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Purpose: The purpose of this study was to determine the (i) cardiac biomarker (cTnI
and NT-proBNP) responses to moderate-intensity continuous exercise (MICE) and high-
intensity interval exercise (HIIE) in the middle-aged and young groups, (ii) relationship
of post-exercise cardiac biomarker release between these two age groups, and (iii)
investigate whether insertion/deletion (I/D) polymorphism in the angiotensin-converting
enzyme (ACE) gene is associated with predisposition to cardiac damage after exercise
in Iranian men.

Methods: We examined cTnI and NT-proBNP in 29 middle-aged (54.5 ± 4.6 years)
and 28 young (22.7 ± 4.2 years) soccer players before and after HIIE and
MICE running tests.

Results: The middle-aged soccer players had higher baseline cTnI (0.015 ± 0.007
ng/ml vs. 0.010 ± 0.006 ng/ml; P = 0.01) and NT-proBNP (30.7 ± 13.6 ng/L vs.
18.4 ± 8.3 ng/L; P < 0.001) values compared with the young group. The changes with
exercise (1cTnI: 13 vs. 11 ng/ml and 1NT-proBNP: 18 vs. 11 ng/L) were also higher
in the middle-aged group. No subject exceeded the upper reference limit for cTnI and
NT-proBNP. Considering three ACE genotypes, the mean cTnI and NT-proBNP values
of middle-aged and young groups did not show any significant difference.

Conclusion: Marked differences in baseline and post-exercise cTnI and NT-proBNP
values were observed, which were related to age differences but not to ACE genotypes.

Keywords: exercise, cTnI, NT-proBNP, middle-aged, young, ACE gene

INTRODUCTION

The health-promoting and preventive potential of regular physical exercise to reduce
cardiovascular disease and the risk of premature death is undeniable, although some people,
mainly those who are not adapted to training, experience exercise-related sudden cardiac arrests
(SCA). Middle-aged adults (35–59 years) make up a large part of the SCA cases (30–40%)
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(Noheria et al., 2013), which is a public health concern. The
growing popularity of exercise in an aging population urges the
necessity to understand the physiological changes that occur with
aging, when new approaches to prescribing an exercise mode
are to be adopted.

In comparison with traditional moderate-intensity
continuous exercise (MICE), high-intensity interval exercise
(HIIE) has been promoted as an effective mode of exercise which
improves cardiovascular and metabolic function (Gibala et al.,
2012) and even alters the quality of life at advanced ages (Winett
and Ogletree, 2019). Regardless of the described benefits of
aerobic HIIE, concerns have been raised about the safety and
the direct effects of HIIE on the heart (Li et al., 2020) because
the aged heart is exposed to increasing levels of stress due to
its decreased functional reserve. As a result, the induced high
cardiorespiratory load of HIIE may elicit a prominent unpleasant
increase in cardiac biomarkers which are indicative of cardiac
damage (Strait and Lakatta, 2012).

In the cardiovascular setting, it is preferred to use different
marker tests in varying combinations, such as combining
troponin (cTn), a marker for cardiac injury, and N-terminal
pro-brain natriuretic peptide (NT-proBNP), a biomarker that
does not come from myocardial necrosis but by different
mechanisms such as myocardial stretch, inflammation, or stress
(Rains et al., 2014).

In studying the effects of age on cardiac response to exercise,
it is important not to consider the heart as an isolated organ
since it is in series with the vascular system. The angiotensin-
converting enzyme (ACE) gene is the candidate gene involved in
cardiac growth and function. The endocrine renin–angiotensin
system (RAS) plays a fundamental role in controlling the
circulatory system. Angiotensin II (Ang II), a major effector of
RAS, is involved in the homeostasis of fluid via its effects on
aldosterone secretion and is a powerful vasoconstrictor, resulting
in saltwater retention and endothelial dysfunction, which is a
major public health concern.

The mitogen-activated protein kinase, phosphoinositide-3-
kinase/AKT, and protein kinase cAMP-dependent pathways are
among the most ancient signal transduction pathways activated
by angiotensin II that play a central role in the control of cell
proliferation, growth, and differentiation (Mehta and Griendling,
2007). The presence or absence of the 287 bp Alu sequence
in intron 16 of the ACE gene forms the insertion (I allele)
and/or deletion (D allele) polymorphisms, which contribute to
three genotypes – insertion homozygote (I/I), insertion/deletion
heterozygote (I/D), and deletion homozygote (D/D). The D allele
is associated with peak ACE levels in the circulatory system and
the ventricular tissue (Raynolds et al., 1993). Several studies have
shown the association of D allele and DD genotype with heart
failure, systolic dysfunction, and acute myocardial infarction
(Mendonça et al., 2004; De Boer et al., 2009; Zhou et al.,
2012; Hmimech et al., 2017). Therefore, a positive association
between the D allele and elevation of exercise-induced cardiac
biomarkers indicative of cardiac damage is suggested. However,
the amount of this release may be importantly affected by the age
of the subjects because aging results in a lower injury threshold
for cardiac damage (Noheria et al., 2013). In addition, the

transcription, translation, and activity of ACE markedly increase
within the arterial wall with aging (Wang et al., 2003). As a result,
Ang II protein becomes markedly increased, particularly in the
thickened intima. The Ang II receptor, AT1, is also upregulated
within the old arterial wall (Wang et al., 2007).

To have a preventive approach, the health benefits of studying
on middle-aged group are enormous because the majority of
the Iranian elderly population currently suffer from a variety
of chronic diseases, with cardiovascular disease and reduced
cardiac function being especially prevalent. Thus, the present
study aimed to examine the possible risk outcomes of HIIE on the
middle-aged (<60) rather than the older population. The current
study hypothesized that HIIE may elicit a much higher increase
in cardiac biomarkers indicative of cardiac damage compared
with MICE, and this would be more apparent in the middle-aged
compared with the young group. A positive association between
the D allele and the DD genotype with an elevation in exercise-
induced cardiac biomarkers indicative of cardiac damage is
also suggested. The present study may be summarized to the
following three parts: (part I) cardiac biomarkers (NT-proBNP
and cTnI) responses to acute intermittent and continuous
exercise, (part II) relationships between post-exercise cardiac
biomarker release between the middle-aged and the young
groups, and (part III) the influence of the ACE gene I/D
polymorphism on cardiac biomarker release with specific regard
on the influence of the age category.

