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ABSTRACT
Background. This systematic review and meta-analysis aimed to compare the effects of
high-intensity interval exercise (HIIE) with different recovery modes versus moderate-
intensity continuous exercise (MICE) on cardiac troponin (cTn) elevation.
Methodology. A literature search was conducted in four databases: Scopus, PubMed,
EBSCO andWeb of Science from January 2010 to June 2022. The articles were screened,
evaluated for quality before data were extracted. The review protocol was registered at
PROSPERO (CRD42021245649). Standardized mean differences (SMD) of peak cTn
were analyzed with a 95% confidence interval (95% CI) using Revman 5.4 software.
Results. Six studies satisfied the inclusion criteria with a total of 92 and 79 participants
for HIIE and MICE, respectively. Overall, there was no significant difference between
HIIE and MICE in the elevation of cardiac troponin T (SMD: 0.41 [95% CI [−0.21,
1.03]], p= 0.20, I 2 = 77%, p for heterogeneity <0.01). In subgroup analysis, HIIE
with passive recovery elicits greater release of cardiac troponin T than MICE (SMD:
0.85 [95% CI [0.44, 1.27]], p< 0.01, I 2= 32%, p for heterogeneity = 0.22). Changes
of cardiac troponin T (SMD: 0.41 [95% CI [−0.21, 1.03]], p= 0.20, I 2 = 77%, p for
heterogeneity < 0.01) after HIIE with active recovery were not significantly different
from those of MICE.
Conclusions. There was no significant difference between HIIE and MICE in the
elevation of cardiac troponin T. However, HIIE with passive recovery elicited more
cardiac troponin T elevation thanMICE, which should be considered when developing
exercise programs.
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INTRODUCTION
The overall risk of sudden death from exercise ranges from 0.1 to 38 per 100,000 person-
years (Drezner, 2000), which is considered relatively low.However, the risk of cardiac related
adverse events such as sudden cardiac death during high-intensity exercise still exists (Lippi,
Favaloro & Sanchis-Gomar, 2018). High-intensity interval exercise (HIIE) refers to a type
of interval exercise in which active or passive recovery periods are interspersed with high-
intensity exercise (Coletta et al., 2021). In comparison to moderate-intensity continuous
exercise (MICE), HIIE is more effective in improving participants’ aerobic capacity,
oxidative stress, visceral fat, and insulin sensitivity (Devin et al., 2018; Coletta et al., 2019;
Maturana et al., 2020;Wu et al., 2021). Yet, due to the heavy cardiopulmonary load during
HIIE, its cardiovascular risk cannot be overlooked despite its benefits (Thompson et al.,
2007).

Cardiac troponin is the gold standard for clinical diagnosis of myocardial
injury (Thygesen et al., 2019), and may be related to the heart risk after exercise (Kleiven
et al., 2020). With the advancement of assay generation and the lower limit of detection
in cardiac troponin assays, it has become an accurate and reliable marker in the screening
of cardiac damage. In clinical settings, cardiac troponin increases sharply after irreversible
damage, which ismaintained for a long time (Park et al., 2017). Nevertheless, the increase in
cardiac troponin induced by exercise was different in terms of hemodynamic changes (Li et
al., 2021a; Eijsvogels et al., 2015; Cirer-Sastre et al., 2021). Most studies have shown that the
decrease from the peak occurred after 3–6 h following exercise (Park et al., 2017; Eijsvogels
et al., 2014; Hosseini et al., 2018; Eijsvogels et al., 2015; Chan-Dewar et al., 2013). On the
other hand, the discrepancy interfered with the accuracy of clinical diagnosis of myocardial
infarction when using cardiac troponin. Therefore, it is crucial to explore the changes in
cardiac troponin after various types of exercise.

Overall intensity, duration, and exercise types are factors that affected the level of
cardiac troponin after exercise (Li et al., 2021a; Takahashi & Miyamoto, 1998; Martínez-
Navarro et al., 2020; Richardson et al., 2018). The differences were evident particularly in
the comparison of exercise intensity such as between HIIE andMICE (Weippert et al., 2016;
Zhang et al., 2019). In the same vein, some studies have shown that the increase in cardiac
troponin after HIIE was greater than that of MICE (Weippert et al., 2016; Nie et al., 2020),
which contradicts the findings from another study (Ranjbar et al., 2017). HIIE’s recovery
period could be either active or passive depending on whether participants having active
or passive rest during intervals. Active recovery involved low-intensity exercise during the
interval while passive recovery involved being stationary during intervals (Madueno et al.,
2019). A recent study reported that the duration of elevated heart rate is an important
predictor of the increased level of exercise-induced cardiac troponin (Bjørkavoll-Bergseth
et al., 2020). Furthermore, active recovery might be more effective in eliminating lactic acid
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accumulation (Miladi et al., 2011), improving heart rate recovery (Takahashi et al., 2001),
increasing venous blood return (Takahashi & Miyamoto, 1998) and maintaining higher
stroke volume (Takahashi & Miyamoto, 1998) than passive recovery. The release of cardiac
troponin may be affected by the myocardial blood supply and cardiac mechanical stress.

Shave et al. (2007) conducted a meta-analysis regarding the effects of exercise on cTn
and found that compared with other athletes, endurance athletes released more cTn after
exercise. A review by Cirer-Sastre et al. (2019) also indicated that the peak value of cTn
might be related to the amount of exercise and the intensity of exercise. However, to the
best of our knowledge, currently there are no specific review on the effects of HIIE versus
MICE on post-exercise cTn elevation. Therefore, this review aimed to explore the effects
of recovery mode in HIIE versusMICE on the level of cardiac troponin after exercise. This
information can help clinicians to estimate the outcomes of cardiac troponin after exercise,
reduce misdiagnosis caused by exercise-induced cardiac troponin elevation, and help to
establish safe HIIE exercise prescriptions.

