
International  Journal  of

Environmental Research

and Public Health

Article

Effects of Regular Taekwondo Intervention on Health-Related
Physical Fitness, Cardiovascular Disease Risk Factors and
Epicardial Adipose Tissue in Elderly Women
with Hypertension

Yun Hwan Kim 1,†, Min Ki Jeong 1,† , Hyuntae Park 2,3,* and Sang Kab Park 1,*

����������
�������

Citation: Kim, Y.H.; Jeong, M.K.;

Park, H.; Park, S.K. Effects of Regular

Taekwondo Intervention on

Health-Related Physical Fitness,

Cardiovascular Disease Risk Factors

and Epicardial Adipose Tissue in

Elderly Women with Hypertension.

Int. J. Environ. Res. Public Health 2021,

18, 2935. https://doi.org/10.3390/

ijerph18062935

Academic Editor: Paul B. Tchounwou

Received: 31 January 2021

Accepted: 10 March 2021

Published: 12 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Arts and Sports, Dong-A University, Busan 49315, Korea; ynani3721@naver.com (Y.H.K.);
prof.mkjeong@gmail.com (M.K.J.)

2 Department of Health Sciences, Graduate School, Dong-A University, Busan 49315, Korea
3 Institute of Convergence Bio-Health, Dong-A University, Busan 49315, Korea
* Correspondence: htpark@dau.ac.kr (H.P.); sgpark@dau.ac.kr (S.K.P.);

Tel.: +82-51-200-7517 (H.P.); +82-10-3589-8613 (S.K.P.)
† These authors contributed equally to this work.

Abstract: Regular exercise has been proven to prevent hypertension and to help in the management
of hypertension. There is a lack of studies examining changes in these issues as a result of Taekwondo
training intervention. The aim of the current trial is to identify the effects of a regular Taekwondo
(TKD) training program on health-related physical fitness (HRPF), cardiovascular disease (CVD)
risk factors, inflammatory factors, and epicardial adipose tissue (EAT) in elderly women with
hypertension. To accomplish this, 20 participants, who were older women with hypertension, were
divided into a TKD group (n = 10) and a control group (n = 10). The TKD program was conducted
in program for 90 min, three times a week, for 12 weeks. Outcomes, including body composition,
blood pressure (BP), HRPF, cardiovascular risk factor and EAT, were measured before and after the
Taekwondo program. The 12-week TKD program improved body composition, BP, HRPF, CVD
risk factor, and EAT in elderly women with hypertension relative to controls. Meanwhile, EAT and
interukin-1β (r = 0.530, p < 0.05), monocyte chemotactic protein-1 (r = 0.524, p < 0.05), triglyceride
(r = 0.493, p < 0.05) and sedentary behavior (r = 0.459, p < 0.05) presented a positive correlation, while
EAT and lean body mass (r = −0.453, p < 0.05) showed a negative correlation. The 12-week regular
TKD training intervention was found to be effective in reducing the thickness of EAT measured by
multi-detector computed tomography and can also enhance health-related physical fitness and risk
factors of CVD in older individuals with hypertension.

Keywords: taekwondo; health-related physical fitness; cardiovascular disease risk factor; epicardial
adipose tissue; hypertension

1. Introduction

Hypertension causes the regeneration of blood vessels inside blood vessels, increases
shrinkage and the activation of cell proliferation of smooth muscle [1], and is reported to
be a high-risk factor of cardiovascular disease (CVD) [2].

According to the report from Statistics Korea [3], the number of deaths of elderly
women owing to cerebrovascular disease occupies the first rank requiring preventive
measures. Major causes of the onset of CVD comprise diverse ones including obesity
owing to non-physical activity (PA), heredity, smoking, gender, age, family history of type
2 diabetes mellitus, and hypertension, etc. [4–7]; the obesity due to an increase in adipose
tissue is also an important risk factor [8–10] causing metabolic diseases such as CVD, type
2 diabetes mellitus, and hyperlipidemia.
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Taguchi et al. [11] reported that pericardial fat is also a risk factor of coronary artery
disease as well as abdominal fat. More specifically, he suggested that the higher occasions
of the onset of CVD would be probable in case of the abundance of pericardial fat though
the level of visceral fat was low. The Epicardial Adipose Tissue (EAT), which is a form
of adipose tissue, is attached to the heart directly without fascia, thereby influencing the
pathophysiological function of the heart directly, and is employed as a favorable indicator
to predict CVD compared to other adipose tissue [12–15].

According to recent research, the EAT secretes several kinds of hormone to allow
visceral adipose tissue to play the role of metabolic active endocrine organs and is reported
as the cause of an inflammatory mediator affecting CVD and coronary atherosclerosis with
regard to its location adjacent to myocardium and coronary artery [16–18].

Also, the sustainment of an overload of fatty acid over EAT would result in the
secretion of inflammation inducing the cytokine and cell growth factor of smooth muscle
from fat cells around the heart to adjacent coronary artery [19]; Mazurek et al. [20] reported
EAT as one of origins of inflammatory cytokines with high measurements of Chemokine
(Monocyte Chemotactic Protein-1; MCP-1) and inflammatory mediator (Interleukin-1β;
IL-1ß, Interleukin-6; IL-6, Interleukin-6 soluble receptor; IL-6 soluble receptor, MCP, Tumor
necrosis factor-α; TNF-α) from EAT [21].

