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This study was conducted to investigate the effect of regular endur-
ance exercises on the management of cardiovascular health in mid-
dle-aged men. The following conclusions were drawn as the result of 
comparatively analyzing middle-aged men who regularly performed tri-
athlon and cycling exercises for more than 5 years. The effect of regular 
endurance exercises on cardiovascular health management in middle- 
aged men was found to be relatively positive. However, prolonged en-
durance exercises can cause cardiovascular disease which can ad-
versely affect the cardiac function, and to date, no defining limit is known 

about the amount of exercise that improves the cardiovascular function 
while reducing the cardiovascular events. Therefore, aiming for exer-
cises at moderate intensity that befit the individual’s fitness level as well 
as conducting regular examinations to predict and manage the risk of 
sudden cardiac death from exercising were considered as the more ef-
fective method of cardiovascular health management.

Keywords: Middle-aged man, Triathlon, Cycling, Endurance exercise, 
Cardiovascular disease, Health

INTRODUCTION

Middle-aged individuals of the modern society are highly likely 
to be exposed to geriatric diseases, which are chronic disorders, due 
to their sedentary lifestyles and decrease in physical activities. In 
response to this, exercising has been highly recommended as a mea-
sure to prevent such diseases. In addition, regular exercise is effec-
tive for the prevention and treatment of chronic diseases such as 
coronary artery disease, diabetes, obesity, hypertension, cardiac fail-
ure, and depression, and reportedly extends the average lifespan of 
active individuals by approximately 7 years, as compared to indi-
viduals with a sedentary lifestyle (Chakravarty et al., 2008; Has-
kell et al., 2007).

The 2008 Physical Activity Guidelines Advisory Committee 
Report recommended a minimum 150 min/wk of moderate in-
tensity or 75 min/wk of vigorous-intensity aerobic exercise for an 
adult. Excessive exercise above these recommendations that regu-
larly engage over 20 hr per week at an intensity of 15 metabolic 

equivalent of tasks (MET) induces a plethora of unique electrical, 
structural, and functional cardiac adaptations that are collectively 
termed the ‘athlete’s heart’ (Fagard, 2003; Mann and Rosenzweig, 
2012). On the other hand, while there are numerous studies which 
identify physical activities and exercises to be beneficial, there are 
also meta-analyses involving athletes engaged in chronic exercise 
that reported a 5-fold risk of fatal arrhythmia, like atrial fibrillation, 
compared with the sedentary population (Karjalainen et al., 1998), 
and enhanced coronary event rates (Vlachopoulos et al., 2010). In 
addition, it has been reported that long-term endurance exercises 
have the potential to adversely affect the cardiac function by in-
ducing cardiovascular diseases, and till now, no defining limit is 
known about the amount of exercise that improves the cardiovas-
cular function while reducing the cardiovascular events. Never-
theless, the popularity of athletic events and average age of partic-
ipants have increased worldwide over the past 30 years, and com-
pleting in endurance events has become a personal goal for many 
individuals (Eijsvogels et al., 2016).
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Furthermore, the main cause of sudden cardiac death among ath-
letes under the age of 35 has been congenital heart diseases such as 
hypertrophic myocardiopathy; for athletes over 35 years, 70% of 
sudden cardiac death was induced by coronary artery diseases (Burke 
et al., 1992). Over the past 35 years, 135 Americans partaking tri-
athlon died suddenly during exercise, 44% of whom died of ath-
erosclerotic coronary artery diseases or myocardiopathy (Harris et 
al., 2017). As exercise-induced hypertension has been recently re-
ported in runners, it was observed that fatal arrhythmia was closely 
associated with intensity and length of exercise (Kim et al., 2017). 
In this study, we investigated the cardiovascular effects and remod-
eling through graded exercise testing and echocardiography with 
middle-aged men who had participated in chronic excessive en-
durance exercise like triathlon and cycling.

