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RELATIONSHIP BETWEEN THE EFFECTS OF INCREASE IN THE DAILY
NUMBER OF PEDOMETER STEPS DURING AN EXERCISE CLLASS WITH
HEALTH INSTRUCTION ON BODY MASS INDEX AND ABDOMINAL
CIRCUMFERENCE AND POLYMORPHISMS OF OBESITY-RELATED GENE

FATHZER" « AREKEE™ « M7 - RIBFZ™ - MARFET - REFEAL

Ryouta MATSUURA, Takuma ARIMITSU, Fusako SAKAKI, Yoshihiko ONUMA,
Takahiro YUNOKI and Tokuo YANO

Abstract

The purpose of this study was to investigate the relationship between the effects of increase in the daily number of
pedometer steps during an exercise class with health instruction on body mass index (BMI) and abdominal circumference and
polymorphisms of the obesity-related gene. The subjects included 21 men and 38 women aged from 55 to 70 years (Mean
age: 64.0 = 3.7 years, height: 158.7 + 7.9 cm, weight: 59.2 + 9.4 kg, BMI: 23.5 + 2.7). The exercise class with health
instruction consisted of 17 sport events 2 or 3 times per month and 9 lectures on exercise and health once every month, and
the goal for number of pedometer steps was set at 10000 per day. BMI and abdominal circumference were measured at the
start of the exercise class and at 21 weeks and 38 weeks after the start of the exercise class. Subjects were classified into three
types in terms of polymorphisms of 3 adrenergic receptor (ADRB3) gene, uncoupling proteinl (UCP1) gene, and B2
adrenergic receptor (ADRB2) gene. The number of pedometer steps per day significantly increased during the exercise class
period. BMI and abdominal circumference were significantly decreased at 38 weeks afier the start of the exercise class
compared to those at the start of the exercise class. The extents of decreases in BMI and abdominal circumference were not
significantly different among the three groups of subjects with polymorphisms of ADRB3 gene, UCP1 gene and ADRB2 gene.
The results suggest that the effects of increase in the daily number of pedometer steps on BMI and abdominal circumference

do not depend on polymorphisms of the obesity-related gene.

Keywords: Polymorphisms of gene, Body mass index, Obesity, Pedometer steps, Exercise class
BInF2M, (Kigfes, B, S, EhEs

*| JbHERE R ERFERE BE R AMSER S Faculty of Bducation, Department of Human Developmental Sciences,
Hokkaido Univ.

* AbHRERFERERRE BESR BEAR—YBEREE Graduate School of Education, Health and Sport Education, Hokkaido Univ.

*3 FLIRERIRFERFRE EEWER AREREESE Postgraduate School of Medicine, Biological Informatics and Anatomy,
Sapporo Medical Univ.

*4 LB KT RER BEFHER HEHSREHROT Faculty of Education, Department of Educational and Social Developmental

Studies, Hokkaido Univ.

(1

NI | -El ectronic Library Service



Japan

(2)

Soci ety of Physical Anthropol ogy

HAAE AHA 2

1. &

— BN, REOMAIIEMES SR L, EEiEs
EEBEBROAILOTE DREEOFERR T L 252 EMR X
<HLNTNS., BRI RNV TR L 2L X —1EE
DFRYIEIZ X > TA L S (Ravussin et al. 1988V ) 7=, =
FAF BB L X —HE 5 OBLED D TR
Kb, TOWRLBAICITLNTINS. ITHF, BEEAR
e R RICBEET 2 BEBEFOFENFLMCESh, Zhb
OBEFIIERPE T &L CRBFABRICEESL RIT
T EPHREZIN TV S (Sakane et al. 19992, Walston et al.
1995% , &M 2004Y , Yoshida et al. 19955 ) . ZeERiEH
BEOETIZAEEDOE R A3 % # =9 (Ravussin et al. 19887 )
7o, BEEOFEHCEHEIZE T, BUELEB I ONEHSHE
T 2BEETXEERERCTH I L BEbns. BEL
BRUESMHICBET28EBT LT, WX 7T RLF
U VS (ADRB3) BT, Bk Z o7& (UCPL)
BET, B27 FLF U URRE (ADRB2) EETRENRT
NETIZHREIN TS, ADRB3 BIEFOLHTHD
Trp64Arg TiX, Arg 7 VABIZRIT A LHEBRHENET
4% (Walston et al. 1995 , Yoshida et al. 1995 ) . UCPI
BRFOLBTHD A-3826G TIE, G 7 LAEIZBWTE

B ENET T2 2 EBNBE S TWD (FH 20039).

