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Accuracy of Predictive Equations for Resting Metabolic Rate
in Korean College Students
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Abstract

The purpose of this study is to analyze the accuracy of predictive equations for resting metabolic rate (RMR) in Korean
college students. Subjects were 60 healthy Korean college students (30 males, 30 females) aged 18-25 years. RMR was
measured by indirect calorimetry. Predicted RMRs were calculated using the Harris-Benedict, Schofield (W)/(WH), FAO/
WHO/UNU(W)(WH), Owen, Mifflin, Cunningham, Liu, IMNA and Henry (W)/(WH) equations. The accuracy of the
equations was evaluated on basis of accurate prediction (the percentage of subjects whose RMR was predicted within
90% to 110% of the RMR measured), mean difference, RMSPE, mean % difference, limits of agreement of Bland-
Altman method between predicted and measured RMR. Measured RMR of male and female students were 1833.4 +
307.4 kcal/day and 1454.3 + 208.0 kcal/day, respectively. All predictive equations underestimated measured RMR. Of the
predictive equations tested, the Harris-Benedict equation (mean difference: -80.4 kcal/day, RMSPE: 236 kcal/day, mean %
difference: -3.1%) was the most accurate and precise, but accurate prediction of the equation was only 42%. Thus, this
study suggests that the ethnicity-specific predictive equation from Korean people should be developed to improve the
accuracy of predicted RMR for Koreans. (Korean J Community Nutrition 14(4) : 462~473, 2009)
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and Welfare 2008).

HIWRE ¥ 9 odalr] Slalia= oluA] A @ oy
A vlEFe] BEYe Fal AT E sk Aol wie- &
Q3] 7RIS 1Y FollvA| 2n|EE st 23t
T10f Fetehke evA] Hews AFsH dows 7hsst
T, Aol €] oA An)E ] 712 0iAFESF (Basal
Metabolic Rate), AA &5 thAFF (Physical Activity),
2ZAF 0] o8k PR (Thermic Effect of Food) 5
S5 FdE o] Qirk, o5 FollA] 7| uiakg Q149 A
21 755 A=t A== HAEe] oA =4 o
UA] ZHFE] 60~75%F Atz 1Y ouvx] o=k
< ARA= SQst QQlo] Bt o]= 21 7 AdE|e] o)

Ao = A 570) =7lsslod, o1 oFde] 21 (BiEmE)
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AHefell ] 4 w)= F2 Al (Resting Metabolic Rate)
O gjalst = qlom V2ol 10% F% AlolE B
olthar 3tk (Owen 5 1986). AAR o] 4|2
Aol 7] ZchAbg R A ciabEe E8-8l A ARE-E] AL Q)
o, 7i1e] 19 ofl|A] &H|Z 342 flal 2l chakel
e s ATE woke Yol o] &5 JITHEFAO/
WHO/UNU 1985).

7iR1e] FA RS 7H e A (Indirect Calorimeter)
£ o] 8ato] Aba Al o|ibsieka A RS S5k
o] Agsi} (Matarese 1997), o) 2lsto] 7] &
H|o} THE SR Festy SHEA(AEAF W S5
Algh 2 W (G775 FASE R A AR
D o] 7hE 9] Bk 7] of el A o]t} (Stewart
5 2005). o3k I LHAIE o] &3 FAUAES] S

Fsto] DA FHE e TAE S
AES Aliksts Aot

FAUAIE S22 Harris & Benedict
(1919) 9] A28 A=, o= 109119074
~1917d) 3= 7)1 (Basal Metabolic Rate)
g AT FollM AT AAE 2397 (16~744D)
7|ztiA b dlolgulo] A~z 5 E e 7 QeEE o
SR ow2A], AA7HA] oA g AEA] de] o]-85
om F212] Bfg/del tigh A7-% Wol 2= 1 Qlrk
(Owen & 1986; Owen ‘s 1987; Mifflin & 1990;
Frankenfield 5 2005). ©]% Schofield (1985b)2] <1
TollA= Harris—Benedict7} ©]-8-3% HoJE|Hjo]A~E
ghsto] 114709 A1 (19141~1980W) ZH-E S
7,173 9] 71 Z2tALF dlolEo]| AE Eo® A He wet
S5EHA12) AT (0~34] / 3~104) / 10~184] / 18~304 /
30~60A / 60A] o) & o] AlF (W) T o]
AUV Als 9 A (WH) S 84 o] 83k + 71 3
E] 2] Schofield (1985b) &2]o] 7= glom, o 7]e]
Schofield (1985a) 2} James (1985)2] 7437} B¢k
o] FAO/WHO/UNU (1985) 34 (o]sF WHO ¥-2))°]
¥ 90t} Schofield (1985b) &2)2F WHO (1985) &
2lo] 1Fol| el 71 2A RS thEA| AS5dthes A7
W7} Q= (Henry & Rees 1991; Keiko 5 1997),
o9} -2 Ware] whe} 7]E2] HloJE o] A F 7| Ak
= A Ssh= Ao ® el A dFSAHE AR
sfo] olgg]olRl S tio 2 o Am = AlQw vhd, Q1F9]
S mesh] 138l 4,018 8] AuiRY AFARE )
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o
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RO e 1o e
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GO T AT Ame 2 AZ e, 1914d~2001de
o|Z= F 1667 A7 AAREETE 7| Z0AFEE dlolEH)
0] (Oxford Database) & AFA %3311, o] = H-E
Henry (2005) &2J°] 7I¥=| i}, T3k Owen 5 (1986;
1987) ¥} Mifflin 5 (1990) Harris—Benedict ¥2]©]
FAOA RS A7 Rs A A kAl 247 AlEe A oA
ZF A5TAS NEeiglon, B AE S8l olF 349
EfdAdol E7hE 7 th(Liu 5 1995; Frankenfield 5
2003; Frankenfield 5 2005). #|53} A% QJo| % A|%]
Weko] FAUANETY =2 Aol dsS Rast
Cunningham (1980)2 & o72] A= Aelske] A
WS o] &5t FA UK dlS5a2lE AlEA skl e
(Cunningham 1991), o] &4 og] ATelA 1§51
At (Liu 5 1995; Taaffe 5 1995; Chang & Lee
2005). FH Liu 5 (1995)2 AokRlE thid oz ihEofxl
of|532l0] =119 FAARES AE ekt B
A AT T A9l 223 O 7 A2 A&
A& sl

