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Effect of long-term resistance exercise on body
composition, blood lipid factors, and vascular compliance
in the hypertensive elderly men

Hyun-Sub Kim, Dae-Geun Kim*

Department of Social Sports, College of Natural Science, Dae Jeon University, Daejeon, Korea

Hypertension is designated as either essential (primary) hypertension
or secondary hypertension and is defined as a consistently elevated
blood pressure exceeding 140/90 mmHg. Hypertension is called “the si-
lent killer” because it often causes no symptoms for many years, even
decades, until it finally damages certain critical organs. In various caus-
es of hypertension, obesity is an increasing health problem worldwide,
and several epidemiological studies have identified a positive associa-
tion between obesity and an increased incidence of hypertension. There-
fore, in the present study, we investigated the effect of long-term resis-
tance exercise on body composition, blood lipid profile, vascular com-
pliance, and blood pressure in the elderly men. For this study, the In-
Body test, blood lipid profile, and analysis of vascular compliance and
blood pressure were performing before and after in experiment. The
twenty male subjects aged between 68 and 72 yr were recruited from

INTRODUCTION

Hypertension is one of the most important public health prob-
lems affecting almost a million people around the world. Hyper-
tension is designated as either essential primary hypertension or
secondary hypertension and is defined as a consistently elevated
blood pressure exceeding 140/90 mmHg. Hypertension is a com-
mon condition in which the force of the blood against artery walls
in high enough that it may eventually cause health problem such
as cerebrovascular disease (stroke), coronary artery disease (acute
myocardial infarction), congestive heart failure (both systolic and
diastolic dysfunction), and renal dysfunction (Chen et al., 2009;
Wang et al., 2005). Moreover, together with hypertension, other

the ‘Y’ senior towers in Korea. All subjects performed exercises on a
weight training machines 40 min once a day for 52 weeks. The exercise
intensity for resistance training was 60% of the 10 RM maximal volun-
tary contraction test. All subjects before performing resistance exercise
showed an increase in hypertension following enhanced %fat, blood
lipid factors (TC, LDL-C), whereas decreased lean body mass (LBM),
vascular compliance. However, 52 weeks of resistance exercise sup-
pressed %fat and LDL-C, whereas improved LBM, vascular compli-
ance, resulting in reducing hypertensive levels in the elderly men. We
suggest that resistance exercise can be a valuable tool for the remark-
able improvement of hypertension.
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cardiovascular risk factors, such as hyperlipidemia and/or diabetes,
also contribute to the chain of events leading to atherosclerosis,
vascular complications and death (Bakris, 2007; Safar et al., 2013).

To date, though the exact causes of hypertension are usually un-
known, there are several factor that have been highly associated
with the condition including smoking, genetic factor, sedentary
lifestyle, high levels of salt intake, stress, obesity, and aging. Among
them, aging is an increasing health problem, and several epidemi-
ological studies have identified a positive association between ag-
ing and an increased incidence of hypertension (Acelajado and
Oparil, 2009; Carlberg and Nilsson, 2010). It is estimated that by
2009, the total prevalence of hypertension reached approximately
5.29 million people in the Korea of adults (Korea Centers for Dis-

*Corresponding author: Dae-Geun Kim

Department of Social Sports, College of Natural Science, Dae Jeon University,
62 Deahak-ro, Dong-gu, Daejeon 300-716, Korea

Tel: +82-42-280-2114, Fax: +82-42-283-8808, E-mail: kdk0419@hanmail.net
Received: February 12, 2013/ Revised: March 12, 2013/ Accepted: April 7,2013

Copyright © 2013 Korean Society of Exercise Rehabilitation

This is an Open Access article distributed under the terms of the Creative Commons At-
tribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

pISSN 2288-176X

http://www.e-jer.org
elSSN 2288-1778



Kim H-S, et al. © Exercise alleviates hypertensive level in elderly men

J

ease Control and Prevention, 2010). Furthermore, epidemiologic
surveys have shown that the prevalence reaches 30.3%; in individ-
uals aged 50 yr, it reaches 39.3%, aged GO0 yr it reaches 55.1%,
and in those over 70 yr it reaches 67.5% (Korea Centers for Dis-
ease Control and Prevention, 2010). These results showed that ag-
ing caused an increasing hypertension.