MATERIALS AND METHODS

Subjects
The subjects of this study were individuals living in city Seoul, 

partaking in triathlon (TG, n=8) and cycling (CG, n=8) exercis-
es. The subjects had more than 5 years of experience in the exer-
cises and were exercising 4 to 5 times a week, 1 to 2 hr per ses-
sion. In terms of the exercise intensity, the study subjects had been 
exercising regularly at 13–15 on the rating of perceived exertion 
for each session. This study was approved by the Institutional Re-
view Board of Pusan National University (PNU IRB/2015-31-
HR) prior to commencement. Information on the program was 
provided befitting to the purpose of this study, and only the sub-
jects who wished to participate in the experiment and provided 
their consent to participate in a consent form were involved in 
this study. The general characteristics of subjects are described in 
Table 1.

Measurement item and method
This study measured and analyzed the body compositions (weight, 

body fat percentage, body mass index), exercise stress tests (heart 
rate and blood pressure at rest and during exercise, electrocardio-
gram, cardiopulmonary fitness, myocardial ischemia, arrhythmia), 
and echocardiography (heart structure and function).

Echocardiography
Every subject that was prohibited from performing exercise a 

day before their examination, was also prohibited from consuming 
caffeinated drinks, alcoholic beverage, smoking, and cold medicine 
12 hr before their examination. M-mode heart ultrasound waves 

were detected by the 5-MHz transducer of the echocardiography 
instrument to evaluate the structure and function of the heart. The 
electrocardiography measurement relied on the guidelines of the 
American Society of Echocardiography (Sahn et al., 1978).

The measurement items were left ventricular inter dimension 
at end-diastole (LVIDd), left ventricular inter dimension at end- 
systole (LVIDs), interventricular septal thickness end-diastole (IVSd), 
left ventricular posterior wall thickness at end-diastole (LVPWd), 
left ventricular end-diastolic volume (LVEDV), left ventricular 
stroke volume (LVSV), left ventricular cardiac output (LVCO), left 
ventricular ejection fraction (LVEF), left ventricular mass (LVM), 
and LVM index (LVMI). LVM was calculated using the formula: 
0.8×{1.04 [(LVED+PWTd+SWTd)3–(LVED)3]+0.6.
where LVED, left ventricular end diastolic diameter; PWTd, pos-
terior wall thickness in diastole; SWTd, septum wall thickness in 
diastole.

The value of LVMI was obtained by dividing with body surface 
area. Diastolic function was determined by the tissue pulsed Dop-
pler with E (E-velocity, peak mitral velocity of early filling), A 
(A-velocity, peak atrial velocity of atrial filling), E/A ratio, E’ (E’- 
velocity, early diastolic annulus velocity), A′ (A′-velocity, late dia-
stolic annulus velocity), E′/A′ ratio, E/E′ ratio, and deceleration 
time (DT).

Data processing
The mean and standard deviation of all measured items were 

calculated using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, 
NY, USA), and analyzed using an independent sample t-test to 
test the difference of means between groups. The statistical signif-
icance level was set as α=0.05.

RESULTS

Effects on the cardiovascular factors
The following results were obtained from analyzing the effects 

of the two groups, the triathlon and cycling groups, on the cardio-

Table 1. General characteristics of the subjects

Characteristic Triathlon group Cycle group

Age (yr) 51.50± 6.04 49.75± 5.94
Weight (kg) 69.03± 5.02 63.63± 6.22
Height (cm) 170.98± 3.65 168.32± 3.20
Body mass index (kg/m2) 23.70± 1.38 23.40± 1.26
Body fat percentage (%) 13.30± 4.92 14.76± 4.42

Values are presented as mean± standard deviation.
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vascular factors (Table 2). No significant differences were identi-
fied between the two groups for the resting heart rate, maximal 
heart rate, resting systolic blood pressure, resting diastolic blood 
pressure, maximal systolic blood pressure, maximal diastolic blood 
pressure, maximal oxygen uptake, and the exercise duration. How-
ever, both groups showed exercise-induced hypertension in the 
maximal systolic blood pressure results.

Effects on the heart structure
The following results were obtained on analyzing the effects of 

the two groups, the triathlon and cycling groups, on the heart struc-
ture (Table 3). Similar to the cardiovascular factors, no significant 
differences were identified between the two groups for the heart 
structure in the LVIDd, LVIDs, IVSd, LVPWd, LVEDV, LVM, or 
LVMI.