FElvEbel A= FAYANE AN FE Harris—
Benedict (1919) &4 ¥ WHO (1985) &4 A8l
grom 3¢l 9JoFd%] )5 (Korean Nutrition Society
2005) MM & vl=r2] 5 e< ¢ (Institute of Medicine
of the National Academies, IMNA 2002) o4 #|A| &
FrAOAEE F2lof 1S AR 3 A9 fkS tisdst
o} Kim 5 (2009)2 AH8-8h= -2 dlAkE o
3}

= 3 9)
$49) BHEE Fol7] 91310l T4 AT AF,
1= H
=
;S
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TR A, AT AR FAAEEE, 5=
/\175]'74]52} InBody 4.0 (Biospace, Korea)& ©o]-&3a}o] -
etk AAASAE o] Gato] thaa o] A=A
(Body Mass Index, BMI), #|A|"}-% (Fat—Free Mass,
FFM) 18]1 AZEHA (Body Surface Area, BSA)S Al
Avahen).

*BMI (kg/m?) = AT (kg) + [ m)]”

«FFM (kg) = AT (kg) — AAEZF (kg)

«BSA (m?) = [Weight (kg)]1%*?® X [Height(cm)]®7®
X 0.007184 (DuBois & DuBois 1915)

AN o

2) 'O'AIE"/\[EF EK'I

7155 8A7] (TrueOne2400, Parvo Medics, USA)
£ o] 83k 7P 995799 (indirect calorimetry) 22 1
TR FA oS St AT AR Stelw
24 A 142 ol TSl 24417 BQE £5-8 s};q or
5819l 54 Jd ool kst A1 &S A}
ZHIE Aol E2sle] 302 ol /\PEHOH/H
¢S FHaHA 3+t (Compher 5 2006). 4 A 72
Aol M) (canopy) & AF F-915 Y1 30% FoF
HFSHA TF3ES 3 5, 10 (o= Akh 2|

olabaleha S ST S/ 58 B9k #
S wl A 2hS Weir 32 (Weir 1949) ) tiglsto] &
A dabS Altekdt,

3) ANEFAE °1got FAWAT "'E
7 % 40E to® e FA A S5
-2 0] R Bt ?i:lL(Lm 5 1995; Keiko
s 1997, Chang & Lee 2005; Frankenfield &
2005)% &3 @} eldAd (cross—validation)©] Athar
Hig 325 AR st s gi-Ee] 345
1980 o] Am=HE 7idd Flo| =2 He] FA
AR dloElH|o] 4 (Oxford Database) S ¥3HsHo 24 &
the] A}E]QIEEA Ol EAS ukdst Henry (2005)9] 3
218 F718E5 e, 20051l HatE =l VT
(Korean Nutrition Society 2005)9]4 o|&3}1 Ql=T1
=] IMNA (2002) 32 % 7 7}l Bttt

ATV FA A Aol o] &3t A5 A
Table 11l A|AISFATE.

-

3. A& M2 W 2N

A7 AFR= SAS TA ZEIOH (ver. 9.1)2 ©]&
ao] Tt} o] FAIA e sl

(1) A= 0”&31‘11 54, FAtiibge] 54
2 o5 0] Ay Htw RFEAAE P, ‘Elz;LAgy)r
o8h4y 7ke] Ajo]i= Student t—test, TfN\:H/\}E‘q
29} oA 52] 7k2] 2}0]i= paired t—test® o< 8]—
Rt (25 5%).