METHODOLOGY
Data sources and study selection
The literature searchwith restricted timeline from January 2010 to June 2022was performed
using four electronic databases namely Web of Science, Scopus, PubMed and EBSCO. The
last retrieval date was June 23, 2022. The search terms included ‘‘Interval’’, ‘‘Intermittent’’,
‘‘Training’’, ‘‘Train’’, ‘‘Exercise’’, ‘‘cTn’’, and ‘‘Troponin’’. Information experts were
responsible for the search strategy as described in Appendix A and the corresponding
results. Two investigators (SL, SS) individually screened the titles and abstracts retrieved
from the databases. Thereafter, full articles were reviewed based on inclusion and exclusion
criteria. Finally, two investigators (SL, SS) carried out the data extraction. If there was
any discrepancy or disagreement between the two investigators, a consensus was reached
by inviting another investigator (MFMS). Upon reconfirming the included studies, their
references were also searched manually.

The review protocol was registered at PROSPERO international prospective register
of systematic reviews (CRD42021245649) on 28 April 2021 before performing formal
screening. The Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines were followed in identifying the research articles and writing the
review. The article selection process is presented in Fig. 1.

Inclusion and exclusion criteria
The inclusion criteria were based on the following: (1) Population: Participants over the
age of 18; (2) Intervention: Intervention group involved HIIE; (3) Comparison: Control
group involved MICE; (4) Outcomes: Troponin T were measured at baseline and within
the 1st–4th hour post-exercise; Troponin concentrations were reported as mean (standard
deviation) and/or median (interquartile range); (5) Study: Randomized controlled trials
and cross-over studies; (6) Other: Full-text papers in English. Abstracts, conference
proceedings, or poster presentations were not considered in this study.
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Figure 1 Preferred Reporting Items for Systematic Reviews andMeta-Analysis (PRISMA) flow dia-
gram of search results.

Full-size DOI: 10.7717/peerj.14508/fig-1

Quality assessment
Cochrane risk of bias assessment tool was used to evaluate the methodological quality of
the included studies (Higgins et al., 2019). This tool assesses random sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other biases in the included
studies (Cirer-Sastre et al., 2019). Items were scored as ‘‘yes’’, ‘‘no’’, or ‘‘unclear’’ to describe
the quality of the included studies. Two reviewers (LS and SS) assessed the risk of bias
independently, and disputes were solved by discussion with a third author (MFMS).

Data extraction
Details from each included study were extracted and tabulated, such as study population,
age, sample size and gender, exercise program, equipment, intensity, duration, heart
rate, baseline, and peak values of relevant cardiac biomarkers, and when the peak value
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appeared post-exercise (Tables 1 and 2). If two HIIE programs met the inclusion criteria
in one article, data of the two HIIE programs were combined according to the method
recommended by the Cochrane manual (Higgins et al., 2019), and the MICE program
remained unchanged. This combination was achieved by adding the sample size of the two
HIIE groups and averaging the mean and standard deviation. If the study reported two or
more cardiac troponin values after exercise, the highest one was selected as the peak value.

Data analysis
All the data were entered into the Review Manager (Version 5.4.1, Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration, 2020) to perform meta-analysis.
The outcomes of the included studies consisted of continuous variables but the testmethods
were different. Therefore, standardized mean difference (SMD) was chosen as the index of
effect scale. When outcomes provided in the studies were reported as median (range), it
was converted to the average (standard deviation) based on the method described byHozo,
Djulbegovic & Hozo (2005) The heterogeneity between studies was tested using the I 2 and
Tau2 statistics. Accordingly, the smaller the Tau2, the smaller the heterogeneity between
studies. Also, no heterogeneity between the studies if total I 2 was less than 50%. Thus, a
fixed effect model was applied for analysis. In contrast, heterogeneity between the studies
existed if total I 2 was equal to or greater than 50%. Hence, a random effect model must be
applied for analysis (Li et al., 2021b). To further determine the heterogeneity, sub-group
analysis was conducted. Publication bias was assessed with funnel plot, while SMD was
evaluated with Forest plot. The measure of uncertainty was calculated as 95% confidence
intervals (95% CI).

RESULTS
Eligibility of studies
Tables 1 and 2 show the details of the eligible studies. Despite a rigorous search, only
two randomized control trials (Zhang et al., 2019; Nie et al., 2018) and four cross-over
design (Weippert et al., 2016; Nie et al., 2020; Ranjbar et al., 2017; Li et al., 2020) studies
met the criteria of the review. Protocols for all the included studies were ethically approved
by their respective institutions. Two investigators completed the calibration exercise
to ensure that their assessments were consistent. Cohen kappa coefficient between the
two investigators was k = 0.93. The six studies included 35 men and 83 women, with
92 participants for the HIIE and 79 participants for the MICE. During the recovery
of HIIE, two studies (Ranjbar et al., 2017; Li et al., 2020) used active recovery, and four
studies (Weippert et al., 2016; Zhang et al., 2019; Nie et al., 2020; Nie et al., 2018) used
passive recovery. One study (Nie et al., 2020) reported two HIIE programs where the two
programs were combined into one data set. The assay method of cardiac troponin in all
studies was the 5th generation high-sensitivity immunoassay.

Quality assessment and analysis of publication bias
Figure 2 shows an assessment of the methodological quality and potential risk of bias of
the included studies. The results showed that the overall quality of the included studies was
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Table 1 Overview of the included studies.

