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Estimation of energy expenditure during walking slopes and stairs
for active students by a calorie counter

Tomoaki BUNY A and Hidetoshi HOSHIKAWA
Abstract

The purpose of the present study was to investigate the validity of a calorie counter
(Kenz Calorie Counter Select 2) for the estimation of energy expenditure during walking
slopes and stairs. Subjects were 60 students (21 men and 39 women) who worked out on a
regular basis. The main findings of this study are as follows;

1) The mean difference in the value of energy expenditure during level, slope (up or
down), and stairs (up or down) walking between the calorie counter and that measured by
oxygen uptake was 0.019, —0.029, 0.050, —0.049, and 0.055 kcal/kg/min, respectively for
men. For women, the mean difference was 0.027, —0.017, 0.053, —0.042, and 0.061
kcal/kg/min, respectively. The energy expenditure by the calorie counter was significantly
higher than that measured by oxygen uptake for level, downslope, and downstairs walking,
but was significantly lower for upslope and upstairs walking.
2) The mean differences (percentage) in the value of energy expenditure of up and down
slope walking and stairs walking between the two methods were 0.010 kcal/kg/min
(11.8%), and —0.003 kcal/kg/min (3.2%), respectively for men and 0.018 kcal/kg/min
(21.4%), and 0.009 kcal/kg/min (9.7%), respectively for women. The differences were
smaller for the stairs walking compared to the slope walking.

These results suggested that the estimation of energy expenditure during walking with

slopes and stairs by the calorie counter included some errors.

Key word : calorie counter, energy expenditure, slope walking, step walking, active students

F-—U-—Flhe)—§, =xA¥F-HEE, JGEHTT, BERET, EBHBEYETL¥EE

4 Lolc TEHEVHBEEICEELAD A D, TETIE

SHETHEHIR TS, LZAT, pr) —F
IEEAFIB Licrn Y —3H2, HBEHERE L I BHTERRIETO= R ALY —HBREDOZY
CERCEETHEFTT=2AF —HEENIUIE  UEEFLEREIEEL AL B Y2294



A1) —FHC X B YHEAAT & BT O = F L ¥ — B & O FHE

RV P S B8 O FREBHEY RSB D A REEHE"
COWTORGERIE I VIO >EBbh3, Hx
bIE CIEFT, EfTRO= X F —HERIC
DWTKE LTEL2H, Th b FHTAE
HEiztoTnb, HEDHSTEEDO =2 ¥ —H
BEYROHNCEHET 5 dicid, FHDHhish
THHECEERDOBH L S THRATHALEND
HEEZDR5,

FTAPRTIE, WELEEThEZhDORARKE
Rz kit 50 m ) —GHORIEREE» BRERESE
PrSRDICHBEEHETAHZ LTI hRGE
nzt,

MR EFHE

1. HWERE

AREIAKFE DR - hEFBFELE60H (21
%, TH39%) THhDH, FFMREHRE1CRL
7z,

2. EBRAZE

AZRAOFH, FoE, BREFMLT3ID2O
Hfra—2 (X22R) ¥REL, FHSHT, |

BHY, REREL, BERAL, BEEOLDS DD
STEBRT -, #BREE S Y —FF&OmET
BEEL, FI5ARy FEBA-TRE TA
Z— AR, AZ—F (Rt TV 3o F
FR) LR AR Y —3tEErBETIHELD
IR H A DR LB Lic, HITEESHR
iR, —ERERRDLOOHLE L TH
CE5wtimlic, T —AVHIAIET 5 L HwBRE
REFIED, EPHKEZH A DRI XKL 5 &
FRICFTERR], » eV —HFERME, DRRYFH
ZEDEEFE L., BRINKEZT ATESLHIZ
SoHdh, BRERE BREEE) 2RO,
FLTBE ] LD hD=xAF LB IFE
EMERAR0.85 L {RE L, 4.862kcal® & L T=%
F-_MHBEYHELL, FRICI1ZOHEREIC
%LU 1 &DOBRENRIG Lic, S EEXRFRT%)
KROmEM b, FHfT, BERED, BRAD, I
B, HEH VORI > L L, KEBOD
B s etk (10~ 150BE) -7,
ek, BRENEMNECZI S t =T =%
=% —AE—-280% (L, 7Y —FHIITAX Y