Deficiency in PA is a major cause of the onset of CVD [22], and a sedentary life sitting
for one hour everyday would increase the level of fat in the heart by 2.39 cm2 [23]. In
particular, exercise is deeply related to EAT in that EAT has an even higher relevance to
whole body endurance compared to other adipose tissue in the human body [24]. Thus,
regular exercise has been reported to decrease the level of EAT, blood pressure (BP), and
death rate ascribable to CVD [25,26].

Previous studies, which delved into the relationship between physical exercise and
CVD risk factor and EAT, rendered the following results. Palmefors et al. [27] reported
the positive effect of exercise upon vascular adhesion molecule (vascular cell adhesion
molecule-1; VCAM-1, Intercellular Adhesion Molecule-1; ICAM-1) and inflammatory
factors (Tumor necrosis factor-α; TNF-α, C-reactive protein; CRP) in the research on CVD
risk factor, PA, and exercise. Park et al. [28] showed significant improvement in CVD
risk factor (total cholesterol: TC, high-density lipoprotein cholesterol: HDL-C, Insulin; all:
p < 0.05) and a decrease in EAT thickness (20%) upon execution of a swimming program
for 12 weeks for obese adult male (35.5 ± 4.84, n = 10). Additionally, the execution of
aerobic exercise (60–70% heart rate max: HRmax, 60 min/day, 3 days/wk) which lasted for
12 weeks for obese men left a significant decrease in EAT thickness [29].

Taekwondo (TKD), a form of sports and martial arts that originated in South Korea, is a
popular sport with currently about 80 million members in 200 countries widely distributed
around the world, a number that continues to grow [30]. In particular, in South Korea, it is
very familiar and can be practiced anywhere around the house, while a large number of
people practice it, so it has excellent accessibility. In addition, TKD has been appreciated as
an integrated exercise comprising diverse basic movements improving physical strength
for health and motor function [31] in which the special movement of body improves
PA [32], and Bridge et al. [33] reported that the exercise intensity of TKD can be adjustable
depending on the type of TKD training and the degree of application. According to previous
studies, Taekwondo is helpful in improving health for the elderly, and, in particular, positive
reports related to falls and increased muscle strength have been published [34,35].

However, although the kinesiological approach is important because hypertension is
a high-risk factor for CVD in the elderly, there are few TKD intervention studies to mediate
hypertension in the elderly population. Also, there is only very limited evidence on the
effect of TKD in elderly women with hypertension, and it is still unclear how exactly TKD
intervention induces CVD risk factor and EAT in the hypertension.
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In the present research, the TKD program comprising TKD aerobics using music
and the basic movement of TKD (stance, punch, and kick) was designed by referring to
recommendations for elderly people with hypertension presented in the American College
of Sports Medicine (ACSM) [36] for the application of the program to elderly women with
hypertension to demonstrate the effect of improvement in BP and CVD risk factor through
TKD program intervention.

Thus, the present study intends to identify the effects of the TKD program on health-
related physical fitness (HRPF), CVD risk factor, inflammatory factors, and the EAT of
elderly women with hypertension. In addition, it is intended to investigate the relationship
between EAT and physical capacity, lipid profile and inflammatory variables.

2. Materials and Methods
2.1. Ethical Approval and Determination of Study Size

This study was approved by the institutional review board (IRB) of Dong-A Uni-
versity, Busan, South Korea (2-1040709-AB-N-01-201904-HR-017-06), and was conducted
in accordance with the ethical standards of the declaration of Helsinki. All participants
were told about the purpose of the study and the study design, and all participants signed
written informed consents.

To determine the sample size, the G*Power version 3.1.9.2 statistical power analysis
software program was used. Based on data from a pilot study, the estimated sample size
required to obtain a minimum power of 80% at a significant alpha of 95% was 10. According
to a prior pilot test, at least 12 participants were required in each of the two study groups.
Accordingly, 12 participants were recruited to account for a potential dropout rate of 20%.
The alpha level was 0.05.

2.2. Participants

A single-blinded, randomized controlled trial was conducted. The twenty-four elderly
women with hypertension subjects of this study were attached using the bulletin board of
the several welfare centers managed by Sahagu Sarang-chae Elderly Welfare Center in Bu-
san, South Korea, or recruited applicants through the [public announcement of recruitment
of participants] on the website. By numbering the names of those who agreed to the study
in order, a computer program (https://www.randomizer.org (accessed on 22 April 2019)
was used to randomly assign 24 subjects to the TKD (n = 12) group and control groups
(n = 12). Four of them were excluded from the study for personal reasons. The final study
sample comprised a TKD group and a control group (n = 10 each), 20 subjects in total
(Figure 1). The participants’ physical characteristics are shown in Table 1. The hypertension
diagnosis was based on medical evaluations through a clinical interview by a heart special-
ist (Cardiologist). The diagnosis was also based on Multi-Detector Computed Tomography
(MDCT) assessments. The presence of ischemic CVD such as EAT thickness and coronary
artery stenosis calcification, etc., was identified, and the elderly women of 65 years old or
older with BP medication from diagnosed hypertension (systolic BP (SBP) 140~159 mmHg
or diastolic BP (DBP) 90~99 mmHg), among those medically granted to practice exercise,
were selected as participants in the present study. Meanwhile, the control group gave them
the opportunity to participate in the movement after all the experiments were completed.
In addition, as a sign of gratitude for participation in the study, lunchboxes and snacks
after the pre-test and post-test, sportswear after the pre-test, and a gift certificate after the
post-test were provided.

https://www.randomizer.org
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Figure 1. Flow diagram of participants and follow-up. 