Table 1. Equations used to predict the resting metabolic rate(RMR) of the subjects

Equations (kcal/day)

Source
Male

Female

Harris-Benedict (1919)
Schofield (W) (1985)
Schofield (WH) (1985)
WHOY (W) (1985) [16.3 x Wi] + 679

WHO(WH) (1985) [16.4 x W] -[0.27 x Hi] + 717
Owen et al (1986; 1987) 879 + [10.2 x W]

Mifflin et al (1990) [9.99 x Wi] + [6.25 x Ht] -
Cunningham (1991) 370 + [21.6 x FFM]

Liu et al (1995) [13.88 x Wi] + [4.16 x Hf] -
IMNA? (2002) 204 —[4 x Age] +
Henry (W) (2005) [16.0 x Wi] + 545
Henry (WH) (2005) [14.4 x Wi] + [3.13 x Hi] + 113

66.473 + [5.003 x Hi] +
[15.057 x W] + 692.2
[15.050 x Wi —[0.100 X Hf] + 705.4

[13.752 x Wi — [6.755xAge] 655.096 + [1.850 x Hi] +

[4.92 x Age] + 5

[3.43 x Age] + 54.34
[4.505 X Hi] + [11.69 x Wi]

[9.563 x Wi] —[4.676 x Age]
[14.818 x Wi] + 486.6

[13.617 x Wi] + [2.828 X Hi] + 98.2

[14.7 x W] + 496

[13.3 x Wi] + [3.34 x Hi] + 35

795 + [7.18 x W]

[9.99 x Wi] + [6.25 x Hi] -
370 + [21.6 x FFM]

[13.88 X Wi + [4.16 X Hi] - [3.43 x Age] - 58.06
255 -12.35 x Age] + [3.616 x Hi] + [9.39 x Wi]
[13.1 x Wi] + 558

[10.4 x Wf] 4 [6.15 x Ht] — 282

[4.92 x Age] - 161

Abbreviation: Wi, weight in kg; Hif, height in cm; Age in years; FFM, Fat Free Mass in kg.

1) FAO/WHO/UNU Expert Consultation
2) Institute of Medicine of the National Academies



(2) FA AFER AAASA] 1He] s daAde- ol
87157 (Pearson's correlation coefficients) & A3}
o] #4513l

3) FAURE A5 329 AEgeE A8k flste] A
S218} ZF 53] 7he] Apol & vl k= ZFo] gk (mean
difference), -8 2}°] (mean %difference) % RMSPE
(root mean squared prediction error) & -5}, 3
oA AT E Sl FA TS A58} ol5H] 11
e A rgtow 7t gxlo] AekskA oA5E i)
9] 8] accurate prediction(%)S AAbslg T w3
Bland—Altman (1986) #4102 AR5 o] 9]
(limits of agreement) & 75lo] A2} 2 o 5%] 9] A
A =E H7Vsldvt

Zh A A 3pe]] gk e o 2k &fo) gk (mean
difference)> F2 XS] o539} A4 71e] 2fo]o
ojgk A=2] xjo] 2] Hytgtelal, RMSPE #h &2 tirk
9] 5|8} A5A] 1] AolE HjgtoZ vERd o 24
2ate] A71E wkdsh ol & Anlsh= w4 ofelie} 2t
(Taaffe 5 1995).

RMSPE = JZ(Predicted RMR-Measured RzW[\’)‘y
N

WE S 21o] (mean % difference) = 5 thzke] &2
OAES v A3 Ay £ 10% e 42k
(measurement error)”}F UeRItH= 5783 (Weststrate

Table 2. Characteristics of the subjects

1993; Haugen s 2003; Compher 5
of o529} A5 €] 2lo]7F —10~+10%
gtk 710 7 H71¥ 2 11 (Frankenfield 5
O] o= M= Y (+)9] jhoE A9A =

S 24 ASA7} Tha e AT AE AEE 4 9l
Tt} 3} th(Sheiner & Beal 1981; Weijs 2008).

Accurate prediction &2 o5 T2 gAE0] A= &2

iAkEEe] 90~110% olHlZ F71= tidAke] vl& (%) =
A, ol of| S FAthAFEe] A FAALEES] 90% 013‘}‘”
7= 74397} (under —prediction) &2, 110% o3l 4

= Y37} (over —prediction) 2 ¥-243519% 13‘f(1ﬂ'2mkenf1eld
% 2003). Bland—Altman %ol 23k A x]3HA4 2] 9
(limits of agreement)« 5 W AS 20X 7ke] 2;
olefl tigk M 9lE AXtsh= 21024 (Mean difference *
1.96SD), Apolgke- 225 5320l 28t gro] <le}
I sAlell AAEHAIL] M7t F7= A1 4 Qlvtar st
St} (Bland & Altman 1986).