K1 HREOSGHHRNY
AN B FEE 5 & * & BMI HIENR BRERRRNE
0N G2 (cm) (ke) (kg/m?) (%) (ml/kg/4})
B % 21 19.5+0.7 1724443 63.9+7.0 21.5%+2.0 9.7+5.0 57.7+£8.9
¥ 39 192404 159.3+3.8 56.7+7.7 22.3+25 24.0+4.2 41.2+6.2
(M + (R )
£2 HHOBELI-ADEE

BT O PR - BB A—- 20 E
AT 140m NS v o (EH65mMm X2, M5 mx2)
UE (F#0) 140m FHMEISRIRE
& (D) 140m TR EIS%IRE
BB (F0) 1258 KB EERERA0m, RER60%, B D 5 9 AP (50m) &8
REB: (D) 125B% K EFERENA0m, RERG60%, BED 5 9 AT (50m) O

(PEE% 1 B¥ld17~19cm)



RRLEAARE H6%E

vitBiKenzhw ) —Hh v vz -2l + 2(54.5
X33.0x12.6mm, 32g) HHAWVI, pw ) —FD
IR R LB TH D, FROME
A -—F=Lv 2z beBOTF Ly 7 AT
5 A% i,

3. EREH
EEAIT19984FE 5 AW EMB LI, Y HOREIINE
h, KiR26~32C, METER L £50%TH - 7,

4 . fFEHALE

BN EERN SRDIHEREL » 2V —§t
X HHBBEONEIIMEE Lkedblch 1 THRD
D= FNAF - E (keal/ke/ 5y) & L1z, BHIE
HEOEHHEOEDBEIL, RIEDOHDH t REY
Bute, EmBEEOMHBE Y 2B L LT
Pearson ORERMBIRE % AV, ABIEEIC L5
BEOR—HRE WEH0) ¥AAIBERCIIHE
DEREBEEY e, TTREBKEOHEILS %
(p<0.05) & L7z,

# R

£ 3T/ EHTC BT HETERH, S8, 1
HwE AR, OHEE X OHEE EHBEY R E O
Yol L EEREY R LKL, 1 HCET 5 FHRRH

1998

AT, SOER D, SCERD, BERAD,
By 0 DI B¥20.51%, 0.54%, 0.49%,
0.55%, 0.49%, Z¥120.48%, 0.53%, 0.48
#, 0.5480, 0.488TH b, Bt bEERAD,
SGER b DR AT BEREI A Kb - 7o ps, Fid
7, PEERRE D, POBERE D IIZKZIeEX AL
Dote, Ik =T — VEEOEENEE ¥ ZER D
¥603/% & L karvonen i LI CTHEETH &, BFL
EALERA Y, SOER Y, ST, BBRED,
PR D DIECE\VEY R LIc, T OFHEIER
B B #1255.6%, 41.8%, 27.6%, 25.1%,
24.1%, @H¥i270.8%, 59.0%, 38.1%, 35.0%,
34.6%THD, WHNFHLVI0~1I5%ITES
ootz

E ARSI BT HBFREREFE[L D
Rdtr=x ¥ —HEE UTHRREREFEN
B LAar) —Ftcibh=x1¥-HEE LT
Hoe ) —ERE) B OEBEERESERIEC
ToHHe ) —FRRMEOZE LATREEEDE)
DEIE L ERERER R LT, MREEDEDF
I ERATT, EA D, FERED, BRAD,
B[ » D EI B ¥ 0.019kcal/ke/%, —0.029
kcal/kg/%y , 0.050kcal/kg/%> , —0.049kcal/ke/
4y, 0.055kcal/ke/%, L 0.027Tkcal/ke/ 5,
—0.017kcal/kg/%>, 0.053kcal/kg/4y, —0.042 kcal-