Table 1. Baseline characteristics of socio-demographic, physical characteristics and blood pressure. 

Variable Taekwondo (n = 10) Control (n = 10) p-Value 
Socio-demographic 

Age (years) 72.90 ± 5.84 71.90 ± 3.11 0.057 
Hypertension duration (years) 11.90 ± 4.33 11.30 ± 4.62 0.676 

Hypertension drug duration (years) 10.80 ± 3.79 10.40 ± 4.55 0.396 
Job, n (%) 0 (0%) 0 (0%) 1.000 

Smoking (yes), n (%) 0 (0%) 0 (0%) 1.000 
Alcohol consumption (yes), n (%) 0 (0%) 0 (0%) 1.000 

Physical Characteristics and Blood pressure 
Body height (m) 1.51 ± 0.03 1.50 ± 0.05 0.491 
Body weight (kg) 57.48 ± 5.69 56.91 ± 2.97 0.063 

Body mass index (kg/m2) 25.32 ± 2.54 25.30 ± 1.68 0.176 
Lean body mass (kg) 32.81 ± 3.13 34.71 ± 4.34 0.591 
Percent body fat (%) 42.82 ± 3.81 42.57 ± 3.66 0.886 

Waist circumference (cm) 92.28 ± 6.61 91.96 ± 4.29 0.231 
Hip circumference (cm) 100.72 ± 5.42 99.57 ± 3.40 0.283 

Waist hip ratio 0.92 ± 0.03 0.92 ± 0.05 0.204 
Systolic blood pressure (mmHg) 150.90 ± 7.99 148.20 ± 7.10 0.815 
Diastolic blood pressure (mmHg) 92.20 ± 6.32 91.20 ± 6.51 0.982 

Values are means ± standard deviations. 

2.3. Measurement of Body Composition and BP 
Physical and anthropometric variables were measured at before the intervention and 

after 12 weeks in both groups. The body height, body weight, lean body mass (LBM), and 
percent body fat were measured using the Venus 5.5 body composition analyzer (Jawon 
medical Co., Kyungsan-City, Korea). Body mass index (BMI) was calculated as weight 
(kg) divided by height squared (m2), a tapeline (Martine’s body measuring instrument) 

Figure 1. Flow diagram of participants and follow-up.

Table 1. Baseline characteristics of socio-demographic, physical characteristics and blood pressure.

Variable Taekwondo (n = 10) Control (n = 10) p-Value

Socio-demographic

Age (years) 72.90 ± 5.84 71.90 ± 3.11 0.057
Hypertension duration (years) 11.90 ± 4.33 11.30 ± 4.62 0.676

Hypertension drug duration (years) 10.80 ± 3.79 10.40 ± 4.55 0.396
Job, n (%) 0 (0%) 0 (0%) 1.000

Smoking (yes), n (%) 0 (0%) 0 (0%) 1.000
Alcohol consumption (yes), n (%) 0 (0%) 0 (0%) 1.000

Physical Characteristics and Blood pressure

Body height (m) 1.51 ± 0.03 1.50 ± 0.05 0.491
Body weight (kg) 57.48 ± 5.69 56.91 ± 2.97 0.063

Body mass index (kg/m2) 25.32 ± 2.54 25.30 ± 1.68 0.176
Lean body mass (kg) 32.81 ± 3.13 34.71 ± 4.34 0.591
Percent body fat (%) 42.82 ± 3.81 42.57 ± 3.66 0.886

Waist circumference (cm) 92.28 ± 6.61 91.96 ± 4.29 0.231
Hip circumference (cm) 100.72 ± 5.42 99.57 ± 3.40 0.283

Waist hip ratio 0.92 ± 0.03 0.92 ± 0.05 0.204
Systolic blood pressure (mmHg) 150.90 ± 7.99 148.20 ± 7.10 0.815
Diastolic blood pressure (mmHg) 92.20 ± 6.32 91.20 ± 6.51 0.982

Values are means ± standard deviations.

2.3. Measurement of Body Composition and BP

Physical and anthropometric variables were measured at before the intervention and
after 12 weeks in both groups. The body height, body weight, lean body mass (LBM), and
percent body fat were measured using the Venus 5.5 body composition analyzer (Jawon
medical Co., Kyungsan-City, Korea). Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m2), a tapeline (Martine’s body measuring instrument)
was used to measure waist circumference (WC) and hip circumference (HC), and waist hip
ratio (WHR) was calculated with a waist/hip ratio formula.

For BP, the study measured systolic BP (SBP) and diastolic BP (DBP) twice in resting and
took the average value by using the mercury-free BP monitor (CK-E301, Chin Kow Medical
Instrument Co., Ltd., Taipei, Taiwan). In addition, pulse pressure (PP) was calculated as SBP-
DBP, and mean arterial pressure (MAP) was calculated as [MAP = DBP + ((SBP-DBP)/3)].



Int. J. Environ. Res. Public Health 2021, 18, 2935 5 of 14

Also, myocardial oxygen consumption rest (MVO2 rest) was calculated as (RHR ×
SBP) ÷ 1000 using RHR and SBP [37].

