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GHERT Y - 2 *

E 5

INF T, EEHEARERLYEL ERELLHEET A2REL CREINTE LD, FIRNIH
DWW TIIRHIRFNE & B HEALEET, A7 & h S E T 2R % b o 720 ARFZET
1 AREARRLE G2 O TllE SN2~ HAABZI0A D 7 — & %31, A (RESHE)
REWR E0 5RO SN & G BRIBIIMAE) 255K - RBH 2 MAas b
., HEARRDIFEOHER 2 EN L7z, RIRNIRZHET 210H7-> T HAERAMRED
ADYGE IR O FZRME & FREO BNH B2 A2 o 7225, AREISMZ THN S EET 5 &
FEHME & FHEOBNIE WHBI 2SR Sz, 2t KIBRICOWTIEBLHoMEIKE W
CENEREEZEZOND, HNLEKICEH LT, X5ICHE. £, FEHEZENMLTERICARS

12 SRR O TR EEAS LAY 5 720

F—T— 8 REREACE, BRIRNGRE, SR, e MR

v & (Homo sapiens Linnaeus, 1758) X, X F &
FLBRETAEZ L TBY., ZOEFITAEFLHEIR
e EHMGHEFED 720, Gr) 7 & OFSE & R
2O, AR—VEHREHCEO L) L R/EIGE O
T2DEONEPOREREINT VS, HRANIZICA,
HMloBAL EOMMEHERET TRLLE LTE D,
TAEOABBRREOW L EEORCRILIZ L D, K
EE & D ITHRIRIEERA LA-9 2 B OB A3 A 5
%o HEJHERLITHEM O 5 CHHRIGENIZIERT 55
EICH D ZofE. IR ER L ORI %
0. ODHIFEREDIRT . FiRERLEEOWD, HE)HE
NBIORIENOKT 2 L, AEEERPEML &
IVFER EDVHIERZ I NS (EA5EE 2008)

v M OREOMIIT, BT AL F—LHET A
WX —=DNT v AAHAF$ 5 (Jéquier and Tappy
1999), HEHERY 72 HAR NI BWT, SEREAC Y &
IANVF—DK6EAE D5 (HP 2009, ZThE
THBEAHZ KD 530, i <IZ19004E D A 5
AAONTED, FRPMEE, Fim, M SHEE
ENTW% (Harris and Benedict 1919), HAA &

20164E 2 H12H 548 ; 20164F 2 H22H s #
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MEINE TREDZDENDDH D L5, FTAE,
HARANZRR L LDk 5172 (Ganpule
et al. 2007) o FERERHIAE R K% &M
A IR R AR 2 &0 BRI A LT
BO. FEBIS, RERAKI D S ERIEHARE L iR
BASA 5N A (Cunningham 1980). #4ETIZEELZ
BRIRIE AR E 2 H W72 Ao ENrDH %
(Cunningham 1991). HAANIZEIL Tid. BRIRIIIK
w2 OH I ET 50,
TOLEIHBHHEOAZHRIZ L7z 0 (HITIZ
722011, EHIZA 2012), HFEDFEEOLEDHT
H5HLD (HEIHITH 2003, FiEIEAH 2007) 7 & ok
BN EEINTZH DL,

IR E L & DI OIREE 2505, 2
NFEFToL ZAEBHD X H I, Z24EMRNE
i VT E D RELHRER E0OMMEICFHRET
& B L v BRI AR ORI
IR G I NLEZ LD, HERORERLHELR
En RO HAEBEAH O LA L. BRIRIEAED S
RKoOEBRBOHENLHMAGDLELZ LITL
0. HEICHREDRZARERLGER EDOHEET
LAXEMT LI EDNTE L, AWZETIE, KES
FERERH,. IR &2 MBI E T & %57
HwT, —#OHARANZ WSR2 RIEIROHEE
XzERD72,
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¥R ERE

