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Obesity from the viewpoint of metabolic rate

Su-Jin Kim OM.D. Sang-Won Shin OM.D. Ho-Jun Kim O.M.D.

Dept. of Oriental Rehabilitation Medicine, Bundang CHA Oriental Medical Hospital

The obesity is the matter of the energy balance in essential. The energy balance in human body is energy expenditure subtracted
from energy intake. The energy intake is mainly supplied by carbohydrates, proteins and lipids in food, and the energy expenditure is
composed of basal metabolic rate or resting energy expenditure, physical activity and thermogenesis including diet-induced
thermogenesis. The resting energy expenditure is measured by direct calorimetry and indirect calorimetry. Generally we can simply
use predictive equation with the variables of weight, height, age and fat-free mass to yield metabolic rate. But there is discrepancy
between the estimate and real metabolic rate because the equations can not reflect individuality and environments. The resting energy
expenditure is influenced by many factors but the fundamental factor is fat-free mass.

We briefly reviewed the concept and evaluation of the energy balance, intake and expenditure, which are important parts in the study
of obesity. Finally, we surveyed the correlation between metabolic rate and obesity and suggested applicable herb medications to
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Fig. 1. Direct Calorimetry



2) ZI8H Ofix| ZXH(indirect calorimetry)
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Fig. 2. Douglas Bag Indirect Calorimetry

Fig. 3. £CHE Indirect Calorimetry
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Fig. 4. Components of Total Energy Expenditure

3. A=) 3EE nixie 22

ArEo] dFE FE 2902E §4, Uo], A,
)

87, 4A%E 24 LAY A Sol U, ol
% 82 A% AN H34R ) BB 37
A7le 8Qlolst @ & Qed FE e ges

%]_‘;}3,7,’17) )

1) HZ(body size): tAEL
A5, AT 19 649X =
FEA dAkE AFH B3

HE AEAA ¥
Ao vl et
ds BAZE Uk

99



g ghets)a) A3 A1s

2) ol2dn} M(age and sex): 24 F B F who
tAHEe] 48] F71eled Haol o] T MA
3 94 Bt ZAsed 1090 o 2%t @
oMtk el tArge e dFe) daur
10-15% 7} W},

3)

[

o

> Ol
(o)

: i

lo

of
N
2
o
¥y
r
}.
oA
td
ol
S

o oj r,
N
ok
K

T ot rfo me
0

by 3L 1o

AQ HE 7]do] 248 =ol & Ao
HE2 dikgo] Fhdth A& 1Te
gARES 118 WA,

e
of¥
NS

ir

3}

4 71%: 4% Atee) WES Y AgdE oF
Bt} 3, 4% 230 Al 39 @ o A
o4 Agshe FRuth targol Bk 1 dal
e 299 x=25W ¥F 7822 (catechol-

ol

amine) FFo] Z7l9m PYHo2RE thy-

roxine £ & Z7}1A]717] wlFolt}.

5 Ao| R YdtM(dietinduced thermogenesis,
DIT): ole 2A&9 ZFd wat zoj7} e
o, @2 A 71 gold HHE I3t
o 30% AZEm Awa epslgo] 7zt
6%, 4% AgE}. Do) I TS
7k FTE ¥ ouxito] M Hag
W 2 M ARHE FFoln Awe A
Wi 2ANER BiHl F4Hed s
g dFolt}. eslge Feades IAEY
i £REE Fgoluh

6) 2l H HZ: A Aoy €7 Fde YAlE
o] Frtstedl © WEe AZF(active tissue)

o) #712 43 o] Busr] HRol

100

7) gS(exercise): $5¢ 39 g o Fe g
Yo Z7htn 5§ £50 FVEH Al
tAkge] dA3] S7HETh

7)% At EApA
B 40-50%F % WolAth HaeA AgelA
THEHE 4% 3288 7 429 dA 33 &
Z2ANIE FHgo] glemE 15-20%9 Z71E
UeRls, 4 322 53 94 S22k dAke
< 7M.