MATERIALS AND METHODS

Design Overview
A pre- and post-test design was employed in order to measure
the effects of MICE and HIIE on specific cardiac biomarkers in
middle-aged and young male subjects.

Participants
Soccer players (white men of Iranian/Persian descent) were
enrolled via an open invitation from a big soccer club. The
subjects included all athletes participating in soccer at a
competitive or masters level (n = 29), who had at least a
history of 5 years of regular soccer training or leisure activity
subjects (n = 28), and who were active members of the
soccer community with no regular training program. In total, 57
individuals were included in the genotyping phase of the study.
The ACE-I/D polymorphism was conducted in a manner that
was blinded to the clinical outcomes of cardiac biomarkers. For
the analysis, the subjects were categorized based on their age
group and ACE I/D genotype as assessed by a questionnaire
and genotyping. The volunteers included 29 middle-aged (aged
45–60 years) and 28 young (aged 18–30 years) soccer players.
The middle-aged subjects did not differ from the young group
in their ethnic and geographical distribution throughout Iran.
All the subjects were free from any renal, musculoskeletal,
metabolic, and cardiorespiratory disorders. All the participants
were asked to refrain from strenuous exercise as well as smoking
and ingesting alcohol and caffeine for at least 48 h prior to
the test session.
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Ethics Statement
This study was conducted in accordance with the Declaration
of Helsinki and was approved by the institutional research
committee of the University of Guilan (Ref. DT/17012017). The
confidentiality of the participants was strictly maintained. After a
full explanation of the study, the participants signed a voluntary
written informed consent.

Anthropometric and Physical
Performance Measurement
At the first stage, we evaluated clinical assessments
including anthropometric measurements. Height, weight,
and skinfold measurement were taken in duplicate, and the
average of the two was recorded. Self-determination of resting
heart rate (RHR) for three mornings before getting up from
bed was conducted by the subjects, following the instructions
of the researcher. Blood pressure was measured before the
exercise, in sitting position with the arm supported so that
the elbow was at about the heart’s level, using an automated
brachial oscillometric device (M10-IT; Omron, Kyoto, Japan).
The calculation of VO2max of each soccer player was determined
using Bruce protocol on a treadmill (HP Cosmos, Germany),
in accordance with the recommended standards of the American
College of Sports Medicine. The final result of the Bruce test is
exercise time (ET) by which VO2max can be accurately estimated
(Pollock, 1977).

On the second and third visits and in a randomized crossover
design which was separated by 7 days, the participants underwent
two running exercise protocols of HIIE and MICE, which were
adjusted to attain similar total work (i.e., isocaloric). The testing
sessions were conducted during a preparatory period: 2–3 h
after a standardized breakfast in an air-conditioned laboratory,
with the temperature and the relative humidity specified as 20◦C
and 50%, respectively. Both running protocols were performed
at the same time of the day to ignore circadian effects on the
physiological characteristics (Reilly and Brooks, 1986) and on
an identical motorized treadmill (HP Cosmos, Germany). The
HIIE running protocol opened with a 7 min warm-up at 70%
VO2max, followed by six 3 min bouts at 90% VO2max. Between
the intervals, 3 min active recovery periods at 50% VO2max were
arranged. Lastly, the participants performed a 7 min cool-down at
a running velocity corresponding to 70% VO2max. Accordingly,
the exercise protocol included 18 min of high-intensity exercise
and 18 min of active recovery which, considering warm-up and
cool-down, granted a total duration of 50 min. The average
intensity during HIIE protocol was equalize to 70% VO2max. The
MICE protocol was made up of 50 min of continuous running
at 70% VO2max. So, the two exercise protocols were matched for
exercise duration (50 min), average intensity (70% VO2max), and
distance run (9,843 + 494 m) (Bartlett et al., 2011). A heart rate
monitor (Polar S610i, Kempele, Finland) was used to control the
heart rate during exercise.

Blood Sampling
Blood samples were obtained just prior (pre) and within
15 min after the workout (post). The subjects were seated for

10 min prior to each blood collection. The samples were collected
in serum separation tubes, allowed to clot for 30 min, and then
centrifuged at 2,000 g for 7 min; the serum was then drawn off
and stored at−80◦C for later analysis.

The serum NT-proBNP level was determined using the
Human N-terminal Pro-brain Natriuretic Peptide ELISA Kit
(Bioassay Technology Laboratory Co., China, catalog number:
E1239Hu). The sensitivity of the test is 4.12 ng/L; the measuring
range is 8–1,900 ng/L.

The cardiac troponin I (cTnI) concentration was measured
using Access AccuTnI assay (Beckman Coulter Inc., Fullerton,
CA, United States). The upper reference limit (URL) for cTnI,
defined as the 99th percentile for the healthy participants, was
0.04 ng/ml (Eggers et al., 2007).

Genotyping of the ACE Gene I/D
Polymorphism
Genomic DNA extraction from whole-blood samples was
conducted using the salting out procedure (Miller et al., 1998).
We managed polymerase chain reaction (PCR) to genotype
DNA samples. The sequences of the sense and the antisense
primers were 5’-CTGGAGACCACTCCCATCCTTTCT-3’ and
5’-GATGTGGCCATCACATTCGTCAGAT-3’, respectively.
The PCR program used was as follows: denaturation at 95◦C
for 1 min, annealing at 30 cycles of 95◦C for 1 min, 58◦C for
1 min, 72◦C for 2 min, and extension at 72◦C for 10 min. The
PCR product was analyzed by electrophoresis at 80 V for 60 min
using 1.5% agarose gel. In the blind experiments, the reliability of
genotyping was evaluated. The reactions confirmed the presence
of the D (190 bp) and I (490 bp) alleles which clarify three
profiles: II (490 pb), ID (490 and 190 bp), and DD (190 pb). This
research was implemented in the molecular laboratory of Guilan
University, Iran.

Statistical Analyses
Data are presented as mean ± SD. The allele and the
genotype frequencies in middle-aged and young individuals were
compared using the chi-square test (χ2-test). Two-way analysis
of variance (factors: age and ACE I/D polymorphism) was used to
assess mean differences. A confidence interval of 95% significance
was approved at P ≤ 0.05). The data were analyzed using SPSS
version 16.0 (Chicago, IL, United States).

