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28 SUMMARY:
29  Here, we present protocols of high-intensity interval and moderate-intensity continuous exercise
30 to observe the response of circulating cardiac troponin T (cTnT) concentration to acute exercise
31 over 10 days. The information may assist with clinical interpretations of post-exercise cTnT
32  elevation and guide the prescription of exercise.
33
34  ABSTRACT:
35 An elevation in cardiac troponin T (cTnT), as a highly specific biomarker of cardiomyocyte
36 damage, after moderate-intensity continuous exercise (MCE) has been described. The exercise-
37 induced cTnT response distorts the diagnostic role of the cTnT assay. Although high-intensity
38 interval exercise (HIE) is growing in popularity and concerns remain about its safety, available
39 data related to cTnT release after HIE is limited, which hampers the use of HIE as a health
40 intervention. Here, we present three representative HIE protocols [traditional HIE (repeated 4
41  min cycling at 90% VOamax interspersed with 3 min rest, 200 kJ/session); sprint interval exercise
42  (SIE, repeated 1 min cycling at 120% VOamax interspersed with 1.5 min rest, 200 kJ/session); and
43  repeated sprint exercise (RSE, 40 x 6 s all-out sprints interspersed with 9 s rest)] and one
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representative MCE protocol (continuous cycling exercise at an intensity of 60% VOzmax, 200
kJ/session). Forty-seven sedentary, overweight young women were randomly assigned to one of
four groups (HIE, SIE, RSE, and MCE). Six bouts of respective exercise were performed by every
single group, with each being 48 h apart. Meanwhile, for four groups, the duration of the entire
testing period was identical, being 10 days. Before and after the first and final exercise bouts, an
assessment was conducted of cTnT. The current study provides a frame of reference giving a clear
picture of how a specific exercise session affects the circulating cTnT concentration at the early
stage of training. The information may assist with clinical interpretations of post-exercise cTnT
elevation and guide the prescription of exercise, especially for HIE.

INTRODUCTION:

The benefits of regular exercise on the heart are well-documented®. However, the risk of cardiac
events, such as acute myocardial infarction (AMI), transiently increases during an intense
exercise?3. Individuals with low levels of regular physical activity show higher risk towards AMI23,
Cardiac troponin T (cTnT) is the biochemical gold standard in the diagnosis of AMI*. However,
there is a burgeoning evidence that the c¢TnT is elevated after continuous prolonged exercise,
which undoubtedly distorts the diagnostic role of the cTnT assay®.

The repetitive bouts of relatively intense exercise interspersed with short breaks are a typical
element of high-intensity interval exercise (HIE), which is growing in popularity in various fields
such as cardiac rehabilitation, health and fitness®’. The widespread interest in HIE is due in part
to the ability of HIE training to elicit beneficial physiological adaptations similar or superior to the
traditional moderate-intensity continuous exercise (MCE) training, despite a reduced total
exercise volume and time commitment®. However, concerns related to the safety of HIE have
been expressed due to the high cardiac demand®. To date, available data related to cTnT release
upon HIE is limited. Moreover, no previous integrated study has investigated the effect of various
modalities of HIE and traditional MCE on the appearance of cTnT with exercise. Thus, it is unclear
whether, with equalization of total mechanical work between HIE and MCE, different exercise
formats will lead to the distinction in cTnT concentrations and what the range of the elevated
cTnT values is. Given that exercise conducted at higher intensities might lead to a higher risk of
cardiac events?3, it is pertinent to develop a representative HIE and MCE proposals with the
known range of cTnT responses. The evaluation of exercise-associated cTnT elevation could
potentially be helpful in clinical decision-making and assist clinical physiologists in developing
more effective and safe exercise prescriptions.

Consequently, we outline protocols of the three representative types of HIE and one
representative type of MCE to gather physiological data while observing cTnT responses.
Considering that the risk of acute cardiac events is higher in people who do not engage in regular
exercise?? and the overall release of cTnT induced by exercise reduces with regular training?, this
study recruited sedentary, overweight females who completed a 10-day training program. This
provided the prospect to work in the early stage of training and target an under-researched group.

PROTOCOL:
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The protocol (No. 31771319) was approved by the Hebei Normal University Review Board and
conformed to the Declaration of Helsinki. All participants provided written informed consent
before participating in the testing described.