SR WFZEE 2 3 L. B2 572110
% (P68, W424) Th Do Fnld. B8
—67i% CF3260%) . &KM18—58i% (F322i%) T
20 AI15% (137%). 20A%80% (72.7%). 307%
64 (5.5%). 40i%ft 24 (1.8%). 50t 2 %4
(1.8%). 605t 44 (36%) Tholo WHEED
110441, & (20124F12— 201343 H) 1255 %4 (3
P34, Z214) . B (20134-7 - 9 H) 1o
554 (BM34%. &ik21%) E#RICMEE1TR -
720
TR & ARRLE, FERECENE. Bk v =% 2
FEa A L2 AREARHE (HBF-373. 4210 Y)
ZHWT, BHOYERTHISHELSHDOWE T
R, b LIZIEH OWENSERTHIS 4
FERI DL BB 721212 U7z M H X, KE
(W, kg). BB (F. %), ¥ (BMI : body
mass index, kg/m?). JERECH (keal/d). HH&H=
(%), HE (cm). F#i (%) TH5. BMI (Kt&45
) &id. MARE (Hfrkg) ZHE (HfIm) T2
BORELIETH 5. NRIHAE (FM: fat mass. kg)
EARE R o R BRI ARE (FFM :
fat-free mass. kg) XMEEILSHEAREZZLT W
TEITH), ROXTHZONS,
FFM =W (1 - F/100) (7)
ETOT— 73l & R (mean = SD)
TR L7 HEE O FRFFBIC O W T, PRI &

I O % g & v TR L 720 FEAE4C
# (BMR : basal metabolic rate) OHEERZ KD 5
72912, WA % BMR, SHZEK A2 KE, 5,
AR, PER). FENIC L CEBIEWEIC LA AT v T
7 A4 ZENRSHTEAT R o 20 T2, HATBMR
UL AER MR T 720, BHHE K%
BMR. #tHHZ¥ A2 RE, &, RAE (FM). B
FEIHRE (FFM). 4F#e, 5 FHowshhr 1>
W L72Baon)gE a2 7% > 72 BNEHTH S
MR EFHOT— 7135 I —ZHK2 A (HEY) -
A0, BYEDST 5 i AWA0. BN ).
IR O FZHE & HE w2 X 2 FIME & o B4R
X, ¥7 YV OMBEGHT & TN L7z #EHL
iz, 790 =ity 7 by 2 7REHVE (R
Core Team 2015),

BREER

X5 H OGRS % Table LIS/ L7zo Bl
WCATHADL L, RIEER TR LRI VA
HIzE < (=824, P<0.001). Do HH TIZH
DT WA BIE - 72 GERS  t=-28. P=0006;
BF 1 t=-118, P<0001 : /K% : t=-801. P<0.
001:BMI:¢t =-287, P=0005: HiR= 1 t=-17.2,
P <0001 ; &8 ¢ =-157, P<0.001), Z=Hig)
ICATHDLE, LOHALDFHM AR 2 X%
Mol GEM t=16. P=011: ¥ :t=-008. P
=093 ffH : t=-112, P=026:BMI : t=-1.35.

Table 1. Physical characteristics of subjects.

Gender Season

All Females Males Summer Winter

(n=110) (n=42) (n=168) (n=155) (n=155)
Age (y) 25.0£10.0 21.8+59  26.4+11.4 23.1£9.1  26.1+10.5
Height (cm) 165.948.5 157.9£5.2  170.9+6.1 166.0£8.5  165.9£8.6
Weight (kg) 59.9+11.5 51.547.3  65.1£10.6 61.1+£13.4  58.749.2
BMI (kg/m?) 217432 20.6£2.6 22.3+3.5 22.143.9 21.3+£2.3
Body fat (%) 205462  25.244.2 17.6+5.5 19.9+6.9 21.0+5.5
Body muscle (%) 321443 27.7£1.7 34.9+2.7 324444 31.9+4.1
BMR (kcal/d) 14014235 1158107  1550+154 14234255 1379+214

