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ABSTRACT

This study investigated 1) the association of cardiorespiratory fitness (CRF), muscle
strength, and physical activity with metabolic syndrome risk score (MS-score), 2) the
relation between the reference values established by “Exercise and Physical Activity
Reference for Health Promotion 2006 (EPAR2006)” and MS-score.

Japanese adults, (139 men and 129 women) aged 20-69 participated in this study.
Maximal oxygen uptake was measured as CRF, directly during a cycle ergometry test.
Muscular strength was evaluated by measuring of handgrip strength (HGS). Both CRF
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and HGS were calculated on the basis of body weight. Self reported physical activity (PA)
with intensity of 3 METs or higher was expressed as METs - h/week. MS-score was
counted by the number of MS risk factors (abdominal obesity, raised blood pressure, lipid
abnormality, and raised fasting plasma glucose), according to the diagnostic criterion for
Japanese-specific MS.

In the case of adjustment for age, logistic regression models revealed that MS-score was
inversely correlated with CRF and HGS in men and women (P < 0.05), and inversely
correlated with PA in only women (P<0.05). Then, subjects were classified into the
three groups by CRF levels based on “Reference values (RV)” and “Reference range
(RR)” established in EPAR2006 as follows, High CRF (H) : higher than “RV” ;
Medium CRF (M), below “RV” but within “RR” ; Low CRF (L), lower than
“RR” . In men, M and L groups showed significantly higher MS-score than H group. In
women, L group showed significantly higher MS-score than H and M groups. Men with
low HGS (below current mean HGS of each age group) showed significantly higher MS-
score than those with high HGS did.

These results suggest that MS risk could be increased when the CRF is lower than

“Reference values” for men, but below “Reference range” for women, and below current

mean HGS of each age group for men.
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1 The characteristics of subjects.

Women

N 129
Age (yrs) 47 + 14 (23 —69) A7 + 14 (22 — 69)
Height (cm) 1705 £6.7 - (1545 — 188.0) 157.3 £ 5.7 (138.0 — 168.0)
Body weight (kg) 705 +£10.6 (52.3 —109.8) 539+ 7.3 (364 —77.2)
BMI (kg/m 2) 242 +31 (18.0 —35.3) 218 +29 (16.3 —32.7)
Body fat (%) 216 £47 (106 —37.8) 294 +54 (19.1 —46.5)
FM (kg) 15.6 £ 5.7 (6.0 —41.5) 162 £5.1 (8.2 —35.5)
FFM (kg) 549 +58 (42.2 — 70.0) 37.7+33 (27.5 — 46.7)
VOymax (L/min) 2.38 £ 048 (1.17 — 3.70) 147 £0.32 (0.78 — 2.67)
(mL/kgBW/min) 34.1 £691 (19.6 —51.8) 274 +£4.98 (16.0 — 40.0)
Handgrip strength (kg) 439 £ 6.6 (27.8 —62.8) 269 +49 (17.0 — 43.6)
(kg/kgBW) 0.63 +0.10 (0.30 —0.85) 0.50 +0.09 (0.28 — 0.79)
Physical activity (METs-h/wk) 224 +184 (0.0 — 83.9) 20.3 £+ 14.0 (3.8 — 76.0)
Exercise (METs-h/wk) 76 £87 (0.0 — 40.0) 48 +81 (0.0 — 74.7)

Data are shown as mean + SD (range). BMI indicates body mass index; VO,max, maximal oxygen uptake.

H, YAV —AFHE~OSME BEL L2 X
ABELW I L=V T EHENIIT> T EE
3EF kot

AEFFEI, BRREAFER RV RE2ME [A
A g e LMARERZRESR] OKR % 2008
£3F 21 HIZZT, AVY YFEEORMICH-
Tirbhiz, BRE R, FClE0BENER
BEHHL, FWICLVRABELZELRIC, HRET
LHREDB LU HME 2T - 7.