2.4. PA and Sedentary Behavior Measurement

Details of the procedure have been described previously [38,39]. In brief, an accelerom-
eter (Kenz lifecoder, Tokyo, Japan) was attached to a waist belt on either the left or right
side of the body. This device measured the number of step counts and the intensity of PA
and sedentary behavior every 4 s throughout each day for 12 weeks. The metrics of PA mea-
sured intensity (metabolic equivalents: METs) [40] and the daily step count (step/day) [41]
of PA (moderate to vigorous PA, MVPA) from moderate-intensity (moderate-intensity
effort 3–6 METs) to high-intensity (high-intensity effort >6 METS) except for low-intensity
(low-intensity effort <3 METs). As for the sedentary behavior measurement criteria, all
sedentary behaviors, such as sleep time, screen time, reading and driving, were analyzed
except MVPA [42].

2.5. HRPF Measurement

According to the ACSM guidelines to HRPF, muscular strength, cardiorespiratory
endurance, and flexibility are the factors defining the healthy status of physical strength [43].
For the muscular strength test, hand grip strength and repeated chair stand were tested;
for flexibility, trunk flexion in a sitting position (TFS) was tested; for cardiorespiratory
endurance, 2 min walking was conducted.

2.6. EAT Thickness Measurement

The 64-channel MDCT (GE Light speed VCT System) was used for the measurement
of EAT for which the contrast media (OMNIPAQUEtm 350 mg I/mL GE Healthcare) were
provided through intravenous injection. Collimation of 64 × 0.625 mm, slice thickness
of 1.25 mm, pitch of 0.16, rotation time of 0.35, 100 kvp, and 450 ms were set as scan
parameters, and the visual image was captured in accordance with synchronized elec-
trocardiogram(ECG) with the use of 20 G needle. In total, 75 cc of contrast media was
injected into brachial veins at the rate of 4.5 cc per second, and the ‘Smart Prep’ was set
on pulmonary artery to obtain images 13 s after the point of time of HU 150. Images of a
cross-section from the pulmonary arterial duct to the base of heart were obtained while
breathing was stopped. When HR exceeds 60 times, the Indenol 20 mg was provided
through oral administration and the HR was controlled after 1 h followed by subsequent
examination; the NGT 0.6 mg was injected to the sublingual gland and examination was
taken before capturing images through Computed Tomography (CT).

The method of measurement of EAT mass is as follows. First, the volume around
the heart was extracted through manual tracking of the visceral layer of the envelope of
the heart and the graph, and the area of interest of the x-section, wherein the value of the
threshold was set, is depicted, and then the axial- and coronal images are captured from
screen. Second, the two dotted lines appear in the graph, where the left and right dotted
lines represent values of the minimum and maximum, respectively. Third, the 3D image of
the heart was then made, from which the thickness of specific density (−200 ≤ CT ≤ −50
Hounsfield Units) of cardiac CT was calculated.

2.7. TKD Program

For the implementation of the TKD program, the recommendations for patients with
hypertension presented in the ACSM guidelines [43] were referred to [44–46], and the TKD
program of Jeong et al. [47] was modified and supplemented for the warm-up and cool-
down for 10 min and the main exercise for 70 min; the program was implemented by 90 min
for each session, three times a week, and lasted for 12 weeks. A period of 1~4 weeks of
TKD program consisted of basic movement, whereas the period of 5~12 weeks comprised
exercises enabling active movement with music. The TKD program was held every week
(Monday, Wednesday, and Friday) at 10:30 am to 12:00 am in the sports room of the
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Sahagu Sarang-chae Elderly Welfare Center. Taekwondo education was conducted by two
taekwondo leaders (license holders) with the participation of research staff with a doctorate
in physical education. The control group was required to maintain their daily life.

During exercise, heart rate was measured by wearing the portable wireless heart rate
meter POLAR (RA-400™, Kempele, Finland). The set-up for exercise intensity was 40~59%
of HRR in Week 1~4 and 60~75% in Week 5~12. The TKD programs are shown in Table 2.

Table 2. Taekwondo training program.

Items Contents Time (min)

Warm-Up Shuttle Walking, Sitting Stretching 10

The content of
Taekwondo training

intervention

1~4 week

Stance—Close, Parallel, Riding, Forward, Forward
inflection (5 times)

Fist punching—Trunk, Face opposite, Underneath
(Both 15 times)

Blocking—Underneath, Trunk, Face opposite
(Both 15 times)

Kick—Front, Roundhouse, Downward, Side
(Both 15 times)

Taekwonrobic (Seperated action 2 times, With rhythm
2 times) (20 min)

Step box—Basic step, Knee up, Kick, Leg curl, Tap
(20 min)

HRR;
40~59%

70

5~12 week

Stance—Close, Parallel, Riding, Forward, Forward
inflection (5 times)

Fist punching—Trunk, Face opposite, Underneath, Side
(Both 15 times)

Blocking—Underneath, Trunk, Face opposite
(Both 15 times)

Kick—Front, Roundhouse, Downward, Side
(Both 15 times)

Taekwonrobic (Seperated action 2 times, With rhythm
2 time) (20 min)

Step box—Basic step, Knee up, Kick, Leg curl, Tap
(20 min)

HRR;
60~75%

Cool-down Shuttle walking, Standing stretching 10

Jeong et al. (2018, modified program)