¥7z, ADRB2 BEFDEEITHD Argl6Gly 128V T,
Gly 7 VABEOFRZHIFGHEOTUENE X 5 Z L3R
EN T3 (Sakane et al. 19997 ) .

ERMOTRFB I UOMEORER L L TESHHELR O
ANERBESNTWDR, EBEEOEKL S AL IITHER
RO TCEGTERENEIBEICEEL LT+ EAHREIN
Ty % (Sakane et al. 1999 , Yoshida et al. 19957 ) Z &
5, BETER0OERPEZBRBICANTESREORREICE
HREE->TWVAS (FE 2003%) . EmOFEFEB X UEHE
W6 L CEB#HEA AV I E TOMNABIE TR, KAl
LTUT® 2 BEOHSAFENRAVLNLTWS. 1 DI,
EfSNDEFHEECOFEER 0 ST LEHK L, FOE
BT ARENERCBEELZER RIS TEELR
HTBLOTHD. b 1 D, EHHBEEOERKL FIRIZ
EEIEERITL, BEAIEICBT A EEEOLEICAE S
NAHEEBEOYEEY, IBEMEEE L LEE CRETRE
ERETELOTHD. BETEZHLEHOBREBRIL
7= ZhE TORFE (Sakane et al. 19997, Yoshida et al. 1995,
55 20037 ) T, EWRSEIE OFEOEBHEEDSLTL
PRENTELT, BEOEEREL 4 EBHEONLE
TIREBHRN L ENTWARY., LER-T, AR TIIEHE
DEEREE LS EFHEOFRELTRAL, BEREL L
) EBNEEIC X D AHEORED BMI B X ORI RIET
B MBS TEEOBRER T & LS. ik,
AEFZETHIE L7-JEFIT, 2005 12 HARNRIES 2K L
L7=AZRY v 7oy Fu—sBiEERTEERIc Lo

TEDLNEAFRY w7 Fu—LZRONEER T
Hhd (AERY v Fo—L2MEERFNERS
2005 ) . AXRY v Iy e —ABMICB W THAEE
BEENTWAIEREE, NBIEHOERE S BERNCHETT
B5H0THD (AFRY v 7oy Fu— AR EERNE
B4 2005Y) . NERIRRFOBRIER (NIRAERIET) 1h
RiE, BIEMAE, BOEE3IERBITETLINTEY
(Fujioka et al. 1987% , Matsuzawa etal. 199219 ) , Z i 6573
GO LG A T EIRE LR Bk T A AR 30 1%
PLEICET DA ERHOLICIENT VWS (Nakamura et al.
2001'7 ) . PRERFERGAERSIZ BMI 20 L P RN D6 E
BB (AR vr v Fu—LBlEERNERES
20058 ) b, ABFFETIL BMI L EFHOMIEEEL Ak,

2. Kk
2.1 HEBRE

AR I31T DHBRE X, FLIRTTNICERET 2 55~70
BOBI 59 % (Ftk 21 44, &M 38 4, Ff: 64.053.7
%, H& 1587179 cm, {KE :592+94 kg, BMI : 23.5
*£2.7) ThY, WEEFRT CERE I NI BERELES
BEHE (X2FAL =T AR—YKRE) ZBMLEHET
Holo. JRICHILER, MEEBBLUHE EBHEE
OFa T ARAFRETHONT, OBERLRNIIXEICTH
FRRBHAEIT, HEO L TCHEBRENORBEER/L. K
WERIE, AURE R PRFREE LM E L B S O&R
EECERLE.

2.2 AEEH
2.2.1 BikEHE

B, REBIVERORNEL, EHHEMLBER, #H
ERENS 21 BHARLWNC 38 BEICITo72. FHIERF
Al 8 BFIZfT o7, BMI i3fFHE (kg) 2HEKE (m) OFET
B 5 (kg/m?) Z & TR, BRI SIALIE &AL THRIE L,
1 B2 BIORIEEIT» CEREERDT-.