2006)1 713}
UEREER
2003), & (=)
ATES Abw] i

Mz

o}

1. AT Al QB Ol

AT OVIAEE] LA %
1= = B o R S T
21.0 £ 0.64|= e uj=
71 H9)E 18~ 2541t A AIS

Isl

AAAIS 3Rz Table 29} 2
$d 247 21.3 £ 2.349)
IRt 2fol 5 Holx] kil
Avps AR A

F10 sk Jlm

Male (N = 30) Female (N = 30)
Mean £ SD Range Mean £+ SD Range
Age (yrs) 213 £23 (180 - 25.0) 21.0 06 (200 - 22.0)
Height (cm) 173.3 + 3.8 (163.7 -180.4 ) 159.5 £ 4.5%*x* (152.0 -173.7 )
Weight (kg) 70.6 £ 9.3 (831 - 90.46) 53.7 £ 6.9%*x* (460 - 81.3)
Body Mass Index (kg/m?)" 234 £ 26 (187 - 29.0) 211 £ 2.7%#x (179 - 27.0)
Body Surface Area (m?)? 1.84 £ 0.12 ( 1.60- 210 1.54 £ 0.10%** ( 1.42- 1.9¢)
Fat mass (kg) 130 £54 ( 50 - 258) 165 £ 4.3%* (103 - 30.2)
Fat mass (%)* 180 +55 ( 84 - 300) 30.4 £ 4.8%*x (19.8 - 395)
Fat Free Mass (kg)” 575 + 58 (46,1 - 70.6) 37.2 £ 3.9%kx (321 - 51.1)
Waist circumference (cm) 81.0 £ 7.1 (686 — 94.7) 70.8 £ 6.5%*x* (61.0 - 88.9)
Hip circumference (cm) 97.5 £ 5.1 (864 —110.5) 91.8 =+ 3.6%*+* (851 —-101.6)
Waist Hip Ratio 0.83 = 0.05 ( 076- 0.93) 0.77 £ 0.05%** ( 0.69- 0.88)

1) Weight (kg) / [(Height (m)P?

2) Weight®4?® (kg) x Height®’# (cm) x 0.007184
3) [Fat mass (kg) / Weight (kg)] X 100

4) Weight (kg) — Fat mass (kg)

Significantly different by Student's t-test between male and female at **: p < 0.01, ***: p < 0.001



466 - EHAYol| gloM FAH AL o] S541 0] A g

= Alglstar B AAASA ol QojA] Fx 7 o= E} £
OISHA =9ttt Bt A Al wEhe] 173.3 + 3.8
cm®} 70.6 £ 9.3 kgo|$lar, oI 159.4 = 4.5 cm
9} 53.7 £ 6.9 kgel Sl ”‘4 sty ] at AA TS
Z+7y 18.0 £ 5.5%% 30.4 £ 4.8%°)1% 11, A AR
(BMD+= 23.4 £ 2.6 kg/m?9} 21.1 £ 2.1 kg/m?*| S
], ATl A AR A2 et A (FFM) 2 He8
0] 57.5 = 5.8 kg, oJsM¥o] 37.2 £ 3.9 kg® = LRI

. FAIANG

HAZARZ S48 PdAte] F2thakg (Table 3)&
AR Jetg o] A5 FA AR 1833.4 = 307.4
kcal/day® I8 (1454.3 = 208.0 kcal/day)HT} 2]
sHAl =ttt Al o2 RS FA Ak (el 26.1 £
4.1 kcal/kg/day, &84 27.2 £ 3.5 kcal/kg/day)> &
Y hol| ]38t xlo]E HolA] Fgkot Ao E B
3k F A AR (e 31.9 + 4.7 keal/kg/day, o184
39.1 * 4.4 kcal/kg/day)- oJ8tgo] f-2l8HA] =3k

B FACINZD BER2 U2 SRR 24
3!

o= AF AW A
> 0.59] 38 ) IS 10, Goe) AL
(= 0.502) 51 o189l o] Fel(r = 0.500) % 7
7358 o) RIS hehlich. o5 AR, AF, AR
% 5 Qo] Seli Wehnc) ojsheld o H& A

2 vepint,

I\‘|
AT 5 ) A% FAAE B2 ol

% 7}5} ZA3= Table
59} 2t 32 o] gsted] 741* ? ey o] FA oAb

= F2IAEE(1833.4 £ 307.4 kcal/day)EE]- 25
43}71] 2 0] AR}, Harris—Benedict, Schofield
(W) ¢} Schofield(WH), WHO (W) 2+ WHO (WH) -]
O 2 5E Ak FA U AS SO o) $t 2
o]& HolA] 29} (p < 0.05).

Gt A= gt o FAtA ] Aol
el & AJo)gh, WES 2po] 2 RMSPE: Harris—
Benedict 32] (=72.9 kcal/day, —1.8%, 269 kcal/
day)o] 7 #gkon v} 02 Schofield (W), Schofield
(WH), WHO (W) ¥ WHO (WH) &-2Jo] n]sst ==2] 2}
olF Blth A FAurtEE o5 F2 ixbER ] o
AVaA= Cunningham®] 324 (r = 0.453)& #|2]sf
BE F2o] r> 0.62 & 9 4HiAE Bl &
|83t FA U S EstA oSSt FEtd e vlE

R

1>
o

o
=

Table 4. Pearson's corelation coefficient (r) between measured
resting metabolic rate and other variables of subjects

Measured RMR

Variables

Male Female
Age (yrs) -0.015 -0.342
Height (cm) 0.288 0.472%*
Weight (kQ) 0.527%* 0.547%**
Body Mass Index (kg/m?) 0.502%* 0.406*
Bodly Surface Area (m?) 0.503** 0.583***
Fat mass (kg) 0.333 0.293
Fat mass (%) 0.194 -0.004
Fat free mass (kQ) 0.527%* 0.655%**
Waist (cm) 0.279 0.420%*
Hip (cm) 0.375% 0.504%*
Waist Hip Ratio 0.085 0.270

Pearson's correlation coefficients
Significantly correlated at *:p < 0.05, **:p < 0.01 and ***: p <
0.001

Table 3. Measured resting metabolic rate (RMR) of the subjects by indirect calorimeter and adjusted RMR for body weight and FFM

Male (N = 30) Female (N = 30)
Mean £ SD Range Mean £ SD Range
RMR (kcal/day) 1833.4 £ 307.4 (1287.8 —2412.0) 1454.3 £ 208.0%** (1049.0-1789.0)
RMR (keal/kg Widay)" 261 £ 41 ( 17.9- 362 272+ 35 ( 21.1- 350
RMR (kcalikg FFM/day)? 319+ 47 ( 230- 42.7) 30.1 £ 4.4x ( 31.8- 480

1) RMR adjusted for body weight
2) RMR adjusted for Fat Free Mass

Significantly different by Student's -test between male and female at ***: p < 0.001



Table 5. Evaluation of RMR predictive equations in male college students based on mean difference, % difference, RMSPE and

percentage of accurate prediction

% difference?

