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Abstract

OBJECTIVE : Recently, a new reference value for the quantity of physical activity (PA) has been
set in the Japanese Exercise and Physical Activity Reference for Health Promotion (EPAR2006),
particularly regarding the prevention of lifestyle-related diseases. This protocol recommends 23
METs hour per week as the target volume of PA. Assessing step counts has become very popular
and it may constitute one simple and practical technique for evaluating PA in large population stud-
ies. However, the details concerning its capacity to track the volume of PA in free-living conditions
still remain insufficient. Therefore, the purpose of this investigation was 1) to examine the rela-
tionship between step counting by a simple mechanical (spring-levered) pedometer vs. accelerome-
ter-determined step-counts measured during concurrent monitoring while mimicking daily living
situations; and 2) to identify the number of steps per day that could be used as a proxy for the
EPAR2006 for the METs-hour per week.

METHODS : Sixty healthy adults participated in study 1; the subjects spent over 24 hours in a
large respiratory chamber. Spring-levered pedometers (PEDswe) as well as an accelerometer (AC
Cstze) were rigidly attached on their waist in order to simultaneously determine the total daily step
counts. In study 2, free-living measurements over 10.6+4.3 continuous days were performed, while
measuring steps-day' as well as METs-hour-week™ using a validated accelerometer in 92
Japanese subjects.

RESULTS : In study 1, a significant relationship was observed between the PEDser vS. ACCsrer
(r=0.470, p<0.001). However, the PEDsi» was significantly lower than the ACCsrer (—1888%
2016 steps+day’, p<0.001), thus indicating an important bias at low PA. In a multiple stepwise
regression analysis including age, height, body weight, body mass index and % fat, the single pa-
rameter of age came out as a significant determinant of this absolute error (r?=0.172, p<0.001).
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In study 2, a significant relationship was observed between the stepseday™ assessed by the accel-
erometer and the METSs «hour - week™ (r=0.810, p<0.001, SEE=5.2 METs - hour * week™).
Moreover, a geometric mean regression between both measures revealed that approximately 10,000
stepseday ™’ corresponded with 20.8 METs-hour+week™; however, the range of absolute error from
the regression was relatively wide.

CONCLUSIONS : These results suggested that the inter-device difference of the step-counts was
extended by aging. This might be due to the physical activity patterns and/or gait characteristics
of some older subjects (i.e., shuffling), thus indicating that the accelerometer device should be em-
ployed to assess the number of steps taken in free-living conditions. Counting the total number of
steps per day therefore does not fully provide accurate information on the volume of PA (i.e. M
ETs-hour-week™') but it is only a rough predictor of the general PA in terms of displacement.
Further study is thus called to explore whether an independent intervention effect on health con-
sequence exists between the different targets of PA measures.
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WWEREEAS.

LTAT, BHEEET TRENZSEEETD
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EENWEESE, ZORDSEETOSEFTRAEI%LL
WTHBLINTVBEY. FE 2 DO THIE X
NIeBE (ACCorme BKU PEDerer) (3, HIEKT
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OFBEFRE ) ZEH UK. mEOEDREIC
WERISDH 5 t-tests ZHVY, Fifh, KE, HE,
body mass index, REEFAROEEICDONVTH
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Hrib, 2ERENTNZHET 2O -
MBREFURFEIC L 2BREDEE RN TES.
2T OHETNIEEL, StatView Y7 b7
(version 5.0.1, SAS Institute, Cary, NC) %

v, 7—2%, FEEB X UCEERE CH9E
+SD) TRUK. £, BEKEX, 5%KE
L7,

% B

MELCBNT, LAES N —F v 23—k
THEENE—HOBRT RIVF—HERIE, 2140
+365 keal/ HTH o7z, iz, BAFHIT IV
F—ERIT, 4641+137kcal/HTH Y, TEE D
21.715.6%7% 58 7z. PEDsmr & ACCsrer DRIIC
HEHEERBEGENED BNz (r=0.470, p<0.001).
LA L, PEDswe MWEEICEKL (—188812016,
p<0.00D), FHElIETN/=HBE GH/H) HLENE
EENKELRD LWV MRS LN (K1),
TDELER (r=—0.432, p<0.001) BXUEAE
Bk (r=—0.296, p<0.05) OMICEEETEDH
MmN N, T BT, Fi, AE, FE,
body mass index, (ARERFRZHALE L LTz
AT TTA X5 ORR, FlDIHNEEXH
AL UTHERA I Nz (r?=0.172, p<0.001).
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89512446, %k : 9100+27315/H) THb,