Differences in the heart function
The following results were obtained from analyzing the effects 

of the two groups, the triathlon and cycling groups, on the cardiac 
function (Table 4). No differences were found between the two 
groups for the cardiac function in the LVSV, LVCO, LVEF, E-ve-
locity (peak mitral velocity early filling), A-velocity (peak atrial 
velocity early filling), E/A ratio (ratio of peak mitral early and atrial 
filling velocities), or E′/A′ ratio (ratio of early diastolic annulus ve-
locity and late diastolic annulus velocity). However, there were 

Table 2. Between-group differences in cardiovascular factor analysis

Variable Group Mean± SD t-test P-value

RHR (beats/min) Triathlon
Cycle

64.12± 6.28
58.62± 8.38

-1.148 0.162

MHR (beats/min) Triathlon
Cycle

181.75± 6.13
171.37± 11.79

-2.207 0.051

RSBP (mmHg) Triathlon
Cycle

117.75± 13.11
125.50± 7.46

1.453 0.174

RDBP (mmHg) Triathlon
Cycle

75.37± 7.11
74.00± 9.62

-0.325 0.750

MSBP (mmHg) Triathlon
Cycle

213.12± 19.98
223.00± 20.16

0.984 0.342

MDBP (mmHg) Triathlon
Cycle

74.25± 8.49
80. 87± 13.14

1.197 0.254

VO2max (mLO2/kg/min) Triathlon
Cycle

50.48± 3.74
50.14± 4.93

-0.155 0.879

ED (sec) Triathlon
Cycle

913.50± 83.37
859.87± 110.77

1.094 0.294

SD, standard deviation; RHR, resting heart rate; MHR, maximal heart rate; RSBP, 
resting systolic blood pressure; RDBP, resting diastolic blood pressure; MSBP, maxi-
mal systolic blood pressure; MDBP, maximal diastolic blood pressure; VO max, 
maximal oxygen uptake; ED, exercise duration.

Table 3. Structural analysis of intergroup differences: heart

Variable Group Mean± SD t-test P-value

LVIDd (cm) Triathlon
Cycle

4.91± 0.38
4.93± 0.30

0.143 0.888

LVIDs (cm) Triathlon
Cycle

3.07± 0.35
3.06± 0.32

-0.074 0.942

IVSd (cm) Triathlon
Cycle

0.97± 0.07
0.93± 0.07

-0.809 0.432

LVPWd (cm) Triathlon
Cycle

0.96± 0.05
0.88± 0.11

-1.686 0.123

LVEDV (mL) Triathlon
Cycle

116.77± 26.18
117.43± 17.08

0.060 0.953

LVM (g) Triathlon
Cycle

173.62± 22.62
161.50± 18.31

-1.178 0.259

LVM index (g/m2) Triathlon
Cycle

96.96± 6.99
90.12± 12.73

-1.289 0.224

SD, standard deviation; LVIDd, left ventricular inter dimension at end-diastole; 
LVIDs, left ventricular inter dimension at end-systole; IVSd: interventricular septal 
thickness end-diastole; LVPWd, left ventricular posterior wall thickness at end-dias-
tole; LVEDV, left ventricular end-diastolic volume; LVM, left ventricular mass.