RVIR diﬁ'\nge(:Ir;ea' Mean  (Range) RMSPES 17 p’?ecgﬁitr%ﬁ” prelgigﬁéna' preg)i\cl:i;n”
kcal/day kcal/day % kcal/day % % %
RMR measured 1833.4 £ 307.4" - - - - - - -
RMR predicted
Harris-Benedict (1919) 1760.5 + 138.7 -72.9 -1.8 (-28-37) 269  0.523' 45 35 19
Cunningham (1991)  1613.0 + 125.7***3 2204 -10.1  (-34-23) 341 0.453" 32 58 10
Schofield (W) (1985)  1754.9 + 140.4 -78.5 2.1  (-29-37) 270 0.5217 52 35 13
Schofield (WH) (1985) 1750.2 + 140.1 -83.2 24 (-29-37) 272 05217 45 42 13
WHO(W) (1985) 1758.8 £ 142.7 -74.5 -1.9 (-29-37) 269 05217 55 32 13
WHO(WH) (1985) 1757.1 £ 143.0 -76.3 -20 (-29-37) 270 0.5217 55 32 13
Owen et al (1986) 1598.9 £ 95.1%** 2345 -10.7 (-35-24) 355 0.5217 26 65 10
Mifflin et al (1990) 1688.7 £ 107.8%*  -144.7 -5.7 (-31-32) 301  0.516 35 52 13
Liu et al (1995) 1682.0 £ 138.5%*  -151.4 -6.2 (-32-31) 300 0.5217 29 58 13
IMNA (2002) 1724.8 £ 118.9* -108.6 -3.7 (-30-34) 283 0.5217 42 45 13
Henry (W) (2005) 1674.2 £ 149.2%*  -159.1 -6.7 (-33-31) 303 0.5217 31 66 3
Henry (WH) (2005) 1671.9 £ 141.8%*  -161.5 -68 (-33-31) 305 0.518' 31 66 3
1) Mean = SD
2) Significantly different by paired t-test between predicted RMR and measured RMR at *: p < 0.05, **: p < 0.01, ***: p < 0.001

3) Difference = predicted RMR — measured RMR

4) % difference = [(predicted RMR — measured RMR) / measured RMR] x 100

5) Root Mean Squared Prediction Error

6) Pearson's correlation coefficients (Significantly correlated at 1: p < 0.01)
7) Percentage of subjects predicted by equation within 90% to 110% of measured RMR
8) Percentage of subjects predicted by equation < 90% of measured RMR

9) Percentage of subjects predicted by equation > 110% of measured RMR

(accurate prediction)< WHO (W) &3 WHO (WH)
B 55%% 7P =3kal, T 9 & Schofield (W)
521 (52%)°]3] Tk

Bland—Altman YR 02 Jehlo] A= FAgalE] o
5 A dAEEe] A EE Frke A9 (Fig. DE AuEd
Harris—Benedict &29] YA|$HA|2] W27} 71 59%aL
(=588.2, 442.4), APo18k2 &2 8k (=72.9 kcal/day) ©.
Z 294 9Jt}. Schofield (W) £} Schofield (WH) &2
2 WHO (W) &} WHO (WH) 321 535t d3E 5ol

J_N o]

Fig. 1= WHO (W) RS ti3Ee BASIS1IL, o5 5219
o) gkzt A X541 9] M9)+= Harris—Benedict 323} 1]
228k, U0 % Liu, Mifflin, IMNA %! Henry 52]2]
2ol gkt AxgHAe] JHLI7F o 59 ghe = A4 A
1 Cunningham®} Owen 3219 2fo|7k3 Lx|3HA1= =

Al =2l fro= 294 A3

S chAFE R vl 3715k A= Table 6JJr 2t} 12709
of|Sa2 0= FA% o s o] FA A A5 FA AL
+ 208.0 kcal/day) Bt} 25 2] 5kA Wk
ot (p < 0.05).

ojgg el A=
k,
(—88.4 kcal/day, —4.4%, 195 kcal/day)©] 7}%
I, WA AL T 2polE BITE A5 FAtARE o
= FAALE 719 vloj= A#AlEE Cunningham®] ¥
(= 0.655)0] 714 39k31, LA BAE > 052
L. ofo] AAAAS BT oS AoA] o SH 2107 T A
hAFES FEstA F9e tdAY v (accurate
prediction)& Harris—Benedict 3-2] (38%)°] 7V =k

A S AEL 28~34%2) WA

ofgie] A5 FAtAFEY A5 FAdAFES] dA
£ Bland—Altman W % F713l 43= Av e A (Fig.
2), Harris—Benedict 32 2] z}o]|3k(—88.4 kcal/day)
7 A A 2] W) (-434.9, 258.1)7F 7HE Akl