17.5+8.8Ex/#8 (B 1 17.8£7.9Ex/#, % :
17.4%=94Ex/8) Thoiz. HEL Ex/HEHDOR
KHEEZEOHBEREGRIRD 5Nz (r=0.810,

p<0.001 ; SEE=5.2Ex/#) (K 2). T Hlc, W&
DA R R & D 10000451 HH4 T % =
TYY A A%, FH208 Ex/EICHEE L, —5,

23.0Ex/ I 9 554808, T19106524/H &
HEEI N,

5 B

1. {EROFHEHD LUMEEHEIC K 258D
AREDEEEFE LNV ORNETIE, [ERkD
spring-levered A EEHIC X D EHHI & N iz HE
(PEDsrer) &, DEEFHC X BEHAME (ACCormer)
K UTERICEKERZ R U, RITHZE T,
AT THOWIZIMRERNE, SITROSEEHNC
BAL T, spring-levered SHGET L D BN/
EEETZLIHMEEINT VS . spring-
levered SUBEGEHE, oY —EIC—E L~IVEL
LOIREIN D o RO BSEE YV N T B
HMAHTHB. —F, IEEFHE, KD EVEED
BOVEEORLLERMNCRIETESDT, &
BEHEOBWIEHZSHEHRNTIRETH B L ER D
N5, AR THVWEEBRNICEEEDOS,
Yamax (L{ERFETEREE) ®HOBEGEHE, FLv
RINZRWc—EREDER U ST (67
~107Tm/57) RDOSEEHRITEEWVIEREZET
B0, 67m/ 5 R DIKRRFOBATOBICHES
HEOMEEX, spring-lever I L TR TS T
b, BITEEIMEL &5 51F 580510
BT ENHEEEINTVE Y, AELERTOS
BEHAIICE LT, Tudor-Locke 5% 1%, spring-
levered TBEHET L IR ERT (RMZEDELEM &
Bix 588 OWEBMICAME CHRDbNI-BE
(1888+2016%4/H) L HEBEDOFHEEREL T
W5 (184512116 /H). TD &K S, kD
spring-levered TUBEGETE, MIHEEFET B DHEL
FHTH U THEATE T OB80z RE I E/ N
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THIELHEZONS. CO—DOERELT,
BREIEIC X % EE S RIONLEE Z #5019 % Wk
BEDEHARMEDEE (DD, AWFROEIS T
0.35G vs. 0.06G) WEZbN, HEEETFORKL
2 5RE O WK R BHABIEIC X 54580 spring-
levered T\ Tl IS FHAIT E R W ATREME DRI
e,

EHiC, BB ELTIKAT v T IA X%
kb, MEOFHIMEDZEL, A EELT
WA ENRBEINE. BiRmBlcREINS LS
12, IR & DBITA XA IIKEEEDD ‘shuf
fling gait (FBD BHIT) ORI LERD. Th
X, HITHOREAHOMEEZHOES EEX
bN%. EFHEY T, shuffling gait ODHIT
DFEE, BEETTEHE NS EBId 7 D/
FBEND T EHRBENTVS . BITHDOHE
FHOBEIINEICEDIET TS EARBEN
THLY, —EDREZHRFT HDITE, MhE
WImEE L FHAIFTRE R IR R K 558G
HaEHERL TS, ok, HROZ<D
spring-levered THEENE, HEETRIORBEICA
+okkEhbY, BRECREINARNEEL L
KRB DBITIR & 55 & 5 g &IcBIL
TiE, FHOHREEBEZZRENDHAS. &5
&, BFOWERY T, HEERECES T 5 IN#HE
Zt & spring-levered FHEGET DEHAMED ZEIZ,
ESREDEERMICHEINTEY, AL S
THIEBNEEZ, NEFOZFICH U THIRE O
FHAEDZINE L, BEELRAFDETHS L
WS ERFEOIRENDS. DFD, FHAIRBER,
MG L0 BT LA—HOBAREENC 5O 3 E58E
DIEEEFEDOBEHEE L TV S AREMEZRE L
TWa.

