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Objective: Evaluation of the effect of 8 weeks of High-Intensity Interval Training (HIIT) on the serum level
of cardiac troponin T (cTnT) in sedentary obese young men.
Materials and Methods: Thirty sedentary men were randomly divided into 3 groups: the 30s HIIT
training group (n=10), the 60s training group (n=10), and the control group (no exercise) (n=10). Interval
training with 90 %VO2peak was done in 3 sessions for 8 weeks. cTnT was measured 5 times; pre-exercise,
4hrs, and 24hrs after the first session (4hF, 24hF), and 4hrs and 24hrs after the last training session (4hL,
24hL). ANOVA with repeated measures and Bonferroni post-hoc tests were used by SPSS 23 with a
significance level of (P < 0.05).
Results: The significant increase in serum levels of cTnT in the post-tests of the 60s HIIT compared to the
first 24hrs and the last 24hrs (P = 0.0001). But in the 30s group it was not significant compared to the other
measurements (P ≥ 0/05). In the 2 training groups, serum levels of cTnT in the last 4hr post-tests of the last
week were not significantly different from the 4hrs post-tests of the first week (P ≥ 0.05).
Conclusion: It seems that none of these activities cause heart damage sustained, and changes in cTnT levels
in two 4hrs compared to the first and last 24hrs of the 60s group may be due to reversible leakage of cardiac
cell membranes, and may continuous exercise will reduce this reduction.
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H

igh-intensity interval training (HIIT),
is generally defined as repeated short
to middle-time training (several
seconds to minutes) that is in high intensity
more than the anaerobic threshold, and the
repeating of them is separated by relaxing
periods or low-intensity activities (1,2).
This kind of exercise training, like other
traditional continuous exercise training, could
improve the functional and physiological
capacities of some organs by improving the
structural and biochemical compatible
adaptions (3-6). HIIT is more contribute than a
continuous exercise in decreasing fat (7). So,
many exercise trainings are recommended for
weight loss. For instance, Muller et al. (2020)
showed that HIIT-based concurrent training
programs involving traditional strength
training vs. power training are equally
effective
in
improving
functionality,
cardiorespiratory
fitness,
and
body
composition in healthy older men (8). It seems
that the absolute risk of HIIT for
cardiovascular disease and musculoskeletal
injury is low (9). Most studies have shown that
doing 30s intervals compared to 60 and 90s
intervals in cardiovascular patients leads to
feeling more comfortable (10,11) and a lower
increase in lactic acid aggregation has been
seen (12).
It is shown that the contribution of produced
energy from oxidation in HIIT training is more
than 50% of total energy (13), and these
trainings resulted in cardiovascular pressure
(14). It is caused by changes in some
parameters such as preload, afterload, and
heart contraction (15).
Cardiac troponin T (cTnT) is a part of
regulative proteins that is constituted as a part
of contradicting cardiac cells and one of the
cardiac cell necrosis indexes, and it is
observed that its serum levels increased
following long time and intensive exercise
trainings (16,17). Although some studies also
indicated that endurance exercises lead to an
increase in the serum levels of cTnT as well
168

(18,19). The response of cardiac index to highintensity and short-time activities is unknown
yet. Among the few researchers, Fu et al.
(2009) studied cTnT response to the intensity
of trainings, and it showed that time and
intensity of exercises had notable effects on
the releasing of cTnT in serum, and the
intensity of exercises is more effective
compared to the time (14). Physical pressure
during interval training resulted in releasing
cTnT in serum (20). Although, no increase in
the serum levels of cTnT has to be seen
following the interval and continuous activities
in cardiovascular patients (21). George et al.
(2004) studied the release of cTnT in adult
players in rugby and American football and
indicated that cTnT level was not accountable
immediately and 24hr after the game (22). In
one study it has been shown that cTnT
concentration was at a maximum level of 4
and 24 hours after exercise activities, and then
it will come back to base level (19).
The increase of this index following the
exercises causes researchers to attempt to
focus on clarifying this index. The mechanism
of releasing cardio cTnT following highintensity and long-term trainings is unknown
yet, although, many studies regarding cardio
cell injury in response to exercise in athletes,
overweight men, and cardiovascular patients
after one session of training have been done.
Overweighing is one of the most popular risk
factors for cardiovascular disease (23). The
prevalence of cardiovascular disease in
developed and developing countries is
increasing (24). It is observed that in relaxing
conditions, the risk factor was related to a high
cTnT level (25). Some studies indicated that
high Body mass index (BMI) might be related
to high cTnT in relaxing conditions (26). Since
research on the type of HIIT on cardiac indices
is limited, this study tries to examine whether
an 8-week HIIT program can influence cardiac
cellular biochemical index in overweight men?
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Materials and Methods
Participants in this quasi-experimental study
consisted of 30 – 40 years old men from
Ahvaz city. Qualified samples were selected
based on the following criteria: no
cardiovascular and musculoskeletal disorders,
no regular exercise training, and no smoking.
Thirty sedentary, healthy overweight men with
BMI between 27 to 29 were selected and
randomly divided into 3 groups (first group;
control group, second group; 30s HIIT group,
and third group; 60s HIIT group). For
homogenization of 3 groups, they were
managed based on aerobic fitness and BMI
before the test, and it was determined that
there was no significant difference. Before the
experiment, all the participants were informed
about trainings, procedure steps, and the aim
of this study, then written consents were
provided for them. Their daily diets were
normal and regular. They filled out the food
reminder questionnaire, 3 days before
exercises and 3 days after the last session. We
should notice that samples were determined by
using the formula for determining the sample
size in experimental studies, then taking into
account the first type of error equal to 0.05,
and 10 people in each group.