AT oS FA AR 71 Ao
WS jo] @ RMSPES Harris—Benedict 32

23t
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Fig. 1. Bland-Altman plots for measured RMR (MRMR) and predicted RMR(PRMR) by 8 selected equations (Harris-Benedict, FAO/WHO/

UNU, Owen, Mifflin, Cunningham, Liu, IMNA and Henry) for male college students.
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Fig. 2. Bland-Altman plots for measured RMR (MRMR) and predicted RMR (PRMR) by 8 selected equations (Harris-Benedict, FAO/WHO/
UNU, Owen, Mifflin, Cunningham, Liu, IMNA and Henry) for female college students.
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Table 6. Evaluation of RMR predictive equations in female college students based on mean difference, % difference, RMSPE and

percentage of accurate prediction

% difference?
RMR diﬁ’\g?e?wrc]:e“ Mean  (Range) RMSPE® r p?ec;g;%ﬁ” preUc:;gt(ieornal pregi\éi;n")
kcal/day kcal/day % kcal/day % % %
RMR measured 1454.3 + 208.0" - - - - - - -
RMR predicted
Haris-Benedict (1919) 1365.9 + 71.3%2 -88.4 -4.4 (=21 -25) 195 0.576" 38 41 21
Cunningham (1991)  1174.3 &£ 83.2%** -279.9 -180 (-33- 3) 324 0.655* 28 72 0
Schofield (W) (1985) 1282.7 £ 102.4%*x* -1715 -104 (-28-17) 243 0.547" 34 62 3
Schofield (WH) (1985)  1280.8 £ 102.1%** -173.4 -10.6 (-28-19) 243 0.563f 34 62 3
WHOW) (1985) 1285.8 £ 101.6%** -1685 -102 (-28-17) 240 0.547° 34 62 3
WHO(WH) (1985) 1282.2 £ 101.5%** -1721  -105 (-28-19) 241 0.566" 34 62 3
Owen et al (1986) 1180.8 £ 49.6%** -2735 -17.3 (-31-10) 329 0.547" 28 72 0
Mifflin et al (1990) 1269.2 £ 89.0%** -185.1 -11.3 (-29-13) 250 0.587¢ 31 66 3
Liu et al (1995) 1279.1 £ 108.1%%x* -175.1 =107 (-29-14) 242 0.575' 31 66 3
IMNA (2002) 1286.8 £ 75.7%%* -167.4 -10.0 (-26-17) 240 0.578* 31 66 3
Henry (W) (2005) 1261.8 £ 90.5%** -1924 -11.8 (-28-15) 259 0.5471 31 66 3
Henry (WH) (2005) 1257.4 £ 91.0%** -196.8 -122 (-29-13) 260 0.577" 31 66 3
1) Mean + SD
2) Significantly different by paired t-test between predicted RMR and measured RMR at *: p < 0.05, **: p < 0.01, ***: p < 0.001

3) Difference = predicted RMR — measured RMR

4) % difference = [(predicted RMR — measured RMR) / measured RMR] x 100

5) Root Mean Squared Prediction Error

6) Pearson's correlation coefficients (Significantly correlated at t: p < 0.01, +: p < 0.001)
7) Percentage of subjects predicted by equation within 90% to 110% of measured RMR
8) Percentage of subjects predicted by equation < 90% of measured RMR

9) Percentage of subjects predicted by equation > 110% of measured RMR

Cunningham¥} Owen 32]2] xjo]zk3} Ax}5HA|2] H$=
TIA 22 o= XA Qlth

1N

ATt dRre] AAAS Aus AR (Table 2), B4t
A A4 173.3 £ 3.8 cm, 70.6 = 9.3 kg, 4
159.4 £ 4.5 cm, 53.7 £ 6.9 kg)< 2007 7917174
oFZAF Ministry of Health and Welfare 2008) 4 X
a¥ 19~294 AJ(FA 174 cm, 73.1 kg, o=k
160.7 cm, 55.3 kg) 7} 0] A] AJ5o0] ok vk uk u]5z

AT dAEe] A kS AT E
P8 (1833.4 = 307.4 kcal/day)©] oJsH¥8 (1454.3
208 0 kcal/day)ﬂlﬂ- el = A vrERsk=T] (Table
3) o= TS AFAEE] Aol = FApr} oAb Al
Zo] wal AAEFo] AojA] o 4#] Ln|Fgo] v k= <
T3} (Webb 1981)i Areh 4= Qlvh TSk B Ao
Lﬂ] Z}zre] FA AR Park -5 (2003) 0] Barst gk 4
F 20~29A4| (F 687, o] 647) 2] T2 AR (At