Another important characteristic of hypertension is obesity en-
hancing. Actually, the co-occurtrence of obesity and hypertension
has focused minds on understanding the pathphysiology of obesi-
ty related hypertension. Data from the Framingham Heart Study
implicate obesity as a contributory factor in 60-70% of essential
hypertension (Henry et al., 2012), and obese individuals have 3.5-
fold increase in the likelihood of suffering from hypertension (Kot-
chen, 2010). According to a 2011 National Health Service survey
in England, high blood pressure was recorded in 48% of men and
46% of women in the obese group, compared with around 30%
of those in the overweight and 15% of those in the normal weight
category (Aghamohammadzadeh and Heagerty, 2012). In addi-
tion, about 40% of hypertensive patients also have high blood
cholesterol levels and factors that increase risk for coronary events
in hypertensive individuals included elevated low-density lipopro-
tein cholesterol (LDL-C) or total cholesterol (TC), smoking, im-
paired glucose tolerance, and reduced high density lipoprotein
cholesterol (HDL-C) (Lamina et al., 2012). The modulation of
blood lipid levels would help the suppressed blood pressure. There-
fore, there are minimal cost and side effects associated with life-
style interventions, and they interact favorably with hypertension.
Currently there is consensus that regular exercise is the main in-
tervention determining the success in prevention of hypertension
in adults with normal blood pressure levels and this reduction in
hypertensive patients. It is well established that aerobic exercises
are the most effective component in reducing blood pressure in
hypertensive patients (Karagiannis et al., 2009; Pescatello et al.,
2004). Its benefits are related to the metabolic muscle perfor-
mance, reduced endothelial dysfunction, improvement of neu-
ro-hormonal abnormalities and decreased insulin resistance, which
results in the reduction of systemic vascular resistance, promoting
a favorable effect on concomitant cardiovascular risk factors (Batt-
agin et al., 2010; Fagard and Cornelissen, 2007). Moreover, resis-

Table 1. Physical characteristics of the subjects

BP (mmHg)
SBP DBP
n=20 7240+408 164.70+542 64.20+558 140.45+9.64 85.80+9.47

Subject Age(yr)  Height(cm) Weight (kg)

BP, blood pressure; SBP, systalic blood pressure; DBP. diastolic blood pressure.
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tance training has been less explored in this population (ACSM,
1998; Fagard, 2006). A meta-analysis on the effect of resistance
training on blood pressure at rest suggests that it was carried out
at moderate intensity, may be able to reduce the levels of blood
pressure (Cornelissen and Fagard, 2005). Although the latest gui-
delines for control of hypertensive blood pressure have recommen-
ded that resistance exercise should be added to the aerobic exercise
component in the physical training program targeted for hyper-
tensive patients, it has not been widely incorporated yet into the
clinical practice (Bjarnason-Wehrens, 2004; Williams et al., 2007).
Additionally, it is not known whether resistance exercise of differ-
ent body segments promotes distinct pressure responses.

Therefore, in the present study, we investigated the effects of
long-term resistance exercise on obesity factor (body composition,
blood lipid profile) and hypertensive degree (blood pressure, vas-
cular compliance) in elderly men. For this study, the InBody test,
blood lipid analysis, blood pressure, and vascular compliance anal-
ysis were performed.

MATERIALS AND METHODS

Subjects

The thirty-five male subjects aged between 68 and 72 years were
recruited from the Y’ senior towers in Korea. The exclusion crite-
ria were past or present neurological disease and operation of vari-
ous diseases. Prior to the study, the principal investigator explained
all the procedures to the subjects in detail. The levels of hyperten-
sion in subjects are shown the hypertensive stage I level. Complete
subject characteristics are shown in Table 1.

