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Abstract The purpose of this study was to examine the association between the hierarchy of
higher-level functional capacity (instrumental self-competence, intellectual activity, social role)
and the quantity of physical activity in older women (n = 175, 72.1 + 5.8 years). Physical activ-
ity was estimated with a uniaxial accelerometer that calculated light-intensity physical activity
(LPA), and moderate-to vigorous-intensity physical activity (MVPA). Higher-level functional
capacity was assessed with the Tokyo Metropolitan Institute of Gerontology (TMIG) index of
competence. According to the three subscales (instrumental self-competence, intellectual activ-
ity, and social role) of the TMIG index, participants who reported a score of 1 or more below
the respective full marks were categorized as a group with reduced status. Logistic regression
analysis was conducted to examine association between the hierarchy of higher-level functional
capacity and the quantity of physical activity divided by intensity of activity, adjusted by cova-
riance. Only low MVPA showed a significantly lower odds ratio than high MVPA in reduced
status of instrumental self-competence. Since instrumental self-competence was significantly
related with only the quantity of MVPA, it may be more important to focus on “quantity” of
physical activity to prevent reductions in higher-level functional capacity in advanced stages of
declining functional capacity.
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Keywords : older women, physical activity assessed by the uniaxial accelerometer, the hierar-

chy of high-level functional capacity
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Table 1. Characteristics of the study participants, prevalence (%) or mean * SD
Characteristics All participants Group reduction Group maintain
n= 175 n= 8§l n=94
Age, yr 73.2 + 5.8 744 & 57 711 & 5.0%
Height, cm 1479 + 55 146.5 + 5.4 149.0 + 5.7*
Weight, kg 52.3 & 8.1 51.5 + 7.6 52.6 + 8.6
Body mass index, kg/m’ 239 £ 3.5 24.0 * 3.4 23.7 + 3.6
Number of medications 2.0 + 22 23 % 2.0 14 £ 20
Medical history in 1 year

Stroke, yes 1.7 2.5 1.1

Hypertension, yes 40.6 39.5 41.5

Diabetes, yes 6.9 4.9 8.5

Heart disease, yes 5.7 7.4 4.3

Osteoporosis, yes 8.0 14.8 2.1%

Respiratory disease, yes 3.0 4.1 2.0
Joint pain

Low back pain, yes 29.7 42.0 19.1*

Knee pain, yes 26.9 37.0 18.1*
Living alone, yes 16.0 17.3 14.9
Smoking, yes 5.1 6.2 4.3
Drinking, yes________ L. R 18.5 181 -
Physical activity, mean+ SE T TTTooTTomTmmmeoe

Step count, steps/day 7187 & 3019 7017 + 309 7333 + 285

LPA, min/day 58.3 + 22.9 574 + 2.5 59.1 £ 2.3

MVPA, min/day 17.9 + 14.5 177 + 1.5 182 + 14

SD = standard deviation; SE = standard error; LPA = light intensity physical activity
MVPA = moderate-to vigorous-intensity physical activity

* P < 0.05 vs Group reduction

Table 2. Odds ratio and 95% CI for reduction in higher-level functional capacity according to the quantity of physical activity.

Adjusted’ odds ratio (95% CI) and P value

Physical activity Reduce in instrumental self-maintenance

Reduce in intellectual activity

Reduce in social role Reduce in total score

Qdds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P

Step count

High-SC (> 7133 count/day) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Low-SC (£ 7133 count/day) 1.99 (0.53-7.54) 0.31 0.96 (0.43-2.15) 0.93 1.54(0.77-3.07) 0.22 1.32 (0.65-2.66) 0.44
Light intensity physical activity

High-LPA (> 55.4 min/day) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Low-LPA (£ 55.4 min/day) 1.77(0.56-5.65) 0.33 1.31(0.61-2.81) 0.50 1.07 (0.55-2.07) 0.85 1.10(0.55-2.18) 0.79
Moderate-to vigorous-intensity physical activity

High-MVPA (> 15.4 min/day) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Low-MVPA (< 15.4 min/day) 5.03 (1.01-24.99) P <005 0.62 (0.27-1.42) 0.26 1.10(0.55-2.21) 0.78 0.92 (0.45-1.88) 0.81

CIL confidence interval; LPA = light intensity physical activity; MVPA = moderate-to vigorous—-intensity physical activity

T: Adjusted for age, osteoporosis, lowback pain, knee pain.