1728.2 = 368.2 kcal/day, 9JAF 1311.5 £ 233.0 kcal/
day)¥} Chang & Lee (2005)7} 573t k=1 ofthAye]
A ARF(1257.2 £ 147.9 keal/day) RO} =3k
ATodRRe] FA ARE AAAISA 11 *é% s
W5 (Table 4), thA1e] xﬂlxl‘ﬂ , AE 9 AEm o]
AS FAOAEE =8 o) S YERle] (r > 0.5),
= o oA o] F2 chabro] AAEE(r = 0.743), A3
X# (r = 0.692) W AT (r = 0.599) 3} = ofo] A S
12?1 Chang & Lee (2005)9] A4} AX]elit). &=
3 X - (Cunningham 1980; Owen 5 1987;
Mifflin & 1990) ellX Fralthrlgel Ga= vlxl= 7 ol
AR W7 Aol 2hal B E Gl o] oF 22
A o] AARED AL Al O B AR E
2 50 A7 A-TE FA ARl n A=
ok Ak 4= QIok (Mifflin 5 1990).
ATl e vhekst FA O dS5E4 9] Bl
A St A AT W ARs WEE sk 11719] &4
I AR S WFEE A Cunningham®] 321& ©] 8
sto] FAtAFES ALkt (Table 1). oS82 025

Bl AR E FAUARES gt EU BrelA A5E

/\Ug—].E

z‘soko] A



2lojatege] gtk Wori=tl (Table 5, Table 6), ©]9}
& Ays s 8l oS Aok AS S
AR 2Ee] Zfol & Brbshd vt Atk 1 AtellA F24
oxtge] 52 9h AS5X]8] Apolghe B 5 (-)9] k=
Kol 12749 of|532l0] FAuiEE g 7tehke 3o
2 vehtor Yy ®% Harris—Benedict 3-2)2] x}o]zk
(& —72.9 kcal/day, ©1 —88.4 kcal/day)©] 7}& o}
xﬂi}}do] :r_on;]_ H oileroﬂ/q ELATES ;-(]_o] w5 1:1 ( )
9] 3ke YERdo] A5 FA ATl tial] oS5 FA AL
Fol HAF7HEASS & T AT FEAY AT
Cunningham¥} Owen &2 A| 2|5 Y x| F2152] ¥
& 2polgko] —10% ol e 1 FollA Harris—
Benedict, WHO (W) ¢} WHO(WH), Schofield (W) 2}
Schofield (WH) 3-2]¢] W58 2Jo|7} —1.8~—2.4%% S
A e} A& A o] =okt) o]EhAy o] A
Benedict 32]9] H”HEX}OIUPO] + 10% WS el 23
HE —4.4%% JERLL TAEL -10.0~-18.0%
2 AA veR} g o] ‘%‘3&‘:} = A4 ¥elA] RMSPE
S A R JEAlel M= Harris—Benedict, WHO (W)
2} WHO (WH), Schofield (W) 2} Schofield(WH) 2]
o], o&-Yof| A= Harris—Benedict 3-2]°] 7} 2 3k
HolFo] 2 Aol ARG of|S532] 7R o) #4194

o] i O $8E o 5 Uk TR A% FA

AFE} oS FAOAES] A AlE A s 8l Fo]
& S BATE A E k=T oJ8AdelA] Cunningham &
21 (r = 0.655) 72 ZFaiAZE 78 A UEFsiTE. & <A
TFAA| A FEA ] accurate prediction B]E-2> WHO
(W), WHO (WH) 2 Schofield (W) 3-4]0] 235 50% o]
o7 olF 7zt F2lo] HesHA FAtAFES oA5SE HE)
e mE Zé‘?} olgolglaL, oI accurate
prediction &2 E& %1“ oA 40% vwko Z Vel o
S32E o] gato] Akt FAltiabge] YTt el R
o} siektl. Bland—Altman¥y o0& #4135 2 o4 1}
(Fig. 1, Fig. 2)°l w2 st A Harris—Benedict
3219 Aol AX|gHA 2] M7t 7P ol 7P =
S B3, WHO(W) 2 WHO(WH) 32 % H]:sh
2ol dA|gtA o] WMLlE HERASITE. o ghAell A X
stA|e] M $l= Cunningham 3-2j0] 7} 29ro} o] F-4]
o] zfolgke] U & 58] #hs 2Ear QlojA o] w212 A<t
& A HrE o, i}o]%bﬂr Ax|sHAI] W7} 7

s S H A 3L GBS 1o

49+ Harris—

< Harris—Benedict &
=70 B,
olgst o] 12/09] ZF4S o] g5to] ALkt Fra)

s
a
Ay

o17}8] - 7] - 72 - 471

sk, & AdgAel FAAE

AbEe] Bl S AT

< o&sh=d| 2114 Harris—Benedict 3-2]°] 7P 48
sk A1 02 YeRTE 191939 71k Harris—Benedict
A2 19507k + 5% oluj2] 29 = FA A}