Experimental design

On the first day, subjects returned to the laboratory to complete
baseline measurements, including the body composition test, blood
lipid test, blood pressure analysis, and vascular compliance test.
The subjects performed the resistance exercise for 30 min once
day for 52 weeks. The follow-up testing included the same mea-
sures in the baseline testing (Fig. 1).

Pre-test Exercise Post-test
-BMI -BMI
- Body composition > ) ) » | -Body composition
- Blood lipid profile Rez'“.a”cg;xef'se - Blood lipid profile
- Blood pressure uring o2 wKs - Blood pressure
- Vascular compliance - Vascular compliance

Fig. 1. Experimental design.
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Analysis of BMI and body composition

All subjects were assessed by the BMI and body composition
test. In the BMI analysis, the subject heights were measured by
using a wall-mounted ruler at the time of entry into the study.
Body weights were measured using a digital scale before breakfast
and after voiding. BMI was calculated as the weight in kilograms,
divided by the height in meters squared. Body composition mea-
surement was performed by bioelectrical impedance analysis, us-
ing InBody 4.0 (Biospace, Co., Korea). Body fat mass was calcu-
lated in percentage, and lean body mass expressed in kilogram.
BMI and body composition were measured at baseline and at the
last week of study.

Analysis of vascular compliance and blood pressure

Blood pressure was measured three times after the participant
had rested for 5 min in a sitting position using a mercury sphyg-
momanometer. We used the average of second and third measure-
ments of the systolic blood pressure and the diastolic blood pres-
sure. Vascular compliance was determined using PWV3.0 (KM-
Tec., Korea). All subjects rested for 15 min in the supine position,
and measurements were taken immediately following determina-
tion of both right and left brachial arterial compliance.

Blood sampling and analysis

The blood lipid degrees for all subjects were assessed by blood
sampling. Blood samples were obtained in the morning after 12
hours overnight fast. For the blood profiles, venous blood samples
were collected in an EDTA-tube and centrifuged at 3,000 rpm for
15 min at 4°C. Plasma glucose was measured by a glucose oxidase
method, and TC, LDL-C, HDL-C, and triglyceride (TG) levels by
enzymatic procedures using an autoanalyzer (ABX Micros 60,
Horiba ABX, USA).

Exercise protocol

All subjects took part in supervised progressive exercise train-
ing for 52 weeks (Table 2). Exercise sessions were observed from
morning to afternoon, and lasted approximately 40 to 50 min-
utes. The subjects began the resistance exercise session with a
warm-up including gentle lower and upper extremity stretching
for 10 min during the period of this study.

Resistance training was carried out using weight training ma-
chines. The exercise intensity for resistance training was 60% of
the 10 RM maximal voluntary contraction test. The order of re-
sistance training was leg press, shoulder press, leg extension, leg
curl, arm curl, back extension, abdominal flexion, and then rotary

http://dx.doi.org/10.12965/jer.130010

Table 2. Resistance exercise protocol

Intensity/Time Period
Stretching 10 min 5/wk
leg press

shoulder press

leg extension

leg curl 10 reps/2 sets 5/wk

[tems Exercise type

Warm up
Work out

arm curl

back extension
abdominal flexion
rotary torso

Cool down Stretching 10 min 5/wk

torso. Resistance training consisted of 2 sets. Also, the repetition
of training initially consisted of 10 reps of each exercise.

Statistical analysis

Data were analyzed using the IBM SPSS (ver. 20; IBM Corp.,
Armonk, NY, USA). Data were expressed as means + standard er-
rors mean (SEM). For comparisons between the pre-and the post,
Wilcoxon’s matched pairs test, non-parametric statistical hypoth-
esis test, was performed. Delta differences (A%) of values between
the pre and the post were calculated using following formula:
A% = (post-pre)/prex 100. Statistical significance was accepted at
P<0.05.