RESULTS

Characteristics of the Subjects in
Relation to Age Group
Twenty-nine of the 57 studied subjects were classified as middle-
aged; the other 28 subjects, being young, were all included in the
genotyping phase of the study. Fifty-six participants were able to
complete both MICE and HIIE sessions, while one middle-aged
subject stopped the MICE session after 15 min of running and
hence was excluded from the analysis. Table 1 summarizes the
characteristics of the subjects in dependence of the age category.
The middle-aged and the young men had similar height, whereas
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weight (78.0 vs. 73.2 kg), body mass index (BMI; 24.1 vs. 22.4 kg
· m−2), body fat mass (17.2 vs. 14.7%), resting systolic blood
pressure (129 vs. 124 mmHg), diastolic blood pressure (78 vs.
73 mmHg), and RHR (62 vs. 59 b. min −1) were significantly
(P < 0.01) higher in the middle-aged group, and as expected, ET
(14.3 vs. 12.0 min) and VO2max (52.7 vs. 43.5 ml · kg−1

·min−1)
were higher in the young group (Table 1).

cTnI
The pre-exercise cTnI data were significantly higher in the
middle-aged subjects (middle-aged: 0.015 ± 0.007 ng/ml; young:
0.010 ± 0.006 ng/ml; P = 0.018) (Table 1). All the participants
presented with an increase in cTnI at post-exercise, with the
URL for cTnI not exceeded by any subject (<0.04 ng/ml). The
middle-aged group had a higher post-exercise cTnI release, which
was largely explained by the higher baseline values. The increase
of cTnI concentrations (1cTnI) was also higher in the middle-
aged group compared with the young group (13 vs. 11 ng/ml).
Interestingly, there was no significant difference between HIIE
and MICE in the amount of cTnI released (Table 2). The serum
concentration of cTnI was < 0.04 ng/ml in all the participants at
baseline and did not exceed this value after the exercise sessions.

NT-proBNP
There was a significant difference in the pre-exercise NT-
proBNP values between the middle-aged and the young subjects
(30.7 ± 13.6 ng/L and 18.4 ± 8.3 ng/L, respectively; P < 0.001)
(Table 1). There was a rise in NT-proBNP at post-exercise in all
subjects, but the URL was not exceeded by any subject. There was
a significant main effect of age on NT-proBNP data; as a result,
the increase of NT-proBNP concentrations (1NT-proBNP) was
higher in the middle-aged group compared with the young group
(18 vs. 11 ng/L). The concentration of NT-proBNP increased
significantly after HIIE (middle-aged: 47.3 ± 23.9 ng/L; young:
29.7 ± 12.1 ng/L) and MICE (middle-aged: 48.4 ± 30.2 ng/L;
young: 29.6 ± 11.1 ng/L) (P < 0.01). However, no significant

TABLE 1 | Baseline characteristics of middle-aged and young males.

Variable(s) Middle-aged
(n = 28)

Young (n = 28) Statistical
significance

Age (years) 54.5 ± 4.6 22.7 ± 4.2 P < 0.001*

Weight (kg) 78.0 ± 7.5 73.2 ± 6.3 P = 0.01*

Height (cm) 179.7 ± 4.4 180.8 ± 5.7 NS

BMI (kg·m−2) 24.1 ± 1.9 22.4 ± 1.2 P < 0.001*

Fat mass (%) 17.2 ± 3.0 14.7 ± 4.0 P = 0.01*

Exercise time (min) 12.0 ± 2.3 14.3 ± 2.5 P < 0.001*

VO2max (ml·kg−1
·min−1) 43.5 ± 9.3 52.7 ± 10.1 P < 0.001*

Resting SBP (mmHg) 129 ± 3 124 ± 4 P = 0.003*

Resting DBP (mmHg) 78 ± 7 73 ± 7 P < 0.001*

RHR (beats min −1) 62 ± 5 59 ± 4 P = 0.007*

cTnI (ng/ml) 0.015 ± 0.007 0.010 ± 0.006 P = 0.018*

NT-proBNP (ng/L) 30.7 ± 13.6 18.4 ± 8.3 P < 0.001*

Values are means ± SD; *P < 0.05. BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; RHR, resting heart rate; cTnI, cardiac
troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide; NS, not significant.

variations were found in the NT-proBNP levels between both
exercise modes (Table 2).

ACE Gene Characteristics of the
Subjects in Relation to Age
The frequency distribution of ACE genotypes in the 56 Iranian
males in the present study was as follows: middle aged: DD –
35.7%, n = 10; ID – 46.4%, n = 13, and II – 17.9%, n = 5; young:
DD – 28.6%, n = 8, ID – 42.9%, n = 12, and II – 28.6%, n = 8.
The frequency of the I and D allele was quite similar in the
young group (50%, n = 28), but in the middle-aged group the
frequency of the D allele (58.9%, n = 33) was significantly higher
than the I allele (41.1%, n = 23) (Table 3). The distribution of the
ACE genotype was in Hardy–Weinberg equilibrium. Considering
three ACE genotypes, the mean pre-exercise values of cTnI in the
middle-aged group (DD: 0.015 ± 0.008 ng/ml, ID: 0.014 ± 0.006
ng/ml, and II: 0.015 ± 0.009 ng/ml) and in the young group
(DD: 0.009 ± 0.005 ng/ml, ID: 0.011 ± 0.007 ng/ml, and
II: 0.011 ± 0.004 ng/ml) and NT-proBNP in the middle-aged
group (DD: 26.9 ± 14.4 ng/L, ID: 33.7 ± 15.1 ng/L, and II:
30.2 ± 5.0 ng/L) and in the young group (DD: 19.6 ± 11.6
ng/L, ID: 20.3 ± 7.4 ng/L, and II: 14.3 ± 3.9 ng/L) did not
show any significant difference (Figure 1). No interaction effect
of age × ACE genotype was found for each of the biomarkers
examined (Figure 1).