Fe et cS5shs Ao ® oA O, 1841614 67
A7 8] AdR1E o= §F Daly 5 (1985)«1 Aol A
Harris—Benedict &4°] 20 10~13% 4% =
Al F7Fehctar Bk ‘iii, ole} Z& JJ—E— EE Ak3)7}
A shAA ti kel A=), AAZRA, A
FO] g E AEAF o] Mkl Wk o eE A=
FATARES] 54 7171 9 7)=o] /e leE R vekst
FrAAEE olS5a2) o) BF 7} AlEAl 7] ofoF ghotar
ZX]-E,‘]-Oﬂlq- U:Eﬂ— 7-]7]—6]— /\‘]O O:]/H‘/] 5,’— 7~ 24% (Owen
s 1986), 5041 olske] A A 9.2% F=
Harris—Benedict &-2]0] g7}t B st A%
ARG (Owen 5 1987). 0|2} -2 Aol tfstd Henry
(2005)+ Harris—Benedict 32]0] 7l A] 7] oA}
% (BMR) A7t A7-52]0] opd X85 I8k x1dag o
Al 7 E]o] AApF A ekskar, AAE 8 A
H (closed circuit calorimetry)< ©]&3o] AA| 7] =0}
AFFRTE A S A7) wiEolekal Bargk vf Qlvt
Schofield (W) £} Schofield (WH) ¥4 2 WHO (W) £}
WHO (WH) &2 & Ao} T e el s2 oit
= At oSsh= 2 o% YElth o] 3452 =A17]
T (FAO/WHO/UNU Expert Consultation) 7} 7§&3st &
21AQ1 A7 ANAAINE 1985 of] aryl o] w2 Aol
A o] FAE0] AdR1e] FAUAES A Brkshs Zlo R
B9 0=d (Owen 5 1986; Owen 5 1987; Mifflin
S 1990; Henry & Rees 1991; Piers & Shetty
1993; Keiko 5 1997), o]9} & Ail= 32 7def A}
8% Schofield (1985b)2] 7]|Z=thAl Ho|Eu|o] 2 Fofl
47%7} A =3 QA (closed circuit calorimetry)
£ ol&sto] S HlolHEA A 7] Z2tiArgR T 2o
F7HE 7] wiizolekar A2ttt (Henry 2005). 12t
£ AT A= o5 FAo] FEAYL 13%, o189
3%-e FE 7 sk 202 vERstth, BEdk ofshg o] ¢
A A EES- 0] €8+ Cunningham (1991) 340 Axkst
FA Aol AS FAOANEY w2 ko A
(r = 0.655)< H3=H (Table 6), o= ARWZFo] A=
FrA AR 7S & 9FE T gtk E Ay
(Table 3)2} LASIATE 22} & AolA of|53219
E]J:LE.E_ H/\% ?s]— @L]. Cunmngham _-_)\1 0 oq 61—/\(9,] ‘6‘)\]
OAFES 71 v 851 AS31eled], Sk o ujAy
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S oz 3 g A7 (Chang & Lee 2005) ol &=
Cunningham ¥2]0] FAtAlE-S v rlel= 02 B
Jxo] & AFA e}l AAEGItt Owen s2lo] A3l
o Aeidd  83W(20~784) 2 73%(accurate
prediction)Z, Mifflin 3-2]0] 82%% A&alA =3}
3 B3 A4} (Frankenfield 5 2003) 2} &2 &
TolM= Owen 52 (FAF 26%, 91AF 28%) 2 Mifflin &
2] (G2 35%, AIAF 31%) 2] 4&=7F Wkt Liu (1995)
AL FERlo g Y sty Fao|nE 2 At
Al AGA] tHE g2l vlate] Q1] W e A& A
olgtarl o el o), & AFtelA A FA U Liu
FAOR AR o5 FA AT MiEE Afo] 7} st
AL —6.5%, AL —10.7%= JER} £ Aoiid=t
o] FAUAFES a7k A o= ekt B2k 7
o HEH Henry 32102 AKXl of|= &2 thA
*éé FrAOARE 7k WS Ao gto] W — 7%, o

LS —12%= et Henry 32 A B ATt
% o] FAdAEES A rkehs Ao YERT
208 2] U&=l (18~65A4) = thto = 3 Weijs
(2008) 2] A7-A oM = A= FA A Henry 52
O 7 ARkeE o5 FA AR W3S Aol —7~—8%
2t ®ste] 2 AgrE vkel AX|SHGATE, sl A
71% (Korean Nutrition Society 2005)°lA AAl8k @)
+ IMNA (2002) &4 9] & Aeidate] F2 ik
= g rkshs Z1 o2 vkt

U e 6078 (F 307, o1 30%) & o= AAIA
S5 kL IHLBAE ol 88kl FAUAEE A 54
ailom tekst oS 34E olgsto] FAtAREE At
SElTh. 3 A5 FA AR} oS FA Ak 3k At
5 ket A S Sal vla eIk

o A7 dIE eokehd vet 2t

L. A7 oidAre) gt A3t A ZA BMD= 7873 Al
ol agsiltt

2. A7tk A5 72 AR (measured RMR) <>
AR (FFM), A2 9 Al 58 ) daaAE
BT

3. ARt AS FA AR H 747 1833.4
+ 307.4 kcal/day$} 1454.3 = 208.0 kcal/day3iTt.

4.8 04?-011 AR 12709 A5 T4 B ATl Ak
FAOAFES A Bl

m

5. @8te] 29- Harris—Benedict 34, WHO (W) £}
WHO(WH) 2], Schofield(W) £} Schofield(WH) &
215 o] gsto] ANt FA Akl A5 F2liale] b
o] (x}olzk, W4 xjo], RMSPE) 7} 7F¢ 2gkar, Ax]3H7)
HEE o] 2ol 7P 58kem,| accurate prediction
(%)= WHO (W) 2} WHO(WH) &2, Schofield (W) £}
Schofield(WH) ¥-2l¢] 50% ©]’4° % =3t}

6. o132l 75 o5 FA U A5 FA AR
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