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Favorable Physical Activity Level on the Inhibition
of Age-related Carotid Arterial Stiffening

by

Jun Sugawara
Institute for Human Science and Biomedical Engineering,
National Institute of Advanced Industrial Science and Technology (AIST)

ABSTRACT

The aim of the present study was to explore the appropriate physical activity level which
can improve the increased central arterial stiffness in middle-aged and elderly people. In
the cross-sectional study, we evaluated common carotid arterial structures (ultrasound
system and applanation tonometry) and daily physical activity energy expenditures
(PAEE) corresponding to <3.0 METs (low), 3.0-5.9 METs (moderate), and >6.0
METs (high) (electronic accelerometer) in 172 people (41-82 yr). The beta-stiffness
index was significantly related to age (r=0.41) and moderate, high, and total PAEE (r=-
0.23~-0.18). The beta-stiffness index significantly related to moderate (r=-0.19, p<0.05)
and total (r=-0.18, p<0.05) PAEE after adjustment for age and high PAEE. The beta-
stiffness index adjusted for age and high-intensity PAEE was significantly lower in
subjects engaging >30 min/day of moderate physical activity than in their sedentary peers
without >30 min/day of moderate physical activity (p<0.05). In the interventional study,
seventeen postmenopausal females (50~66 yr) were randomly assigned to 2 groups and
underwent cycling exercise (900 kcal/week, 3-5 sessions/week, 12 weeks) either at the
moderate intensity (x4 METSs; n=8) or at the high-intensity (x~7 METs; n=9).
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Following the training programs, the beta-stiffness index in both groups significantly
decreased by 27~29% (both p<0.05). The interaction effect of time course and training
intensity was not significant (p=0.97). These results suggest that regular moderate-

intensity activity has favorable effects on central arterial stiffness similarly to the high-

intensity activity in middle-aged and elderly people.

E EB

AEFFEIL, HREZEOFLBIIRMEEMER - T
FIER L BREEIKELZHOMICT AL EH
BOE L, MEWTRRSE & A AR %47 o 72, BT
CBWT, 12801 EFEE (41 ~825%) iR
2, i, POBIIRMEYE, S ARESIKHED B
PRI L72E 25, 3~5METsH4D FAIES)
& |3 GBIk Beta-stiffness index & A E 2 EDHE
BRIcH Y, ZOBBREIINESB X U6METs L
LOERESKEHREOFELTRINLTCOAET
bhotz. NMABFETIE, PHELELITHE IS
7, BT ANVF-HRENIELVERE (TMETs
) & rhigEE (AMETs M%) OAREEES b
L—=7% (900kcal/ ) % 12:BMERLA. &
LHED ML == v 7T RLEIIRMEEIIA RIS
ETL, ETOREIIEZEIZEDLL o7, T
bbb, FBEORBRFEESH L -7, &
SRED b L —= v 7 L FREOH.LEIRBREED
WENREZAFTLHIILETRRT L. LEOKE,
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MEEOMEFS - UBRITHHTHLEEZ LN,
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&, IMHIMEDBAL EREBRML, £EH
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,703.22)_
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[E% 4 (American College of Sports Medicine:
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LEIRMBEEOET FHRUE AN TH LN L
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R M-SV IORRD, MO FKIEES X
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BBDOPIZONWTHHLN TR,

DEDERZEE R, AIAETIIHREZOFH
O BRI VEAERS - CE 1A e B RTGBh K HE %
HONITHI L HBE L7z, MFRGRIE, +
R AEF xS 5 3~ 5METs @ & 4{EE) X 6METs
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FE & MABFED 2 ODERTHA &2 PEH L.

1. \RAE

T Y b AFE— VRS Vol 27



#21 Characteristics of subjects in the cross-sectional study
Variable ratio or Mean £ SD
Female / Male 93/79
Age, years 628
Height, cm 158 +9
Body mass, kg 98+9
Body mass index, kg/m* « 2342
Hear rate, bpm 60+ 9
Systolic blood pressure, mmHg 121 £11
Diastolic blood pressure, mmHg 67
Mean blood pressure, mmHg 92+9
Pulse Pressure, mmHg 45+7