Table 3. Camparision of physical function according to the level of LPA and MVPA, mean = SE

Low LPA High LPA Low MVPA High MVPA
Physical function < 55.4 min/day > 55.4 min/day < 15.4 min/day > 15.4 min/day
n =87 n=88 n=_87 n= 88
Hand grip strength, kg 20.8 = 04 214 + 04 21.1 £+ 04 21.1 £ 04
5-m habitual walk, s 42 + 0.1 4.1 £ 0.1 44 + 0.1 40 =+ 0.1%
5-chair sit-to-stand, s 75 *+ 03 77 £ 03 8.1 =03 7.1 = 03*
One leg balance, s 356 + 2.1 356 + 2.1 327 £ 22 385 =+ 2.1

SE = standard error; LPA = light intensity physical activity; MVPA = moderate-to vigorous-intensity physical activity

* P <005 vs group low

MVPABfEEE% #£# L |/2SC - LPA - MVPAKERE D
FEFAL v X (95% CI) 2R L7 FEROHIE
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ks
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Yosuke Osukal!, Noriko Yabushita!, Mi-ji Kim?, Satoshi Seino!3, Tomoaki Matsuo!, Yoshiro Okubo!,
Miyuki Nemotol, Songee Jung!, Tomohiro Okura! and Kiyoji Tanaka*: Cross-sectional analysis of low
fitness status as an indicator of physical frailty and quantity of exercise in community-dwelling older wo-
men. Japan J. Phys. Educ. Hlth. Sport Sci. 57: 9-19, June, 2012

Abstract : PURPOSE: The purpose of this study was to examine the association between low fitness
status and quantity of exercise, and to derive a reference value of exercise for preventing low fitness sta-
tus, in community-dwelling older women.

METHODS: The participants were 515 community-dwelling older women, aged 65 to 91 years (73.4+
5.5 years). Physical fitness was assessed using a functional fitness score (FFS), which was calculated
from the scores of four fitness items (i.e., tandem stance, 5-chair sit-to-stand, alternate step, and up &
go). The quantity of exercise (QE) was calculated by multiplying exercise duration, exercise frequency
and exercise intensity per week. The participants were divided into four groups according to the level of
QE (no exercise: NE Group (QE=0), Low Tertile Group (0<QE=4.6), Middle Tertile Group (4.6<
QE=11.7), High Tertile Group (QE>11.7)). FFSs of less than 0.065 were defined as the low fitness,
and those of 0.065 or more were defined as good fitness. Logistic regression analysis was performed to
obtain odds ratios (ORs) and 95% confidence interval (CI) for the low fitness according to the level of
QE. Receiver operating characteristic (ROC) analysis was conducted to detect a reference value of QE.
RESULTS: The ORs (95% CI) compared with the NE Group were 0.76 (0.44-1.32) in the Low Group,
0.53 (0.31-0.92) in the Middle Group, and 0.30 (0.17-0.55) in the High Group. The optimal QE cut-off
value for the low fitness was 5.1 METs-hour/week (area under the ROC curve: 0.64, sensitivity: 55%,
specificity: 68%).

CONCLUSION: It is recommended that community-dwelling older women exceed at least 5.1 METs-
hour/week on a regular basis to prevent the low fitness status. Longitudinal research on the quantity of
exercise, assessed using an accelerometer, is needed to obtain a more accurate reference value.