F7z, AWZET, BEHEBEZITICBOTHEEH
fED7E L ARRERFRICA DHEBEBZRSEDL ST
% (r=—0.296). Crouter et al® (&, YL X |k
A & body mass index HVSEEHAIDEZE &
BeET B L ZMELTHBD, FRIEVIAME
WCEHRIERDMRTE S TA & 75 5 X 5 38 T N ESHEGE
n, BEEROEZLIC K D EL 2, BETIC
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XBENIEESEIICEL EEINEZVT L
DEREEZONTWVS. —7F, IEEFH DV
Tk, AUAERE CLIERICEHAITE T LB
HENTVS. FfTHFE ™" T, KK THL
TohRERHE, BRA GELERHOBER L B U TE
NIHBBOFHBIOREERZE T 5T EARBENT
W5, Eie, BAEY—IEERE, ERLTE
HIEBOBE, HELRMZIMTE2 L 05|
RAHD, TXIVF—HEEOFME AT
H5".

PLEDXSIC, hmREFHEZIGH UI-#ERE,
PER D spring-levered TAHEEHC L L THELE
E FOBZIEMICERAIT 2 L TEE LWAEE
EZz2b6N5. LML, KAETIE, HEEETO
SEEFHCEHIILTE LT, HLETH LSS
DFHIMEZ X DG LIz 8 WS IZEORRAN S 5 .
Xz, FHATHEY T, RIEERHE, 40m/5 L
T OBEREOSBEZ @/ NS 5 T L WRET
NTHEL, KFECHEVTE HEEFTOSEEE
NI L T W ATREE D B 5 .

EDOHEMBAROESRICX YD, fEkiETEHHElE
FIEOBVEBREHAREINEICHTVE XS TH
5. UL, BERZCEELT, TOKS kS
ZHERT2E, HROFMMCBERERITV,
ZDRIERFA A EOR 2R L THE LEND
5.

2. BIFEEBEI VYA R (Ex) L SHOBEEY
—H®7z0 D5 E Ex/BORICEE X
BRMERHOENIZ. THIKK, MEBTEH I N
B EFRRIC X 0k b OREED DDHE
IBZETH 5 1000023CHE T 27991 XL,
F1520.8Ex/BBTH D, —F, FILWEEDLD
E¥TH 5 23Ex/E>™ YT 258,
1065245/ H &£ 10000453180 U T= W@z R Uz,
7iZU, TOMAZEFKREL, FIZE, 1000048
ZERLTNAETE, BBXZF10~30Ex/EE
BIL<, P EDFE, 23Ex/BEARLTY
T (K2). ¥z, RUIZRONSEOFHE
ik, BEHEA895142446, LEHY9100+2731#%/H
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BED< D D DESEEICA U BESHEHET{NC B 2 580 L% REE - i)

THo, MEEEAR2 FEFHHRESEY IORE
NIBRERADTFEE (BH75324/H, k64
4643 /H) K OEENICEL, MDOEHICDONT
& MEEEA21] OBFME (B 9200%/H,
M 83004/ H) ZRELTWIKEMEDLT,
HX7z0 D Ex &, Bk 17.8£7.9Ex /8, ik -
174+94Ex/BTHY, HARSA %" OEE
EEKEEICT o Tz, DED, BEEIHTL
& EREIC Bx Z KBS, BlAEYZ DY
100008/ HTH->TH, &7 LE23EX/BERE
LTWBERBESRNT EERBLTNS. KT
FTHVZIEEFABOSEENE, IEEOY
A RXLHEE CBHOHEICRVEND) BREIOE
HaERHET STV ALEELTVADT,
TTTOEx DRIFEICEHERICEELTS LI
BEINETHS. DFD, KOEHICEx ZHl
FELRBEEICE, SRICKAHEEEERTIDAE

IR BATREMEDHERTES . HITMEICBVT,
HEE, T8 CHET 2 RN ESEES
(DOEDHET) DEERET 5D, HL2ANOH
FEFHOE (TXNVF—HER) 2HETH7D
DEZEEL IR RNT EHRRBERTY
Bmm,

B, HEEEOSHREEKERZEZD S LD
BECRIFEEICERTHE T L ERETSTY
TYANEREIN, BEMCEESEERRZ EIC
LIBED DIRPEREEINT VS, ZTOFTE,
KIDOBEI D DD DEFHETELRAIN
T3 &SI, PFEE (3METs) DL EDEED
EHATEEI OBERIERT T EMEI TV S,
FEERERE R RE L LicrhaEOEE, £%
BIERTRE, VR IOWED LERIGEICETH
THHTEHELDOHETHLMTR> T
%2®  CDRSTENDE, BERFEEOME,
K, SEEEZZ GRS CEHET 2 T LAY, EEDES)
BEOHBICBVWTLEELEZ NS . AHZE
THOWISEEHIINEER DA ENTED, &
e ERICIEEIOME L R, SRR R AT
ETEBEIREEINTEY, ZOZHEEKRF
TNTNBEwHO,
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PED&Sic, BIROEEDIL D DBOSATE
BOEROE—EHED, [EEORE GRE XK
DED, Ex) THY, BHEIHETLEZN
THEETHHLVIHIRZRETS. —F, <D
D OEREENTARFICBNT, S8, B
EICBIET A2HBETHB T EARBREIATY
BrOmEE S, BHE ExICDVT, BIER
BEBCHNG EZEREL UTEBONARRD
HEZITY, TN ThOBEOREZHOMCT
BRENDHSS .