4. 74 DIAIZHREE) 2t MIX[LEH(FFM)

olgig At A4S vlAE BE 840 glo]
A 7 2EAA A aiE ATA ARtk A
74 AR 842 AF ARVEH, AXYHfat-
free mass, FFM), AA%, A% &3, 2% AX 59
371 F°] = °f 7hed AF, AXANHF FFM
o] F4 dAER ¢ 22 ABAe] e Aoz
2eA itk 53] B& AFolA FFMo] #4 A}
ol 7} B 4%S FE Ao EuHn Y,
H| Q1 Algte] A AFQ AlgRET, Yol d4gn
o} &2 Abgo] Uo] £ AR, a8la 28] ¥

$ A5 FuEA7 2BAET F4 A}
o

-~

g3 &
Fo] =
A% Zie AW 2 uisid 2% 239 8%
0] F71AY Aol vl#lsle] AFB H]go]
Z7kel7] W o) Uepde),

tAEQl o FIME WA 7183 242 29
2 U £ vk W 7183 B A5 % 5%3
£2 AASY ¥ YA 722 REES 70 -
80%2 =3ach vz AL AZ <& 35%Y

-

o|f-2 FFMe] xo|2 Adstm i} ¢

L e

—



T2 s} thAeS REEY 20%¢) st
FFMe] tiAbd ez §%29 R-Eo|u REEd] us
FEMe] 74 48] Agke) dxle) Asle 2o
2 A7 B ek

A 40d o) olux WAl Ao FH zde
FFM< o] && REES] o2 F2lo] tjzt o]lch. of
A ede dAE 9oy grie drse A%
& 439lolA REESt FFMe| #AE dod 2e 13
WRNo g FHsn ik

REE = a + b x FFM(a,bi= A4)"

FIM2 &g 2§ e ¢ 25 9359 14
2 o188 A AZY, 57 AT Y, AW
A8} &% (bioelectrical impedance analysis; BIA)%-9]
A7 A=H, A94 Y, ¥ 2EY 3,
DEXA(dual-energy X-ray absorptiometry), CT, MRI
T o8 AR FAYE o &std 2T

°of & Il o AR 7|Fd ¥v= ZHEo
Bol Egsol Sl AAA7] A SH((BIA)E o

o
=
# AR BAVIE QAo ARE B

Ll

2
3

O

=2

a2
Aejdo] =olgle 24, & tiee] AAY 24
AFE A=, Aot Axet 2
AollMe Agol Yetus AL of
BIA 24 7171 AlgelA &7t sl =7
FF WHE A tdAte] 3 del A

[}
=
Bl WHY ¥ HE0} o AYS 2D T 4
o
=

k1
oXx
PN rle

W2

A7 AEEE 7|2 AR E FIMS o
Aoz Ag grolh,
5. 04X 2&(energy balance)a} H|Qt

oAzl #8245 ouiA](energy i)t 4] i
A)(energy out)?] zolE Wit Ao AF JyA

ArES] SRdA & gt

g} &H) oA} Ze o fEle AEG A &
s oFUTn Foh AFH AUA7E &d] oA
tt 2 A$E 4F duA] g (positive energy
balance)gt sh=tl o7jA EAse o AUAE
F2 Ao AgHA A x2d FALA dch
HhE ad] UAZE A AR EY 2 At 24
oA F¥(negative energy balance)o]e} st A%
g WA oduUAE oA A, ggsts, Gl 5o
2 Agats b3 zagh.

Widdowson™& B4 A91¢] AR
328 1772kcalo} A 4955kcal, o432 1453kcalof| A|
3110kcal HHolA BAREW ZojlXe o Ae A
ol EQlttx stk ol g Ao HAFY F A
ol Bty gt oz thRel AZE AHle
deF A3 2 AR 2¥L o]Fo quiA FFHE
dGeHA fAEHH, olefd dEoE AF L UXA
AZE G fA8A =, ol AAY g4
A fA 71 gte AR ojdEt & $ &
& duyr Fdolge Ak ZxE F35] 4
ato] olux] 4#H7F F7ket oluiA] diAte mebA
1o g AF 7k st st dde
AL AEE duA dAts st AFE &
Agta oz ddE ojFuat shedl olH g 71A
of o7kl ojite] glojx FrIA o2 AWAQ 4
2 238 5 A F& ol
ol g oA T olF F Uv AWA 8<

2 447 859 A0)g T £ Utk $A =54
fus X
H

e

[AX-Y
22

B

rlr

fo

SRR g9ent Ao = ¥
AOMs Base] Ytk oIS S} BrHEL 27
% olstz A Y A9E DITE B S%AxEl AT
27 oJJoR HAT AE WA 458 &
Stk £¢ 5 DITE 4547E L948 Wtk 1
de g9ezt 49 &8 ¥, REE 9%L

Ax AT AR Ao, 84 22 Fol 9.