2.8. Blood Analysis

The participants’ blood samples were collected between 9 am and 10 am baseline and
after the intervention. Eight-hour fasting prior to testing and limiting intense PA during
24 h was recommended to the subjects. Blood in the amount of 10 mL was collected from
the forearm with a cannula, using a disposable syringe (Bom Medrea Co., Ltd.). Blood
samples were centrifuged at 3000 rpm for 10 min and stored at −80 ◦C. The concentra-
tions of serum TC, triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and
HDL-C were analyzed using an automatic chemical analyzer (Hitachi-7600-110/7170 ana-
lyzer, Tokyo, Japan). Serum IL-1β, TNF-α, high-sensitivity CRP (hs-CRP), MCP-1, soluble
VCAM-1 (sVCAM-1), soluble ICAM-1 (sICAM-1), and soluble E-selectin (sE-selectin) were
determined enzymatically (Enzyme-Linked Immunosorbent Assay, ELISA) using standard
laboratory procedures.

2.9. Statistical Analysis

Statistical analysis was performed using SPSS version 23.0 for Windows (IBM, Chicago,
IL, USA). The descriptive statistics of all variables were calculated as means (M) and
standard deviations (SD). The Shapiro–Wilk test for normality was used to confirm the
normal distribution of all outcome variables. The unpaired participations t-test was used
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to assess group differences in baseline (beginning of the intervention) variables. A two-
way repeated ANOVA was used to examine interactions between period and group and
differences between groups. In the case of a significant period by group interactions,
a paired t-test was performed to examine differences between baseline and 12 weeks.
Pearson’s correlation coefficients (r) were calculated to identify associations between EAT
and physical capacity, lipid profile and inflammation variables. Statistical significance was
accepted at the 0.05 level.

3. Results
3.1. Body Composition and Daily PA and HRPF

The changes in body composition and daily PA and HRPF are shown in Table 3. Body
weight (p = 0.001), BMI (p = 0.001), LBM (p = 0.023), percent body fat (p = 0.000), WC
(p = 0.000), HC (p = 0.000), MVPA (p = 0.000), step count (p = 0.000), sedentary behavior
(p = 0.000), hand grip strength (p = 0.014), repeated chair stand (p = 0.003), TFS (p = 0.003),
and 2 min walking (p = 0.003) show a valid difference in the interaction between the group
and time.

Table 3. The changes of body composition and daily physical activity and health-related physical fitness between the groups
at baseline and after 12 weeks.

Variable Group Baseline 12 Weeks % Diff p-Value
(Interaction)

Body weight (kg) Taekwondo 57.48 ± 5.69 56.53 ± 5.58 −1.65 ***
0.001Control 56.91 ± 2.97 57.21 ± 2.95 0.53

Body mass index (kg/m2)
Taekwondo 25.32 ± 2.54 24.91 ± 2.57 −1.63 ***

0.001Control 25.30 ± 1.68 25.44 ± 1.67 0.53

Lean body mass (kg) Taekwondo 32.81 ± 3.13 34.60 ± 2.94 5.46 ***
0.023Control 34.71 ± 4.34 34.21 ± 4.05 −1.44

Percent body fat (%) Taekwondo 42.82 ± 3.81 39.97 ± 4.15 −6.66 ***
0.000Control 42.57 ± 3.66 43.91 ± 3.44 3.14

Waist circumference (cm)
Taekwondo 92.28 ± 6.61 88.36 ± 6.36 −4.25 ***

0.000Control 91.96 ± 4.29 93.38 ± 4.68 1.54 *

Hip circumference (cm) Taekwondo 100.72 ± 5.42 97.19 ± 5.31 −3.50 ***
0.000Control 99.57 ± 3.40 100.26 ± 2.98 0.69*

Waist hip ratio Taekwondo 0.92 ± 0.03 0.91 ± 0.02 −0.78
0.080Control 0.92 ± 0.05 0.93 ± 0.05 0.82

Moderate to vigorous
physical activity (min/day)

Taekwondo 11.20 ± 8.39 39.90 ± 10.21 256.25 ***
0.000Control 12.90 ± 9.84 12.60 ± 8.37 −2.33

Step count (steps/day) Taekwondo 3739.90 ± 1220.41 9125.30 ± 2367.07 144.00 ***
0.000Control 3361.60 ± 1460.99 3277.00 ± 1418.76 −2.52

Sedentary behavior (min/day) Taekwondo 1428.80 ± 8.39 1100.10 ± 10.21 −23.01 ***
0.000Control 1427.10 ± 9.84 1427.40 ± 8.37 0.02

Hand grip strength (kg)
(dominant)

Taekwondo 20.93 ± 3.67 23.72 ± 3.94 13.33 *
0.014Control 21.68 ± 3.37 20.25 ± 3.99 −6.60

Repeated chair stand
(frequency)

Taekwondo 8.80 ± 1.97 7.34 ± 1.02 −16.57 **
0.003Control 8.89 ± 1.43 9.23 ± 1.46 3.85

Trunk flexion in sitting
position (cm)

Taekwondo 14.45 ± 6.02 17.65 ± 5.69 22.15 ***
0.003Control 12.78 ± 6.76 13.55 ± 6.63 6.03

2 min walking (frequency) Taekwondo 108.40 ± 10.62 118.60 ± 11.60 10.20 ***
0.003Control 110.10 ± 19.99 101.90 ± 24.70 −7.45