Key words : older women, low fitness, quantity of exercise, reference value
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RAL, BEETHBBR THELDLINLBAEET
H5H. ERSSIIC L HBEESEHFEC OV
Tik, EffREZER I N/ (Nakamura et
al., 1988 ; EehiE A, 1990 ; BT A, 2000).
BEEIZ A (2009) 1%, FFS 730.065kDHEL,
EXE  ENERRBICRS Y A7 OB WESENE
(HEEEEEHE) THLMREASV L 2HE
LTwW5 (receiver operating characteristic: ROC
B TERE : 0.881, BE :822%, HEE .
81.9%). &/, BRI TWBH4HEBIX, T
L ELCBEREIZMETAHEETHD, B
SCHEA XN T WA Short physical performance
battery (SPPB) s EHEOEB b EETNh TV 5
(Guralnik et al., 1994). BEEEIL, EEELH
LA RHER L T ETRLEELSEN
BOTHY, AHETFHA B E LICEARRED
IR E L TEZLAERE VLM L. Lad
> T, APFFETIIETIZ,» (2009) BEREL
FAF Ry FURRWTHNEZFMET A &L
7c. 7xd, FFSOEMHAE KUWEHFERLT
DBHTHS.

FFS=0.031X;—0.106X;—0.192X;
—0.096X,+1.672
Xy FVFLNG VR, X 5EWT S EA
D, X3: AF v 752k, Xy: Ty 7 &IT—)
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H T LINT X (tandem stance) FEAOFHEridt
MFEEBECY CCh R —Eaiic L, §ie
Diphp & LEBARDODEHL% D CHMR LI -
JoIRAEC, FHERBR D RGBT A L OBRL
To. WRBICHSCGEEE T A EEL, ROE
BN, B TEBEENAD, FTOA
CTUBOHEFF P AR 25 o o RE TN G W AN
Nz O bR Lie. G, MiRkOapE &
BeAH RO DFEH DOV THMR EICIL - 7oRE 6
NGV AP EETORME E L. EHD
B AN 2 T1ET20.01FBAL T k308
FCHML, PHEL GG s L.
5@\ LB LMY (5-chair sit-to-stand) Fh%
wwh
Wi x fOFCZEL, HhaeMd L/RET
FLaNO D20/ nwd IR SEMT S X ORD
oo BRE LS, WL BILL B Y EITRE
b H L DRD, BEWTICHESE 5EF% ATk
HROESSEHEVRT EOHBRLA. ARL
TG 5B OBIIERY & 5 E TORHE%0.01
WEMCT2REL, FHELEEE L.
RTw 7T A b (alternate step) TEAHH
ST HEBE LB KD RD, FD20 cm FIHIC19
MDEBEIDERREL:. ROEREOEX
(19cm) FTENRL LD, FEEEYIELS Z0
BCRBARRBIED LO2HFRL, ELORER
B 8E EJFALTSE TORRMZ0.01F BAL
T2EEFHIL, SPHELREEE L.
77 & d— (up & go) EHEGERA M
WHICEVERLE B &), WFERBEO RICE
R E2%RLA. EREEDRIEDBLESD, 3m
WADIT—"%El > TEHEET S E TORRM%0.01
BEAT2EFANL, FHEZEGEE L. —
HOBFITEERRE VRS BI RS L 2#RL .
HEOEIL, MBIl k- THHDOEHAZHER
B5EEBIT, BIMBIEE LA v THEE
HICTHFICEE L. £/, JETHEIRT 2%
DEELIEBERZTOERHLEL /.

