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Figure 2. Maximal oxygen uptake and the number of risk factors of the
metabolic syndrome. When the maximal oxygen uptake was [ess than 35
ml/kg/min in men and 26 mi/kg/min in womery, the number of sk factors of
metabolic syndrome was significantly increased (* p<0.05).
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Figure 3. Cardiorespiratory fitness, obese-related gene (A: PPARy CH431T
polymorphism, B: PPARY Prol 2Ala polymorphism), and the risk factors of
the metabolic syndrome. * p<0.05, *** p<0.001, Significant difference in the
low fit ProPro. T p<0.05, Siginificant difference in the low fit CT+TT.
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BEHmEXEBEEREEML. Sanada 5D (2006) £AVTHEEL:, £8BLU
BT (Repff. KEEER) BERFREIX. BX L1 EHEOBICEELAOHEENED
bhtz (2EEEHEILBHEHLER 0.13kg. A 0.02kg Fd L. KB EEE
EIXBHEAERM 0.052kg. M 0.014kg HA L1=), VT (X, Bk & H4AE, FFM
EOBICEAERLGHEEEOALE M o=, KBHERGEEORIZIZTEELSTED
HEARZO LNz, REH-YD VT IZBELELELEELMBETAEEINA,
BRHGEHLY TEEOETIED LN >, ZORKEE. VT OMBETO
ABODERFEOETICHBR T IEEL LN, VT 258 L L-EBREOME
ETZFPHTADICIEIEEHEOHBENEETHIEEZOND,

FTHIENHMONTEY., HEESFITHL
THRERAEZERIETCE 28E4IE

A. BFEE®
VO2peak (. %< DEREDOFIEEBEE

L. FLHECE, FIoOOnERKESICE
HBHFCER DV EES (Blair et al, 1989,
1995, Fletcher et al, 1992), Lt=M->T.
EEEITH LT VO2peak ZAIE L . HHid
BEHEITKEL, LHL. VO2peak ZIEFE
([TRIEY B7=OITITRFBBIC LV =55 K
BEEFORESDLETHY. PEEEIC
#HLTIDREEERT BICTIXRELDH S,
BSEE (VD) (&, ZLEERRE L) &—®

E®D 1 DTHSD McArdle et al, 2001) , FT-.
EFEEORBICHELTE., RETHEYN
HEBOTRBESL LTHCALSATL
%, REDWETIL, VO2peak &R
VT H&Ef, DNERREOREROET
EOEE L DEENEFIN THROTLS

(Tuomainen et al 2005) , FEBTRIZREAT T
A 2T VO2peak MINEHMET L. BHETERM
0.43mlkg/min, Z{$T 0.19mlkg/min, VT



DINEHET (X514 THERM 0.14ml/kg/min, %
f£ T O0llmlkgmin EHE S TS

(Stathokostas et al, 2004) , D& 5%
VO2peak DIEHETIL. (OIHEC S A
BOELE ESHITEEHEDET & OBE
HERE SN TS (Frontera et al, 2000,
Proctor and Joyner, 1997). VT OIIEZE{L &
ERFELDBERIZOVTORE A SN
BWEBIT BERAERR & LTz VO2peak.
VT. BHEFEOSREITRED £ 2 A3E
ENTLEL, BEOELDHRETIE,

EREENALI-28 8L UBEMEEH
E0ESHERXTAR L, BERARIC
AWREEL. ERCEREE (W 10ke) T
BIERHEEHEC |10 9). ZHOWERSE
EREICHET D EMNTED, FITK
WRIE. 1) BREFOER 1463 BETAR
2 BDEEHE. VO2peak. LUV VT
ZEEL. BHREOMBEL L BRTE
EDBERICOVWTIRET S L. BLU2)
LEBRBELBLUBEHFELLYD
VO2peak. VT DEEEZER TS L% H
pE L=,

B. MIRAZE

BEREL. BRI 1+ v FRRISTIZHRE
THERGTBEX 14634 (BT 4. X
%656 . 20~80 &, FHFEHE493+135
) &Lz (FD

Table 1. Physical chasasteristies of subjects
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T=o EEIE. FL Y FRILLETOHIT &
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(. EBERROCORIE V02 OELRE
R SHEESRKOIBE (220-F8D) ZEH
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Table 2. Total and regional SM mass in men and women

(i:;d;:;d n Total SM mass Trunk SM mass Thigh SM mass
phi ) ) 0

Men

20-29 55 281%33 t 16217 ¢ 10513 ¢

30-39 110 26.5%3.6 + 108£18 ¢ 9.9%15 ¢

40-49 205 25.7+3.1 + 104 1.5 t 9.6:14 t

50-59 205 24.8£32 ¢ 9.9%14 9214 ¢

60-69 167 23.2x25 93£1.2 86 1.1 t

70+ 65 214=21 9.2£1.3 7.8%1.0

Al 807 24.8£3.5 10.0£1.6 9.2%1.5
Women

2029 61 153=x21 63£0.8 58+0.8

30-39 158 14.6=2.0 6.0£0.8 56+0.8

40-49 173 15025 6.1%09 5.6+0.9

50-59 150 14623 59+08 5408

60-69 101 144%26 59£09 5209

70+ 13 139=%27 58%0.7 4910

All 656 147423 * 6.0+0.8 5.5%0.9 *

Body sy Fatfecbodymum  Bodycmssindoc Yoboyy &t

awgnge .
o) (] @ [CLy] o9 (e

Mea
w29 55 724107 ¢ 03459 3 Hiad3 112464 MI487
309 10 720283 ¢ S82463 1y #3e21 138454 7525138
4049 05 716456 St3a63 ¢ U531 182462 75811
5059 205 105493 ¢ S17a81 ¢ MTe23 136453 01473
6049 167 670073 553451 HOe22 174438 13493
7o 65 16458 519441 n1s17 166434 156
Al 07 @949 571482 H3a27 175453 74x77