RESULTS

Effects of 52 weeks-resistance exercise on body
composition in elderly men

The body composition items including BW, %fat, LBM, and
BMI of all the subjects before and after resistance exercise 52 weeks
were measured and their average values were shown in Table 3.

After 52 weeks, the analysis represented that average BW 0.81%
increased compared with before resistance exercise was not signifi-
cant (P=0.586, Z=-0.545), %fat 3.79% decreased compared with
before resistance exercise was significant (P =0.586, Z.=-0.545),
LBM 2.81% increased compared with before resistance exercise
was significant (P=0.001, Z=-3.221), and BMI 0.28% increased
compared with before resistance exercise was not significant (P =
0.811, Z=-0.240).

These results showed that resistance exercise during 52 weeks
significantly decreased %fat in the elderly men. However, resis-
tance exercise during 52 weeks significantly enhanced LBM in the

elderly men.
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Table 3. Changes of body composition by the resistance exercise for 52 weeks

Table 4. Changes of blood lipid factors by the resistance exercise for 52 weeks

[tems Pre Post A% YA P [tems Pre Post A% VA P

BW (kg) 6420124 6470+£125 081+£073 -0545 0.586 TC (mgydL) 19966+7.25 19080+696 -350+388 -0299 0.765
%Fat 2411039 2317044 -379+143 -227] 0.023 [DL-C(mg/dl) 134.21+6.70 11874597 -1040+447 -2203  0.028
LBM (kg) 4997+075 5134074  281+074 -3.221 0.001 HDL-C(mg/dL) 50.85+1.93 5320+298 425+368 -1270 0204

BMI(kg/m?) 2373057 2378+075 028+080 -0240 0811

TG (mg/dL) 98.00+766 88.10+£599 -576+571 -1438  0.151

BW, body weight; %Fat, percentage body fat; LBM, lean body mass; BMI, body
mass index.

Effects of 52 weeks-resistance exercise on blood lipid
factors in elderly men

The blood lipid items including TC, LDL-C, HDL-C, and TG
of all the subjects before and after resistance exercise 52 weeks
were measured and their average values were shown in Table 4.

After 52 weeks, the analysis represented that average TC 3.50%
decreased compared with before resistance exercise was not signif-
icant (P=0.765, Z=-0.299), LDL-C 10.40% decreased compared
with before resistance exercise was significant (P =0.028, Z=
-2.203), HDL-C 4.25% increased compared with before resistance
exercise was not significant (P =0.204, Z=-1.270), and TG 5.76%
decreased compared with before resistance exercise was not signif-
icant (P=0.151,Z=-1.438).

These results showed that resistance exercise during 52 weeks
significantly decreased LDL-C in the elderly men. However, resis-
tance exercise during 52 weeks significantly did not change TC,
HDL-C, and TG in the elderly men.

Effects of 52 weeks-resistance exercise on blood pressure
and vascular compliance in elderly men

The blood pressure items including SBP and DBP, the vascular
compliance items including RBAC and LBAC of all the subjects
before and after resistance exercise 52 weeks were measured and
their average values were shown in Table 5.

In the blood pressure after 52 weeks, the analysis represented
that average SBP 6.26% decreased compared with before resis-
tance exercise was significant (P =0.018, Z=-2.356), and DBP
5.24% decreased compared with before resistance exercise was
significant (P = 0.038, Z=-2.072). In vascular compliance after 52
weeks, the analysis represented that average RBAC 2.02% increased
compared with before resistance exercise was significant (P =0.003,
Z.=-2.969), and LBAC 2.94% enhanced compared with before re-
sistance exercise was significant (P =0.003, Z=-2.937).