1. Participant screening and preparation for the experiment

1.1. For recruitment, ensure that the participants satisfy the following inclusion criteria: aged
between 18 and 25, a minimum body mass index (BMI) of 23 kg/m, which is the overweight cut-
off for Asian adults'?, consistent body weight (+ 2 kg) for the most recent three months, no
exercise training or regular physical activities, no record of hormonal, orthopaedic or
cardiovascular diseases, diabetes, hyperlipidaemia, hypertension or polycystic ovary syndrome,
as well as, no current use of prescribed medications (including contraceptive pills) and no history
of smoking.

1.2. Randomly assign 47 eligible participants to one of the following four groups: traditional HIE
(n =12), sprint interval exercise (SIE, n = 11), repeated sprint exercise (RSE, n = 12) or MCE (n =
12) group.

1.3. Adjust and record the appropriate seat height on the cycling ergometers so that the
participant pedals with a slight knee bend (~ 10°) at full downstroke of the pedal.

1.4. Instruct the participants to perform two initial exercise sessions (as described in step 3) to
familiarize them with the respective type of cycling exercise (HIE, SIE, RSE or MCE).

2. Experimental procedures

2.1. First, instruct each participant to perform a continuous incremental test on a stress testing
cycle ergometer to assess maximal oxygen uptake (VO2max).

2.1.1. Warm up for 5 min at 25 W. Then start the test by performing continuous 2 min stages (20
W increment per stage) starting at 50 W with a pedal frequency of 60 rpm until volitional
exhaustion.

2.1.2. Use a breath-by-breath metabolic analyzer to measure the oxygen consumption during the
exercise.

2.1.3. Calculate the VO2max based on the highest 30 s average value. Then, calculate a power
output that elicits 60%, 90% and 120% VO2max in the MCE, HIE and SIE groups, respectively, using
the equation of linear regression through plotting the steady state VO2 versus power output®®.

2.2. At least 5 days after pre-intervention assessments, instruct the HIE, SIE, RSE and MCE groups
to commence their respective training.
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NOTE: Start all exercise tests at the same time of the day (e.g., 11:00 A.M.). Meanwhile, ensure
that the tests are conducted in a laboratory with temperature and humidity-controlled settings
(20 °C and 50% relative humidity). Ask all participants to stick to both their daily activities and
eating habits throughout the experiment.

2.2.1. Instruct the participant to refrain from any strenuous exercise for 48 h, after a routine
warm-up, instruct the HIE, SIE, RSE and MCE groups to engage in their respective exercise session
on a cycle ergometer as arranged. Perform the exercise protocol as detailed in step 3.

2.2.2. Perform 6 exercise sessions carried out over a time span of 10 days for all four groups.
Select the 1%t (1ST) and 6™ (6TH) exercise sessions to observe the cTnT response to the acute
exercise (Figure 1).

[Place Figure 1 here]

2.4. Record a continuous electrocardiogram (ECG) during exercise via a portable
electrocardiograph (ECG) monitor.

2.5. Draw venous blood samples before and immediately after exercise, as well as 3 h and 4 h
after the selected exercise session to assess the serum cTnT. With the subjects in a seated
position, draw 5 mL of venous blood from the antecubital vein for each sample.

NOTE: Post-exercise blood samples timings conformed to prior work conducted in the laboratory,
which demonstrated that blood cTnT concentrations reached their peak 3 or 4 h following acute
exercise in a laboratory-based study?*?.

2.6. For the separation of the serum, allow the blood to clot at room temperature. Centrifuge the
blood samples at 3,500 x g for 20 min.

2.7. Aspirate the serum and store at -80 °C for the subsequent analysis of cTnT.

2.8. Use an analyzer to perform the quantitative measurement of the cTnT with a high sensitivity
immunoassay based on electrochemiluminescence technology. Take 1 mL of the serum and put
it into a special test tube for measuring cTnT. Then insert the tube in the analyzer and press the
start button.

NOTE: The human cTnT protein itself consists of 288 amino acids. Two monoclonal antibodies are
used for the assay which are specifically directed against human cardiac troponin T. The
antibodies recognize the central part of cardiac troponin T protein*, specifically targeting two
epitopes at amino acid positions 125-131 and 136-147.

3. Exercise protocols
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3.1. In each exercise session, instruct the 4 groups to follow the steps below.

3.1.1. Complete an identical 10 min warm-up at 50-60% of HRmax (percentage of individual
maximal heart rate during exercise session) and 5 min cool down at 20 W.