Values are mean + SD.
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P=018: RIRH= 1 t=091, P=0.36: AR : =
-0.69. P =049 ; JLBEH - £ =-098. P =10.33),
AT v 7T A XEEG 5 ORGSR, FEEAH
(BMR. kcal/d) ZFH$ 525 E LCidhE (W,
kg) M b FRKE T DU R (GO
female. I:male). &£ (H. cm). 4E#i (A, year).
Z4i (S; 0: winters 1: summer) DNEIZ5RT] 7% T
TTHo7: (Table2)e TRODOFHHT-ZERE L
TR O ENII U T E B TH o 72,

BMR =251.3+ 192 W (2)
BMR =4165+ 144 W + 1953 G (3)
BMR =841+ 139W +1731G+23H (4)

BMR =103 + 14 W + 1766 G + 23 H - 1.03 (5)
BMR =97.8+13.9W+176.8G+2.29H —0.97A+6.13S (6)
X Q2) BRI BHETUNTTHLEREDOAE ZE

L7=3%a, 3% (3) AT & 2o RISHT) % TR ¥
THAHMNEEZEEB LA, 612X (@) 35Es
X G) HEHEZEMLTEELLEA. X 6) &
ETOTFHRTFZ2ZEBLGE0HERTH S, K
6) 26, KESLHENKE JFHPLEVITE, M
PICIEZMEL D B FHICB W TIILITHRT
B3 ) R EBRHEIEL DI E2R LTV A,

BMR%Z S 24 %5E U<, BRIRIHAE, AHE,
Rl . BIEE, FovnwFhrloE L
HWYR O OFEH, EOEKE DA B LR D -
7z (Table 3)o BMR% B CHWI T 5L %L LT
& BRIEIAE (FFM. kg) %% b i < 96.8% % Bl
T, #ENZLULTO@EY THo 720

BMR = 175.8 + 258 FFM (7)
X ©2) & @) FeFhdEEHzHEET 5T

Table 2. Multiple regression analysis for the predictors of BMR (kcal/d).

Step  Variable entered* Multiple R>  Adjusted R

1 Weight (kg)
2 Genderf

3 Height (cm)
4 Age(y)

5 Seasonj

0.8833 0.8822
0.9925 0.9924
0.9952 0.9951
0.997 0.9968
0.9971 0.9970

* Each step of the regression adds a variable to the previous predictors.

T 0 for females, 1 for males.

1 0 for winter, 1 for summer.

Table 3. Regression analysis between BMR (kcal/d) and a single predictor.

Predictor Intercept ~ Coefficient Multiple R>  Adjusted R
FFM (kg) 176%*%* 25.8%%* 0.9681 0.9678
Weight (kg) 251 19.2%%%* 0.8833 0.8822
Genderf 1158%** 392%** 0.6604 0.6572
Height (cm) —2157%** PAR S 0.6050 0.6013
Fat Mass (kg)  1191%*** 16.9%** 0.1433 0.1354
Age (y) 1286%** 4.66* 0.03843 0.02952

* P <0.05, ** P<0.01, *** P <0.001.

1 0 for females, 1 for males.
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HHZENL, X Q) OBFREHWT, FRIEHERIC
DVTKD L) IfEL 2 LA TE 5,

F =256 -293/W (8)
kS, X (7) EdlasbEsrZ Xy, KX (3)
25 (6) IZ2WTHLUTD XS KRN O ER
BB ENTE B,

F=(46.1W — 685G — 8.9H+3.8A — 23.85+302)/W (12)
X 8) 25 (12) TH 2 SN AKRIENFE O 2R
. ZET LW T EBEMNT 513 & FRREEE <
o7 (Fig ). KEOAZZE LK (8) T,
FEE & HE RO RN IZHHBIA R 225 72 (P=093),
PRI Z CTHER 2 R 5 720 TR WA IR K