These results showed that resistance exercise during 52 weeks
significantly suppressed blood pressure in the elderly men. More-
over, resistance exercise during 52 weeks significantly improved

274 http://www.e-jerorg

TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density
lipoprotein cholesterol; TG, triglyceride.

Table 5. Changes of blood pressure and vascular compliance by the resistance
exercise for 52 weeks

[tems Pre Post A% VA P

SBP(mmHg) 140.45+2.15 13160+339 -6.26+222 -2.35% 0018
DBP (mmHg)  8580+2.11 79.10+£219 -524+249 -2072 0.038
RBAC (ms) 19040+3.06 19405+266 202+066 -2969  0.003

LBAC(ms)  189.10+3.82 19420299  2.94+091 -2937  0.003

SBP. systolic blood pressure; DBP, diastolic blood pressure; RBAC, right brachial ar-
terial compliance; LBAC, left brachial arterial compliance.

vascular compliance in the elderly men.

DISCUSSION

Hypertension is an important risk factor for cardiovascular
morbidity and mortality, particularly in the elderly. Treatment of
hypertension reduces the risk of stroke, heart failure, myocardial
infarction, all-cause mortality, cognitive impairment, and demen-
tia in elderly patients with hypertension (Dickerson and Gibson,
2005). A healthy lifestyle helps hypertension management, with
benefits extending beyond lowering of blood pressure. Generally,
the therapeutic goal for patients aged from 60 to 80 yr is SBP less
than 140 mmHg and a DBP less than 90 mmHg, without ortho-
static hypotension. However, blood pressure elevation in the el-
derly is due to structural and functional changes in body that oc-
cur with aging. Therefore, finding the major causes of hyperten-
sion in elderly should be improved. Of the various causes of hy-
pertension, obesity increases the risk of the development of hyper-
tension. The prevalence of hypertension increases with age and is
greater among obesity compared with normal weight individuals.

The increasing of body fat is caused increased cholesterol in
blood. Excess cholesterol settles on the inner walls of blood ves-
sels, narrowing them and promoting blood clots. This can slow
down of even stop the flow of blood passing through the vessels.
Especially, LDL-C is caused increasing level of blood pressure, re-
sulting in the elevation of the cardiovascular disease. In meta-anal-
ysis, it is showed that a 1.0 mmol/L reduction in LDL-C is associ-
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ated with a more that 20% reduction in the risk of cardiovascular
disease, and 8% reduction of hypertensive rate (Baigent et al.,
2005). Meanwhile, high levels of HDL-C may have a protective
role against coronary atherosclerosis, and decreasing blood pressure
because of its role as a lipid scavenger involved in the reverse trans-
port of cholesterol from the peripheral vascular compartment and
tissues to the liver for excretion as bile (Lamina and Okoye, 2012).

This study showed that all subjects with high %fat and BMI
were related to increasing age, whereas decreasing LBM. This has
been explained secondary to the changes in appetite, food intake,
energy expenditure, and body composition that normally occur
with aging, with an increase in fat mass and a decrease in muscle
mass (Seidell and Visscher, 2000). These results indicated that
%fat and BMI caused increasing blood lipid factors, thus increas-
ing blood pressure in the elderly men.

Large artery stiffness in the cardiothoracic region increases with
age in humans. Age-related arterial stiffening is amplified among
individuals with visceral obesity and other characteristics of the
metabolic syndrome (Orr et al., 2009; Watson et al., 2011). In
this regard, arterial stiffness can viewed as a time-integrated index
of an individual’s risk factor exposure. Indeed, arterial stiffness has
long been regarded as an indicator of disease and is an indepen-
dent predictor of cardiovascular events and mortality in both
healthy and diseased populations (Watson et al., 2011). These al-
terations decreased the vascular compliance, and showed the en-
hanced arterial stiffness, resulting in increased blood pressure.