Values are means ± standard deviations. Significantly different from baseline compared to 12 weeks: * p < 0.05, ** p < 0.01, *** p < 0.001.
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3.2. CVD Risk Factor and EAT

Table 4 shows the changes in CVD risk factor and EAT. In the TKD group, TC
(p < 0.001), TG (p < 0.01), LDL-C (p < 0.01), MCP-1 (p < 0.05), TNF-α (p < 0.05), sVCAM-1
(p < 0.001), sE-selectin (p < 0.01), MAP (p < 0.01), MVO2 rest (p < 0.05), SBP (p < 0.01), DBP
(p < 0.01), and EAT (p < 0.01) decreased validly, and HDL-C (p < 0.001) and IL-1β (p < 0.01)
increased validly. In addition, there was a valid difference in the interaction between the
group and time in TC (p = 0.002), TG (p = 0.008), LDL-C (p = 0.000), HDL-C (p = 0.001),
IL-1β (p = 0.001), TNF-α (p = 0.042), MCP-1 (p = 0.009), sVCAM-1 (p = 0.009), sE-selectin
(p = 0.018), MAP (p = 0.000), MVO2 rest (p = 0.002), SBP (p = 0.002), DBP (p = 0.000), EAT
(p = 0.041).

Table 4. The changes of cardiovascular disease risk factor and epicardial adipose tissue between the groups at baseline and
after 12 weeks.

Variable Group Baseline 12 Weeks % Diff p-Value
(Interaction)

Total cholesterol (mg/dL) Taekwondo 232.10 ± 37.45 203.20 ± 25.44 −12.45 ***
0.002Control 231.60 ± 29.28 232.30 ± 27.85 0.30

Triglyceride (mg/dL) Taekwondo 171.10 ± 16.50 154.90 ± 15.72 −9.47 **
0.008Control 170.20 ± 18.19 169.50 ± 20.45 −0.41

Low density lipoprotein
cholesterol (mg/dL)

Taekwondo 119.30 ± 22.93 100.50 ± 18.04 −15.76 **
0.000Control 118.50 ± 13.11 121.50 ± 12.39 8.01

High density lipoprotein
cholesterol (mg/dL)

Taekwondo 49.40 ± 7.66 59.50 ± 9.00 20.45 ***
0.001Control 50.50 ± 8.89 49.50 ± 9.07 −1.98

Monocyte chemotactic
protein-1 (pg/mL)

Taekwondo 447.59 ± 52.64 407.30 ± 67.12 −9.00 *
0.009Control 454.87 ± 69.89 474.79 ± 82.54 4.38

Soluble vascular cell adhesion
molecule-1 (ng/mL)

Taekwondo 802.61 ± 62.44 739.02 ± 85.16 −7.90 ***
0.009Control 837.37 ± 105.90 855.72 ± 111.33 2.19

Soluble intercelluar cell
adhesion molecule-1 (ng/mL)

Taekwondo 210.02 ± 73.96 189.16 ± 62.39 −9.93
0.181Control 211.71 ± 68.96 254.99 ± 62.26 20.44

Soluble E-selectin (ng/mL) Taekwondo 49.76 ± 18.71 40.79 ± 15.90 −18.02 **
0.018Control 48.24 ± 14.10 48.50 ± 15.23 0.56

Interukin-1β (pg/mL) Taekwondo 0.16 ± 0.04 0.12 ± 0.04 −21.02 **
0.001Control 0.14 ± 0.02 0.16 ± 0.02 11.35

Tumor necrosis factor-α
(pg/mL)

Taekwondo 2.30 ± 1.08 1.34 ± 0.58 −48.64 *
0.042Control 2.25 ± 1.60 2.66 ± 1.71 18.12

High-sensitivity C-reactive
protein (mg/L)

Taekwondo 0.81 ± 0.69 0.63 ± 0.32 −21.05
0.069Control 0.79 ± 0.72 1.41 ± 0.73 43.92 **

Pulse pressure (mmHg) Taekwondo 58.70 ± 3.77 61.00 ± 12.42 3.92
0.664Control 57.00 ± 3.50 57.50 ± 4.70 0.88

Mean arterial pressure
(mmHg)

Taekwondo 111.77 ± 6.69 96.23 ± 10.96 −13.90 **
0.000Control 110.20 ± 6.51 112.47 ± 4.44 2.06

MVO2 rest (mmHg ×
beats/min × 10−3)

Taekwondo 11.52 ± 0.83 10.45 ± 1.10 −9.28 *
0.002Control 11.31 ± 0.66 11.52 ± 0.73 1.82

Systolic blood pressure
(mmHg)

Taekwondo 150.90 ± 7.99 136.90 ± 12.46 −9.28 **
0.002Control 148.20 ± 7.10 150.80 ± 5.80 1.75 **

Diastolic blood pressure
(mmHg)

Taekwondo 92.20 ± 6.32 75.90 ± 12.40 −17.68 **
0.000Control 91.20 ± 6.51 93.30 ± 4.50 2.30

Epicardial adipose tissue
(mm2)

Taekwondo 1995.20 ± 911.79 1890.50 ± 893.16 −5.25 **
0.041Control 1541.80 ± 367.67 1609.30 ± 438.39 4.38

Values are means ± standard deviations. Significantly different from baseline compared to 12 weeks: * p < 0.05, ** p < 0.01, *** p < 0.001.
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3.3. Correlations

The correlations between EAT and CVD risk factor, body composition, and daily PA
are shown in Table 5. EAT and IL-1β (r = 0.530, p < 0.05), MCP-1 (r = 0.524, p < 0.05),
TG (r = 0.493, p < 0.05), and sedentary behavior (r = 0.459, p < 0.05) presented a positive
correlation, while EAT and LBM (r = −0.453, p < 0.05) showed a negative correlation.