Author Population Cardiac
health
status

Age
(y)

Sample
size

Exercise
program

Baseline
value
(ng/L)

Peak
value
post-exercise
(ng/L)

Timing
of
peak
value
(h)

HIIE with active recovery mode
HIIE 8.3± 12.6 40.4± 27.6

Li 2020 (Li et al., 2020) Athlete
No CVD by self-
report 23.5± 5.5 11 Male, 1 Female

MICE 6.9± 8.1 50.0± 63.2
4

HIIE 4.3± 0.8 5.5± 0.9Ranjbar 2017 (Ranjbar et
al., 2017)

Health Normal ECG 22.3± 1.9 11 Male
MICE 4.9± 0.5 8.0± 2.5

1

HIIE with passive recovery mode
21.0± 1.1 16 Female HIIE 2.9± 1.0 8.6± 6.0Nie 2018 (Nie et al.,

2018)
Overweight No CVD by self-

report 20.9± 1.6 14 Female MICE 3.2± 1.1 5.5± 3.5
2–4

HIIE 3.1± 1.8 10.4± 6.1Nie 2020 (Nie et al.,
2020)

Health
No CVD by self-
report 21.5± 2.6 17 Female

MICE 3.4± 1.4 6.5± 4.3
3–4

HIIE 5.0± 1.8 10.0± 4.6Weippert 2016 (Weip-
pert et al., 2016) Health Normal ECG;

LVEF=64.3± 9.9%
26.2± 2.9 13 Male

MICE 5.0± 1.2 5.7± 1.6
4

12 Female HIIE 1.8± 0.9 9.3± 8.9
11 Female HIIE 2.1± 1.1 10.6± 10.6

Zhang 2019 (Zhang et
al., 2019)

Overweight No CVD by self-
report 18–25

12 Female MICE 2.0± 1.2 6.9± 7.2
3–4

Notes.
HIIE, high-intensity interval exercise; MICE, moderate-intensity continuous exercise; CVD, cardiovascular diseases; ECG, electrocardiogram; LVEF, left ventricular ejection fraction; hs-cTnT, high-
sensitivity cardiac troponin T, assay manufactured by Roche, detection limit 3 ng/L and 99th upper reference limit 14 ng/L.
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Table 2 Exercise program of the included studies.

Author Equipment Exercise
program

Intensity Duration
(min)

Averaged
HR
(beat/min)

Exercise
HR
(beat/min)

Recovery
HR
(beat/min)

HIIE with active recovery mode
HIIE 2 min 90% VO2max: 2 min 50% VO2max 92 160.0± 12.0 176.0± 12.0 145.0± 13.0

Li 2020 (Li et al., 2020) Treadmill
MICE 70% VO2max 92 162.0± 11.0 – –
HIIE 1 min 80% HRr: 2 min 50% HRr 40 107.6± 10.8 NA NARanjbar 2017 (Ranjbar et

al., 2017)
Treadmill

MICE 60% HRr 40 101.7± 5.7 – –

HIIE with passive recovery mode
HIIE 4 min 90% VO2max: 3 min Rest 30± 4 NA 151.0± 17.0 NANie 2018 (Nie et al.,

2018)
Ergometer

MICE 60% VO2max 51± 5 146.0± 19.0 – –
HIIE 4 min 90% VO2max: 3 min Rest 46± 2 NA 155.0± 3.0 NANie 2020 (Nie et al.,

2020)
Ergometer

MICE 60% VO2max 85± 4 137.0± 4.0 – –
HIIE 30 s 90% HRmax: 15 s Rest 21 NA 174.1± 9.8 NAWeippert 2016 (Weip-

pert et al., 2016) Treadmill
MICE 70% HRmax 60 136.3± 6.2 – –
HIIE 4 min 90% VO2max: 3 min Rest 28± 3 NA 157.0± 9.0 NA
HIIE 1 min 120% VO2max: 1.5 min Rest 21± 2 NA 148.0± 11.0 NA

Zhang 2019 (Zhang et
al., 2019)

Ergometer

MICE 60% VO2max 63± 12 140.0± 12.0 – –

Notes.
HIIE, high-intensity interval exercise; MICE, moderate-intensity continuous exercise; VO2max, maximal oxygen consumption; HR, heart rate; HRmax, maximum heart rate; HRr, heart rate reserve;
NA, not available; -, not applicable.
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Figure 2 Analysis of risk of bias according to Cochrane Collaboration guideline.
Full-size DOI: 10.7717/peerj.14508/fig-2

Figure 3 Funnel plot of publication bias for cardiac troponin in the HIIE vsMICEmodel.
Full-size DOI: 10.7717/peerj.14508/fig-3

relatively high. High, unclear, and low risk of bias accounted for 11.9%, 11.9%, and 76.2%,
respectively. Figure 2 shows the risk of bias for each included study.

The funnel plot was used to analyze the publication bias of the included studies. As
the total number of the included studies was close to the minimum requirement of using
a funnel plot (Lu et al., 2020), publication bias can be reflected to a certain degree. Figure
3 shows that both figures formed a left–right symmetrical distribution, suggesting a low
chance of publication bias.
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Figure 4 Forest plot illustrating the effects of HIIE vsMICE on cardiac troponin. HIIE high-intensity
interval exercise; MICE moderate-intensity continuous exercise.

Full-size DOI: 10.7717/peerj.14508/fig-4

Sensitivity analysis
Sensitivity analysis was conducted by modifying the type of analysis model, altering the
effect size, and excluding individual studies. After the sensitivity analysis, there was no
significant change in the results of each sub-group in the meta-analysis; thus, the results
were reliable.

Quantitative synthesis
Six of the included studies compared the effects of HIIE (n= 109) and MICE (n= 96) on
cardiac troponin T (Weippert et al., 2016; Zhang et al., 2019; Nie et al., 2020; Ranjbar et al.,
2017; Nie et al., 2018; Li et al., 2020). Overall, there was no significant difference between
HIIE and MICE in the elevation of cardiac troponin T (SMD: 0.41 [95% CI [−0.21, 1.03]],
p= 0.20, I 2 = 77%, p for heterogeneity < 0.01) (Fig. 4). In the sub-group analysis, the
increase of cardiac troponin T after HIIE with passive recovery was significantly higher than
that of MICE (SMD: 0.85 [95% CI [0.44, 1.27]], p< 0.01, I 2= 32%, p for heterogeneity =
0.22). Details are shown in Fig. 4.