Resistance training has long been known to increase functional
abilities and health status, primarily by changing body composi-
tion (Lo et al., 2012; Nindl et al., 2000) and physical performance
(Fatouros et al., 2002). Moreover, resistance training can induce
alterations in whole-body lean mass and fat mass, which also cor-
respond to improved health and fitness (Nindl et al., 2000). Re-
sistance training increases lean body mass, decreases total fat mass,
and substantially increases both upper and lower body strengths
(Hubal et al., 2005; Treuth et al., 1994). Furthermore, resistance
exercise is known to reduce weight and maintain good body com-
position, decrease the TC, LDL-C, TG levels, and thus reduce the
risk of cardiovascular disease among hypertensive patients (Fagard,
2006; Mota et al., 2009).

The present study showed that resistance exercise during 52
weeks alleviated the body composition compared to those before
performing resistance exercise. Especially, 52 weeks resistance ex-
ercise decreased %fat levels in the body composition, whereas en-
hanced the LBM. In addition, 52 weeks of resistance exercise sig-
nificantly suppressed LDL-C compared to before performing resis-

http://dx.doi.org/10.12965/jer.130010

tance training. And although not significant, 52 weeks of resis-
tance exercise enhanced HDL-C level, and suppressed TC, TG
levels compared to before performing resistance training. Our
findings support previous reports indicating that resistance exer-
cise improved the imbalance of body composition and blood lipid
factors (Cottell et al., 2011; Gelecek et al., 2012; Herndn Jiménez
and Ramirez-Vélez, 2011).

Decreasing rates of body fat and blood lipid factors has gained
effect of improving functions of blood vessels. In particular, de-
creasing LDL-C level can be seen with improvement of vascular
compliance with removal plaque in vessels. Resulting, improve-
ment in vascular compliance reduces cardiac morbidity or mortal-
ity, and blood pressure (Balcher et al., 1999).

In the present study it was shown that 52 weeks resistance ex-
ercise significantly increased vascular compliance levels compared
to those before performing resistance exercise in hypertensive el-
derly men. Furthermore, resistance exercise during 52 weeks sig-
nificantly reduced blood pressure including SBP and DBP com-
pared to before performing resistance exercise. These results demon-
strate the suppressed blood pressure with improvement of vascular
compliance following performing resistance exercise.

In this study, we evaluated the effect of 52 weeks of resistance
exercise on the aging-induced alteration of hypertension, body
composition, blood lipid profiles, and vascular compliance. All
subjects before performing resistance exercise showed an increase
in hypertension following enhanced %fat, blood lipid factors (TC,
LDL-C), whereas decreased LBM, vascular compliance. However,
52 weeks of resistance exercise suppressed %fat and LDL-C, where-
as improved LBM, vascular compliance, resulting in reducing hy-
pertensive levels in the elderly men. Here in this study, we sug-
gest that resistance exercise can be a valuable tool for the remark-
able improvement of hypertension.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

Acelajado MC, Oparil S. Hypertension in the elderly. Clin Geriatr Med
2009;25:391-412.

Aghamohammadzadeh R, Heagerty AM. Obesity-related hypertension:
epidemiology, pathophysiology, treatments, and the contribution of
perivascular adipose tissue. Ann Med 2012;44:574-84.

http://www.e-jerorg 275



Kim H-S, et al. © Exercise alleviates hypertensive level in elderly men

J

American College of Sports Medicine. Position Stand: the recommended
quantity and quality of exercise for developing and maintaining car-
diorespiratory and muscular fitness, and flexibility in healthy adults.
Med Sci Sports Exerc 1998;30:975-991.

Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby
A, Sourjina T, Peto R, Collins R, Simes R; Cholesterol Treatment Trial-
ists’ (CTT) Collaborators. Efficacy and safety of cholesterol-lowering
treatment: prospective meta-analysis of data from 90,056 participants
in 14 randomised trials of statins. Lancet 2005;366:1267-1278.