Table 5. Correlation coefficient between epicardial adipose tissue and cardiovascular risk factor
(n = 20).

Variable Epicardial Adipose Tissue (mm2)

Lean body mass (kg) −0.453 *
Sedentary time (min/day) 0.459 *

Triglyceride (mg/dL) 0.493 *
Monocyte chemotactic protein-1 (pg/mL) 0.524 *

Interukin-1β (pg/mL) 0.530 *
Analyzed by Pearson’s correlation coefficients, * p < 0.05.

4. Discussion

Improvement in the body composition of an elderly person would be more significant
in terms of health compared to other ages [48], and the implementation of a TKD program
for 12 weeks rendered significant differences in an interaction between groups and time
with regard to body weight, BMI, LBM, percent body fat, WC, and HC, suggesting that
most of the indicators improved.

Such results correspond with the results of Jeong et al. [49] that reported the im-
provement in body composition of obese elderly women from long-term TKD aerobic
and thera-band exercise. TKD comprises diverse basic movement such as step, jump,
punch, and kick, etc., using hands and feet [31], including various physical motions. It
can be applicable to the group exercise of an elderly person, and it can not only fulfill the
recommended extent of daily PA by ASCM [50] but also is effective in the enhancement of
muscular strength [32]. Thus, the TKD program is estimated as a means of effective exercise
for elderly women by taking into account the high relevance of TKD, as a combination of
aerobic and anaerobic exercise, to body composition, BP, and CVD [43,51,52].

The improvement of the physical strength of an elderly person is important in that a
decrease in physical strength would result in reduced social activity in daily life, leaving
negative effects comprising increased death rate, reduced activity of daily living, and
quality of life (QOL), etc. [53]. The result of the implementation of a TKD program that
lasted for 12 weeks rendered significant improvement in interaction between groups and
time of hand grip strength, repeated chair stand, TFS, and 2 min walking.

In particular, hand grip strength has been known as an important indicator repre-
senting health and disease [54] together with close relevance to mortality rate [55], which
was estimated to be significant and revealed the positive effect of improvement. Besides,
the development of a diverse exercise program for an elderly person seems necessary
by grafting TKD, the Korean martial arts, on physical exercise programs requiring no
special tools, which are easily implemented considering prior research [56] that reported a
decrease in the level of daily activity by 15% after the age of 60 years and over twice that
after 70 years despite differences in the lifestyles of individuals.

Meanwhile, the increase in daily PA has been known to have a positive effect on CVD
risk factor [57], and the increase in PA has an effect similar to that of regular exercise [43].
The sedentary lifestyle of an elderly person would not satisfy the minimum amount of PA
required to secure their health or constitute regular exercise; thus, such sedentary behavior
is classified as a risk factor of CVD and chronic diseases, etc. [43]. Park et al. [1,44] suggested
that an elderly person needs an MVPA of over 7–8000 step/day and 15–20 min/day to
physical health and to improve geriatric diseases.

The implementation of a TKD program that lasted for 12 weeks rendered significant
improvement in MVPA, step count, and sedentary behavior. Such results correspond to
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the results of previous studies and are considered to be the effects of regular long-term
exercise that increased PA through the TKD program.

Besides the increase in PA, which was significant, the decrease in sedentary behavior
due to the TKD program was also a very significant result by taking the negative effect of
sedentary life over elderly people into account. Therefore, the development of an exercise
program designed to reduce the sedentary behavior of an elderly person seems necessary
as well as the short-term regular PA or exercise habit.

Globally, hypertension has been regarded as an important issue in the discipline
of public health [58]. In particular, the prevalence rate of hypertension in Asia appears
higher than that of heart disease and stroke [59]. In addition, Sironi et al. [60] reported
the relevance of the accumulation of ectopic fat to essential hypertension, which was the
characteristic thereof.

American Heart Association(AHA) [2] emphasized the importance of the control of
BP through exercise, and exercise was reported as more positive than drug treatment for
the improvement of BP [61]. The group took a TKD program for 12 weeks and showed
improvement in SBP (p = 0.002) and DBP (p = 0.000), and manifested significant differences
in terms of the interaction between groups and time of MAP (p = 0.000) and MVO2
rest (p = 0.002). Such results are attributed to the fact that regular exercise intervention
effectuated positively over the improvement of BP and reduction in sedentary behavior. In
particular, the decrease in DBP by below 90 mmHg through TKD was identified as very
effective in the prevention of CVD considering the results of previous studies [62]; thus,
the improvement in BP through TKD seems important for the prevention of CVD and
improvement of QOL in that hypertension is an important direct risk factor of CVD, the
important cause of death, and of QOL that decreases the level thereof [63].

Meanwhile, diverse factors causing CVD such as hypertension, obesity due to absence
of PA, and gender, etc., are reported [2,7]. Among them, the EAT, of which characteristic
location is concerned, is pointed out as an independent risk factor of CVD [15–17] and is
employed as an indicator predicting CVD [12–14].