DISCUSSION

In comparing HIIE and MICE, we found that the post-exercise
increases of cTnI were comparable. In some studies, endurance
exercise (Benda et al., 2015) and, in some others, a higher exercise
intensity (Serrano-Ostáriz et al., 2011; Eijsvogels et al., 2014; Li
et al., 2020) led to a larger cardiac biomarker release, indicative
of acute cardiac damage. Our results in middle-aged and young
soccer players extend the findings of Normandin et al. (2013),
who indicated that cardiopulmonary responses did not differ
between MICE and HIIE in patients (aged 61 ± 9.9 years) with
heart failure (Normandin et al., 2013).

Aging may be one of the factors that determine the
heterogeneity in baseline cTnI. The effects of aging are most
evident in an exercise with a 1cTnI value (13 vs. 11 ng/ml)
higher in the middle-aged group compared with the young
group. Being of middle age is a known cardiovascular risk
factor. Middle-aged runners may experience higher loads to their
cardiac muscle when they conduct a higher-intensity exercise
than usual (Kim et al., 2015). The greater pre- and post-
exercise cTnI levels in our middle-aged group are consistent
with a study which has linked greater exercise-induced levels
of cTnI to higher age (Eijsvogels et al., 2010) but contrary to
some other studies which have associated it with a younger
age (Fortescue et al., 2007; Benda et al., 2015). In the study of
Eijsvogels et al. (2010), cTnI was increased above the clinical
cutoff value for myocardial infarction, but in our study the cTnI
levels were well below the cutoff point. The contradictions with
previous studies may be related to the different training status
or exercise protocols (Legaz-Arrese et al., 2015) or because, in
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TABLE 2 | cTnI and NT-proBNP after HIIIE and MICE in middle-aged and young males.

Middle-aged Young Interaction

Variable(s) Pre HIIE MICE Pre HIIE MICE Age status Exercise mode Interaction

cTnI (ng/ml) 0.015 ± 0.007 0.028 ± 0.001 0.028 ± 0.001 0.010 ± 0.006 0.021 ± 0.002 0.021 ± 0.002 P < 0.05* NS P < 0.05*

McTnI (ng/ml) 0.013 ± 0.006 0.011 ± 0.004 P < 0.05* NS P < 0.05*

NTproBNP (ng/L) 30.7 ± 13.6 47.3 ± 23.9 48.4 ± 30.2 18.4 ± 8.2 29.7 ± 12.1 29.6 ± 11.1 P < 0.01* NS P < 0.05*

MNTproBNP (ng/L) 18.3 ± 19.7 11.3 ± 3.6 P < 0.05* NS P < 0.05*

Values are means ± SD; *P < 0.05. cTnI, cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide; HIIIE, high-intensity interval exercise; MICE, moderate
intensity continuous exercise; NS, not significant.

TABLE 3 | Distribution of angiotensin-converting enzyme I/D polymorphism genotypes and allele frequencies between middle-aged and young males.

Genotype Middle-aged (N = 28) Young (N = 28) P-value OR (95% CI)

Count Frequency (%) Count Frequency (%)

DD 10 35.7 8 28.6 0.7 0.2

ID 13 46.4 12 42.9

II 5 17.9 8 28.6

D 33 58.9 28 50 0.7 0.5

I 23 41.1 28 50

II/ID/DD, ACE genotypes; I, insertion; D, deletion.

those studies, the subjects with asymptomatic cardiac structural
disease, minor ECG abnormalities, and hypertension were not
excluded. Webb et al. (2015) confirmed that the relationship
between age and hs-TnT was independent of co-morbidities
(Webb et al., 2015). The possible reason for the higher cTn
levels in older participants is because they were older and ran at
relatively higher exercise intensity. An overall decrease in exercise
tolerance is evident in the exercise time (12.0 vs. 14.3) and, as a
result, in VO2max (43.5 vs. 52.7) which is lower in the middle-
aged group. Exercise leads to a rise in stroke volume and heart
rate in order to increase cardiac output. The constant increase in
cardiac work may cause expanded mechanical stress on the heart
which, in combination with the physiologic setting of prolonged
exercise (e.g., elevations in reactive oxygen species, altered pH,
and increased core temperature) could damage cardiomyocytes
(Shave et al., 2010). The limited post-exercise amounts of cardiac
damage are later repaired due to the normal regenerative capacity
of the myocardium, which could be associated to a remodeling
process (Middleton et al., 2008). Another explanation may be
reduced renal clearance, with the mean estimated creatinine
clearance in normal older subjects significantly lower than that in
normal younger subjects (74 vs. 91 ml/min/1.73 m2, respectively,
P < 0.0001) (Galasko et al., 2005), possibly resulting in a small
increase in cTnI concentration in the blood. A meta-analysis
(Shave et al., 2007) confirmed that the mild release of cTnI (range
0.02–0.04 ng/ml) begins after only 30 min of exercise and is a
normal or “physiologic” response to exercise.

When the cTnI values are high, NT-proBNP determination
has been proven to be a useful value in excluding the need for
more cardiac interventions (Scharhag et al., 2004). We found
that HIIE and MICE lead to equal NT-proBNP values indicative
of myocardial wall stress. It was indicated that a shorter but

more intense exercise also results in an increase of NT-proBNP
among healthy individuals (Scharhag et al., 2008). However, this
increase is shorter in time and does not exceed the URL. Previous
endurance exercise studies (Neilan et al., 2006; Serrano-Ostáriz
et al., 2009) revealed a higher NT-proBNP value compared with
our study, which is expected as BNP is elevated in response to
volume overload and myocyte stretch (Shave et al., 2007), and
these stressors are more likely to occur during an endurance
exercise (Scharhag et al., 2008).