2.2.2 BEFERE

BEFREITROEETFHRAS v + (DNA SLIM,
EBS, B, AA) ZAWTTo7. #BE ISy MIB
ODREZHVWTHLTFOMEZHREEL, R LENZ
OLYMPUS # (HE, HAR) ZX2d—mF®EitEHmEE
(SSP-SMFD #£) %\ T, ADRB3 &=+, UCPl#EIx
F3B LY ADRB2 B FICBIT 2 ENO—HEERZT
(SNP : 3L F#1 Trp6dArg, A-3826G 1 L UF Argl6Gly) %
B L. REGTICBOTEHARHE (Wildd : 218N
Trp/Trp, A/A B I Arg/Arg) , ~7T 28 (Hetero # : %
FLER Trp/Arg, A/G 35 L T8 Arg/Gly) 72 & TN AT B (Homo
R . Arg/Arg, G/G B I OGly/Gly) O3 BEEZERE L.
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2.3 BEENEFESEHEE

BERELEIBEFHECHE I FAV =T AR —
YREZ, SAPLBEOIAETCO B ERICHIoTE
S, BUTICR ¥ 5 g ER, #RBLORERE
VKB RICER LN, TOVTFNREEREINLRVESL D
o Fl, HEBICELTTERAOERICERYE.

2.3.1 EHRE

EoEAV =T AR—YRZFCBIT 2 EEERT, 1
AT 2, 3BION—RATE 17 8T -7, EEICIT- 7/
Bit, va—%7, R—s N7, HEk, SF LR EE
FELZLDTH-7-. 1 BIOEBERITH 2 BETHo
7.

2.3.2 #%

EolFA V=T AR—YKE~DSME TH 3 ARFE
DOYEREL, EEPRAR—-VICETIHEEL, 1 » AT
BlDO~—ATE 9 EZHE - £FBETHS T—<I3E8H
B, ARISESERS, BERS, NI FRx2h=7 X,
REFE, HEEEFERY, SPBELSKRCEL LD TH-o
7.

2.3.3 F##HiEN

BHEATIESHERLAR, BHERAMO 21 HEB L
38 EEICER L, & IER L3 A/, 3980
BLEAEFNRICOVWTHEREATIT 2. ZNLOHREN
BEMENT Y 7 b (Basic-4 for Windows, % F 35 K ZHER,
B, BAR) KXo THL, SFEENL 1 BHV D
BRTRALVE—BICOWTEHLE., ZOX5ICEHLE
1 B0 OBR =R A —BIESHEMLE 2 #E, 22
HEBIOIOBEBIIHEREIC 74— Ky 7 L, ZOEIC
EASWTEERELNEIICEBEE LT, EHisE
OEICAW- BEBR- X LVEY—B1X, TARAOAEE
BEEYE 2005 S ICBIT D S0 mLALE 69 MUT OB D
EYEECTH B 1 HH7- Y 2050 keal 3 L V1650 keal & L7,
WEE BB EOMM T, LRRoBEICESICHER
HIZTEELZER L.

2.3.4 BEEHCED I+ —F2TORE
EHHERARICHERA 2BICHAEE (SUZUKEN,
Lifecorder EX, AR, BA) %E#MA L, EEE»LHER
FECTHEEFEEH L CL Lo THMELTM L. EHE
EORENS 2 BROHOWFEIIER B OEEEEST
b oW, FOEHELERHEEHBEEOSREEL Lz, £
DT 1 B 10000 & BECVA—F 72 TEH L2120
BT ThBo7.3~21 BETOFEHEL 20 BEOEE L,
22~38 BEDOFEEE 38 WEDEE Lz, var—F 7D

FEA b - EREHEE A S EEIE 1T & B8R DOIRHEA BMIE & OIEIIC RIE$ 8 & REEE T 2 R OBR

EE R L UNEB R E B L TR R RIIT T,
FEREBFOESIEE THAEBLZEIIENZLTHED

o7z,

2.4 #HEtmE

RRILEY HERREZE (SD) TRLE. HBRESKD
BMI, EFBIU 1| AOBEEIZBIT SRRMOERIT,
RERMED—TRBS B 2 AV TRE L. BMI X
VR BT BB & oM EBROBREITIX, KIER
EDO_TERBSHESITEA VL., INLORETFHEIE
BEMNAR LS, Tukey-Kramer’s post-hoc 52 N CH#
BT o7, BEBIAEKEL 5%EKM (P<0.05) & L7

3. B8
3BICDID E0EA Y =T ZAR— Y KEOHER
13 892+104%TH -7z,
3.1 BEELEOBN, BRIV 1 AOSHBOEL
EHHED 21 HEB LV 38 #BH O BMI iZ#1E
229268 L V23.1225TH Y, EENVEERRIERF O (23.5
+2.7) LHSTHEBRZBALLCHE (1D . [, &
EhED 21 HE B L ON38 E B DIEEITZNEN 83.526.2
em BLOBL.8ET.1 em TH Y, EEHEHIMAFFME (86.8
+67 cm) XD OEERBLERLTWE (B2) . £z,
1 B OBKEIDESBEERAE (87570131554 #/day) &
D 21 BB (10326.6+3266.7 #/day) 725N 38 #EH
(9682.7+3405.1 #*/day) OB FIZEBWTHEITHEML T
7= (E3) .