Recently, diverse studies examining the effect of intervention through exercises to
improve EAT and CVD have been carried out. Manuel et al. [64] reported significant im-
provement in EAT upon execution of aerobic exercise for adults with metabolic syndrome,
wherein the EAT and the risk of CVD appeared to decrease due to PA.

Kalyana et al. [65] mentioned that the implementation of aerobic exercise was the
non-pharmacological treatment method that rendered a positive effect over the decrease
in the EAT of overweight or obese adult males, and Park et al. [28] reported the high
correlation between body composition and CVD risk factor as well as the decrease in EAT
thickness upon implementation of swimming exercise for obese adult males.

As shown in the results of such previous studies, the execution of physical exercise
seems to have a positive influence upon the improvement of EAT and CVD risk factors.
However, most of the previous studies have employed participants of adult males as
subjects of each study; therefore, the studies employing elderly women with hypertension
as subject are few. In addition, the methods employed for the intervention of exercise
was limited to aerobic exercises; thus, various approaches to each exercise are needed.
The EAT appeared to decrease by 5.25% after the implementation of a TKD program and
rendered significant differences from the interaction between groups and time (p = 0.041).
Additionally, the TC (p = 0.002), TG (p = 0.008), LDL-C (p = 0.000), and HDL-C (p = 0.001)
among risk factors of CVD were also appeared with significant improvement. In the
present research, the EAT and TG (r = 0.493, p < 0.05) and sedentary behavior (r = 0.459,
p < 0.05) manifested the significant static correlation to each other that identified the effect
of TKD upon decrease in EAT compared to the results of previous research that reported the
obvious relationship between increase in sedentary behavior and deposition of heart fat.

EAT is a deposition of visceral fat wherefrom the pre-inflammatory adipokine and
chemokines including anti-inflammatory adipokine that contains TNF-α, MCP-1, and
adiponectin are secreted [66–68]. Secretion of inflammatory adipokine suggests the role
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of EAT that can cause atherosclerosis [20]; the increase in the level of TNF-α and MCP-1
is correlated with the generation of atherosclerosis [69], where the TNF-α increases the
manifestation of adhesion molecule [70]. Palmefors et al. [27] reported that PA decreases
the cytokine and TNF-α, while aerobic exercise decreases the VCAM-1 and ICAM-1 in the
research that reviewed the PA and exercise.

In the present research, the IL-1β (p = 0.001), TNF-α (p = 0.042), and MCP-1 (p = 0.009),
which are inflammatory factors, appeared with significant improvement upon completion
of TKD that lasted for 12 weeks. By taking the results of previous studies that reported
the EAT with the role as an endocrine organ [16] and as the source of inflammatory
cytokine into account [19,20], the significant decrease in EAT suggests the significance of
improvement of each variable. Additionally, in the present research, the high correlation
between EAT and IL-1β(r = 0.530, p < 0.05) and MCP-1 (r = 0.524, p < 0.05) appeared.

Sacks et al. [71] reported the direct effect of EAT over coronary artery atherosclerosis
through the increase in coronary artery calcium and plaque attributable to the discharge of
molecules of bioactivity (IL-6, IL-1β, MCP-1) that resulted from the decrease in secretion
of adiponectin.

Osborn et al. [72] reported the manifestation of atherosclerosis from an attachment of
sVCAM-1 and sE-Selectin, etc., called adhesion molecules, to the wall of blood vessels and
endothelial cells that resulted from the surface of inflammatory cells upon the occurrence
of inflammation inside of blood vessels and the walls of blood vessels [73].

Besides, it was reported that the secretion of EAT accompanies the increase in the
secretion of endothelial cell adhesion molecules (sE-selectin, VCAM-1, ICAM-1) and the
promotion of the adhesion of monocyte endothecium [74]. The group that took the TKD
program that lasted for 12 weeks appeared with significant improvement in sVCAM-1 and
sE-Selectin. By considering the results of previous research, reported EAT plays the roles of
endocrine organs and inflammatory cytokine, and the relevance of EAT to atherosclerosis,
the decrease in EAT, appeared with a significant effect on the prevention and improvement
of the cardiovascular adhesion molecule.

In this study, it was confirmed that the decrease in EAT was correlated with improve-
ment in sedentary behavior, fat mass, lipid profile and inflammatory factors. These results
show that elderly women with hypertension improve HRPF and lipid profile and vascular
adhesion molecules positively through long-term regular Taekwondo training, and the
association of improving CVD risk factors by controlling blood pressure due to decreased
EAT was confirmed.

This study has some limitations. First, as a single-center research, the group of study
subjects was small and limited to elderly women only. Second, it cannot be assumed that
all changes in the variables observed in this study were caused by increased unique effects
of TKD only or PA. Therefore, it is necessary to conduct future research including bigger
populations and elderly men.

5. Conclusions

The 12-week regular Taekwondo intervention is effective in reducing the thickness
of EAT measured by MDCT. The reduction in EAT is associated with an improvement
in sedentary behavior, lean mass, lipid profile and inflammation factor. There was also
significant improvement in HRPF, BP, and the estimated risk factors of CVD in the inter-
vention group compared to the control group. This result could suggest that individuals
with hypertension undergoing regular Taekwondo training would be protected from high
BP values and their health risks.
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