F = (442 W -757 G - 933)/W 9) Bonz2 id, REE LD IR OMEERIR
F=@461W-671G-89H + 355)/W (10) ERICIZM B L TWA I LRI LTS, &
F=@457W-634G-89H +4 A +282)/W (11) W ANF—BL L D2EEQOHENDH b, HEE
40 - 40 4
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Fig. 1. Measured vs. predicted percentage body fat using (a) Eq. 8 with weight (W, kg) as an explanatory variable, (b) Eq. 9
with weight and gender (G, 0 for females and 1 for males), (c) Eq. 10 with weight, gender and height (H, cm), (d) Eq. 11
with weight, gender, height and age (A, y), and (e) Eq. 12 with weight, gender, height, age and season (S, 0 for winter and 1
for summer). In (a) correlation was not significant (z = 110, P = 0.93), and in (b)-(e) correlations were significant (z =
110, P < 0.01). Diagonal lines denote identical predictions and measurements.
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BODBUIARRIFOBERTH S Z EHEKNE IS
(Jéquier and Tappy 1999). F7z. 199942 52004
EVREIN 2 R GAZAT e DI ARHLR O F AL Tl
20 LA E ORI O IEIZH % T28% TH 5 D
Wb L TR METIE39.9% & K& A2 5
(Borrud et al. 2010) & (9) 1ZWEGOADH
BThHsrI b, KHEGH: oM@ 7 <
Th, 2oOXEHCIUIERE &N H» S fHEICS A
DORIG R ZHW T 5 EATRETH D, HER
(1) & (12) ZHVWIEE BICTFHREEDS E255,
e (11) & (12) Tl Eis (A) & & b ICRIR
Wiy 2 2 & 2R LTWwb, X (12) T
BRIERIZE L ) 3ADIEFIDNEL DI a2 E
LCHBY. B - I (2012) AR LRI OZ:
MEEE 5T 5. HEX (12) 2B A HIEHE
EFEMEALDEEE, S, X (6) IZBWVWT, LIk
NCHEICEBRBITL 22 L W) ERITZYTDH
590 HERNEAEANTIEED XITEVHD 5 IS,
AFZETIENRZ HARANIBEL TWAE I ENLH
MR ORHEL MEETERLEEZLNSL, HA
NFHHEN & D & i 70 i e 2 0 X 9 25
W 2 KB 2 S A 72 NP 7S, AFEIC B W
T REDREFPHIZ41.7-109.8 kg, HFETI13145
—188 cm. BMITI316.8 —40.3 kg/m?%. KIEHHE T
139.3-358%DEHPHTH - 722 L0 H, K (9) 205
(12) EHHBE R EORBII o> T 5bH N %K
EHERTRAVHANCEA T& g Th A
o

e

AIFZEICB VT, 7= 2L Tz w78
BEDOH 42, TLOLIIHTo THSETHVILE
KEOFHFHEZH L ICEH LT, AEED
FHaDOIEIARERICH L TAELZME2HE T L
720
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Abstract
There have been various prediction equations for

basal metabolic rate (BMR), while no equation for

percentage body fat has been made thus far. Convenient

155

estimation on body fat is important for maintenance of a
healthy life in humans. This study was designed to derive
prediction equations for percentage body fat mathematically
from equations for BMR based on body weight, height,
body composition, age, and season, using data for 110
Japanese female and male individuals at 18 years of age
and older. There was no significant correlation between
measurements and predictions of percentage body fat
when weight was included into the prediction equation.
The equation with the effect of gender in addition to
weight successfully explained variations in percentage
body fat. Additional considerations of height, age, and
season to weight and gender as explanatory variables
increased accuracy of the prediction equations for

percentage body fat.

Key words: Basal metabolic rate, body composition,

body fat, fat-free mass, prediction equation.
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