DISCUSSION
The present results showed that the release of cardiac troponin is unclear by different types
of exercises, thus more studies are needed to clarify its effects. Interestingly, sub-group
analysis revealed that HIIE recovery modes, i.e., active and passive, versus MICE may
lead to differences in the release of cardiac troponin after exercise. This novel finding
proposed a modifiable factor to exercise-induced cardiac troponin elevation. No research
has directly compared the effects of HIIE especially with multiple recovery modes and
MICE on cardiac troponin. Therefore, when formulating HIIE exercise prescriptions and
conducting research, the impact of recovery modes on the release of cardiac troponin must
be considered.

According to the current results, most studies related to the effects of HIIE and MICE
on cardiac troponin need to match the amount of exercise, such as the averaged intensity
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and time (Tschakert et al., 2016) or the total work (Zhang et al., 2019; Nie et al., 2020). This
probably due to HIIE with passive recovery resulted in more time spent on exercising
than with active recovery. As shown by a previous study, longer exercise duration at high
intensity resulted in increased cardiac troponin (Bjørkavoll-Bergseth et al., 2020). Hence,
the duration of exercising at high-intensity may be the main factor that influences the
release of cardiac troponin (Li et al., 2021a).

In the study of Yamagishi & Babraj (2019), a 2-week sprint interval training of 30s
followed by a 4-min recovery was performed for three sessions per week. The active
recovery group exercised at 40%VO2 peak during rest intervals, whereas the passive recovery
group rested. There was no significant difference in the VO2 max between the two groups
after training for two weeks. In contrast, Abderrahmane et al. (2013) found that after seven
weeks of HIIE training with the same amount of exercise, only the active recovery group
significantly improved VO2 max and maximum aerobic speed. The present results indicated
that active recovery led to the release of less cardiac troponin after exercise, which might
be related to the improvement of aerobic capacity.

In addition, improvement of acid–base balance (Miladi et al., 2011; Siegler et al., 2006),
maintenance of stroke volume (Takahashi & Miyamoto, 1998), oxygenuptake (Miladi et al.,
2011; Takahashi et al., 2001; Takahashi & Miyamoto, 1998), and venous return (Takahashi
& Miyamoto, 1998) could contribute to the exercise-induced cardiac troponin level. In the
study conducted by Nalbandian, Radak & Takeda (2017), 17 athletes randomly performed
two HIIE sessions. The exercise program consisted of three sets of 30s exercise at an
intensity of 90% maximum power (Pmax) with a 4-min active or passive recovery between
each bout. The outcomes revealed that the rate of lactate removal during active recovery
was significantly higher than that during passive recovery. Furthermore, Takahashi &
Miyamoto (1998) stated that a combination of 7-min active recovery and 3-min passive
recovery could reduce the heart rate and maintain the stroke volume than 10-min passive
recovery only.

On the contrary, two studies have shown that stroke volume was maintained at a
higher level during active recovery than passive recovery (Takahashi & Miyamoto, 1998;
Miladi et al., 2011). This might lead to an increase in blood flow in the coronary artery
and thus improve the blood supply of the myocardium. Similarly, a high level of oxygen
uptake during active recovery could also facilitate early oxygen contribution to promote
the removal of body metabolites and fatigue recovery (Kriel et al., 2016). Therefore, active
recovery might be able to change the level of cardiac troponin by changing physiological
responses such as acid–base balance and myocardial blood supply.

There is no clear mechanism of the increase in cardiac troponin caused by exercise.
Permeability alterations of the myocardial cell membrane remain the widely recognized
mechanism. High-intensity exercise might be able to change the mechanical stress (Clarke
et al., 1995; McNeil & Khakee, 1992), oxidative stress (Nie et al., 2010; Nie et al., 2016) and
acid–base balance (Sahlin, 1980) of the cardiomyocytes to induce temporary destruction of
the myocardial cell membrane, thereby increasing the permeability of the cell membrane.
Starnberg et al. (2014) conducted an in vitro study on human heart tissue and found that
the increased permeability of myocardial muscle membrane might promote the temporary
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leakage of cytoplasmic cardiac troponin, including free radical-mediated damage (Shave
et al., 2010). Similar findings were reported in the study of Nie et al. (2010), involving the
use of rat models. In the study, 15 rats were divided into four groups and tested before
3 h of swimming exercise, immediately after exercise, and at 2 h and 24 h post-exercise.
The results showed that cardiac troponin T increased significantly immediately and at 2
h after exercise. This increment was related to the increased of lipid peroxidation in the
rat’s heart. It indicated that oxidative stress might be an important cause of cell membrane
damage and cardiac troponin leakage. On the other hand, antioxidants such as Vitamin E
appear to protect muscle cells by reducing oxidative stress (Hickman et al., 2010) and rates
of lipid peroxidation (Bleier et al., 1998). A study showed that supplementing with vitamin
E following a brief bout of vigorous exercise still resulted in a substantial increase in cardiac
troponin, but the level of significance was reduced when compared to the group that
did not receive vitamin E supplementation (Remppis, 1995). Thus, dietary and enzymatic
antioxidants may play a role in modifying the level of cardiac troponin.

Exercise-induced cardiac troponin might be transported through membranous
blebs (Schwartz et al., 1984). Cardiac troponin mainly bonded to myofibrils, whereas
the unbound cardiac troponin T and I in the cytoplasm were about 5–8%(Bleier et al.,
1998). This made it possible for cytoplasmic cardiac troponin to enter the peripheral
blood after exercise. A study indicated that temporary ischemia and reoxygenation could
initiate the instantaneous release of cardiac troponin (Remppis, 1995). However, if the
period of ischemia was extended before reoxygenation, troponin release was greater and
more prolonged, which may be related to the production of membranous blebs after cell
ischemia. This view corroborates with the present result that the release of cardiac troponin
was greater when the ischemic time was longer during passive recovery. Similarly, the
study by Schwartz et al. (1984) demonstrated that the cultured cardiomyocytes developed
membrane vesicles and released cytoplasmic enzymes in the absence of oxygen without cell
necrosis. These findings suggested that the release of cardiac troponin after exercise might
not come from irreversible damage to cardiomyocytes. Nevertheless, most of the current
indications on these pathways were ancillary and there was no direct evidence from human
studies.