28 -

26 o i

24 -

BMI

22 —

20 ~

18 =

16 =

HERAES

21EEB 38EH

1 EEHERRE, BREE 218 SLURBRERBBIIEITIH
& BMI . t: P<0.05vs. HEBIAR

3.2 gRESAOIRIILY—EREOEL
EEVHERBRFO = XL X — BB EIL 1796.1+340.4

kcal ThoTz. EHEMHEE 21 BERIV B HEEO=RALY

—iEREE, FhEh 1732.3+£315.8 keal BL T 1758.6+

3
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A A IR 2R

4375keal ThH Y, EENHERLAIF L KB L CEREREIX
Ronizhotz.

BHE (cm)

BERRE 2188 38ER

EYRERARE, BiR% 218 BLUBKREBAICBTAEH
BREOEEZEL. + P<0.05vs. HEMLE

= 14000 — = T
[

2 12000
Q.

:%’/ 10000 ~
o 8000 —
s

5 6000 —
)

{ﬂ? 4000 —
B+

S8 2000
o

ol O —

BEREE

21EE 38EE

ERHERBEE, FBER 218 BLUBRKBEIBBEICIHTI2%
BEOC1 HOFHEHHELL. . P<0.05vs. HERARE

3.3 BEETFREICKDISHE

ADRB3 #Ex %8 (Trp6dArg) 2B L T, Wild B
(Trp/Tep) 1% 38 4, Hetero B (Trp/Arg) 1% 15 4, Homo
B (Arg/Arg) 13 6 & Th o7z, UCP1 BInT%HH (A-3826G)
B LT, Wild# (A/A) X174, Hetero B (A/G) 1329
4, Homo # (G/G) X134 CTH-7-. ADRB2 EisT£E!
(ArgléGly) B L T, Wild B (Arg/Arg) 1X 174, Hetero
#E (Arg/Gly) 11294, Homo # (Gly/Gly) (X134 Th-
7.

3.4 BEFERILAT-BN LIREOZEL

ADRB3 #1{57F, UCPl #{EZ¥, 3L ADRB2 BT
DEBREBETERIZEB T, BETFEOIEND BML B XU
HOBLICRIETREERM L., £ TOBRRTFLEICE
WTBMIEB LR OZE/LICIIEERZAERITA OGN T,
SEDEHEGBEE TR -7, BREOIHRIIEE
Tholz. ETOBEEFEHITEB VT, Wild &, Hetero 3

B XU Homo B BMI 72 b N IEENT, EENS=RM4AR I
DH21BEHEBBEHATHEZEBS LT (FE1) .

®1 EBEFEHCETI2EEFHITOBM L UVBEENEL
HEFBR 20E8 38EE
BMi ADRB3  WildB (n=38) 233(26) 22.8 (257 23.2(2.5)"
Hetero3# (n=15)  242(2.7) 23.6(28)" 23.5(2.6)"
HomoB (n=6)  22.1(26) 21.3(26)* 21.8(2.8)
ucP1 Wild® (n=17)  235(32) 22.8(29) 227 (27)
HeteroBf (n=29)  23.6(2.9) 23.0(2.9)* 23.6 (2.8)*
HomoB (n=13)  22.1(26) 21.3(2.6)" 21.8(2.8)*
ADRB2  Wildl (1=17) 24.1(3.0) 236(27) 23.8(25)
HeteroBf (n=29)  23.4(27) 226(27)" 22.9(2.6)*
HomoB (n=13) 231 (25) 225(23)* 22.7 (2.5
B (cm) ADRB3  WildB (n=38) 859(7.2) 834 (5.9) 82.1(6.9)
HeteroBf (n=15)  89.7(5.8) 83.8(7.4)* 82.5(7.7)"
Homo® (n = 6) 85.7 (4.9) 826 (6.7)* 784 (8.5)
UCP1 WildB (n=17)  86.4(7.4) 82.8(6.3)* 80.2(6.7)"
HeteroBt (n=20)  87.2(7.5) 829 (6.5 82.8(7.6)"
Homo®t (n=13)  86.3(4.3) 855 (5.6) 82.0(6.7)
ADRB2  WildBt (n=17)  86.6(8.9) 83.5(59)" 82.1(6.8)"
Hetero® (n=29)  86.6(6.1) 83.1 (7.1)* 81.7 (7.7)*
Homo® (n=13)  87.2(5.8) 842(4.9) 81.8(6.8)"