1.1 ®# &

BT T, 41 ~2ROTHEL 1724 %
HEE L2 (1), BRERVTAS EHME
T, LA OMEREREESRVEL L,
4B, BEEES X OREBRE o7, Tl
DEAEZLBMBELTBY, FIVECHIME
EIToTwhsdDidnihholz. MANETI,
FEOEHEERLL, PoOBERN L ABELES
M=oy 7 %ERLTW R VHEELKEL174
FRSE L7 (82). ThoOEROMBRES
HIC, &3 LUOET, ERABVEIY LS
RS 4 3HIL, ERBMOFE LB,

1. 2 AEERE
TEEREIRE 5 X B AR %S, 8Kl EDE
Bk, FRIOREWICHELL. WEARHDS

—105—

BLBHFEHE 7 V- VOEREFEL, 4H
BA7 24 YOFEREFELL. 15T BEORH
BICWBMLICT, LER, A2ux M)y ZIE
i, BEUCFT7I9Ax—-arb /A Y%
360 L7145 (formPWV/ABI, Colin MT) % {#
AL, A%, ERSRIE, SEEMRE % S
L7z, BFeC, BERXEBXUIOMHz) =7
Tu—-7EMEH L, GREEIIRNZE L B-mode i
[ CHlE L7z, SHBIAR Beta-stiffness index iX564T
BFZe7 (cHE U CHIE L 7.

Beta-stiffness index=[In(Ps/Pd) ]/ (Ds-Dd) Dd]
Ps: SEBIRIUEEIIMLE; Pd: SBIAR DL R M E;
Ds: i RBHEIRME; Dd: &/ NABIIRPIEE

B IS Eh KM (LN EE R S G (Lifecorder,
Kends) ZfEf L, 1.0~9.9 METs @ & {4{& Bl
% IMETHIZH M L7, SR L Hz #0&be,
IANF—HERLRD, KHEE (BMETs ki),
iR (3METs LA L 6METs Kiii), 3 & UH &
% (6METsLbLL) FHEHDOEL LN F—HE

i (Physical activity energy expenditure: PAEE)

rEHLE. T, ZhooNzESREE=E
E LT

1. 3 AEFEEEHIL-—=7
SHRE T 2BV, £ FN40 % heart rate

22 Characteristics of subjects in the interventional study

Moderate-intensity training group (n=8)

High-intensity training group (n=9)

Vitiibies Before training After training Before training After training
Age, years 58 + 4 59 £ 6

Height, cm 155 = 3 155 + 3 b8 7
Body mass, kg 61 £ 9 60 = 8 58 £ 7 56 £ 7 **
Body mass index, kg/m? 255 £ 36 251+ 3.1 242 £ 3.0 235 £ 3.0%*
Heart rate, bpm 63 + 8 61 + 8 51+5 1 52+ 6
Brachial SBP, mmHg 121 = 11 125+ 7 116 £ 14 119 = 12
Brachial DBP, mmHg 93 £ 10 98 + 8 89 + 12 92 + 11
Brachial MBP, mmHg 77 £ 8 80 £+ 5 72 x9 7% £+ 8
Brachial PP, mmHg 4 + 4 45+ 5 4 £ 7 M4+ 7
Carotid SBP, mmHg 112 = 10 15+ 7 107 £ 13 110 & 12
Carotid PP, mmHg 3B £ 4 3Bx 4 4 t6 3B+ 6
Carotid diameter, mm 62 + 05 6.3+ 05 6.0 = 0.2 6.1 = 05

Data are mean and SD. * p<0.05 or ** p<0.01 vs. before training. & p<0.05 vs. moderate-intensity training group. SBP, systolic
blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; PP, pulse pressure.
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reserve (AMETs#HY, 8 &, F@E ML —= 7

#) & 70 % heart rate reserve (TMETs#H%4, 94,

HHENL -V E) OBRET, BRTAVF—
HEEVELVHERI VI XA -V EH L —=
> 7 (180 ~ 300kcal/[fl, 3 ~5[al/8, 900kcal/:H)
Z1I2EAMERS SR, EHOML—= 7D
B LR 2 21103 £ 4bpm, 128 + 4bpm
THhHot.