In the present study, the pre- and post-exercise concentrations
of NT-proBNP were significantly higher in the middle-aged
group compared with the young group, but the values were
similar to those reported for normal healthy individuals and did
not exceed the URL. Furthermore, our pre-exercise results in
the middle-aged group agree with the study of Galasko et al.
(2005), who found the following cutoff value: 100 pg/ml for
men aged 45–59 (Galasko et al., 2005). Increases in BNP and
NT-proBNP have been related to the athlete’s age (Scharhag
et al., 2005), and higher URLs in older subjects (Raymond
et al., 2003) and after exercise have to be considered. The
reason for the higher NT-proBNP values in the middle-aged
group compared with the young group is not completely
understood. The negative association between obesity and
NT-proBNP level has been strongly confirmed (Yamashita
et al., 2014). Noheria et al. (2013) showed a significant and
independent association in middle-aged cardiac patients with
obesity. Hookana et al. (2011) confirmed that the prevalence
of cardiomyopathy related to obesity in the middle-aged group
(between 40 and 59 years) was 23.7% and even higher than
that in older than 60 years (22.8%) (Hookana et al., 2011).
Our middle-aged group is not obese, but the higher BMI
and fat mass compared with the young group (BMI: 24.1
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FIGURE 1 | Pre- and post-exercise (A) NT-proBNP and (B) cTnI values of different ACE genotypes in middle-aged and young males. Data are shown as mean
± SD; ∗P < 0.05. NS, not significant; MA, middle-aged; Yng, young; cTnI, cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide.

vs. 22.4 kg·m−2; fat percentage: 17.2 vs. 14.7%) may have
contributed to the higher NT-proBNP values. The probable
mechanisms for cardiac damage due to fat accumulation include
ventricular remodeling (left ventricular systolic and diastolic
dysfunction), pro-arrhythmic epicardial fat, and accelerated
coronary atherosclerosis (Hookana et al., 2011).

The central role of RAS has been suggested for age-related
cardiac remodeling. As the pre- and post-exercise cTnI and NT-
proBNP values were different between the middle-aged and the
young subjects, the current study’s aim was to determine if these
differences were related to particular genotypes of the ACE.
In the Iranian population, the association of the D allele with
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cardiovascular dysfunction (Firouzabadi et al., 2012; Bahramali
et al., 2016) has been previously established. At baseline, it was
observed that the ACE gene variant genotypes were not different
between the two age groups. The I and D alleles in the young
group were equal (50%), but the frequency of the D allele in our
middle-aged group (58.9%) was higher than the I allele (41.1%),
which may have been the reason for the higher cTnI and NT-
proBNP in this group. However, we did not find any associations
between the I/D polymorphism and the cTnI and NT-proBNP
values in an univariate analysis, which is in accordance with a
previous study on 241 cardiac patients (Alazhary et al., 2015),
and a meta-analysis (Bai et al., 2012) on the association of ACE
gene with heart disease. Besides that, in a recently published
study by the author (Falahati and Arazi, 2019), I/D genotype
was associated neither with VO2max nor with RHR and blood
pressure. In contrast, in some other studies, patients with the DD
genotype compared with the ID/II groups had higher (P < 0.05)
NT-proBNP (Palmer et al., 2003) and a greater risk of coronary
artery disease (Amara et al., 2018). The underlying reasons for
the observed disagreements may be ethnic as well as geographic
differences (Nakhjavani et al., 2007), using individuals with mixed
heritage and none of Asian ethnicity (Albuquerque et al., 2014),
choosing cardiac patients (Palmer et al., 2003), and age and
sex difference. These are potential epigenetic modifiers that can
influence gene expression, molecular function, and probably the
response of cardiac biomarkers (Paul et al., 2015). Thus, it is
obvious that more studies are needed to completely comprehend
the function of the ACE gene and the possible effects of its
DNA sequence variation on cardiac response in different age
groups. While our pre- and post-exercise cTnI and NT-proBNP
values were generally different in the middle-aged and the young
subjects, we found no evidence of genetic association in the
phenotypes associated with the ACE I/D polymorphisms to the
difference in cardiac biomarkers in this study.

Strengths and Limitations
The strengths of this study include the examination of
an interaction effect of age and ACE genotype on two
important cardiac biomarkers (hs-cTnI and NT-proBNP),
following two matched exercise protocols (HIIE and MICE), and
the confirmation that age (but not the D allele of ACE gene) has
no effect on pre- and post-exercise biomarker release.

There are some potential limitations that deserve to be
mentioned. Because of the small sample size, the results should be
clarified with caution and confirmed in a larger study population.
Besides that, our study was constricted by limited blood sampling
(pre- and post-exercise design). A major limitation is that the
participants in this article are soccer players at different training
levels (competitive or leisure activity). Finally, in addition to
acute cardiac biomarker response to exercise, the possible cardiac
adaptation due to chronic interval and continuous training was
not conducted in a long-term clinical follow-up in this study. This
paper examines the interaction effect of age and ACE genotype on
cTnI and NT-proBNP, following HIIE and MICE, and confirms
that age (but not the D allele of ACE gene) has no effect on pre-
and post-exercise biomarker release.

CONCLUSION

In conclusion, our results show that HIIE and MICE results
in the elevation of both cTnI and NT-proBNP in all subjects,
with no cTnI or NT-proBNP values above the URL. HIIE elicits
similar cardiac biomarker responses as MICE in middle-aged
and in young subjects. There is increasing recognition that
this mild increase in serum cTnI and NT-proBNP, following
exercise, is not associated with symptoms of cardiac injury
but relates to a physiological response to exercise. The pre-
exercise values of cTnI and NT-proBNP were highly variable,
and there seems to be an important role for age difference in
mediating the pre-exercise differences in middle-aged and in
young subjects. Finally, the distribution of the D allele of the
ACE gene was higher in middle-aged subjects compared with
the young subjects, but with no interaction effect on pre- and
post-exercise biomarker release.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the University of Guilan. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

HA made substantial contributions to the conception and design
of the research. HA and AF had fundamental roles in the
acquisition of data, analysis, and interpretation of data. KS made
a substantial contribution in the conception and critical revision
of the article. All authors were involved in writing the manuscript,
had given final approval of the submitted version, and read and
approved the final manuscript.

FUNDING

This project was partially supported by the Scientific Research
(A) (15H01833) and Strategic Research Foundation at Private
Universities 2015-2019 (S1511017) from the Ministry of
Education, Culture, Sports, Science, and Technology of Japan.

ACKNOWLEDGMENTS

We gratefully acknowledge the volunteers involved in this
study. We would also like to thank the Biochemistry and
Genetics Laboratory of Guilan University for their technical
assistance on this work.