C. NREHIVEHEOHI T
FFS 730.065R i D% % &k J1%, 0.06501 &

OFEFEENE L ER L. FEHE (quan-
tity of exercise: QE) 750 O A HEIFEEE
(non-exercise: NE) Bt L L, ZOMOH L TR
Bt (Low B : 0<QE=4.6), vfirft (Middle # :
46<QE=11.7), LAt (High#¥ : QE>11.7)
D 3P E Y O, FABEREL

D. #EtERn

HWRFEODOLKRPER A IFETHKT B0
12, —JLELE O 58 7 1 Kruskal Wallis
BERKL, HEBHLNIHEL post hoc test
& L T Bonferroni #:1Z & % % & L E £ /213
Mann-Whitney O Ui %@ M L 7z. &4 HE
FO AT, MBRERC 4R, BOIER
12 & TIERIE B & FRS, 208 IC i & BIAS
BB A LIt #iM L. 5RO
B, HEMNZ LN H AT post hoc test & LT
Bonferroni ¥ 1C & 5 & HE LIS EZ A L 7o,
AR & B OB 25 9 B DI,
BAARTIEDOFEY - IFRMERBER, 4 LT
EH, T, PUEWRECR TR U ISBREIEA
BILEAR VAT o v 7ERSWERL /2. &
7o, AEEIIEORY - IFRY e RBAR, EBE
EINAE L L ROC M2 A WT, E&EITR
REERD L CHIL > 2EBRON Y P T ER
Bl L/, hy FAT7{HEIZ, ROCHIME ETED
El Q-HRE=0, BE=1) IIEVWRA /b
L, A-BEX+(1-HRE)BR/NMNES
% RS, TNTORFLEICIT SPSS17.0]
for Windows % A\, M EEAKELS X% &
L7z.

I # R

Table 112, X&EDOEARIERE % 4 FETHE
L7c#fitEam L 7. Fiid, TR (n=126)
BArEE (n=129) & Efr#E (n=127) KKHENX
BRICEEAR L. &, BIUPFSI3EH
FEBER (n=133) ETRIFES, EAFICHN
BRICEMEZRL, BESBRIARCEMELYRL
7o EWIEEENIEER, EEEEBIBRESPBA
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Table 1 Characteristics of the study population, mean +standard deviation

High
QE>11.7

Low Middle
4.6<QE

0<QE

No exercise

All participants

post hoc test

P

(n=127)
72.2+5.6
149.4+5.6

=11.7
n=129)
72.8+5.0

4.6
126)

74.6%6.1

=<
146.7+5.0

(n=

0
133)

73.8+£5.2

146.9+5.6

QE*
(n=

(n=515)
73.4+5.5

Low > Middle and High
NE and Low < High

<0.05

Age, yr

<0.05

148.4+5.1

147.9+5.5

Height, cm

ns't

51.7+6.8
23.2+2.9

50.8+8.4 51.5%6.7
23.4+2.9

23.6+3.5

51.1+8.2
23.6+3.3

51.3+7.6
234=x3.1

Weight, kg

ns

Body mass index, kg/m?
Total number of diseases

ns
<0.05

NE <Middle and High
NE and Low < High

0.8+0.8
84.9+16.6
12.2+1.3

0.9+1.0
80.2+18.1

12.2+1.3

1.0+1.0

1111
74.6+20.2
11.5+1.9

0.9+1.0
79.1+£18.7

12.0+1.5

> METSs-hour/week

Total number of joint pain

<0.05

76.7+18.4
11.9+1.5

SF-36, physical function score

HUSFEERREOEGAT L BB E 13

NE < Middle and High

<0.05

TMIG'* index competence, score

'QE (quantity of exercise)

not significant

g =

Tokyo Metropolian Institute of Gerontology

TMIG

e EMBHICENERICEEYR L. £FE,
BMI, EB#I, 4 HHTERRET b2

Table 212, WHBOEHERRILEZRL /2.
EEERL, FE (0=118), v +—Fv 7 (n
=106), EHHETOEH (n=84) DIEIZEE
EREhoTc. BEEER, ALy F - Rk
EEy (6.1x1.9E/8), #h#E (5.9+2.1EH/8),
B (5.2+2.40/8) DIEICEWERTH - 7.
—EB D ORERHEIE, Bl (7.0£0.08/
#A), F-A (3.0£0.08/8), S5V FdN
7 (2.0+0.885/8) DIEICEWERTH - 7z,
B OFEFEIL, T2 (30.0£854 9 -
B/E), va—Fvy QL7277 A 9 - B/
A), &l (105£0.04 vy - BF/:B), DIEICE
WRERTH - 7.