1. 2 BHEHAS LUTMBRE

FE, E, HRIEHE, BB XU0EZ 753
ZERERECHE L, WILZIT- 72, BIEHREA
YE=F U AE (BALBES -2 % v
BC600 : & =%, H3) (2&o>THELZ. BH
AN CIBALEIZ T, FEMEED 2T v — 2 fiv
TO01 cm BALTEHAIL, 2BOFHEL EHEOHE
EL7:. BEXKELY, BMI (Body mass
index) %% L7, MEE, WHEMTSHERER
iCL7otk, HBMMERT (HEM-75P @ 40>,
W) WX o THlE L7z, WERE O LRI 7
A& EZO0F, YWHIHIME (Systolic blood pressure,
SBP) 3 X UMsRIAIMAE (Diastolic blood pressure,

DBP) ZEALT2ETOMEL, FLENDOFH
ExMEDfEE Lz, Hi#Rka o Ml & RALL 72,
FJZ )& ¥ (Triglycerides, TG), HDL a1 L
A 71—V (HDL cholesterol, HDL-C) X U'%
JERFINAE (fasting plasma glucose, BG) D471,
(#) SRL, HEUIHRFEL TTo 7.

1. 3 MSY 7O

MS Y R 713, BANRERFEIZL D MS 2
R CESOCFFHLA2Y. Sk (R2)
BT AEEHOZLBEMS Y X7 2aT7EL
Pz, %P, BIUE, MFfEERE, BRI
LEFEHE DT TV AR, ThehoEE
L YALR

#F 2 Metabolic syndrome status in men and women.

Men Women
Abdominal obesity 50 (65) 11 (14)
(WC = 85cm for men and = 90cm for women)
Raised blood pressure 56 (78) 31 (40)
(SBP = 130mmHg and/or DBP = 85mmHg)
Lipid abnormality 27 (38) 12 (15)
(TG = 150mg/dL and/or HDL-C < 40mg/dL)
Raised fasting plasma glucose 12 (16) 5 (7)
(BG = 110mg/dL) _
MS risk score - 142+£1.14 0.59+0.88

Data are shown as %(number) or mean + SD. WC indicates waist
circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, HDL cholesterol.
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#+ 3 Association of cardiorespiratory fitness and muscular strength with metabolic syndrome risk score in men and women.

Cardiorespiratory Fitness Muscular Strength
Men ‘Women Men Women
Model A -0.419 *** -0.170 * -0.363 #** -0.326 ##*

. Model B -0.29] #* -0.068 -(0.245 *=* -0.305 sk
Data are standardized /2 coefficients. Model A is adjusted for age; model B is adjusted for age plus cardiorespiratoy fitness or muscular strength.

* P<0.05, #* P<(.01, *** P<0.001
% (High) L{EVEE (Low) D2BEICHHEL.
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High Medium Low
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Women 31

0.91

MS risk score
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High  Medium Low
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X1

MS risk score

MS risk score

1.56

1.09
14
Q-

High Low

Muscular
Strength

0.68

0.44 .
e

High Low

Muscular
Strength

Metabolic syndrome risk sore in different levels of cardiorespiratory fitness and muscular strength in men and women.

*p < 0.05, ¥p < 0.01, ##*p < 0.001
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k4  Association of Physical Activity and Exercise with
metabolic syndrome risk score in men and women.

Men Women
Physical activity (METs*h/wk) ! -0.081 -0.155 *
Exercise (METs-h/wk)? 0.105 -0.206 *

Data are standardized 3 coefficients. ! adjusted for age; 2 adjusted
for age plus nonexercise activity.

#* P<0.05

3. % =

AL TIE, 268 DB L EXNRIZ, LA
77 - 87 - BHEENE L BETICEEm L, MS )
A7 LOBBRERET S L L HIC, EPAR2006 D
FHAEEL MS ) A7 L DRBRIZOWTRIEL 7-.

3. 1 MSUXJ7DiKEE

2007 AT DO N E RS - REREORER
&b E, 20~69 M CTMS A< BEbn b
(R +HE 2oL L&) &, BT 23%,
ZHTIENTR L E3NTWDH, KBIETHRE L



BEICBWTIE, BE019% (26 N), Ktk
D5% (6AN) PMSIZFEHS L, Bk EREEE -
REAEZRIIBITSAMS OGNSR LHERTRR
Db DD, RFFROFRI MG IR o 14
BcidheholzEZONA, MSYVAZ AT
DOHFRIZOVTAHATADL L, Be dICHIMED
SEEEAYE S % <, KICHIRARIE#ERN X 72 v g
BREOHENS {, BILHEOHEIRS D%
o7 (&2).