Study limitations
There are data paucity on the effects of HIIE on cardiac troponin and most of the available
studies employed distinct exercise’s set, intensity and duration. Secondly, after subgroup
analysis, the sample size of each subgroup is very small. There are differences in the
baseline measurements due to the different exercise ability of participants, thus the results
of subgroup analysis should be treated with caution. In addition, long-term intervention
may affect the baseline level of cardiac troponin, however the studies included in this study
are all acute studies, so the baseline level was not compared. Future studies with large
sample size are needed to strengthen the evidence.

Furthermore, due to the varied methodologies (i.e., the timing of blood sampling and
matchingmethods betweenHIIE andMICE) and data processing employed in the included
studies, we applied the standardized mean difference instead of the mean difference to

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 11/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.14508


compare the effect size. Moreover, the current studies have not observed the recovery
of cardiac troponin after exercise, which limits the interpretation of the results. Future
research is recommended to investigate the effects and mechanisms of different exercise
recovery methods on heart function. Finally, only articles written and published in English
were included in this review.

CONCLUSIONS
Exercise recovery mode may potentially affect the release of cardiac troponin after
exercise. HIIE with passive recovery induced more cardiac troponin elevation after
exercise compared to MICE. In clinical practice, this finding offers a valuable insight
in the evaluation of raised cardiac troponins in patients who presented with angina
equivalence symptom especially following exercise. This is particularly important for
an acute care physician to differentiate a benign cause of raised cardiac troponin from
myocardial infarction. Therefore, cardiac troponin values would offer a more accurate
diagnostic value and should be considered, in addition to the usual clinical evaluation and
electrocardiogram.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Ministry of Higher Education Malaysia, Fundamental
Research Grant Scheme (FRGS/1/2020/SKK06/USM/03/10). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Ministry of Higher Education Malaysia, Fundamental Research Grant Scheme:
FRGS/1/2020/SKK06/USM/03/10.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Shuoqi Li conceived and designed the experiments, performed the experiments, analyzed
the data, prepared figures and/or tables, authored or reviewed drafts of the article, and
approved the final draft.
• Shazlin Shaharudin conceived anddesigned the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.
• Rafel Cirer-Sastre analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.
• Feifei Li analyzed the data, authored or reviewed drafts of the article, and approved the
final draft.

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 12/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.14508


• Faizal Abdul Manaf analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.
• Mohd Faiz Mohd Shukri analyzed the data, authored or reviewed drafts of the article,
and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The search strategy is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14508#supplemental-information.

REFERENCES
Abderrahmane A, Prioux J, Mrizek I, Chamari K, Tabka Z, Bouslama A, Zouhal

H. 2013. Recovery (passive vs. active) during interval training and plasma cate-
cholamine responses. International Journal of Sports Medicine 34(08):742–747
DOI 10.1055/s-0032-1327697.

Bjørkavoll-BergsethM, Kleiven Ø, Auestad B, Eftestøl T, Oskal K, NygardM, Skadberg
Ø, Aakre KM,Melberg T, Gjesdal K, Ørn S. 2020. Duration of elevated heart rate
is an important predictor of exercise-induced troponin elevation. Journal of the
American Heart Association 9(4):e014408 DOI 10.1161/JAHA.119.014408.

Bleier J, Vorderwinkler KP, Falkensammer J, Mair P, Dapunt O, Puschendorf B, Mair
J. 1998. Different intracellular compartmentations of cardiac troponins and myosin
heavy chains: a causal connection to their different early release after myocardial
damage. Clinical Chemistry 44(9):1912–1918 DOI 10.1093/clinchem/44.9.1912.

Chan-Dewar F, GregsonW,Whyte G, King J, Gaze D, Carranza-Garcia LE,
Legaz-Arrese A, George K. 2013. Cardiac electromechanical delay is increased
during recovery from 40 km cycling but is not mediated by exercise inten-
sity. Scandinavian Journal of Medicine & Science in Sports 23(2):224–231
DOI 10.1111/j.1600-0838.2011.01376.x.

Cirer-Sastre R, Legaz-Arrese A, Corbi F, George K, Nie J, Carranza-Garcia LE,
Reverter-Masia J. 2019. Cardiac biomarker release after exercise in healthy children
and adolescents: a systematic review and meta-analysis. Pediatric Exercise Science
31(1):28–36 DOI 10.1123/pes.2018-0058.

Cirer-Sastre R, Legaz-Arrese A, Corbi F, López-Laval I, George K, Reverter-Masia J.
2021. Influence of maturational status in the exercise-induced release of cardiac
troponin T in healthy young swimmers. Journal of Science and Medicine in Sport
24(2):116–121 DOI 10.1016/j.jsams.2020.06.019.

Clarke MSF, Caldwell RW, Chiao H, Miyake K, McNeil PL. 1995. Contraction-induced
cell wounding and release of fibroblast growth factor in heart. Circulation Research
76(6):927–934 DOI 10.1161/01.RES.76.6.927.