1. 4 #HEH0IE
BWTFZEC i, HAHRGT S & ORI
X0, Fiw, HEFEEE, POBRMBREREROM

EREERF LA T4, 58I HICKY,

ACSM 73 HE3%E ¢ 2 LI ERIEB TR D720 D 1R
EB®TdH 5 1 H305L Lo B KES 247
S TWBEEITo TV WED 2B THEIIR
B L7z, 4 ABF%E Tid repeated measure
ANOVA Z WL KL, FESEEZ -
723¥547\2, Fischer's PLSDEIC & 5 S BB % 4T
o7z, HEMFHAEAKEIZSB E L7,

2. #& R

2. 1 FEETARZR

Beta-stiffness index (I MG & & H 2 AL
(r=0.41, p<0.0001, B 1), Hi#EB L O HHEE
PAEE & #8 Ak Bt i & & b 1T L7
(r=-0.23~-0.18, p<0.01~0.05, E1). {EKi@pE
PAEE & s & DRIZIZF B 2 HBMRIEIRD 5
Ndol: (r=-0.07, E1). Beta-stiffness index
XA B X ORI PAEE, A RESIR LA
Byl LR LA (r=-0.30 ~-0.22, p<0.0001
~0.01, 2). Beta-stiffness index & {54 %
PAEE & ORI I3A F 2 MBI BGRIERED & s 2
o7z (r=-0.10, E2). WM & Y Fio
HEZRI LT, Beta-stiffness index i& H il
(r=-0.23, p<0.01) # X U5 3HE PAEE (r=-0.16,
p<0.05), ¥BHMHEFEEIE (r=-0.24, p<0.01) LFE

30 r=0.401
25 p<0.0001

Beta-stiffness index
(Aauy

Total PAEE
(keal/kg/day)

Low PAEE
(kcal/kg/day)

Moderate PAEE
(kcal/kg/day)

High PAEE
(keal/kg/day)

40 50 60 70 80
Age (Years)

1 Relationships of beta-stiffness index and physical
activity energy expenditure (PAEE) to age
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7 e
. 25 2 r=-0.302
Eog p<0.01
éf—‘: 15-5 10& o °
g 104 °®
= 5 ... Y e ®

0 LI L I Sy S B L L

0 2 4 6 8 10 12 U
Total PAEE (kcal/kg/day)

(au.)’

Beta-stiffness index

Low PAEE (kcalfkg/day)

1@ r=-0.296
o p<0.0001

Beta-stiffness index
(AU’

e
0 1 2 3 4 5 6 7 8
Moderate PAEE (kcal/kg/day)

(AU)”

Beta-stiffness index

0 1 2 3 4 5 6 7 8
High PAEE (kcal/kg/day)

2 Relationships of beta-stiffness index to physical
activity energy expenditure (PAEE)

WA 2R L, WA PAEE L IZA B RAMHM %
RE ol (r=-0.08). &5\, Fi#FEE PAEE
DB T L T, Beta-stiffness index (3 #1558
JE PAEE (r=-0.19, p<0.05) 3 & U B HKIEE&
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(r=-0.18,p<0.05) L FELWAHM R L7,

SR BE O F RIE BB 251 B 30 5 LA Lo F D
Beta-stiffness index 13 30 3 KiiDHF L Y FEIC
BfEEZ/RLA (8.6+0.3vs. 10.9 0.5 A.U
p<0.05). ZDHEEAIL, Beta-stiffness index $ X
OHGREED S ARIEBRE R & A B LM BERICH 2
F, BLUEMEEPAEE DB % IR L THHE
Fans (p<0.05).

2. 2 fTAMZRE

MAFEDORREZR2ITR L7, LEEOHEK
R EToBBI2HBTAER RO LA
Pols. TERFLHABEEEE N L — =V BT
AEZBMHETH -7 (p<0.05). ML —=r 7
i, &ME N —= Y BORERAEEICES
L7z (p<0.05) %%, SR P L —= 2 FBETIZH
B beR&hro/, EHMEIITHES LA

BB eR S eholz. SEBIRNE, SEBIIRIT
FREAMES & OIREG TR E FEERbE RS
Lol

Beta-stiffness index [Z@58E L —= v 7
(123+15vs. 82+ 12 AU., p<0.05), H3#&E *
L—=V7% (134£1.6 vs. 9.5+1.5 A.U.,
p<0.05) EBFEEICHA LA, PL—=r 7 Lif
BEDRZRHEERIIFEE T M-72 (p=0.97) (HA3).

5 12+ *
=
E A g
5 -
== -
g< ®
g .
& 4
-
0
Before After
Training Training

3 Beta-stiffness index and carotid arterial compliance
before and after exercise intervention.*p<0.05 vs. before
training. Data represent the mean and SE. Open bar: the
high intensity exercise training group (n=9) ; closed bar:
the moderate intensity exercise training group (n=8)
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