# EE

HELEOSHOFANICEL T, kD
spring-levered ¥ A7 LDHBEGEHE, MIEEEEHC
FEEUTRfEZ R T AR ENT. Thid, &
PRENEIC & % BEOIMER E D FHAIRA B O Mm% RR R D
MEICEZHDTHD, FRChiltlc X 32572 &
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Difference of steps par day (PEDgypp —ACCgyrpp)
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Figure 1. Difference between the number of daily steps estimated by the Yamax pedometer (PEDsr») and
that measured by the accelerometer (ACCswe; y axis), plotted against the mean steps per day of
the two methods (x axis; n=60: male=closed circles; female=open circles). The pedometer deter-
mined step counts was significantly lower than that based on accelerometer (—1888+2016 steps -
day™', range —8555 to 133), and an important bias was found below approximately 7,000 steps per
day (r=0.508, p<0.001).
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Figure 2. Relationship between the number of daily steps measured by the accelerometer (ACCsrer : Steps *
day™') and the volume of physical activity in METs -hour-week-1 (n=92; male=closed circles;
female=open circles). There was a significant correlation between both indices (dotted line: r=0.810,
p<0.001). The bold line represents a geometric mean regression: y=0.0034x—13.06.
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60-69 64 14,1432 23 13.9+92.7
ik

30-39 132 14.4+3.8 50 14.1+3.2
40-49 107 18.2:+3.3 67 12.5+2.9
50-59 96 11.0+3.5 30 11.8+2.6
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*: p<0.05, ¥* 1 p<0.01
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PEAK OXYGEN UPTAKE, VENTILATORY THRESHOLD AND
LEG EXTENSION POWER IN APPARENTLY HEALTHY JAPANESE

Toshiki OHTA¥, Jianguo ZHANG*, Kazuko ISHIKAWA¥,
Izumi TABATA¥, Yutaka YOSHITAKE*, Mitsumasa MIYASHITAZ¥

Key words: Peak oxygen uptake, Ventilatory threshold, Leg extension power, Apparently healthy
Japanese

Peak oxygen uptake, ventilatory threshold (VT) and leg extension power were measured in 832
apparently healthy subjects (421 males, 411 females) aged 30~60 decades who performed medical exami-
nation at 4 health check up facilities.

1) Peak oxygen uptake was greater in male than female, and decreased with age in both sexes.
Single regression formula on age were Y (m//kg/min) =46.6—0.36 X AGE, (r=0.447, p<0. 001) in

male and Y (ml/kg/min) =35.3—0.23 X AGE, (r=0.407, p<0.001) in female.

2) VT was greater in male than female, and less decreased with age compared to maximal aero-
bic power. Single regression formula on age were Y (ml/kg/min)=22.6—0.13 X AGE, (r=0.371,
p<0.001) in male, Y (mi/ kg/min) =20.0—0.10 X AGE, (r=0.301, p{0.00l) in female.

3) Leg extension power was greater in male than female, and decreased with age in both sexes.
Single regression formula on age were Y (W/kg) =31,9—0.27 X AGE, (r=0.539, p<0.001) in male and
Y (W/kg) =20.9—0,18 X AGE, (r=0.510, p<0.001) in female.

Subjects in the present study showed height, weight and walk steps per day similar to those in Na-
tional Nutrition Survey. Comparison of Peak oxygen uptake, ventilatory threshold and leg extensor power
to previous studies revealed that these parameters were quite similar to the counterparts in the previous stu-
dies with less selection bias.

It was suggested that subjects in this study were quite similar to normal Japanese population,
and that Peak oxygen uptake, VT and leg extension power in the present study were of value for the evalua-

tion of health related fitness in community and workplace.

* The National Institute of Health and Nutrition
#* Toyo Eiwa Women's University
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