Table 310, A% 4B THEL-&BE2FL
7o S5EVEIEE BB DI, EEFEBIERS B
FICHEEICEERZ R L. ATy TT AL,
T o7 & T—BLUFFS T, EBIFEEFHST
RS BB R RICEEE R L 2 VT
INT VAL, ABMTAERRER b7,

Fig. 112, #BCB T 2EENEOEEERL
Jo. BAETEOEIAT, EEFEEIER T50.4%,
TREFEIL46.8%, FALFEIZ32.6%, EALBEE
21.3%TH - 7z.

Table 412, E&NBOHKY - EFHULREE
B, ATRHIER, FE, BIERECY AEER
LBV AT 4y JEBGHORBRERL /2.
ETORBEN Ty ALERE L KR, EF
FFBBERICH T A TABEO L v Ak (95% confi-
dence interval: CI) 1%0.76 (0.44-1.32), =hfirgf
130.53 (0.31-0.92), _EArERI20.30 (0.17-0.55)
THo 7.

Fig. 212, BHENEFEOZY - XU REE
¥, EBESMIER S L ROCEFOERE
A~L7=. ROCHATEE (95% CI) 1Z, 0.64
(0.59-0.69) THo7z. Ay A T7HEIFEIAY
V- B/ETH -7z (RE 055, BHEE : 0.68).
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14 KHEFUNTE D

Table 2 The state of exercise habituation, mean + standard deviation

1 1
type of exercise D METs (e k) (METs-hour/week)
Light gymnastics 118 2.0 5.9+2.1 0.2+0.2 2.2+1.8
Walk fast or brigkly for exercise 106 3.5 4.6+2.3 0.8+0.4 11.7+£7.7
General conditioning exercises (such as chair exercises) 84 2.5 1.0£0.5 13404 3.3+2.3
Walk leisurely for exercise or pleasure 76 2.5 52424 0.6+0.7 8.1+6.3
Ground golf 73 2.0 1.9+0.8 2.0+0.8 7.7+44
Dance 43 4.5 1.2+1.1 1.7+0.8 9.3+£7.8
Water exercises 24 3.0 2.1+15 1.14£04 7.3+5.3
Yoga 21 2.0 1.0£0.3 1.4+0.3 2.9+1.1
Tai Chi 16 20 1.3+1.6 1.4£0.5 3.0£2.0
Stretching or flexibility exercises 16 2.0 6.1+1.9 0.2+0.2 2.0£0.0
Bicycle or stationary cycle 15 4.0 3.6+1.9 0.5+£0.3 6.5+4.8
Light strength training 3.0 1.8+0.8 1.0x£0.3 5.2+2.5
Tennis 2 4.0 2507 3.0£0.0 30.0£8.5
Walk uphill or hike uphill 6.0 0.3£0.0 7.0£0.0 10.5£0.0

'QE: quantity of exercise

Table 3 Comparison of physical fitness among four QE' groups, mean + standard error

No exercise Low Middle High
QE=0 0<QE=4.6 46<QE=11.7 QE>11.7 P post hoc test
(n=133) (n=126) (n=129) (n=127)
Tandem stance, s 27.7+0.5 27.24+0.5 27.2+0.5 26.9+0.5 ns't
5-repetition sit-to-stand, s  8.4+0.2 8.1+0.2 8.0+0.2 7.3+£0.2 <0.05 NE<High
Alternate step, s 4.9+0.1 4.9+0.1 4.6+0.1 4.4+0.1 <0.05 NE and Low <High
Up & go, s 7.1+0.1 7.1+0.1 6.9+0.1 6.5+0.1 <0.05 NE and Low <High