Frontiers in Physiology | www.frontiersin.org 7 July 2020 | Volume 11 | Article 665

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-11-00665 July 4, 2020 Time: 14:6 # 8

Falahati et al. Age, Genetic and Cardiovascular Biomarkers

REFERENCES
Alazhary, N. M., Morsy, M. M., and Al-Harbi, K. M. (2015). Angiotensin-

converting enzyme gene insertion deletion (ACE I/D) polymorphism in Saudi
children with congenital heart disease. Eur. Rev. Med. Pharmacol. Sci. 19,
2026–2030.

Albuquerque, F. N., Brandão, A. A., Silva, D. A., Mourilhe-Rocha, R., Duque,
G. S., Gondar, A. F., et al. (2014). Angiotensin-converting enzyme genetic
polymorphism: its impact on cardiac remodeling. Arq. Bras Cardiol. 102,
70–79.

Amara, A., Mrad, M., Sayeh, A., Lahideb, D., Layouni, S., Haggui, A., et al. (2018).
The Effect of ACE I/D polymorphisms alone and with concomitant risk factors
on coronary artery disease. Clin. Appl. Thromb. Hemost. 24, 157–163. doi:
10.1177/1076029616679505

Bahramali, E., Rajabi, M., Jamshidi, J., Mousavi, S. M., Zarghami, M., Manafi, A.,
et al. (2016). Association of ACE gene D polymorphism with left ventricular
hypertrophy in patients with diastolic heart failure: a case-control study. BMJ
Open 6:e010282. doi: 10.1136/bmjopen-2015-010282

Bai, Y., Wang, L., Hu, S., and Wei, Y. (2012). Association of angiotensin-
converting enzyme I/D polymorphism with heart failure: a meta-analysis. Mol.
Cell Biochem. 361, 297–304. doi: 10.1007/s11010-011-1115-8

Bartlett, J. D., Close, G. L., MacLaren, D. P., Gregson, W., Drust, B., and
Morton, J. P. (2011). High-intensity interval running is perceived to be
more enjoyable than moderate-intensity continuous exercise: Implications for
exercise adherence. J. Sports Sci. 29, 547–553. doi: 10.1080/02640414.2010.
545427

Benda, N. M., Eijsvogels, T. M., VanDijk, A. P., Hopman, M. T., and Thijssen, D. H.
(2015). Changes in BNP and cardiac troponin I after high-intensity interval and
endurance exercise in heart failure patients and healthy controls. Int. J. Cardiol.
184, 426–427. doi: 10.1016/j.ijcard.2015.02.083

De Boer, R. A., van der Harst, P., van Veldhuisen, D. J., and van den Berg, M. P.
(2009). Pharmacogenetics in heart failure: promises and challenges. Expert.
Opin. Pharmacother. 10, 1713–1725. doi: 10.1517/14656560903025171

Eggers, K. M., Lagerqvist, B., Venge, P., Wallentin, L., and Lindahl, B. (2007).
Persistent cardiac troponin I elevation in stabilized patients after an episode
of acute coronary syndrome predicts long-term mortality. Circulation 116,
1907–1914. doi: 10.1161/circulationaha.107.708529

Eijsvogels, T. M., George, K., Shave, R., Gaze, D., Levine, B. D., Hopman, M. T.,
et al. (2010). Effect of prolonged walking on cardiac troponin levels. Am. J.
Cardiol. 105, 267–272. doi: 10.1016/j.amjcard.2009.08.679

Eijsvogels, T. M., Hoogerwerf, M. D., Oudegeest-Sander, M. H., Hopman, M. T.,
and Thijssen, D. H. (2014). The impact of exercise intensity on cardiac troponin
I release. Int. J. Cardiol. 171, 3–4.

Falahati, A., and Arazi, H. (2019). Association of ACE gene polymorphism with
cardiovascular determinants of trained and untrained Iranian men. Genes
Environ. 41:8.

Firouzabadi, N., Tajik, N., Bahramali, E., Bakhshandeh, H., Ebrahimi, S. A.,
Maadani, M., et al. (2012). Association of angiotensin-converting enzyme
polymorphism with coronary artery disease in Iranian patients with unipolar
depression. Clin. Biochem. 45, 1347–1352. doi: 10.1016/j.clinbiochem.2012.05.
033

Fortescue, E. B., Shin, A. Y., Greenes, D. S., Mannix, R. C., Agarwal, S., Feldman,
B. J., et al. (2007). Cardiac troponin increases among runners in the boston
marathon. Ann. Emerg. Med. 49, 137–143.

Galasko, G. I., Lahiri, A., Barnes, S. C., Collinson, P., and Senior, R. (2005). What
is the normal range for N-terminal pro-brain natriuretic peptide? How well
does this normal range screen for cardiovascular disease? Eur. Heart J. 26,
2269–2276. doi: 10.1093/eurheartj/ehi410

Gibala, M. J., Little, J. P., Macdonald, M. J., and Hawley, J. A. (2012). Physiological
adaptations to low-volume, high-intensity interval training in health and
disease. J. Physiol. 590, 1077–1084. doi: 10.1113/jphysiol.2011.224725

Hmimech, W., Idrissi, H. H., Diakite, B., Korchi, F., Baghdadi, D., Tahri, J. H., et al.
(2017). Impact of I/D polymorphism of angiotensin converting enzyme (ACE)
gene on myocardial infarction susceptibility among young Moroccan patients.
BMC Res. Notes 10:763.

Hookana, E., Junttila, M. J., Puurunen, V. P., Tikkanen, J. T., Kaikkonen, K. S.,
Kortelainen, M. L., et al. (2011). Causes of nonischemic sudden cardiac death
in the current era. Heart Rhythm. 8, 1570–1575.

Kim, Y. J., Ahn, J. K., Shin, K. A., Kim, C. H., Lee, Y. H., and Park, K. M.
(2015). Correlation of cardiac markers and biomarkers with blood pressure
of middle-aged marathon runners. J. Clin. Hypertens (Greenwich) 17, 868–873.
doi: 10.1111/jch.12591

Legaz-Arrese, A., López-Laval, I., George, K., Puente-Lanzarote, J. J., Moliner-
Urdiales, D., Ayala-Tajuelo, V. J., et al. (2015). Individual variability in cardiac
biomarker release after 30 min of high-intensity rowing in elite and amateur
athletes. Appl. Physiol. Nutr. Metab. 40, 951–958. doi: 10.1139/apnm-2015-
0055

Li, F., Nie, J., Zhang, H., Fu, F., Yi, L., Hopkins, W., et al. (2020). Effects of matched
intermittent and continuous exercise on changes of cardiac biomarkers in
endurance runners. Front. Physiol. 11:30.