 × ∝/
=

In this study, the height was measured by a
tape measure (centimeter) and the weight was
measured by a scale (Beurer model)
(kilograms). BMI was measured using the
following formula: weight divided by height
squared (in meters). To determine the
Vo2peak and the related distance, every
participant had to run, and an increasing test
was done for one minute on treadmill (Ti51
Horizon Fitness USA). After starting the test
at the speed of 10 km/h, after each minute, one
km/h was added to the speed until fatigue.
Vo2peak was measured by a gas analyzer
(Quark b2 Cosmed Co Italy). Criteria for
determining Vo2peak was no increase in
oxygen consumption despite an increase in
speed and an increase in heart rate of more

than 90% of the estimated maximum heart rate
(220 -age) (27, 28) (Tables 3 and 4). The heart
rate and distance for 2 training groups by the
intensity of VO2peak 90 % in the 30s and 60s
training was determined. For preliminary
preparedness and before the pilot test, all
participants of 2 training groups were done
continuous exercises for 10 minutes with an
intensity of 50% VO2peak for 3 sessions in a
week. 48 hours after ending the training, one
session was held to prepare them for the pilot
test, and the frequency and sets for each group
were determined. All participants of 2 training
groups were done continuous exercises. It is
necessary to mention that before the tests 2
training groups were done 10 minutes
warming up, and in ending the training, they
did 10 minutes cooling down.

Training programs
Group 1 did not receive any exercises. In the
first session, group 2 used a polar watch on the
left-hand wrist and ran in 3 repeated 8 sets, so
they ran the determined distance in the 30s
(heart rate was controlled). Between each
repeat, participants relaxed for one minute
(walking), and between each set, they rest for
4 minutes in inactive mode. Their walking
speed is controlled by HR. Group 3 used the
polar watch on the left-hand wrist and ran in 3
repeated 4 sets, so they ran the determined
distance in the 60s (heart rate was controlled).
Between each repeat, the participant relaxed
(walking) for 2 minutes and between each set,
they rest for 4 minutes in inactive mode. All
the exercises continued 3 sessions a week for 8
weeks. The number of repetitions was
increased gradually and according to the
principle of overload (Table 1) (29-31).

Collecting the blood samples and
measuring the index
Blood samples were taken as follows: before
the pilot study, 4 and 24 hours after the first
session, and 4 and 24 hours after the last
session. It is necessary to mention that based
on some reviews, the highlighted times were
to recognize the cardiac injury resulting from

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 14, NUMBER 3, AUTUMNE 2022

169

Effect of HIIT on cTnT

appropriate exercise training (20). 10 ml of
blood was collected in sitting mode. After
centrifugation for 10 min at a speed of 3000
rpm, serum was separated and shed in special
microtubules and held at -80 °C. The cTnT
level was measured by the LIAISON device
and using the Chemiluminescence procedure.
The natural range in this method was <0.01
n/ml.