3.1.2. Following the warm-up. Have a 2 min recovery period, where participants remain seated
but stationary on the cycle ergometer.

3.1.3. Direct the participants to accelerate as soon as possible at the beginning of each exercise
bout to reach the intended intensity. During this time a researcher counts down, "5-4-3-2-1-Go!".
At the command of "Go!", drop the weight and activate the computerized system.

NOTE: For the MCE, HIE and SIE, accelerate to the planned power (see step 2.1.3), i.e. 60%, 90%
and 120% VOamax, respectively. For the RSE, accelerate to “all-out” exercise (see step 3.4). The
weights are in the cycle ergometer, and the ergometer is linked to a PC computer with specific
software.

3.1.4. Instruct the participants to remain seated while cycling and secure their feet to the pedals
using toe clips, and verbally encourage the participants to give a maximal effort to exercise at the
desired intensity throughout each session.

3.2. HIE protocol: Repeat 4 min bouts of exercise on a stress testing cycle ergometer at an
intensity of 90% VO2max, followed by a 3 min passive recovery (complete rest) until the targeted
200 kJ of work is achieved.

3.3. SIE protocol: Repeat 1 min bouts of exercise on a stress testing cycle ergometer at an
intensity of 120% of VO2max, followed by a 1.5 min passive recovery until the targeted 200 kJ of
work is achieved.

3.4. RSE protocol: Repeat 6 s “all-out” sprints interspersed with 9 s passive recovery periods on a
Wingate testing cycle ergometer, with a resistance of 1.0 kg until the targeted 40 repetitions are

achieved, and the total mechanical work was recorded.

3.5. MCE protocol: Perform continuous cycling exercise, until a target of 200 kJ of work is
achieved, at an intensity of 60% VO2max.

4. Statistical analyses

4.1. Perform data analysis using a statistical software package. Evaluate the normality of the data
using the Kolmogorov=Smirnov test!2. Use P < 0.05 for assessing statistical significance.

4.2. Compare the differences in HRmean (mean heart rate during exercise session) and %HRmax
across the four groups (HIE, SIE, RSE and MCE) and the two observed exercise sessions (1ST and
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6TH) using two-way ANOVA, with repeated measures. Use the Newman—Keuls post-hoc test for
cases in which the main effect is significant.

4.3. Compare cTnT across the time points (pre-exercise and peak post-exercise) and two
observed exercise sessions (1ST and 6TH) using the non-parametric Wilcoxon signed ranks test
because of the skewed distribution of the cTnT data. Further, the Kruskal-Wallis test was used to
assess the statistical significance of differences in cTnT levels across the four groups (HIE, SIE, RSE
and MCE), and the Mann-Whitney U test was used for pairwise comparisons where appropriate.

REPRESENTATIVE RESULTS:

All participants (n = 47) completed the study, and no adverse cardiac events (e.g., chest pain and
sign of myocardial ischemia on ECG) were found during testing in the four groups. As expected,
the acute exercise heart rate (HR) data, including HRmean and %HRmayx, at the 1ST assessment is
similar (all P> 0.05) to those in the 6TH assessment in all four groups. Further, the HR data in the
RSE and MCE groups is the highest and lowest among the four groups, respectively, but is similar
between the HIE and SIE groups (Table 1).

[Place Table 1 here]

Figure 2 reveals the acute exercise cTnT data on all four groups across the 10-day period, which
are shown in the form of individual data points for pre-exercise (Pre-exe) and peak post-exercise
(Post-exe) values. The cTnT concentration is discovered to be on the rise following acute exercise
(P < 0.05) at the 1ST and 6TH assessments in all four groups. Moreover, no differences in cTnT
concentration are found among the groups except for the smaller response after RSE at the 1ST.
Moreover, the cTnT concentration at the 6TH assessment before MCE is higher than that at the
1ST assessment before MCE and at the 6TH assessment before RSE (both P < 0.05).