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 13/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.14508#supplemental-information
http://dx.doi.org/10.7717/peerj.14508#supplemental-information
http://dx.doi.org/10.7717/peerj.14508#supplemental-information
http://dx.doi.org/10.1055/s-0032-1327697
http://dx.doi.org/10.1161/JAHA.119.014408
http://dx.doi.org/10.1093/clinchem/44.9.1912
http://dx.doi.org/10.1111/j.1600-0838.2011.01376.x
http://dx.doi.org/10.1123/pes.2018-0058
http://dx.doi.org/10.1016/j.jsams.2020.06.019
http://dx.doi.org/10.1161/01.RES.76.6.927
http://dx.doi.org/10.7717/peerj.14508


Coletta AM, Agha NH, Baker FL, Niemiro GM,Mylabathula PL, Brewster AM,
Bevers TB, Fuentes-Mattei E, Basen-Engquist K, Gilchrist SC, Simpson RJ.
2021. The impact of high-intensity interval exercise training on NK-cell function
and circulating myokines for breast cancer prevention among women at high
risk for breast cancer. Breast Cancer Research and Treatment 187(2):407–416
DOI 10.1007/s10549-021-06111-z.

Coletta AM, Brewster AM, ChenM, Li Y, Bevers TB, Basen-Engquist K, Gilchrist
SC. 2019.High-intensity interval training is feasible in women at high risk
for breast cancer.Medicine & Science in Sports & Exercise 51(11):2193–2200
DOI 10.1249/MSS.0000000000002048.

Devin JL, Jenkins DG, Sax AT, Hughes GI, Aitken JF, Chambers SK, Dunn JC, Bolam
KA, Skinner TL. 2018. Cardiorespiratory fitness and body composition responses
to different intensities and frequencies of exercise training in colorectal cancer sur-
vivors. Clinical Colorectal Cancer 17(2):e269–e279 DOI 10.1016/j.clcc.2018.01.004.

Drezner JA. 2000. Sudden cardiac death in young athletes. Postgraduate Medical Journal
108(5):37–50 DOI 10.3810/pgm.2000.10.1260.

Eijsvogels TMH, Hoogerwerf MD,MaessenMFH, Seeger JPH, George KP, Hopman
MTE, Thijssen DHJ. 2015. Predictors of cardiac troponin release after a marathon.
Journal of Science and Medicine in Sport 18(1):88–92
DOI 10.1016/j.jsams.2013.12.002.

Eijsvogels TMH, Hoogerwerf MD, Oudegeest-Sander MH, HopmanMTE, Thijssen
DHJ. 2014. The impact of exercise intensity on cardiac troponin I release. Interna-
tional Journal of Cardiology 171(1):e3–e4 DOI 10.1016/j.ijcard.2013.11.050.

Hickman PE, Potter JM, Aroney C, Koerbin G, Southcott E, Wu AHB, Roberts MS.
2010. Cardiac troponin may be released by ischemia alone, without necrosis. Clinica
Chimica Acta 411(5–6):318–323 DOI 10.1016/j.cca.2009.12.009.

Higgins JPT, Thomas J, Chandler J, CumpstonM, Li T, Page MJ,Welch VA. 2019.
Cochrane handbook for systematic reviews of interventions. 2nd ed.. Hoboken: Wiley,
185–188 DOI 10.1002/9781119536604.

Hosseini SM, Azizi M, Samadi A, Talebi N, Gatterer H, Burtscher M. 2018. Impact of
a soccer game on cardiac biomarkers in adolescent players. Pediatric Exercise Science
30(1):90–95 DOI 10.1123/pes.2017-0060.

Hozo SP, Djulbegovic B, Hozo I. 2005. Estimating the mean and variance from the
median, range, and the size of a sample. BMCMedical Research Methodology 5(1):13
DOI 10.1186/1471-2288-5-13.

Kleiven Ø, Omland T, Skadberg Ø, Melberg TH, Bjørkavoll-BergsethMF, Auestad
B, Bergseth R, Greve OJ, Aakre KM, Ørn S. 2020. Occult obstructive coronary
artery disease is associated with prolonged cardiac troponin elevation following
strenuous exercise. European Journal of Preventive Cardiology 27(11):1212–1221
DOI 10.1177/2047487319852808.

Kriel Y, Kerhervé HA, Askew CD, Solomon C. 2016. The effect of active versus
passive recovery periods during high intensity intermittent exercise on local

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 14/17

https://peerj.com
http://dx.doi.org/10.1007/s10549-021-06111-z
http://dx.doi.org/10.1249/MSS.0000000000002048
http://dx.doi.org/10.1016/j.clcc.2018.01.004
http://dx.doi.org/10.3810/pgm.2000.10.1260
http://dx.doi.org/10.1016/j.jsams.2013.12.002
http://dx.doi.org/10.1016/j.ijcard.2013.11.050
http://dx.doi.org/10.1016/j.cca.2009.12.009
http://dx.doi.org/10.1002/9781119536604
http://dx.doi.org/10.1123/pes.2017-0060
http://dx.doi.org/10.1186/1471-2288-5-13
http://dx.doi.org/10.1177/2047487319852808
http://dx.doi.org/10.7717/peerj.14508


tissue oxygenation in 18–30 year old sedentary men. PLOS ONE 11(9):1–20
DOI 10.1371/journal.pone.0163733.

Li F, HopkinsWG,Wang X, Baker JS, Nie J, Qiu J, Quach B,Wang K, Yi L. 2021a.
Kinetics, moderators and reference limits of exercise-induced elevation of cardiac
troponin t in athletes: a systematic review and meta-analysis. Frontiers in Physiology
12:651851 DOI 10.3389/fphys.2021.651851.

Li Y, Miao R, Liu Y, Zhang J, Dou Z, Zhao L, Zhang Y, Huang Z, Xia Y, Han D. 2021b.
Efficacy and safety of tripterygium glycoside in the treatment of diabetic nephropa-
thy: a systematic review and meta-analysis based on the duration of medication.
Frontiers in Endocrinology 12:656621 DOI 10.3389/fendo.2021.656621.

Li F, Nie J, Zhang H, Fu F, Yi L, HopkinsW, Liu Y, Lu Y. 2020. Effects of matched
intermittent and continuous exercise on changes of cardiac biomarkers in endurance
runners. Frontiers in Physiology 11:1–7 DOI 10.3389/fphys.2020.00030.