Functional fitness score

0.025+0.050 0.042+0.051 0.113%£0.050 0.264+0.051 <0.05 NE and Low <High

'QE (quantity of exercise) =X METshour/week
tns =not significant

NV & £

AP TIL, HIBAEERRTEDOESHEE & &
VRV EHRICRAE LT — 22 AWT, HiE
HIRE SRR BN AR & EE B OBItR % BT
oL, BHETFHICHEINLEFHEOR
BEx B L/

1. BFHBLEENEROBMR
EHOBEIETH 5 FFS 2, EBEOMM
I, BRICBIFE%/RL 7 (Table 3). #
BREEIC DWW T, BELRBEHZERA LN

- 7.

S5EWTYLEBRNBLURAT v FF A,
BFPOOLLEY PR AREL & BEATETY
ErIhATHEHEIAFNMTAHEETH S
(Guralnik et al., 1994). 7 v 7 & oT—i3, #17
ICINZBILEE, HRERE A EEHRE
fETH B, EEDOBEEEHEICEVWEET
TOBFEEZHE T 5EEE L TGEHI AT
W5 (Podsiadlo and Richardson, 1991). ZF /-
FFSi3, BU T [BERDLFM T 55HEE] &
LTRESNTVWS (EFIZ2, 2009). £<0D
BMED, T x—FVTRH A E TR L
ELEEREERL TWio, ThboER % ER
HI KT 2E% T 52 & C, THRICBEEY
LB B EEY RIT T EEATRIN
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Prevalence of low fitness (%)

IR SR OEA T L ESE 15

100%

90%

80% -
n=66 -
70%

P

60%

n=100

s

3

ks
L

0 Good fitness

w

3

2
.

B Low fitness

Noexercise Low Middle High

QE'=0 0<QE = 4.6 46<QE = 11.7 QE=11.7

Fig. 1 Prevalence of the low fitness for each QE category (n=515).
'QE (quantity of exercise) =X METs-hour/week

Table 4 Odds ratio and 95% confidence interval for low fitness according to the level of QE*

Quantity of exercise

No exercise Low Middle High
QE=0 0<QE=4.6 4.6<QE=11.7 QE>11.7
(n=133) (n=126) (n=129) (n=127)
0dds ratio Oddsratio 95% CI P Oddsratio 95% CI P Odds ratio  95% CI P
Model 1 1.00 (reference) 0.88 0.54-1.44 061 0.47 0.29-0.78 <0.05 0.27 0.16-0.47 <0.05
Model 2 1.00 (reference) 0.74 0.43-1.26 0.26 0.50 0.29-0.85 <0.05 0.27 0.15-0.49 <0.05
Model 3 1.00 (reference) 0.76 0.44-1.32 0.33 0.53 0.31-0.92 <0.05 0.30 0.17-0.55 <0.05

Model 1 unadjusted

Model 2 adjusted by age

Model 3 adjusted by age and joit pain

TQE (quantity of exercise) =2 METshour/week

Jo. —7F, BHPFEEOFHAIRETHALF VT A
N5/ A (Rossiter-Fornoff et al., 1995) %, &
BECAEEICEEL o7k, BEIZS (2010)
12, T SR 26T L, FEEERIC L
LIEMERAL B R Ef L /<R, BWTEK
BHETHBBOPEEITE L v EHEL,
ZOERZRHBECBTHARAPRTH - /o L H#E
BLTW5S. ZVTLNT VAR, BWIfg
BEMERL TV LIBKELTTHEERICEE S
BLEVIEETHD, BEIELIETLLE

g ORI A FHE T SBIC3EL T 5.
L LAHEONEFL, MR THIZL A EE
MRLTOWSERETDHY, RCHHBRERVE
HPPEEZ R L T ic/c®d, EHEOSEICLS
FEIBMNThH- L HESIS.