F—2 I FYE EEES)
*: P <0.05vs. =R

4, EBE

ARSI B T 2 RFERELE S EHEBICL - T, #
BED 1 HOSEEIIEEICHEAL, BMI B LI OERITE
BICEAD Lz, T, RFE TR\ BEEELE S &
BHED S5~T0 OB LOEGHEEZEEL, THIZL-T
JE 2 R B F A~ SRR B L2 L &R LT
L. ABFRTIE, #HBREOREABICET S ESH OB
ST EFEEFMIIL TR, | BOSBEEITZEETH
% 10000 #x/day F THIA L T/ (21 # E :110326.6£3266.7
#/day, 38 B : 9682.7+3405.1 H/day) = &b, EBH
ETEBL-EBEESCHESER S, ZLT1IAEDEY 10000
HIHEL LW RBEIEEIC L - T, HEEETOESICRT
LEMESITREE T BB DD, EEHEREE
22~38EDFHYMETH 5 38HE TBIT S | H OFHHKET,
BREEITIT 10000 BRI L CWiedo 7. ZOEREE LT,
2~38FEEWHHIRICIZ 12 AL 1 AREENRTWEZ L
BT oD, 12 A &1 HIIBRENAE L TV AFLIET
ZBWTHERERHY, ARLTY+—F 727512
REEEREEHES. LT, FEPEICHNTHEE
BHHIBRERBEINTZOL LRV, FBFEICBITDIE
B TR BIEE L ERE LD, WREDO R F &
REZESBHBICL > THERICEM LR 2T, ZDOZE
13, WERE OBEE DK BMI 72 5 NI EBE ORI
BERlborZ EERETHELOTHD.

AL TIL, BREREEL S EREECI2HHED
e BMI B R OBEHEOBA ICRITTEEICELT,
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M SeR b IR A A S EEIEERIC & 2B EOME S BMIE K OIS RIT§ 8 & IETE T 2 OB %

ADRB3 #&f5¥, UCPIl #fzF72 6 NI ADRB2 Ein+ D&
BF B OB AN O EBRNETo /. BRELT, EO
BEEFIZ2OWVTH BMIB I UEHOBY ORETEETS
BizBb 59— TH o7, ADRB3 Eis+, UCPl B+
BEL T ADRB2 BnFOERFER L HEICIIBEE 2
Z L EHBE LTV DIIERIIEE < H 5 (Gagnon et al. 1996'7,
Kurabayashi et al. 1996'> , Moriarty et al. 1997'¥ , Okusanen et
al. 1996 ) . K EOFBRIZIZNDDOEITHRIZBITE R
RETHETILOTHDLEEZDDN, KR TIIEEBTFS
BN L A EFHHRHBOEIOERER EEBEL TR
=%, ABFEOFKERFTITCIE, ADRB3 &EET, UCPI Eix
¥, BXTN ADRB2 EEGEFOBETHRNEFHBRBEIC
RIETEENHDZODENETEHERPTER. LER
2T, BFFRICBNTREEREL ;S EBBEOHRNE
BFEZENC X > TEELZ T b o BB, SEEOH
MREFEEND BFEAEFETOEBOREIZLY, MAOT
ANF—EBHEL LRI SHKHEE Co 2L XF—HEENREK
L, O EPBETEROBENI L DTHFRBEDZE
FREL T L0 L7,

ARFFEIZ BT B HERE O, BEHRE L st
LbZEWNEDEITE LR, £, BLiloRis4%i
PBEIZRBLEELZLN, TOATHEL DERBELHRIZ
LTz bhan,. [Eo0FA =7 AR—Y K
M L CETF TH Y, SR OMEN R RETERE
ERBTHAH. LrLarh, BEREZES ESHHE
2 &5 BEEFEOESDHEREY, BEFLECHILLT
JE#OTRB L OMEIC—EOHRE BT Z E0HL
DTIRoTe T &I, SHOEBI ARCEDRIEICH R
MEEZLZLTHLOTHEEEILNS.

fEEmE LT, BERELE I EHHFIC Lo Ch &R
ZENDHEEOREN BMI B I ORI RIETEET,
JEEEE T BEUCERE L TR,

€ =) v
AR EBITTDITHEY, THHCEZOMEE
ANEZ 2 F AR R — Y HHBRESAL, B IOHIETE
REENLZ, ZOHEZBMHEY UCEELEZR L LT ES.
E, AR, AMBERFERFREE LR DO
TR EZ T CEEENZLOTHD.
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