%3 SBESTCHTIFAERN, $K, | HCETIHM, CHEESUTHTESRE

) ) #/45) da/50) (%)
Y ARTT 98.9+ 5.7 193.3+16.4 0.51+0.04 98.7+11.4 276+ 8.2
R (70) 103.9+£10.0 193.4+12.5  0.54+0.06 118.8+14.1 41.8+10.1
B M kE @) 92.7+ 8.0 190.6+ 9.5 0.49+0.04 93.9+10.3 241+ 74
BE (H0) 103.1+ 7.3 186.4+14.0 0.554+0.04 138.1+11.6 55.6+ 8.4
BB (20) 94.3+ 9.8 193.9+10.8 0.49+0.04 95.2+11.1 25.1+ 8.0
AT 100.6+ 8.0 208.5+13.0 0.48+0.05 113.6+15.1 38.1+10.7
RiE (FD) 108.9+10.6 206.8+16.9 0.53%0.06 143.0+14.1 59.0+10.1
M RiE (B0) 95.2%£ 9.5 198.0+12.5 0.48+0.05 108.7+16.2 34.6+11.6
e (R D) 104.8+ 9.4 194.9+10.9 0.54%+0.05 159.6+11.9 70.8+ 8.5
BB (BR0) 96.9+10.8 200.2+ 8.9 0.48+0.06 109.3+16.9 35.0%£12.0
X HEEEEPBRE I karvoneni®: (REROHEO0H /2 ET %) KX S fE CE{E + R E)



7 m Y —FHE & BPCEST & BT O = 5 0 — R RO T

x4 BESTOIFRILF—HER

(B4Y : keal/ke/ %)

BTOER R EHEER Hol)—gt =
AT 0.068+0.012 0.087+0.013 0.019+£0.017 **x*
& (F0) 0.110+£0.023 0.080+0.016 -0.0294+0.017 ***
B % kiEEED) 0.061+0.010 0.110+0.018 0.050+£0.017 **x*
BE: (870) 0.128+0.017 0.079+0.012 -0.049+0.019 ***
BEE: (FRD) 0.063+0.009 0.117+0.027 0.055+£0.024 ***
EHARTT 0.068+0.007 0.095+0.015 0.027+0.016 ***
RE (R0) 0.101+0.021 0.084+0.013 -0.017 £0.023 ***
M RE @) 0.067+0.025 0.125+0.025 0.053+£0.027 **x
BB (R D) 0.125+0.013 0.082+0.013 -0.04240.014 ***
BE: (BD) 0.062+0.009 0.123+0.024 0.061 £0.021 ***
*#%$<0.001 (R + ERRE)
1/kg/% (B1%) (&)
0.15 (mi/kg/%3) s (mi/kg/53)
] 1 2]
a o
B 0.12 > j'l‘ 0.12
¥ y ¥
% 1 ﬂ 1 .
X 0.09 ® % 0.09 Y
H : A= H ] n
e ] e ]
3 0.06 $ 0.06
s . @ TiHT = ] © TS
| ARl (BY) I ] AR (RY)
> 0.03 v IRl (BY) — > 0.03 v iRl (BY) ]
E 1 R (RY) g ] o B (RY)
omR®Y | | SRR ®RY) (mi/kg/4)

— — ——
-0 0.03 0.06 0.09 0.12 0.15
BREARBRUSSKROLIFN¥—HRE

— — —
o 0.03 0.06 0.09 0.12 0.15
BEERBRAHSROAEIRNKF—HRE

M1 FESTICHETIIHMATEHOIXLF —HEROMFE CFHETER)

/ke/%, 0.061kcal/kg/TH 0, Hick & ¥
17, WERED, BEMED TIXh 2 ) —FHRRED
FnEREIE (WThid p<0.00l) HL, HGER
h, BBRALY T e ) —HERMEDFLEEK
(\WFhd p<0.00) Eroto, ok, K1 IIX
BREHTCBT AHAUESEMO =2 V¥ —HEE
DOBAtRE B I EHE TR LI,