3. 2 AHEMSURTEDRER

ABETIE, BwihizBunwtd, Gk

BIUHHRIELLLFELIIMMLLZMS U R

yOFREERFELTEDSLN (83 Model A).

T ORI OIS OB WERTIZ MS OMEED
B &) Jurca b5 DIMED), T2, HEDHD
DFNIHIENZ L IEMSEUBEORHHTH S L
% Miyatake 5 D20 L —3¥ 5.

S 51T, BFEICBVTIEEEOLIMEN B &
U EWIZHET. LA-MS ) A7 OFHHERTFT
HhHIENBRDLNI: (T3 Model B). D&
&, LA B L O OB ERRREUX, £
NFENRB=—0201% g=—0245THYH, Bk
BWT220(NEZEEIMS Y AZ I LTHAL
BEFS L TWATEESTFHI SRS, —F, &
PIZBWTOMIETIZ, BhB L UER & 3T
L7=MS Y RZ DFRIREFTIE Rz, LA
T, THIZBWTIE, 22004KNEED) b
HOMS ) A2 TxF 2 HEHS LY BT EetED
RREIND., TNLOR/RMSL, KHEMS YA
7L OMRIEEE L EHTIEELRY, MSY RS
ORI LT, BHTIIOHENOHHIFAL
BEEETHAHY, KETEBHOBERNLIVE
EREN R CIRERSRIR S NS,

3. 3 BHFEEHEEIMSYUITENER
AEFFeTlE, THEICBWTOR, BEESHEIX

FEREIMILIMS ) AZOFHEIRTFE LTR
Hoh (R4), FEFEHEO) H L IHERO
EERATMS ) A7 IZEHE LT 5 FEEARIE
Ehiz. Lo T, U TREEKEEHEDH H
EE)EOHMICE > T, MSVAZ 2B TE A
WREMATRIE S NS,

—%, AFECEBHEICBVTHEKERHR L
MSURZ LDBMREERIBTILTE Lo,
ZOHEHO—D2IZ, BBV TIHRFEHEL
ERCFHECE TR d o 2 TREENEZ b5,
A%, HURARXOERMKIIEETHBI DS
RWEWVIFIELND B OO, HEEOFBRICKE
AEn, LFLSTF2RYUMNH L DI TIE%R
WB), AR & D B ABROEFHIZOVWTHE
B & S 5 A, MEERHER L kY
BFHN L HEETRCCHEREEIE 2 FET 2 4E
HHbLEEZOLND.

3. 4 EPAR2006 £ MS Y X 7 £ DEIR

EPAR2006 D HHEME X MS V) A 7 &L DR %
BT L7#ER, BT, (Ui 2T EPAR2006 (2
RENT: “BETL D D0 ORKBREENRE"
O [FHEfE] 2 TH->TWHE (Medium, Low
ICAEY) Tk, [FEHEfE] DLEOBE (High iICAHY)
XY, MSVAZBEEILE» 7. BETI,
[§EPH] 2 TH->TWwaE (Low IZHY) Ti,
Efl>Twa 8 (Medium, High!lZH%) X0
MSVRAZHEEICEWI EAREN, L2
T, BHOMS VR 7 &R, [HHEE] D
FOLHENSBVBETH L TEEMEARE SIS,
—F, THEOMS ) R Z7ERICIZ, % lLd
(460 O TRMEL ED.LIERD B ETH ST
BEMEATRIE S NG,