Bakris GL. Current perspectives on hypertension and metabolic syn-
drome. ] Manag Care Pharm 2007;13:53-5.

Battagin AM, Dal Corso S, Soares CL, Ferreira S, Leticia A, Souza Cd,
Malaguti C. Pressure response after resistance exercise for different
body segments in hypertensive people. Arq Bras Cardiol 2010;95:405-
411.

Bjarnason-Wehrens B, Mayer-Berger W, Meister ER, Baum K, Hambrecht
R, Gielen S. Recommendations for resistance exercise in cardiac reha-
bilitation. Recommendations of the German Federation for Cardio-
vascular Prevention and Rehabilitation. Eur ] Cardiovasc Prev Rehabil
2004;11:352-361.

Blacher J, Guerin AF, Pannier B, Marchais SJ, Safar ME, London GM. Im-
pact of aortic stiffness on survival in end-stage renal disease. Circula-
tion 1999;19:2434-2439.

Carlberg B, Nilsson PM. Hypertension in the elderly: what is the goal
blood pressure target and how can this be attained? Curr Hypertens
Rep 2010;12:331-334.

Chen G, Hemmelgarn B, Alhaider S, Quan H, Campbell N, Rabi D. Me-
ta-analysis of adverse cardiovascular outcomes associated with an-
tecedent hypertension after myocardial infarction. Am J Cardiol 2009;
104:141-147.

Cornelissen VA, Fagard RH. Effect of resistance training on resting blood
pressure: a meta-analysis of randomized controlled trials. ] Hypertens
2005;23:251-259.

Cottell KE, Dorfman LR, Straight CR, Delmonico MJ, Lofgren IE. The ef-
fects of diet education plus light resistance training on coronary heart
disease risk factors in community-dwelling older adults. ] Nutr Health
Aging 2011;15:762-767.

Dickerson LM, Gibson MV. Management of hypertension in older per-
sons. Am Fam Physician 2005;71:469-476.

Fagard RH, Cornelissen VA. Effect of exercise on blood pressure control
in hypertensive patients. Eur ] Cardiovasc Prev Rehabil 2007;14:12-17.

Fagard RH. Exercise is good for your blood pressure: effects of endurance
training and resistance training. Clin Exp Pharmacol Physiol 2006;33:
853-856.

Fatouros I, Taxildaris K, Tokmakidis S, Kalapotharakos V, Aggelousis N,

276  http://www.e-jerorg

Athanasopoulos S, Zeeris 1, Katrabasas 1. The effects of strength train-
ing, cardiovascular training and their combination on flexibility of in-
active older adults. Int ] Sports Med 2002,23:112-119.

Gelecek N, Iigin N, Subasi SS, Acar S, Demir N, Ormen M. The effects of
resistance training on cardiovascular disease risk factors in postmeno-
pausal women: a randomized-controlled trial. Health Care Women
Int 2012,33:1072-1085.

Henry SL, Barzel B, Wood-Bradley R], Burke SL, Head GA, Armitage JA.
The developmental origins of obesity related hypertension. Clin Exp
Pharmacol Physiol 2012;39:799-806.

Hernéan Jiménez O, Ramirez-Vélez R. Strength training improves insulin
sensitivity and plasma lipid levels without altering body composition
in overweight and obese subjects. Endocrinol Nutr 2011;58:169-174.

Hubal MJ, Gordish-Dressman H, Thompson PD, Price TB, Hoffman EF,
Angelopoulos TJ, Gordon PM, Moyna NM, Pescatello LS, Visich PS,
Zoeller RE, Seip RL, Clarkson PM. Variability in muscle size and
strength gain after unilateral resistance training. Med Sci Sports Exerc
2005;37:964-972.