Lippi G, Favaloro E, Sanchis-Gomar F. 2018. Sudden cardiac and noncardiac death in
sports: epidemiology, causes, pathogenesis, and prevention. Seminars in Thrombosis
and Hemostasis 44(08):780–786 DOI 10.1055/s-0038-1661334.

Lu Y,WangW, Ding X, Shi X. 2020. Association between the promoter region of
serotonin transporter polymorphisms and recurrent aphthous stomatitis: a meta-
analysis. Archives of Oral Biology 109:104555
DOI 10.1016/j.archoralbio.2019.104555.

MaduenoMC, Guy JH, Dalbo VJ, Scanlan AT. 2019. A systematic review examining the
physiological, perceptual, and performance effects of active and passive recovery
modes applied between repeated-sprints. The Journal of Sports Medicine and Physical
Fitness 59(9):1492–1502 DOI 10.23736/S0022-4707.18.09188-0.

Martínez-Navarro I, Sánchez-Gómez J, Sanmiguel D, Collado E, Hernando B, Panizo
N, Hernando C. 2020. Immediate and 24-h post-marathon cardiac troponin T is
associated with relative exercise intensity. European Journal of Applied Physiology
120(8):1723–1731 DOI 10.1007/s00421-020-04403-8.

Maturana FM,Martus P, Zipfel S, Nieß AM. 2020. Effectiveness of HIIE versus MICT in
improving cardiometabolic risk factors in health and disease.Medicine & Science in
Sports & Exercise 53(3):559–573 DOI 10.1249/mss.0000000000002506.

McNeil PL, Khakee R. 1992. Disruptions of muscle fiber plasma membranes. Role in
exercise-induced damage. The American Journal of Pathology 140(5):1097–1109
Available at http://www.ncbi.nlm.nih.gov/pubmed/1374591.

Miladi I, Temfemo A, Mandengué SH, Ahmaidi S. 2011. Effect of recovery mode on
exercise time to exhaustion, cardiorespiratory responses, and blood lactate after
prior, intermittent supramaximal exercise. The Journal of Strength and Conditioning
Research 25(1):205–210 DOI 10.1519/JSC.0b013e3181af5152.

Nalbandian HM, Radak Z, TakedaM. 2017. Active recovery between interval bouts
reduces blood lactate while improving subsequent exercise performance in trained
men. Sports 5(2):40 DOI 10.3390/sports5020040.

Nie J, Close G, George KP, Tong TK, Shi Q. 2010. Temporal association of elevations
in serum cardiac troponin T and myocardial oxidative stress after prolonged

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 15/17

https://peerj.com
http://dx.doi.org/10.1371/journal.pone.0163733
http://dx.doi.org/10.3389/fphys.2021.651851
http://dx.doi.org/10.3389/fendo.2021.656621
http://dx.doi.org/10.3389/fphys.2020.00030
http://dx.doi.org/10.1055/s-0038-1661334
http://dx.doi.org/10.1016/j.archoralbio.2019.104555
http://dx.doi.org/10.23736/S0022-4707.18.09188-0
http://dx.doi.org/10.1007/s00421-020-04403-8
http://dx.doi.org/10.1249/mss.0000000000002506
http://www.ncbi.nlm.nih.gov/pubmed/1374591
http://dx.doi.org/10.1519/JSC.0b013e3181af5152
http://dx.doi.org/10.3390/sports5020040
http://dx.doi.org/10.7717/peerj.14508


exercise in rats. European Journal of Applied Physiology 110(6):1299–1303
DOI 10.1007/s00421-010-1604-6.

Nie J, George K, Duan F, Tong TK, Tian Y. 2016.Histological evidence for reversible
cardiomyocyte changes and serum cardiac troponin T elevation after exercise in rats.
Physiological Reports 4(24):e13083 DOI 10.14814/phy2.13083.

Nie J, Zhang H, Kong Z, George K, Little JP, Tong TK, Li F, Shi Q. 2018. Impact of
high-intensity interval training and moderate-intensity continuous training on
resting and postexercise cardiac troponin T concentration. Experimental Physiology
103(3):370–380 DOI 10.1113/EP086767.

Nie J, Zhang H, Kong Z,Wang C, Liu Y, Shi Q, George K. 2020. The impact of exercise
modality and menstrual cycle phase on circulating cardiac troponin T. Journal of
Science and Medicine in Sport 23(3):309–314 DOI 10.1016/j.jsams.2019.10.003.

Park KC, Gaze DC, Collinson PO, Marber MS. 2017. Cardiac troponins: from my-
ocardial infarction to chronic disease. Cardiovascular Research 113(14):1708–1718
DOI 10.1093/cvr/cvx183.

Ranjbar R, Ahmadi MA, Zar A, Krustrup P. 2017. Acute effect of intermittent and
continuous aerobic exercise on release of cardiac troponin T in sedentary men.
International Journal of Cardiology 236:493–497 DOI 10.1016/j.ijcard.2017.01.065.

Remppis A, Scheffold T, Greten J, Haass M, Greten T, KüblerW, Katus HA. 1995.
Intracellular compartmentation of troponin T: release kinetics after global ischemia
and calcium paradox in the isolated perfused rat heart. Journal of Molecular and
Cellular Cardiology 27(2):793–803 DOI 10.1016/0022-2828(95)90086-1.

Richardson AJ, Leckie T,Watkins ER, Fitzpatrick D, Galloway R, Grimaldi R,
Baker P. 2018. Post marathon cardiac troponin T is associated with relative
exercise intensity. Journal of Science and Medicine in Sport 21(9):880–884
DOI 10.1016/j.jsams.2018.02.005.

Sahlin EHK. 1980. Acid–base balance during exercise. Exercise and Sport Sciences Reviews
8(1):41–128 DOI 10.1249/00003677-198000080-00005.