2. SGHESHNELNDEENSEHEDR
*

HEEE S EETOBERE R LR, K&

NETHHA v A3, EBIFBEFHIC AL
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1.0
/ g
Cut-offpoint o
0.8 Sensitivity: 0.55 )/"'f
Specificity: 0.68 -
= 0.8 Y
£
Z
2
L 04 )
e
0.3 /
<
4 Area under the ROC curve: 0.64 (95%CI: 0.59-0.69)
0.0 T T T T 1
0.0 02 04 08 08 1.0

1 - specificity

Fig. 2 Receiver operating characteristic (ROC) curve plots for discriminating low fitness according to

the quantity of exercise.

FE30.536%, EAZBHI0. 30 AZITEM TH - /-
B, FTRBEEOA v Xk, ARICEMTIEd-
7= (Table 4). ROC f##h DR, KM4EIRES
Bd X HHTSEBEIIS1 Ay Y - BB TH
-7z,

Paterson and Warburton (2010) {%, E{&kiEHE)
B ENCET 512080 & 2k — R B
F-LEa—LTw5s. LE2—TiF, BEMIC
EELTWAHKEHES 4 DOUVNIVICHHE
L, EEMCT 24y RBEEHRR LTS, &
LIGEIEBDPIRCE (L) EEELC, F
BEOCEHEYETAH (LUV3) 130.3~0.8
&, RLBEHELSVE (VUL 4) 130.3~07
&L, BEEHEOMIMCHE,, EBENTHEY
ATPMMETF T 5 EBESINTWS. HEIEED
ERFERICHRESINTWEWED, v XHic>
WTARHERR L T4 & ITHREETH 528,
EHEEROBINIEY, FHOETRAHFTETS
5 EBHDTREE I NI,

Rk (1991) 3, WHEEEEE1794
(60-895%) DEENEE & (k1 DB % BlTHY

KL TWA, ZOHEIC LB L, hZERE
JEEC R 72 & OGBS FIT K A BN g/ X
<, bRKEhHENEZM»L LOMEBEFERD
LEOELTHLEREL TS, LOLAPHRET
i3, SEIEBEORE, TN TOEKIMEHIC
BWGEBIEBER & FTBICAE R ER 2 -
Jo. GEBIEBER - TALEEO FFS 3, K414
D#EHEE (0.065) % FEH-> TWAHR, hrfEs b
LB FFSIE, KENBHOEER LE > T
Joo o, EEEPEBER L TABICBT AEED
ZoEl41, METEFAESETHY (Fig. 1),
BAENETH B v AL, AL OHBICE
fETH - 7=7-% (Table 4), Hfrkt (4.6<QE=
11.7) DMESKNETHLY A7 ZERBICETSH
%, EBEOKETHHATRESREINA. &
7= ROC f##i & A\ C, & DE IR 5888
DHy FPAT7EZEHLAEZA, 5BA1AyY -
B /38 (ROC Hify FiHEisE : 0.64, BREE : 0.55, #
RE :068) THY, PUBZEETA TV I L
P, EETREEZFH T 5OKHEI N 5ER)
EOREMIT, 5.14y Y - B/ TH AL
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MRS IR EOEGT LEE R 17

AEI NI

TMERD < D DD OEEE #2006 T, #H
4 Ayy - B/ BULOEHHEEL TWET
LG, KR oOFRIT, BE» (2006) ©
EAWREEZHEL TS, LB T MRS
D D7 DEE)EHEE2006] I W TBRICRE X
NTCWBEEED, 5%, ShTEOEIHR
HRY & L-EEEME S LT, FAKEHTEST]
EERRBE N, KPR TRES VDD
OEFHFEAE2006] L OMESEE LT, EEE (3
Ay VK OEBETEOEHELEHL . K
BEEHTEDTh, 5.1Ay Y - B/BLENEL
EETHIET, BRNETHLL v ARBEFE
BETH- 722 &b, BRTEOBE, RE
IKERELZ S THBEFENS 1Ay Y - KF/B%
BB EBRHEFELL, EREEADLVIZTER
OBEFKICE > T, SHEEELL QEHATES
AIREE SR I N,