Karagiannis A, Hatzitolios Al, Athyros VG, Deligianni K, Charalambous
C, Papathanakis C, Theodosiou G, Drakidis T, Chatzikaloudi V, Kami-
lali C, Matsiras S, Matziris A, Savopoulos C, Baltatzi M, Rudolf ],
Tziomalos K, Mikhailidis DP. Implementation of guidelines for the
management of arterial hypertension. The impulsion study. Open
Cardiovasc Med ] 2009;3:26-34.

Korea Centers for Disease Control and Prevention 2010 Korean National
Health Statistics. Korea, Home office, 2010.

Kotchen TA. Obesity-related hypertension: epidemiology, pathophysiolo-
gy, and clinical management. Am ] Hypertens 2010;23:1170-1178.

Lamina S, Okoye GC. Therapeutic effect of a moderate intensity interval
training program on the lipid profile in men with hypertension: a ran-
domized controlled trial. Niger J Clin Pract 2012;15:42-47.

Lo MS, Lin LL, Yao W], Ma MC. Training and detraining effects of the re-
sistance vs. endurance program on body composition, body size, and
physical performance in young men. J Strength Cond Res 2011,25:
2246-2254.

Mota MR, Pardono E, Lima LC, Arsa G, Bottaro M, Campbell CS, Simdes
HG. Effects of treadmill running and resistance exercises on lowering
blood pressure during the daily work of hypertensive subjects. |
Strength Cond Res 2009;23:2331-2338.

Nindl BC, Harman EA, Marx JO, Gotshalk LA, Frykman PN, Lammi E,
Palmer C, Kraemer W]. Regional body composition changes in wom-
en after 6 months of periodized physical training. ] Appl Physiol 2000;
88:2251-2259.

Orr JS, Dengo AL, Rivero JM, Davy KP. Arterial destiffening with atorvas-
tatin in overweight and obese middle-aged and older adults. Hyper-

http://dx.doi.org/10.12965/jer.130010



Kim H-S, et al. © Exercise alleviates hypertensive level in elderly men

J

tension. 2009;54:763-768.

Pescatello LS, Franklin BA, Fagard RH, Farguhar WB, Kelley GA, Ray
CA. American College of Sports Medicine position stand. Exercise
and hypertension. Med Sci Sports Exerc 2004;36:533-553.

Safar ME, Balkau B, Lange C, Protogerou AD, Czernichow S, Blacher J,
Levy BI, Smulyan H. Hypertension and vascular dynamics in men
and women with metabolic syndrome. ] Am Coll Cardiol 2013;61:12-19.

Seidell JC, Visscher TL. Body weight and weight change and their health
implications for the elderly. Eur ] Clin Nutr 2000;54:S33-39.

Treuth MS, Ryan AS, Pratley RE, Rubin MA, Miller JF, Nicklas BJ, Sorkin J,
Harman SM, Goldberg AP, Hurley BF. Effects of strength training on
total and regional body composition in older men. ] Appl Physiol 1994;
77:614-620.

Wang ]G, Staessen JA, Franklin SS, Fagard R, Gueyffier F. Systolic and di-

http://dx.doi.org/10.12965/jer.130010

astolic blood pressure lowering as determinants of cardiovascular
outcome. Hypertension 2005;45:907-913.

Watson NL, Sutton-Tyrrell K, Rosano C, Boudreau RM, Hardy SE, Simon-
sick EM, Najjar SS, Launer L], Yaffe K, Atkinson HH, Satterfield S,
Newman AB. Arterial stiffness and cognitive decline in well-function-
ing older adults. ] Gerontol A Biol Sci Med Sci 2011;66:1336-1342.

Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin
BA, Gulanick M, Laing ST, Stewart KJ; American Heart Association
Council on Clinical Cardiology; American Heart Association Council
on Nutrition, Physical Activity, and Metabolism. Resistance exercise
in individuals with and without cardiovascular disease: 2007 update:
a scientific statement from the American Heart Association Council
on Clinical Cardiology and Council on Nutrition, Physical Activity,
and Metabolism. Circulation 2007;116:572-584.

http://www.e-jerorg 277