Statistical analysis
The data distribution normality and the
homogeneity of the variances were evaluated
using the Shapiro-Wilk and Levon’s test,
respectively (P≥ 0.05). Afterward, mean
statistical indices and standard deviation were
used for descriptive data analysis, and
ANOVA with repeated measure and
Bonferroni post-hoc tests were used by SPSS
23 with a significance level of (P< 0.05) for all
tests.
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Ethical considerations
This study has been approved by the Ethics
Committee of Shahid Chamran University of
Ahvaz, Iran (Ethics code: EE/99.3.02.65864
/scu.ac.ir).

Results
The results of one-way ANOVA showed that
there is no significant difference between the 3
groups for weight (P= 0.150), BMI (P=
0.770), and VO2Peak (P= 0.987) in the pretest that is shown in Table 2. The results of
one-way ANOVA showed that there is not any
significant differences between the 3 groups
for weight in post-test (P= 0.139). The results
of one-way ANOVA showed that there is a
significant difference between the 3 groups for
BMI in the post-test (P= 0.0001), and the
Bonferroni post-doc test showed a significant
decrease in the HIIT 30s (P= 0.0001) and HIIT
60s groups (P= 0.0001) compared to control
the group. The results of one-way ANOVA
showed that there is a significant differences
between the 3 groups for VO2Peak in the posttest (P= 0.0001), and the Bonferroni post-doc
test showed a significant decrease in the HIIT
30s (P= 0.0001) and HIIT 60s groups (P=
0.0001) compared to the control group. The
result of the one-way ANOVA for pre-test is
shown in Table 3.
Repeated measures ANOVA showed a
significant interaction between groups and
time for cTnT (P= 0.0001, F= 136.984). To

Table 1. training protocols
Weeks

Groups
3
4
3
4
3
4
3
4

1&2 the week
3&4 the week
5&6 the week
7&8 the week

Sets per session
3
3
3
3
3
3
3
3

Repetitions per each set
8
4
9
5
10
6
11
7

Table 2. Characteristics of subjects before training
Statistic
Groups
Control
HIIT 30s
HIIT 60s

P

N

Age

Weight

BMI

VO2Peak

10
10
10
30

35.4 (±1.78)
35.4 (±2.66)
35.3 (±2.41)
0.994

85.04 (±3.07)
86.49 (±4.56)
87.17 (±3.61)
0.150

28.43 (±0.44)
28.44 (±0.49)
28.33 (±0.35)
0.770

34.24 (±0.75)
34.24 (±0.18)
34.21 (±0.31)
0.987

Table 3. Characteristics of subjects after 8 weeks of training
Statistic
Groups
Control
HIIT 30s
HIIT 60s

P

170

N

Weight

BMI

VO2Peak

10
10
10
30

84.68 (±2.96)
82.54 (±4)
82.98 (±4.37)
0.139

28.44 (±0.41)
27.18 (±0.46)
26.95 (±0.46)
0.0001

34.17 (±0.75)
39.36 (±0.47)
39.5 (±0.31)
0.0001
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determine the differences among these 4 tests
(4 and 24 hours after the first and last session),
ANOVA with repeated measures was applied
separately. Sequential tests showed a nonsignificant difference between pre and posttests and post-tests together in the 30s groups
(P≥ 0.05). There were significant differences
between the first and the last 4 hours post-test,
with pre-test and 24 hours post-tests in the 60s
group (P= 0.0001). Also, there was no
significant difference between 24 hours and
pre-test in the 60s group (P≥ 0.05). There was
no significant difference between 4 hours posttest in first and last session in the 60s group
(P≥ 0.05). (Figure 1)
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Discussion
The results showed that in the post-tests
cTnT levels were more than the natural levels,
and in the 60s HIIT group, this was higher
than in other groups. Against the other clinical
myocardial failure studies in which the peak of
serum cTnT levels between the first and third
day after the myocardial injury was
irreversible (32), the result of this study
showed that serum levels of cTnT 4 hours
after HIIT reached its peak and after 24 hours
it came back to the natural level. This result
was similar to the study by Legaz et al. (2011),
Tian et al. (2006), and Shave et al. (2004) who
studied the serum levels of troponin in interval

