.7 / 0 85.7 / 0 100 / 7.1 100 / 7.1 

    POST60ABS 78.6 / 0 85.7 / 0 85.7 / 0 78.6 / 0 

  CON (n=13)     

    PRE60 84.6 / 0 76.9 / 0 100 / 7.7 100 / 23.1 

    POST60REL 76.9 / 0 92.3 / 0 100 / 30.8 100 / 46.2* 

PRE60: pre-intervention exercise at intensity of 60% V̇O2max;   

POST60REL: post-intervention exercise at the same relative intensity corresponding to 60% new V̇O2max;  

POST60ABS: post-intervention exercise at the same absolute intensity as in PRE60; 

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

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

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

† Significantly different from corresponding POST60ABS value, P<0.05 

‡Significantly different from corresponding POST60REL value, P<0.05 

§Significantly different from corresponding HIIT and MICT value, P<0.05 
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Captions to Figure 600 

 601 

Figure 1. Study schematic 602 

 603 

 604 
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Figure 2. Pre-exercise (Pre-exe) and peak post-exercise (Post-exe) cardiac troponin T (cTnT, 606 

ng.l-1) after 45-min cycling in high-intensity interval training (HIIT), moderate-intensity 607 

continuous training (MICT) and control (CON) groups assessed before (PRE60) and after 608 

(POST60REL and POST60ABS) the 12-wk intervention. Individual data points are presented by 609 

circles with values for the same participant connected by lines for each condition. 610 

Note: PRE60: pre-intervention exercise at intensity of 60% V̇O2max; POST60REL: post-611 

intervention exercise at the same relative intensity corresponding to 60% new V̇O2max; 612 

POST60ABS: post-intervention exercise at the same absolute intensity as in PRE60 613 

Logarithmic scale is plotted due to spread of data. The horizontal dotted line is the 99th 614 

percentile value. The double-arrow line is the median of cTnT values at each exercise 615 

* Significantly different from corresponding Pre-exe value, P<0.05 616 
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