Women
2029 61 514853 456a38 06223 13571 328498 T
3039 158 524470 a1e3s 05425 329663 #57576 1
4049 173 511466 40044t 00424 41472 74x8d 1
5059 150 510467 03433 Nae2d 33858 33473
609 101 40s68 00344 N4226 153450 Féa6s
708 13 5450 45235 n3422 249243 18ox59
AL 658 532466 ° 402149~ 01425 * 239284 ° J84s14 "

wreup (P < 0.05), * Sigu <0.05)

1, Significant difference in the 70-79-yr-old group (P < 0.05); * Significant difference in ail
male subjects (P < 0.05).
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Figure 1. Relationship between age and cardiorespiratory fitness (VO,peak and
VT)inmenand women. The thin line indicates VO,peak and the heavy line
VT. The solid line indicates men and the dashed line women. Significant
quadratic age declines were observed in VO,peak in men (n =807, R* =0.34,
Y=50.989-0.096x-0.002x*, P < 0.001) and women (n = 656, R?= 0,32,
Y=40.605-0.122x-0.005x%, P < 0.001). On the other hand, VT declined linearly
with age in men (n =755, R*=0.12, Y=24.549-0.091x, P < 0.001) and women

(n=612, R*=0.13, Y=23.623-0.102x. P < 0.001).
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Original article 1753

Resistance training and arterial compliance: keeping the
benefits while minimizing the stiffening
Hiroshi Kawano®®°, Hirofumi Tanaka® and Motohiko Miyachi®

Objectives This study aimed to determine the effects of
moderate resistance training as well as the combined
resistance and aerobic training intervention on carotid
arterial compliance.

Background Resistance training has become a popular
mode of exercise, but intense weight training is shown to
stiffen carotid arteries.

Methods Thirty-nine young healthy men were assigned
either to the moderate-intensity resistance training (MODE),
the combined resistance training and endurance training
(COMBO) or the sedentary control (CONTROL) groups.
Participants in the training groups underwent three training
sessions per week for 4 months followed by four additional
months of detraining.

Results All training groups increased maximal strength in
all the muscle groups tested (P < 0.05). Carotid arterial
compliance (via simultaneous carotid ultrasound and
applanation tonometry) decreased approximately 20% after
MODE training (from 0.20 =% 0.01 to 0.16 & 0.01 mm?%/
mmHg, P<0.01). No significant changes in carotid arterial
compliance were observed in the COMBO (0.20 + 0.01 to
0.23 £ 0.01 mm*/mmHg) and CONTROL (0.20 + 0.01 to
0.20 * 0.01 mm?*/mmHg) groups. Following the detraining

Introduction

The aorta and large arteries play an important role in the
cardiovascular system not only as blood conduits to the
peripheral tissues, but also as a buffer for pressure
changes resulting from intermittent ventricular ejection
of blood. By absorbing a proportion of the energy in
systole and releasing it in diastole, they maintain coronary
blood flow and avoid an increase in left ventricular after-
load. Through the impairment of this buffering function,
reductions in arterial compliance or increases in arterial
stiffness contribute to elevations in systolic blood pres-
sure, left ventricular hypertrophy, and coronary ischemia
[1,2]. Indeed, higher arterial stiffness is associated with a
greater rate of mortality in patients with end-stage renal
failure and essential hypertension [3,4]. Accordingly, any
interventions that could act to decrease arterial compli-
ance should be cautiously performed or even avoided.

Resistance training has become a popular modality of
exercise performed by most populations, and has become
an integral component of exercise recommendations
endorsed by a number of national health organizations

0263-6352 © 2006 Lippincott Williams & Wilkins

period, carotid arterial compliance returned to the baseline
level. Peripheral (femoral) artery compliance did not change
in any groups.

Conclusions We concluded that simultaneously performed
aerobic exercise training could prevent the stiffening of
carotid arteries caused by resistance training in young
healthy men. J Hypertens 24:1753-1759 © 2006 Lippincott
Williams & Wilkins,

Journal of Hypertension 2006, 24:1753~1759
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[5-7]. Resistance training has profound effects on the
musculoskeletal system, thereby contributing to the
maintenance of functional capacity and the prevention
of sarcopenia and osteoporosis [7]. The effects of resist-
ance training on the cardiovascular system, however, are
not well understood. We have recently demonstrated that
high-intensity resistance training is associated with
reduced arterial compliance [8,9]. This finding was
initially observed in cross-sectional studies comparing
strength-trained individuals and sedentary controls [8]
and later confirmed by interventional studies involving
several months of resistance training interventions [9].
Considering a number of functional and physiological
benefits that resistance training induces, practice of
resistance training should not be discouraged. A remain-
ing critical question is whether any type of resistance
training could be performed regularly without inducing
arterial stiffening. In this context, two strategies appear
plausible. First, the intensity and volume of the resist-
ance training used in the previous studies [8,9] were more
strenuous and vigorous than those recommended for the
comprehensive health programs [S—7]. It is not currently