FEOWIIER » LPERY S I UREERAD &
FEBY M D 2 U PGB M, BB ABOR LB
TCHREL, FHSHfTEAbRTRLL, YOEA

M, EEAEOWMUELEDZEDEEL, FIFICH
¥ 0.010kcal/kg/% (p<0.01), —0.003kcal/kg/ %
(NS), Z M 0.018kcal/kg/% (p<0.001), 0.009
keal/kg/% (p<0.001) &7ch, B LD OB
DIEL DB FDERME - 7o, TeBHAEERO
MBIfRET, FHisTT, FEAK, BRARDIH
EHEM T 0.134 (NS), 0.442 (p<0.05), 0.554 (p<
0.01), Zr¥Eix 0.050 (NS), 0.486 (p<<0.01), 0.463
(p<00)TH v, FEAMRE, BRAKCKVTH
HIAHBBRA D Dt FoHiE OERER



RETEMRFACE F6%E

1998

®5 FuHT, REAR, BRARCETIIALFHEE

S5 RN B R ERE R Aay-—gt P22 R HETE DRRIERE
(kcal/keg/45) (kcal/ke/5) (kcal/kg/ %) (kcal/kg/53)

FHART 0.0684+0.012 0.087+0.013  0.019+0.017 ***  0.134 NS 0.012

B RERR 0.085+0.012 0.095+0.014  0.010%£0.014 ** 0.442 * 0.011
PEER AR 0.095+0.012  0.093+0.009 —0.003+0.014 Ns 0.554 ** 0.010
EHBLT 0.068+0.007 0.095+0.015  0.027£0.016 ***  0.050 Ns 0.007

M RERE 0.08440.009 0.102+0.015  0.018+0.013 ***  0.486 ** 0.008
B A 0.093£0.009 0.103+0.016  0.009+0.014 ***  0.463 ** 0.008

*EXHL0.001  **p<0.01 *p<0.05 NS:HEEREL (CEE + BRER )

X, FHUBT, SEARE, BEAROIRCHMEIX
0.012kcal/kg/%>, 0.011kcal/ke/4y, 0.010kcal/ke-
/%y, ¥ 0.007kcal/ke/%, 0.008kcal/ke/47,
0.008kcal/kg/43rTH b, BHOF LM X b EH
TehbRKEWEHREAA DRI,

£ =

R HY I EBRATBR O L T KFEA R LRI T
Vy FIVBETEREITV, B(A)D TR A=
) —HRREIBEEREEWE L VELS, T
() h TIRRACEL b EHEL T 5B, F
RERBRICRT 22 r ) —HRREOZ LM
BARZTHRF LR RLY OmE T AREE
CHEbHT, B0 Tikhr ) —EHFRREIE/NEE
fifi, Bb CIXRBCHAFMC/2%ELTED,
SRIOE 4« DER LR REB TS, TD
X5, POERRE CIRA RO D B X
DLAEGABIKEVEHHELLT, BETHEE
B BREEO N KEL b cd, A5HE
LB HRFOBFRIBMERREE » = V) —FHRR
EOMCIHARTARENRINDZ LTS,
Lichi-T, SOERCHEEOR VD S WHET
2, e ) —FHERMEIBPLIBEDOREYHALD
CEERBERMLUCHERTALERDD EEDLNS,

LIAHT, BEDOBE - BIfFeELTH5 L,
FEPREBIIANE L DS IETE D B OH—H
LBbhbd, TZTAMRETE, AOEBEDOHE
HMOMEEGT T, BBV 2R IER
bOLFEARLERABRLYREL, WMEEED