Schwartz P, Piper HM, Spahr R, Spieckermann PG. 1984. Ultrastructure of cultured
adult myocardial cells during anoxia and reoxygenation. The American Journal
of Pathology 115(3):349–361. Available at http://www.ncbi.nlm.nih.gov/pubmed/
6731585.

Shave R, Baggish A, George K,WoodM, Scharhag J, Whyte G, Gaze D, Thompson PD.
2010. Exercise-induced cardiac troponin elevation. Journal of the American College of
Cardiology 56(3):169–176 DOI 10.1016/j.jacc.2010.03.037.

Shave R, Geogre K, Atkinson G, Hart E, Middleton N,Whyte G, Gaze D, Collinson PO.
2007. Exercise-induced cardiac troponin T release.Medicine & Science in Sports &
Exercise 39(12):2099–2106 DOI 10.1249/mss.0b013e318153ff78.

Siegler JC, Bell-Wilson J, Mermier C, Faria E, Robergs RA. 2006. Active and passive
recovery and acid–base kinetics following multiple bouts of intense exercise to
exhaustion. International Journal of Sport Nutrition and Exercise Metabolism
16(1):92–107 DOI 10.1123/ijsnem.16.1.92.

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 16/17

https://peerj.com
http://dx.doi.org/10.1007/s00421-010-1604-6
http://dx.doi.org/10.14814/phy2.13083
http://dx.doi.org/10.1113/EP086767
http://dx.doi.org/10.1016/j.jsams.2019.10.003
http://dx.doi.org/10.1093/cvr/cvx183
http://dx.doi.org/10.1016/j.ijcard.2017.01.065
http://dx.doi.org/10.1016/0022-2828(95)90086-1
http://dx.doi.org/10.1016/j.jsams.2018.02.005
http://dx.doi.org/10.1249/00003677-198000080-00005
http://www.ncbi.nlm.nih.gov/pubmed/6731585
http://www.ncbi.nlm.nih.gov/pubmed/6731585
http://dx.doi.org/10.1016/j.jacc.2010.03.037
http://dx.doi.org/10.1249/mss.0b013e318153ff78
http://dx.doi.org/10.1123/ijsnem.16.1.92
http://dx.doi.org/10.7717/peerj.14508


Starnberg K, Jeppsson A, Lindahl B, Hammarsten O. 2014. Revision of the troponin
T release mechanism from damaged human myocardium. Clinical Chemistry
60(8):1098–1104 DOI 10.1373/clinchem.2013.217943.

Takahashi T, Miyamoto Y. 1998. Influence of light physical activity on cardiac responses
during recovery from exercise in humans. European Journal of Applied Physiology
77(4):305–311 DOI 10.1007/s004210050338.

Takahashi T, Tamura T, Okada A, Hayano J. 2001. Influence of cool-down exercise on
autonomic control of heart rate during recovery from dynamic exercise. Frontiers of
Medical and Biological Engineering 11(4):249–259
DOI 10.1163/156855701321138914.

Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes NAM, Fulton JE,
Gordon NF, Haskell WL, LinkMS, Maron BJ, MittlemanMA, Pelliccia A,Wenger
NK,Willich SN, Costa F. 2007. Exercise and acute cardiovascular events. Circulation
115(17):2358–2368 DOI 10.1161/CIRCULATIONAHA.107.181485.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, MorrowDA,White HD. 2019.
Fourth universal definition of myocardial infarction (2018). European Heart Journal
40(3):237–269 DOI 10.1093/eurheartj/ehy462.

Tschakert G, Kroepfl JM, Mueller A, Harpf H, Harpf L, Traninger H,Wallner-
Liebmann S, Stojakovic T, Scharnagl H, Meinitzer A, Pichlhoefer P, Hofmann P.
2016. Acute physiological responses to short- and long-stage high-intensity interval
exercise in cardiac rehabilitation: a pilot study. Journal of Sports Science and Medicine
15(1):80–91. Available at http://www.ncbi.nlm.nih.gov/pubmed/26957930.

Weippert M, Divchev D, Schmidt P, Gettel H, Neugebauer A, Behrens K,Wolfarth B,
Braumann K-M, Nienaber CA. 2016. Cardiac troponin T and echocardiographic
dimensions after repeated sprint vs.moderate intensity continuous exercise in
healthy young males. Scientific Reports 6(1):24614 DOI 10.1038/srep24614.

WuZJ,Wang ZY, Gao HE, Zhou XF, Li FH. 2021. Impact of high-intensity interval
training on cardiorespiratory fitness, body composition, physical fitness, and
metabolic parameters in older adults: a meta-analysis of randomized controlled
trials. Experimental Gerontology 150:111345 DOI 10.1016/j.exger.2021.111345.

Yamagishi T, Babraj J. 2019. Active Recovery induces greater endurance adaptations
when performing sprint interval training. The Journal of Strength and Conditioning
Research 33(4):922–930 DOI 10.1519/JSC.0000000000002787.

Zhang H, Nie J, Kong Z, Zhu X, Liu Y, Shi Q. 2019. Impact of high-intensity interval
exercise and moderate-intensity continuous exercise on the cardiac troponin t level
at an early stage of training. Journal of Visualized Experiments Epub ahead of print
2019 10 October DOI 10.3791/60252.

Li et al. (2023), PeerJ, DOI 10.7717/peerj.14508 17/17

https://peerj.com
http://dx.doi.org/10.1373/clinchem.2013.217943
http://dx.doi.org/10.1007/s004210050338
http://dx.doi.org/10.1163/156855701321138914
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.181485
http://dx.doi.org/10.1093/eurheartj/ehy462
http://www.ncbi.nlm.nih.gov/pubmed/26957930
http://dx.doi.org/10.1038/srep24614
http://dx.doi.org/10.1016/j.exger.2021.111345
http://dx.doi.org/10.1519/JSC.0000000000002787
http://dx.doi.org/10.3791/60252
http://dx.doi.org/10.7717/peerj.14508