Table 4. Result of comparison of cardiac functions

Variable Group Mean± SD t-test P-value

LVSV (mL) Triathlon
Cycle

77.35± 19.49
78.77± 10.87

0.181 0.860

LVCO (mL/min) Triathlon
Cycle

4.49± 0.98
4.68± 0.78

0.417 0.683

LVEF (%) Triathlon
Cycle

66.05± 6.51
67.45± 5.21

0.475 0.643

E-velocity (m/sec) Triathlon
Cycle

0.56± 0.08
0.76± 0.17

2.842 0.018*

A-velocity (m/sec) Triathlon
Cycle

0.49± 0.11
0.61± 0.09

2.232 0.043*

E/A ratio (%) Triathlon
Cycle

1.15± 0.14
1.26± 0.34

0.837 0.423

DT (m/sec) Triathlon
Cycle

0.23± 0.03
0.17± 0.03

-3.146 0.007**

E’-velocity (m/sec) Triathlon
Cycle

9.12± 1.12
10.37± 2.97

1.112 0.295

A’-velocity (m/sec) Triathlon
Cycle

8.12± 1.35
9.37± 1.30

1.880 0.081

E’/A’ ratio (%) Triathlon
Cycle

2.33± 3.34
1.13± 0.34

-1.008 0.346

E/E’ ratio (%) Triathlon
Cycle

5.71± 1.89
7.49± 1.20

2.238 0.045*

SD, standard deviation; LVSV, left ventricular stroke volume; LVCO, left ventricular 
cardiac output; LVEF, left ventricular ejection fraction; E-velocity, peak mitral velocity 
early filling; A-velocity, peak atrial velocity early filling; E/A ratio, ratio of peak mitral 
early and atrial filling velocities; DT, deceleration time; E’-velocity, early diastolic 
annulus velocity; A’-velocity, late diastolic annulus velocity; E’/A’ ratio, ratio of early 
diastolic annulus velocity and late diastolic annulus velocity; E/E’ ratio, ratio of peak 
mitral early and early diastolic annulus velocity.
*P< 0.05. **P< 0.01.
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significant differences in the early diastolic annulus velocity (P< 
0.05), late diastolic annulus velocity (P<0.05), DT (P<0.01), and 
the ratio of the peak mitral early and early diastolic annulus veloc-
ity (P<0.05).

DISCUSSION

In this study, exercise stress tests and echocardiography were 
conducted on the subjects who regularly participated in triathlon 
and cycling exercises, and the cardiovascular factors, heart structures, 
and cardiac functions were analyzed for each group. Cardiac inju-
ries associated with sports have been discussed extensively (Leis-
chik and Spelsberg, 2014; Oxborough et al., 2010), exercises have 
been observed to be particularly improving the functional status 
of patients with cardiac conditions in addition to providing pre-
vention and treatment of cardiovascular diseases, and reducing the 
risk factors (Flynn et al., 2009; Lawler et al., 2011). However, sud-
den death is the leading exercise-related cardiac injury with most 
athletes under the age of 35 dying from coronary artery disease 
(Wike and Kernan, 2005), while the other general causes include 
hypertrophic cardiomyopathy, coronary disease, coronary anoma-
lies, myocarditis, and arrhythmogenic right ventricle (Marijon et 
al., 2011; Solberg et al., 2010). Not all of the differences in the 
cardiovascular factors were found to be significant in this study, 
but both groups showed exercise-induced hypertension for the 
maximal systolic blood pressure.

Exercise-induced hypertension refers to systolic blood pressure 
and diastolic blood pressure being less than 140/90 mmHg at rest, 
and the systolic blood pressure reaching 210 mmHg or above at 
maximal exercise (Singh et al., 1999). One study reported indi-
viduals with exercise-induced hypertension to be five to ten times 
more likely to develop hypertension in the future (Singh et al., 
1999), and exercise-induced hypertension as an independent risk 
factor for cardiovascular diseases (Tzemos et al., 2015). The mech-
anism of exercise-induced hypertension is known to be caused by 
the blood pressure which excessively elevates with increased exer-
cise intensity, as the peripheral vascular resistance increases from 
vasodilation disorder that is caused by the dysfunction of vascular 
endothelial cells (Stewart et al., 2004; Wilson et al., 1990). Other 
studies on exercise-induced hypertension reported that it could 
cause eccentric remodeling of the cardiac structures in people who 
performed prolonged endurance training (Hoogsteen et al., 2004), 
as well as other remodeling processes alike (Karlstedt et al., 2012; 
La Gerche et al., 2012; Leischik et al., 2014). Participants of tri-
athlon exercises may develop a temporary overload (Oomah et al., 

2011), and it was also reported that the inner diameter of the left 
ventricle and the thickness and mass of the middle and posterior 
ventricular walls increased from exercising, due to the increase in 
the arterial pressure (Gerche et al., 2011; Leischik and Spelsberg, 
2014), which are also consistent with the results of this study.