ErBa L Thic, 7o, B0 B OEBNIE
HEWE T Ted, SEDORERDO AL LYGER
W L BB ABEOT R TEFMMT S LI TE W
2, BEHCRF BTS2k o
BICCALBAEr VTRV EELZDE, B
SR BREATHETSZ L RTMETHA S5, ©
DFER, MRAEEOEINERME, BERARET
BT ERC I TN, FHIBSITOEI DD
LAAIL Tz, 22T, 20iKATHEDOFY
FHAAGEY 2B, hEESkeD FH Y & 52ke
DLEURINEER L35 L, BREREE
HHE, MAEEDPEB IV AA—- v T -2, 5
M DO F KT IEIZ 55.3keal, 6.5kcal, 11.8%, [
By A T1261.8kcal, 2.0kcal, 3.2% L5, ¥l
M TIIBOE B# CIEIC 43.Tkeal, 9.4kcal, 21.4%,
FEEY F. T 48.4kcal, 4.Tkcal, 9.7T% & 7%, Th
LOMRNOE LD L, RWEABC BT 5WHE
BEOEIFHSTOEZRFEIRELZVHD
D, BHIZI0% L, Tl TIR20% L
TRY, 7)) —FORBERETLEBESIWX
S Ubh, —F, BBRABRTO I =) —§t
DREEIREREI VIZEWZ LAVREH, ek
THLEBECBITHLOBERINIRDENT LR
Ihiz,

B ey — R IR T 5 IR O
EEFe B (108 WIGOEBNREIX, FHbTDS
FFERELLLDTH > THAEERBLALOT
izv, L Leb4SRIOKERD X 51, ¥l
BT TOMPE LD 2N FOE A BB A D%



HE ) —FHC & BEEBT E BB O =3 ¥ — HRE O

DA RENSNIERIEALEDLIBREL.
e RIS EO S TOFHEBEIH LW
85m/HThHH, TORELETH—RAD =X
JU¥ — B E I3 0.070~0.080kcal/kg/ 53" 2
ELFHERD, KAEROBIEREZENEDF
i3 B4 & b 0.068kcal/ks/% TH » THIFHA D
EL D RREDTH o o hy, THITBERE DR
BB ERFEETCH - DOLMBFEA NS
AW, KR L LTAH R VBRIERE THIT AR
TEED EELORS, — DA R Y —§FFE
TAEDFEHIZ B Y 0.08Tkeal/ke/%, T 0.095
keal/kg/5ThH Y, FUHBEMELII»GDTH -
too ThHDTZ ENLFHBTORANLEZD
L, EEEEOEELEE L ETIEERO&
BRI HE LIoEBGRE O 1 % T HEIE
THEMME DB ZENHHERTELEV 2 D,
¥ OEBHBRROTHBIEC X b, JERES
By RABDOES I HLIEMININD LR S
h, pr) —HOREEER LCHESFTHLOL
Bbhsb,

L Lishd, Ly FIAETOERTID
5H00, KF CEH) 17 TRMIEEOMEIX
BIE—HTHEVIETEORE HBH T LT
Z, BILO LS EMAEIAZ VWHERAT
INEWBAI BT O ARR & AR RIED
NBEDONEIMEVIBEHGERLZ LD, 5%
X AREANLELBRbhD, TRSEIORD
BfE, &b LOBBR HRYER D TIkH#
EEBAES, SHW LT, BRAKRECERHL
T ELDENOTHEELLEELDNRDEH,
TDHREOWTIEEER LTV, bLIDRE
ERLIcLTHE, BRENEFUHEISRERL
X DE Bz pELOR, TETIHEH
FHEOEIZ IS NENLAEEIDH D, O
HIEOWTH, SEBEFRTRERELEDNh S,

FEH

AP T, AEMAFORE - $EERFE
604 (BH214, wh39%) /LI, »ay —
HKenzhr Y —HhPVE—RVIZ}2) TLD
WESHIT L BEBRBTO =3 V¥ —HEEOZLN
PRI LI, BROBEMILTOLEEITHS,