Mehta, P. K., and Griendling, K. K. (2007). Angiotensin II cell signaling:
physiological and pathological effects in the cardiovascular system. Am. J.
Physiol. Cell Physiol. 292, 82–97.

Mendonça, I., Freitas, I., Sousa, C. A., Gomes, S., Faria, P., Drumond, A., et al.
(2004). Polymorphism of the ACE gene is associated with extent and severity of
coronary disease. Rev. Port Cardiol. 23, 1605–1611.

Middleton, N., George, K., Whyte, G., Gaze, D., Collinson, P., and Shave, R. (2008).
Cardiac troponin T release is stimulated by endurance exercise in healthy
humans. J. Am. Coll. Cardiol. 52, 1813–1814. doi: 10.1016/j.jacc.2008.03.069

Miller, S. A., Dykes, D. D., and Polesky, H. F. (1998). A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res. 12:16.

Nakhjavani, M., Esfahanian, F., Jahanshahi, A., Esteghamati, A., Nikzamir, A. R.,
Rashidi, A., et al. (2007). The relationship between the insertion/deletion
polymorphism of the ACE gene and hypertension in Iranian patients with type
2 diabetes. Nephrol. Dial. Transplant 22, 2549–2553. doi: 10.1093/ndt/gfm252

Neilan, T. G., Januzzi, J. L., Lee-Lewandrowski, E., Ton-Nu, T. T., Yoerger, D. M.,
Jassal, D. S., et al. (2006). Myocardial injury and ventricular dysfunction
related to training levels among non-elite participants in the Boston marathon.
Circulation 114, 2325–2333. doi: 10.1161/circulationaha.106.647461

Noheria, A., Teodorescu, C., Uy-Evanado, A., Reinier, K., Mariani, R., Gunson,
K., et al. (2013). Distinctive profile of sudden cardiac arrest in middle-aged
vs. older adults: a community-based study. Int. J. Cardiol. 168, 3495–3499.
doi: 10.1016/j.ijcard.2013.04.207

Normandin, E., Nigam, A., Meyer, P., Juneau, M., Guiraud, T., Bosquet, L., et al.
(2013). Acute responses to intermittent and continuous exercise in heart failure
patients. Can. J. Cardiol. 29, 466–471. doi: 10.1016/j.cjca.2012.07.001

Palmer, B. R., Pilbrow, A. P., Yandle, T. G., Frampton, C. M., Richards,
A. M., Nicholls, M. G., et al. (2003). Angiotensin-converting enzyme gene
polymorphism interacts with left ventricular ejection fraction and brain
natriuretic peptide levels to predict mortality after myocardial infarction. J. Am.
Coll. Cardiol. 41, 729–736. doi: 10.1016/s0735-1097(02)02927-3

Paul, B., Barnes, S., Demark-Wahnefried, W., Morrow, C., Salvador, C., Skibola,
C., et al. (2015). Influences of diet and the gut microbiome on epigenetic
modulation in cancer and other diseases. Clin. Epigenetics 7:112.

Pollock, M. L. (1977). Submaximaï and maximai working capacity of elite distance
runnaz. Part 1. Cardiofespifatory aspects AM. N. Y. Acad. Sci. 301, 310–322.
doi: 10.1111/j.1749-6632.1977.tb38209.x

Rains, M. G., Laney, C. A., Bailey, A. L., and Campbell, C. L. (2014). Biomarkers
of acute myocardial infarction in the elderly: troponin and beyond. Clin. Interv.
Aging. 9, 1081–1090.

Raymond, I., Groenning, B. A., Hildebrandt, P. R., Nilsson, J. C., Baumann, M.,
Trawinski, J., et al. (2003). The influence of age, sex and other variables on the
plasma level of N-terminal pro brain natriuretic peptide in a large sample of the
general population. Heart 89, 745–751. doi: 10.1136/heart.89.7.745

Raynolds, M. V., Bristow, M. R., Bush, E. W., Abraham, W. T., Lowes, B. D.,
Zisman, L. S., et al. (1993). Angiotensinconverting enzyme DD genotype in
patients with ischaemic or idiopathic dilated cardiomyopathy. Lancet 342,
1073–1075. doi: 10.1016/0140-6736(93)92061-w

Reilly, T., and Brooks, G. A. (1986). Exercise and the circadian variation in body
temperature measures. Int. J. Sports Med. 7, 358–362. doi: 10.1055/s-2008-
1025792

Scharhag, J., George, K., Shave, R., Urhausen, A., and Kindermann, W. (2008).
Exercise-associated increases in cardiac biomarkers. Med. Sci. Sports Exerc. 40,
1408–1415. doi: 10.1249/mss.0b013e318172cf22

Scharhag, J., Herrmann, M., Urhausen, A., Haschke, M., Herrmann, W., and
Kindermann, W. (2005). Independent elevations of N-terminal pro-brain

Frontiers in Physiology | www.frontiersin.org 8 July 2020 | Volume 11 | Article 665

https://doi.org/10.1177/1076029616679505
https://doi.org/10.1177/1076029616679505
https://doi.org/10.1136/bmjopen-2015-010282
https://doi.org/10.1007/s11010-011-1115-8
https://doi.org/10.1080/02640414.2010.545427
https://doi.org/10.1080/02640414.2010.545427
https://doi.org/10.1016/j.ijcard.2015.02.083
https://doi.org/10.1517/14656560903025171
https://doi.org/10.1161/circulationaha.107.708529
https://doi.org/10.1016/j.amjcard.2009.08.679
https://doi.org/10.1016/j.clinbiochem.2012.05.033
https://doi.org/10.1016/j.clinbiochem.2012.05.033
https://doi.org/10.1093/eurheartj/ehi410
https://doi.org/10.1113/jphysiol.2011.224725
https://doi.org/10.1111/jch.12591
https://doi.org/10.1139/apnm-2015-0055
https://doi.org/10.1139/apnm-2015-0055
https://doi.org/10.1016/j.jacc.2008.03.069
https://doi.org/10.1093/ndt/gfm252
https://doi.org/10.1161/circulationaha.106.647461
https://doi.org/10.1016/j.ijcard.2013.04.207
https://doi.org/10.1016/j.cjca.2012.07.001
https://doi.org/10.1016/s0735-1097(02)02927-3
https://doi.org/10.1111/j.1749-6632.1977.tb38209.x
https://doi.org/10.1136/heart.89.7.745
https://doi.org/10.1016/0140-6736(93)92061-w
https://doi.org/10.1055/s-2008-1025792
https://doi.org/10.1055/s-2008-1025792
https://doi.org/10.1249/mss.0b013e318172cf22
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-11-00665 July 4, 2020 Time: 14:6 # 9