These results indicate the consequences of chronic vascular pres-
sure caused by high exercise intensity over a prolonged period 
which suggest that such results may be caused by the stress that 
accelerates the fibrosis of various myocardium conditions (Heid-
buchel et al., 2011; Vlachopoulos et al., 2010). Furthermore, the 
increase in the left ventricle also showed an elevation in the end- 
diastolic left ventricular volume, LVM, and LVMI. However, ven-
tricular hypertrophy and high LVM identified in this study were 
not pathological conditions such as congenital hypertrophic car-
diomyopathy, which can cause sudden death in young athletes 
(Maron et al., 2009), and there were no statistically significant 
differences in the heart structure between the two groups. On the 
other hand, the term ‘athlete’s heart’ (George et al., 1991) has been 
used since 1899 as endurance training-type exercises such as tri-
athlon and cycling were known to physiologically induce cardio-
vascular adaptation and systematic changes in the cardiac structure 
(Utomi et al., 2014) and produce beneficial changes (McMullen et 
al., 2007). However, continuous follow-up investigations are need-
ed as it was reported that structural changes in the left ventricle 
were associated with an increased risk of cardiovascular morbidity 
and mortality (Kim et al., 2020).

In terms of heart functions, the heart rate of 60 beats per min-
ute and the diastolic blood pressure close to the state of bradycar-
dia at rest, which are generally found in hemodynamic responses 
from the effect of long-term exercise, corresponded with the re-
sults of this study. Upon examining the previous studies, this phe-
nomenon appears to have been caused by the high stroke volume 
and increased vagal tone from exercise adaptation (Sugiura et al., 
2015). Moreover, those who performed exercises over a long peri-
od were found to have increased cardiac output of up to 40 L (Plu-
im et al., 2000), which might be the result of maintaining cardiac 
output as a compensatory mechanism for the increase in the stroke 
volume. However, no statistically significant effects were found in 
this study despite the increase in the figures, which suggests that 
regular and long-term performance of any type of exercise can im-
prove the heart function.

The LVEF, an index representing the contractility of the left ven-
tricle, is evaluated by the ratio of the total blood volume entering 
the left ventricle and the remaining blood volume after one ejec-
tion. A study which investigated the LVEF between exercising and 
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nonexercising groups, as well as the differences between endurance 
and strength athletes, showed no significant differences between 
the groups (Vinereanu et al., 2002), which were also consistent 
with the results of this study. As the pressure in the left atrium 
becomes higher than that of the left ventricle, the mitral valve opens 
and blood flows in rapidly, which is referred to as the mitral veloc-
ity early filling stage. When the left atrium contracts, the remain-
ing left atrial blood flows into the left ventricle, which is referred 
to as the peak atrial velocity early filling stage (Hurrell et al., 1997). 
The figures were slightly higher or lower in this study, but all the 
figures were within the normal ranges and were found to have a 
statistically significant effect.

The reason for this is that the DT and early diastolic annulus 
velocity were lower in the aerobic and anaerobic exercise groups as 
well as the triathlon athletes in comparison to the general popula-
tion (Naylor et al., 2005), and the ratio of peak mitral and atrial 
early filling velocities have also been reported as high (Douglas et 
al., 1986), which was also consistent with the results of this study. 
In addition, athletes participating in the endurance exercises were 
reported to have slightly higher early diastolic annulus velocities 
and late diastolic annulus velocities (Vinereanu et al., 2002), but 
no statistically significant differences were found in the ratio of 
early diastolic annulus velocities and late diastolic annulus veloci-
ties (Caselli et al., 2015), which were also consistent with the re-
sults of this study. Moreover, the ratio of peak mitral early and early 
diastolic annulus velocity, which was considered as the normal when 
less than eight, and abnormal when greater than 15, was found to 
have a statistically significant effect on the two groups. However, 
one study reported the ratio of peak mitral early and early diastolic 
annulus velocity to be unaffected by exercise (Caselli et al., 2015). 
Therefore, this is considered to hold no clinical significance as the 
results from this study were within the normal ranges. To sum-
marize the abovementioned results, regular endurance exercises 
were found to have a relatively positive effect on the management 
of cardiovascular health in middle-aged men.

However, studies on prolonged exercise and lifelong endurance 
athletes suggest that prolonged exercise training may create scar-
ring, fibrosis, and myocardial injury even in individuals without a 
genetic predisposition to cardiomyopathy (Gerche et al., 2012). 
Therefore, aiming for exercises at a safe moderate intensity that 
befit the individual’s fitness level and conducting regular exam-
inations to predict and manage the risk of sudden cardiac death 
from exercising were considered as the more effective methods of 
cardiovascular health management.
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