3. HAROBARELUVSEDOERE

KRBT OPORAEFELZEBL TV 5.
FLIC, ARARIFHEHOFR TS, EFED
AEFHEL 7. AED (2010) &, KBIEE
GEE)) EXENERLIEBBEELLIDD, T
ERNGEHECBW TN EAERCEELCE
PEWELT\WA. ¥£72, Buman et al. (2010)
I3, EHEOFAEE T EREOBBEREBICE
BEPRTTEREL TWE. RESBEHOLD
OBFTRE, AEEHICEWNTD, BB FR
FELRITL CWAEEERS 570, S8%ITE
BUNOEHELITFMTALELD L. F2
12, AHRILESES FEN RS ICED &5
L7c/e®d, NN A 7 ADOWEEEE DRV, &
Joo, BERL/ICAZ y VRBEERD A B ko
B, REENAT AOTREEDEETE V. &
BT B ENBHR L T OICLE L &G
HEOEEMICOWTHLLT A28, INEEE
RHBEEFIE L, BB, &S AEE R
DOEEEY L VEMICRHF T ALELDS. £33
2, AFETE, EEEOKEIC, REEHEE
HITRREOHE, MUZBEFHE L L7 ROC

BTDPOEBEON v P A THEOEB AL
2, EHIFBEE (QE=0) H3EEL5DHT
Wicle®d, HTLLTHSEBEEEYELTW5 ik
WxiEWAy P A T7ER B LN (AUC: 0.64,
RREE 1 0.55, HREE :0.68). %13, BEEL
AP CEE T & IR E % W CEEEED
HURETRETHILELD L. F4IC, KRR
DEIEL, FBBREOLRHE®ELFS Y, BHEE
BEICX22mMENTEEZBL TEEI N/
D, BEEZOBVWERELEZLEEINTVSTH]
BESEVY. Licdis T, $HRITEFLAMmEIC X
STHRHREBFELEETHIEBEETL W, &S
12, RABRIIEETIR TH 572D, BEROHM
%2 (Paterson and Warburton, 2010; Pahor et al.,
2006; Liu and Latham, 2009) k  REBGYH
WETAHAILIETESLY, AT ARV ALR
W SR, ETREERRCSEL, F5
EEEOEEME AT B A0 ORE T 248
BBH5H. TEHICOVWTHRABOFIECHEY
BEL T T EBREEL L.
DEDXSERALFELEL ThBHLD0D,
515 OMBEERMTHEICHL, 1V FEa2—
BRI XD EHBFEZFHHEEL, FEUES
BB HESATT LEBEOBIRD HHEIET
FHICHESINLEHREOAEELRF LI &
DEZEIEIEL, SRRSO E LHFERECHE
BB A FR T B AERER & LTS
AEhAZ EBHRETELD.

A B

HSRTE S O F AR5 LA FE 3 51T
X, 5.1 A9y - BBLVE OEHEXHERT
HT EOEBERSRBEIN. BENIETHHL
v A, EEESEEEZBCEN, PREDESE
B (4.6<QE=117) T0.38f%, BEEDOEH
EEEE (QE>11.7) T0.26(%, FEIEMTS
LT EBRBINL. SLICBEOBVWEEEY
RO DD, SHEINREIIC & 5 EEHE O
B LU HESLETHS.
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HEE

N b S R ey e I R 1
o HEPETE A TEAHAL TR A B & Lo -
T S I O By RS BE S O Ao D O BRI R §F D <
D] (R HPERR) OFBAEZT T ik
Sl DTHDH. FAPEE, I &y
TelE Ve RE T LD, HEHEER J UMK
BoJ; %, SRS HPPHEE OKFEBEOW )
ko CEFTE., TR LUERHOELE
9. AR RO—TE, BARKEEEECLE
K& (B wTHREL .
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