HhizonTid, BHIZBWTREERNOT
B LOHhEFTAEETIE, MSYRZDE
BICEWI EXFNREAL., LAdFo T,
EPAR2006 (278 & - FEROFHEL L0

FH ¥ b AE— VR Vol 31



ARFETHILT, BHEOMS YA 7 ZEH S
RS H S, —F, KECBVWTE, FER
OEMEL L O N 2 /3 HREL, FHERE
DHNEHTAHAHELTMS Y AZIZEERDLN
ol LedioT, ZEMROFEEL LD
NeRFETHILTIE, KEDOMS ) A7 DER
WL T LBV R WIEESEL b
5.
REFFETIERRE, M fEE, MHES L UM%
EOMS DfeFRF T2 EFC (MFI) FFHEL T
WBYS, 4%, EOMSKERET»EDENIESR
& EITBIEARN Y, SHIEDMETERS
N7 HRES) & MSfERRIAF & DRFENFRV IS
DWTRHTALENH LS. MSDEEMR
HFIF LT, BIEOTREWERNER R G HEE)
EAHLMZENIE, MSOF A TG LA LY
EARB BB SRS b L b D,

4. £EO

HAANBLZISRIZ, MS Y A2 EOMES -
7L ORIRERE LR, Bl b IOk
NPT TRHNS, FHEIIMLLIZMS Y A
7 DFPEFTH B LARENT:, KBFEORH
REY, BETROMEDD “BRS Y00
DRKBEFIEBRE" o [HEfHE] X Y& & MS
DAZNEL, ZHTEZFo [§#F] 2 FE->T
WBEMSYARZRBWT EARBENT. /-
NP EEROFHERBOHE, BUETIEIMS
VA7 BENZ LR SN, FHEEEICD
W, S HICEBRAY % U7 CRFili L 72 £ TMS
JAY EDBRERET 2 LEFD 5.

=

FROFETIZHY, WERBEEBY T L
MEEANARLE T~ 8 AR = BHFIRA F
CIESBILR LT EY. T2, AFREEBICH
ZYWEREIHNETEE T LBATEGEAE L

7Y PAR-VHEE Vol 31

o 67 S

REE - SRAEBISEAT EAIRUS, 3 X ORI S
’Eﬁ'jjb)?‘: f‘fl{‘f:*&%ﬁ%@%ﬁh:dtxi i’) !iﬁ:iﬁ\{\f: L
E 3 g

X M

1) Blair S.N., Goodyear N.N., Gibbons L.W., Cooper
K.H. Physical fitness and incidence of hypertension
in healthy normotensive men and women. JAMA.,
252, (4), 487-490 (1984)

2) Blair S.N., Kohl H.W.,3rd, Paffenbarger R.S.,Jr,
Clark D.G., Cooper K.H., Gibbons L.W. Physical
fitness and all-cause mortality. A prospective study
of healthy men and women. JAMA., 262, (17),
2395-2401 (1989)

3) Talbot L.A., Morrell C.H., Metter E.I., Fleg J.L.
Comparison of cardiorespiratory fitness versus
leisure time physical activity as predictors of
coronary events in men aged < or = 65 years and >
65 years, Am. J. Cardiol., 89, (10), 1187-1192
(2002)

4) Sawada S., Tanaka H., Funakoshi M., Shindo M.,
Kono S., Ishiko T. Five year prospective study on
blood pressure and maximal oxygen uptake., Clin.
Exp. Pharmacol. Physiol., 20, (7-8), 483-487
(1993)

5) FHE, WEFEE. HRABHEIC BT 25 8EED
EEGTRICHT 2RI, B ARORELES
MERE., 46, 113-121 (1999)

6) Sawada S.S., Lee LM., Muto T., Matuszaki K., Blair
S.N. Cardiorespiratory fitness and the incidence of
type 2 diabetes: prospective study of Japanese men.
Diabetes Care., 26, (10), 2918-2922 (2003)

7) Fujita Y., Nakamura Y., Hiraoka J., Kobayashi K.,
Sakata K., Nagai M., Yanagawa H. Physical-
strength tests and mortality among visitors to health-
promotion centers in Japan., J. Clin. Epidemiol., 48,
(11), 1349-1359 (1995)

8) Nguyen T.V., Eisman J.A., Kelly P.J., Sambrook
P.N., Risk factors for osteoporotic fractures in
elderly men., Am. J. Epidemiol., 144, (3), 255-263
(1996)