training, male runners, and scullers (15,19,33).
However, our results were not similar to the
results of Faramarzi et al. (2007) and König et
al. (2003). They found that one session
exercise training had not any significant effect
on the troponin level (34,35).
They just collected blood samples before and
after exercise training. Although the main
reason for these differences in troponin
changes is not known, maybe the reason for
this change was the different types of exercise
and physical fitness of participants. Each of
these trainings requires specific physiological
demand, and heart tissue experience a variety
of conditions for different metabolic to prepare
their needs. The time of measurement was also
effective as the peak of the troponin level was
3 to 6 hours after exercise training (20).
The quick return of serum levels of cTnT to
the basic level supported the previous theory
that indicated releasing troponin following
high-intensity training might show the high
diffusion of cytosolic from heart cell
membrane injury and did not relate to necrosis
of heart mycosis (33). Our results showed that
60s HIIT activities like continuous activities
(19) resulted in high pressure on the heart and
released the serum levels of cTnT, but not for
30s HIIT. This new finding supported the
relationship between the intensity of exercise
training and releasing of troponins (36). The

Figure 1. Levels of cTnT in control and training groups (pretest, posttest; 4hr and 24hr after the first session and the
last session). * and # indicated differences between two 4hrs post-test of the 60s HIIT compared to the first 24hrs and
the last 24hrs, respectively.
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intensity of exercise training is one of the most
strong predictive factors in increasing the
cTnT levels (37).
Our results were not similar to the teasels of
the studies by George et al. (2004) and Rejaee
et al. (2010) who reported that troponin levels
in men players after American football and
active men were not increased (22,38). They
evaluated blood sample of participants
immediate and 24 hours after training while
Legaz et al. (2015) observed that 3 to 6 hours
after the exercise training, the troponin level
was in peak (36). The increase in heart
exercise training could temporally accelerate
the apoptosis process and myocardial recovery
(39). The heart injury at a low level and
following recovery is a part of natural
myocardia, and it leads to a temporal increase
of troponins level after any exercise trainings,
this increase could be assigned to kidney
disorders for purifying the troponin. During
exercise training, the circulation in the
abdominal region and kidney decreased
(40,41).
Then the capacity of the kidney to secrete
substances will be reduced, and will probably
lead to a slight increase in cTnI serum
concentrations (41). However, the diffusion
mechanism of cTnT is unknown. The previous
studies
(17,42,43)
indicated
different
mechanisms such as increasing the
permeability of the myocardial membrane and
pressure on myositis (44,45), increasing the
production of free radicals (46), or changing
the base–acid balance (47). Our results showed
that the increase of cTnT level in the last
session after 8 weeks of training was lower
than in the first session, and this result was
more obvious in the 60s interval group. This
finding was similar to the study results by
Fortescue et al. (2007) and Mahta et al. (2012)
who reported that releasing troponins after
exercise in sedentary people was more than in
others (48,49).
This result could be obtained by the
adaptation of myocardial cells with exercise
programs and lead to high-intensity activities
in the future (48,49). With repeating training,
172

skeletal muscle fibers are subjected to stress
(50) that is caused muscle fiber recovery and
connective tissue changes; therefore, skeletal
muscles are protected against more efforts
(50). If it is for the heart as well, the lower
level of cTnT in serum after exercise programs
are justifiable (49). Legaz et al. (2015)
reported different results and found that
troponin levels of participants were higher
than new ones before and after exercise
trainings (36). On other hand, no significant
relation was reported between training levels
and releasing the troponins by Eijsvogels et al.
(2015) (51). This contradiction might be
related to exercise procedures and the
frequencies of blood samples in recovery. It is
observed that the increased level of cTnT in
the 30s HIIT was lower than in other groups
and was not significant.
This condition was brought by less pressure
on the heart in this kind of exercise training,
this result was similar to the results of
Normandin et al. (2013), who studied the acute
response to 30s interval training in heart
failure patients (21). It is indicated that the
heart patients felt more relaxed in short time
interval exercise training (the 30s with inactive
recovery) compared to the long term intervals
(60s and 90s) (10,11). In sedentary people, 30s
HIIT resulted in less aggregation of lactic acid
(12). It seems that performing both HIITs (the
30s and 60 s) has the same effect on cTnT
levels in obese men, and these 2 intensities
affected this regulative protein after 8 weeks.
It is recommended that a similar study could
be performed on women, and other factors
related to heart function in normal or obese
individuals could be measured as well.

Conclusions
Generally, this study indicated although the
increase of serum cTnT in two 4hrs compared
to the first and last 24hrs of the 60s group was
higher, after 24 hours, its level came back to
base level. None of the both HIITs (the 30s
and 60 s) in overweight men did change
constantly cTnT. However, future searches can
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study the exact mechanism of cardiac troponin
diffusion.
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