Falahati et al. Age, Genetic and Cardiovascular Biomarkers

natriuretic peptide and cardiac troponins in endurance athletes after prolonged
strenuous exercise. Am. Heart J. 150, 1128–1134. doi: 10.1016/j.ahj.2005.
01.051

Scharhag, J., Urhausen, A., Herrmann, M., Schneider, G., Kramann, B., Herrmann,
W., et al. (2004). No difference in N-terminal pro-brain natriuretic peptide (NT-
proBNP) concentrations between endurance athletes with athlete’s heart and
healthy untrained controls. Heart 90, 1055–1056. doi: 10.1136/hrt.2003.020420

Serrano-Ostáriz, E., Legaz-Arrese, A., Terreros-Blanco, J. L., López-Ramón, M.,
Cremades-Arroyos, D., Carranza-García, L. E., et al. (2009). Cardiac biomarkers
and exercise duration and intensity during a cycle-touring event. Clin. J. Sport
Med. 19, 293–299. doi: 10.1097/jsm.0b013e3181ab3c9d

Serrano-Ostáriz, E., Terreros-Blanco, J. L., Legaz-Arrese, A., George, K., Shave, R.,
Bocos-Terraz, P., et al. (2011). The impact of exercise duration and intensity
on the release of cardiac biomarkers. Scand. J. Med. Sci. Sports 21, 244–249.
doi: 10.1111/j.1600-0838.2009.01042.x

Shave, R., Baggish, A., George, K., Wood, M., Scharhag, J., Whyte, G., et al.
(2010). Exercise-induced cardiac troponin elevation: evidence, mechanisms,
and implications. J. Am. Coll. Cardiol. 6, 169–176.

Shave, R., George, K. P., Atkinson, G., Hart, E., Middleton, N., Whyte, G., et al.
(2007). Exercise-induced cardiac troponin t release: a meta-analysis. Med. Sci.
Sports Exerc. 39, 2099–2106. doi: 10.1249/mss.0b013e318153ff78

Strait, J. B., and Lakatta, E. G. (2012). Aging-associated cardiovascular changes and
their relationship to heart failure. Heart Fail Clin. 8, 143–164. doi: 10.1016/j.
hfc.2011.08.011

Wang, M., Takagi, G., Asai, K., Resuello, R. G., Natividad, F. F., Vatner, D. E., et al.
(2003). Aging increases aortic MMP-2 activity and angiotensin II in nonhuman
primates. Hypertension 41, 1308–1316. doi: 10.1161/01.hyp.0000073843.560
46.45

Wang, M., Zhang, J., Jiang, L. Q., Spinetti, G., Pintus, G., Monticone, R., et al.
(2007). Proinflammatory profile within the grossly normal aged human aortic
wall. Hypertension 50, 219–227. doi: 10.1161/hypertensionaha.107.089409

Webb, I. G., Yam, S. T., Cooke, R., Aitken, A., Larsen, P. D., and Harding, S. A.
(2015). Elevated baseline cardiac troponin levels in the elderly–another variable
to consider? Heart Lung Circ. 24, 142–148. doi: 10.1016/j.hlc.2014.07.071

Winett, R. A., and Ogletree, A. M. (2019). Evidence-based, high-intensity exercise
and physical activity for compressing morbidity in older adults: a narrative
review. Innov. Aging 26:3.

Yamashita, T., Kohara, K., Tabara, Y., Ochi, M., Nagai, T., Okada, Y., et al. (2014).
Muscle mass, visceral fat, and plasma levels of B-type natriuretic peptide in
healthy individuals (from the J-SHIPP Study). Am. J. Cardiol. 114, 635–640.
doi: 10.1016/j.amjcard.2014.05.050

Zhou, L., Xi, B., Wei, Y., Shen, W., and Li, Y. (2012). Meta-analysis of the
association between the insertion/deletion polymorphism in ACE gene and
coronary heart disease among the Chinese population. J. Renin. Angiotensin
Aldosterone Syst. 13, 296–304. doi: 10.1177/1470320311434242

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Falahati, Arazi and Suzuki. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 9 July 2020 | Volume 11 | Article 665

https://doi.org/10.1016/j.ahj.2005.01.051
https://doi.org/10.1016/j.ahj.2005.01.051
https://doi.org/10.1136/hrt.2003.020420
https://doi.org/10.1097/jsm.0b013e3181ab3c9d
https://doi.org/10.1111/j.1600-0838.2009.01042.x
https://doi.org/10.1249/mss.0b013e318153ff78
https://doi.org/10.1016/j.hfc.2011.08.011
https://doi.org/10.1016/j.hfc.2011.08.011
https://doi.org/10.1161/01.hyp.0000073843.56046.45
https://doi.org/10.1161/01.hyp.0000073843.56046.45
https://doi.org/10.1161/hypertensionaha.107.089409
https://doi.org/10.1016/j.hlc.2014.07.071
https://doi.org/10.1016/j.amjcard.2014.05.050
https://doi.org/10.1177/1470320311434242
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

	Acute Responses of Cardiac Biomarkers to Intermittent and Continuous Exercise Are Related to Age Difference but Not I/D Polymorphism in the ACE Gene
	Introduction
	Materials and Methods
	Design Overview
	Participants
	Ethics Statement
	Anthropometric and Physical Performance Measurement
	Blood Sampling
	Genotyping of the ACE Gene I/D Polymorphism
	Statistical Analyses

	Results
	Characteristics of the Subjects in Relation to Age Group
	cTnI
	NT-proBNP
	ACE Gene Characteristics of the Subjects in Relation to Age

	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