[Place Figure 2 here]
FIGURE AND TABLE LEGENDS:

Figure 1: Schematic diagram of study procedures. HIE, high-intensity interval exercise; SIE, sprint
interval exercise; RSE, repeated sprint exercise; MCE, moderate-intensity continuous exercise

Figure 2: Pre-exercise (Pre-exe) and peak post-exercise (Post-exe) cardiac troponin T
concentrations (cTnT, ng/L). HIE, high-intensity interval exercise; SIE, sprint interval exercise;
RSE, repeated sprint exercise; MCE, moderate-intensity continuous exercise; 1ST, the 15t exercise
session; 6TH, the 6t exercise session. The scale is log plotted because of the data spread, and
individual data points are presented by circles with values for the same participant connected by
lines for each condition. The horizontal dotted line is the upper reference limit and the double-
arrow line is the median of the cTnT values at pre-exercise (Pre-exe) or Post-exercise (Post-exe).
O, single subject; "@, n subjects. * Significantly different from the corresponding Pre-exe value,
P < 0.05; t Significantly different from the corresponding RSE value, P < 0.05; ¥ Significantly
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different from the corresponding value of 1ST, P < 0.05. This figure has been modified from Nie
et al.!* and Zhang et al.'*,

Table 1. Acute exercise data. Data are presented as the mean * SD. HIE, high-intensity interval
exercise; SIE, sprint interval exercise; RSE, repeated sprint exercise; MCE, moderate-intensity
continuous exercise; 1ST, the 1%t exercise session; 6TH, the 6™ exercise session; Powerexe, power
output during exercise; Timeexe, total exercise duration; Workexe, work output during exercise;
HRmean, mean heart rate during exercise session; %HRmax, percentage of individual maximal heart
rate during exercise session.*Significantly different from the corresponding value of 1ST, P < 0.05;
tSignificantly different from the corresponding value of HIE, SIE, and RSE, P < 0.05; Significantly
different from the corresponding value of HIE and SIE, P < 0.05; This table has been modified
from Nie et al.'® and Zhang et al.'*.

DISCUSSION:

The repetitive short to long bouts of rather high-intensity exercise interspersed with recovery
periods are involved in HIE, which is subdivided into traditional HIE (“near maximal” efforts) and
SIE (“supramaximal” efforts), using a common classification scheme®. In addition, RSE is a
particularly intense form of SIE, where the activity is “all-out” but only lasts for 3 to 7 sb. To the
best of our knowledge, this is the first integrated study to outline protocols of three
representative types of HIE and one representative type of MCE to gather physiological data
while observing cTnT responses. The current protocols are noteworthy especially when
considering the study design, where the specific observation window (i.e., the early stage of
exercise training) was selected. To this end, in order to derive a clean training background and
avoid the effects exerted by the prior training experience, the previously sedentary subjects were
selected. Also, the post-exercise cTnT level at the 1ST assessment was like that in the 6TH
assessment in all four groups (Figure 2). The current findings reflect an overview of exercise-
induced cTnT in the previously sedentary subjects who have just initiated an exercise training
regime. As our recent study!®> demonstrated, these subjects had improved cardiorespiratory
fitness and same absolute intensity during exercise abolished exercise-induced elevation in cTnT.
Moreover, this experiment also seems to support that the participants had relatively stable
cardiorespiratory fitness during the 10-day period due to the lack of a significant difference
observed in acute exercise HR data (see Table 1).

Theoretically, interval exercise is infinitely variable when the intensity and duration of work and
relief intervals are manipulated, but here we selected three distinct, representative protocols
based on the usual classification scheme®. As shown by our current data, despite the varying
exercise intensities employed, HIE, SIE and MCE elicited similar cTnT elevations under the
circumstance where identical total mechanical work was completed during the 1%t cycling trials.
The rising level of cTnT in RSE was found to be less than that in HIE or SIE, which was likely
attributed to the much lower total mechanical work of RSE (RSE vs. HIE or SIE: ~50 vs. 200 kJ).
However, the mechanical work might not be the only determinant, as the acute exercise in four
groups induced a similar cTnT elevation during the 6% cycling trials, despite the completion of
lower mechanical work in RSE. Therefore, additional studies are still warranted to clarify the role
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of total work accomplished in post-exercise cTnT elevation.

In the present study, following exercise, almost all participants showed an increase in cTnT and
the absence of symptoms or signs of myocardial ischemia based on an ECG, suggesting that
exercise-induced cTnT elevation is largely obligatory, and thus, likely physiological in nature. The
current study provides a frame of reference giving a clear picture of how a specific exercise
session affects the circulating cTnT concentration at the early stage of training. This holds great
clinical importance, considering some post-exercise cTnT data (9%) are above the population
upper reference limit of 14 ng/L in the current study, and concerns related to the safety of high-
intensity exercise, especially in less-trained exercisers®. Specifically, on one hand, clinicians
should be aware that elevated cTnT after low-volume, high-intensity exercise is common, and
the frame of cTnT release aids clinicians faced with the challenge of interpreting these data
clinically in the post-exercise setting. On the other hand, the current data provides templates of
different exercise protocols and a potential way to predict the cTnT response when considering
initiating exercise regimes. The information may have practical implications for exercise
prescriptions in sedentary populations, especially for HIE.