9) Hayashi T., Tsumura K., Suematsu C., Okada K.,
Fujii S., Endo G., Walking to work and the risk for
hypertension in men: the Osaka Health Survey.,
Ann. Intern. Med., 131, (1), 21-26 (1999)



__68_

10)

11)

12)

13)

14)

15)

16)

Okada K., Hayashi T., Tsumura K., Suematsu C.,
Endo G., Fujii S. Leisure-time physical activity at
weekends and the risk of Type 2 diabetes mellitus in
Japanese men: the Osaka Health Survey., Diabet.
Med., 17, (1), 53-58 (2000)

Paffenbarger R.S.,Jr, Hyde R.T., Wing A.L., Hsich

C.C. Physical activity, all-cause mortality, and

longevity of college alumni., N. Engl. J. Med., 314,

(10), 605-613 (1986)

A @A B ER - EBRHORER A
e < Y D7 OEBHEEHE 2006 — S ATHE) -
EF) - #H—, (2006)

Sattar N., McConnachie A., Shaper A.G., Blauw
G.J., Buckley B.M., de Craen A.J., Ford L, Forouhi
N.G., Freeman D.J., Jukema J.W., Lennon L.,
Macfarlane P.W., Murphy M.B., Packard C.J., Stott
D.J., Westendorp R.G., Whincup P.H., Shepherd J.,
Wannamethee S.G. Can metabolic syndrome
usefully predict cardiovascular disease and diabetes?
Outcome data from two prospective studies. Lancet.,
371, (9628), 1927-1935 (2008)

Ho J.S., Cannaday 1.J., Barlow C.E., Mitchell T.L.,
Cooper K.H., FitzGerald S.J. Relation of the number
of metabolic syndrome risk factors with all-canse
and cardiovascular mortality., Am. J. Cardiol., 102,
(6), 689-692 (2008)

Jurca R., Lamonte M.J., Church T.S., Eamest C.P.,
Fitzgerald S.J., Barlow C.E., Jordan A.N., Kampert
J.B., Blair S.N. Associations of muscle strength and
fitness with metabolic syndrome in men., Med. Sci.
Sports Exerc., 36, (8), 1301-1307 (2004)
Wijndaele K., Duvigneaud N., Matton L., Duquet
W., Thomis M., Beunen G., Lefevre J., Philippaerts

17)

18)

19)

20)

21)

22)

23)

R.M. Muscular strength, aerobic fitness, and
metabolic syndrome risk in Flemish adults., Med.
Sci. Sports Exerc., 39, (2), 233-240 (2007)

Sayer A.A., Syddall H.E., Dennison E.M., Martin
H.J., Phillips D.I., Cooper C., Byrne C.D.,
Hertfordshire Cohort. Grip strength and the
metabolic syndrome: findings from the Hertfordshire
Cohort Study., QJM., 100, (11), 707-713 (2007)
Rennie K.L., McCarthy N., Yazdgerdi S., Marmot
M., Brunner E. Association of the metabolic
syndrome with both vigorous and moderate physical
activity., Int. J. Epidemiol., 32, (4), 600-606
(2003)

Okura T., Nakata Y., Ohkawara K., Numao S.,
Katayama Y., Matsuo T., Tanaka K. Effects of
aerobic exercise on metabolic syndrome
improvement in response to weight reduction.
Obesity (Silver Spring), 15, (10), 2478-2484
(2007)

Miyatake N., Wada J., Saito T., Nishikawa H.,
Matsumoto S., Miyachi M., Makino H., Numata T.
Comparison of muscle strength between Japanese
men with and without metabolic syndrome., Acta
Med. Okayama., 61, (2), 99-102 (2007)

AFZEY v I v Fu—-ABEERIRRS.
ARy s Fu—-La0EFE DR B
RARERMEES., 94, (4), 188-203 (2005)
CERELEE. P19 EEEMRT) - EBRE ) AR A
#ERMETE., http://www.mext.go.jp/b_menu/
houdou/20/10/08092414 . htm (Accessed November
20, 2009)

WA T8 SAIEERICE T 52 HMEOZ S
DWW T, RFEEMESE., 60, (6), 265-276 (2002)

74 b RAR— 2 FE Vol. 31



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