1) BRENBEERAECHT A7) —FHRRME
DEOTHT BT, FBER D, FERED , B
B R h, FEER D OJF B2 0.019kcal/ke/ 5,
—0.029kcal/ke/% , 0.050kcal/kg/% , —0.049
kcal/kg/%, 0.055kcal/keg/%r, % ¥ 130.02Tkcal-
/ke/%r, —0.017kcal/ke/%, 0.053kcal/ke/%) ,
—0.042kcal/ke/ %, 0.061kcal/ke/5rTH Y, B
&b AT, SoERED, BERED T e Y —
HEREOHHEBCEL, JERH, BRAD
Tikh v ) —HEREDOHHARIEDL - T,
2) WHIEEDER L UL OE&DOTEL, Tk
DY AWET 0.010kcal/ke/ 5y, 11.8%, FEBLA
=13 —0.003kcal/ke/%, 3.2%, Fho&t TIZH
WH BT 0.018keal/ke/5r, 21.4%, BBRABET
1 0.009kcal/keg/5>, 9.7%TH v, BERABKEDT
DYCERRE X D BENNE D 5T,

LLEDZ &b, FEHTORBRSTITRT S
Hwy —Ho= k¥ - HEEFECE, DR
FEOBEENETEZ EHAREINTS

SE

1) &y, BIFEH . » ey ek 5EE)
Bk V¥ —MBREBEORSH, RERZEMAE
f0BE, 3% 1 105-111, 1995.

2) sy, BIIFEH . pey - X HEE
Box ¥ -—HBEORY —£DO2 ¢
Ly N IEBRE FAGEROME -, RRL
RO E, S/ 4% 1 69-T5, 1996.

3) XAy, BIIFEF . 2=y -3 L5—H
D=3 ¥ —HBRBEOFE —EBHEERH
+TrEFELEOHE—, RREERERL
B S 5% 43-48, 1997.

4) EALREERDEENEXRERR  FAR
BEAAADKREFNEERE, pp8—9, F—H
Fi, 1994.

5) MR %, BREE, KHEKZK, REFEH
Ae)—H YRR IBEED /OO
ZRAF - HEE, DABE¥EBERKRE
%, 268, 1994.

6) BRELS (EBHO=x ¥ —R# HHH2
bR, w@ElEE®E No.37, HERIEMRERT,
1982.



7

8)

9)

10)

11D

12)

RECEHRAAE 6% 1998

ZILFRES, TH B 74 v P X AR
R—> DOFE, HASEME, pp85—86, 1997
ZILFRER, B RF, AH I EHRO
BEZILF DI ) —HY /X2 —ZL5
TREt, BEBEERFFEMPFRLE, H10
% 1 51-61, 1993.

EmARK, Ul & ST IUCETRKCE
A5 —AvvsE—lL 7 sOBEOK
., B, 43(6) 1 573, 1994.
mARAK, U E, AWFIE | ERARER
@ Calorie Counter SelectiZ L % = % /L ¥ —
BEEHlEDOKE, &%, 45(6) 1 573,
1996.
RRENLKEREFURER - BAADKS
EEHEME 28 AR, SBREHIAR, 1989.
Bagtr, FHE O E, M EXEF, ATH
. KenzAamr ) — 2o v2—DEERED

13

14)

15)

16)

BE, BRAR-—VES, 6(11) 1 1265-
1269, 1989.

BRhIER, BFrEXH L BIRRESE DHTTRIC
e —h VR Lo THEIRI=%
WF —EDOFN, BeRy, 22(4) 1178
-180, 1995.

IHER—, BHIRE | EBME L kL
) —hY VR HEBBEEE = R
¥ —gOHlE, EXERRFEHME, 12(D)
77-82, 1990.

(O R - 60 < b EHRMENR - BFEEE)
FERISEE N T + 2 F —(@EERIEEOF 5|

&—, ppl54—156, MA{L%E, 1996.
G R - 18775 < 0 FEM R - REHED)

¥ELERTFA N (D],
—Hikk, 1994.

ppl87—188, %