Here, we have included a young population, a limitation of this study is that we did not assess
the cTnT levels in the elderly population. A higher risk of cardiac events typically occurs in the
elderly population with cardiovascular risks and/or diseases'®. An increased risk of cardiac events
typically occurs among the elderly with cardiovascular risks and/or diseases!®. At present, it
remains unclear whether ¢TnT has similar responses to acute exercise in groups with
cardiovascular disease or risk, which makes it worthy of further research using the exercise
protocols developed in the present study. Accordingly, it is of significance to be aware that HIE
has been made prevalent in recent years among the patients with cardiovascular diseases.
However, the safety of the acute response to a single session of high-intensity exercise for these
cohorts remains concerning?®.
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Power,. Timeg,e Workeye HR mean %HR
(W) (min) (KJ) (beat.min™)
HIE (n=12)
1ST 119+ 12 28+3 200 £ 0 157 +9 85+ 4
6TH 119 + 12 28+3 200+ 0 155+ 6 84+4
SIE (n=11)
1ST 160 + 18 21+2 200+ 0 148 + 11 85 + 4
6TH 160 + 18 21+2 200 £ 0 147 +7 85+5
RSE (n=12)
1ST 193 + 17 + 0 46 + 4° 169 +5* 94 + 7
6TH 204 + 15** 4+0° 49 + 4** 171+ 8" 95+ 6"
MCE (n=12)
1ST 54+ 10" 63+12" 200 £ 0 140 + 12" 766"

6TH 54+ 10" 63+ 12" 200+0 137+ 11" 74+6
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Table of Materials Click here to access/download;Table of Materials;Table of Materials.xls %
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Comments/Description
Used for measuring the circulating cardiac troponin T concentration
Used for all exercise protocols except repeated sprint exercise

Only used for repeated sprint exercise protocol

Electrocardiograph Monitor
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
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n the cardiac troponin T level at the early stage of training

Haifeng Zhang, Jinlei Nle, Zhaowei Kong, Xiangui Zhu, Yang Liu, Qingde Shi

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

|;| Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Jinlei Nie
Department:
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R e
Title:
Associate Professor
-— N .
Signature: -hJe’Q; N[e/ Date: , 5/0;/20/7

Please submit a signed and dated copy of this license by one of the following three methods:

Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

1. Upload an electronic version on the JoVE submission site
2. Faxthe document to +1.866.381.2236
3.
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No. JoVE60252R1

"Impact of high-intensity interval exercise and moderate-intensity continuous exercise on the
cardiac troponin T level at the early stage of training."

Journal of Visualized Experiments

Dear Editor,

We thank you for the detailed and insightful comments regarding our manuscript. We have updated
the paper considerably and provided a point-by-point rebuttal below. We now feel the paper is
stronger and more focused. We look forward to your comments.

Regards,

Jinlei Nie

(on behalf of all authors)
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Editorial comments:

COMMENT 1: The editor has formatted the manuscript to match the journal's style. Please retain
the same.

RESPONSE: Thank you for your support and we retain the same.

COMMENT 2: Please address all the specific comments marked in the manuscript.

RESPONSE: We have addressed each of the editorial comments individually in word file.

COMMENT 3: Please highlight 2.75 pages or less of the Protocol (including headings and
spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should
be visualized to tell the most cohesive story of the Protocol.

RESPONSE: We have highlighted the context related to the the essential steps of the protocol.

COMMENT 4: Once done please proofread the manuscript for any grammar or spelling issues.

RESPONSE: We have thoroughly proofread the manuscript as requested.
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We have obtained copyright permissions to reuse figures from previous publications. To
view or print complete details of the orders and the publisher's terms and conditions, please
follow the links as follows:

1. For Nie et al. (ref 13), follow this link:
https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=12dc270d-0866-451d-a8d8-
45c¢78cl17da39

2. For Zhang et al. (ref 14), follow this link:
https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cfb90f5c-d561-4d75-89e4-
954e76d15f97
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