101



e Resa] A3 Als

Hwke 2EAoR ouR d¥e EAe|th UA
oxe] oA &L Uiz A oA LH2
ojFojA =, o] Hie SAEEZRH @3
£, 993, A% § 9% 9929 I H8do
o]FofA 1, ofuA] AHje 712 CJARHBEE) £
F4) UALSHREE), AAZ BF(physical activity)
DITE ¥33t & 2hg(Thermogenesis) 22 TFAE
o} 9.

o] 7}&d REEE AA oA £RHTEE)S 713
22 FE&& AAN] o 279 Aolzw &
Ay 2= 49 %‘“*«l ol 7t FA
oA Az }_’S o & 9%S "AA HEZ REE9
dAste AU A8 4y &
P AF A 2olde 2% S0t W
l °l ZM"W ¥ £27t E3Ee Al
&l o]Zo] REES %
Bagn 9377, gRE ¥ X
o] gHiolr Bole= 88 AY = =&
}9} %"V-‘i—i T @& REE®] #4z A9
71 2™ A% 22 ol REES omle
i Featkn & 4 Qi

A He v A8 AF FME dyA @
Hol ¢4 24 #F 477t 48E 2x ded,
DITE E33 #d 242 F1lsle nEETEold
et EAlehe Adtalzl ©l(uncoupling protein,
UCP) @ beta adrenergic receptor Sol] tjg -+t
leptin?} melanocortin 59 $F ¥ Z4d 7|3
g d77h 20 ),

T3 2o ug NE 2N 285F9 At
£ Haslatn dAS S0 HEd % &

< BYstn 9o Wed mepy 4E B8 59
PG AHgs T JEu 58, A £3) AHgH1

1= Sibutramine& noradrenaline®} serotonin®] A

>

A

o
30
_,Vl

=

nors

re
1-J ob‘. AL

e
NS

A

o

_ﬁje."_‘

mo ot o B o

gL

9}\

102

pash 249 @

F52 dAsle w7 AAAE 3713 REEE
AENIE Ao J&Hol AF e B T
9 98 OL ASE ZaA7E ERE JE HT A7
wa e,
fzu -}Z—.J AN E o|z)d REES ZHio] wjg

< “IEAFE"Y oz A8 B 4 Uds A
OIE}. £ AAS A A S eAlske 7124
ol 842 B, B, FILEAC] A 5 M, E
o) AT AR, e o2& K#H L HABIL
Vem 5 s 0. (ERD EREskE
JAE "BLE mkelg et o AAe
SR AR Ao BT R Alole] ML
£ Fitkeoz ¥ Aolg & 4 sl odd K
{t#geo) REES X3g A W) uial H4& 3¢
= Jckn AzE.

vgke) olo 2t Wi fuk B K B, GHER
g So] YATFY, ZEAQ W] JHE FEE B
% % Him 5 19 HF9 Agoldm 3§
= A7t AP, gl 9902 £XTE, M
Bo| ek, BB AT SAY £ AL ¥
ol AuA £R2 FARC HA K £l #
280, g& A Lolute ZE Y9 EF9
9gdoz Solx JFY FMe TEES KEE B
3 ANPTA KA Aol oA e Zof
74 2ASAY dArlze Ayt dehd & glow,
ol 2 v|To] o]2A P& F83 Welrldo 9
g £ 4 9. B3 £ B Feo) JeiNd
BEE 9 o] £2T BIEETN dehe

AL AU 4 T A3 A2 AN B F 9
ﬂolq}?,ss

au ol @ HEk A2l Sloid AFE FAA
711 B8 % F AF7E AT Hu Bo)
5 REEd] B® 983 d7= A9 g& 28
olt}. ojst #AHo] AT A7 Y& FkARE
i1, 054, 37, A4, B4 Bol P o 2

o~y

a,

~

n &



2 f(Evodia rutaecarpa)t B HRIES= kg2
A% ¥ Evodiamineo] FE& 3 ey o
& A Ba E3t 9B Capsaicing A
A2 w7t AAAY e e 2HE £24)7]

LA ZedE FRAANA AW 28 A9l 9l
o] A=A, =3 o}3}(Ephedra sinica) & 5T
ge ekl ol 4R 29
Ephedrine& &3t w7k A7 F2AZA 3 A7

A, AEBA sl &L 71T 559 AF

AAAY dTe B2 T Aol AF A
o E3shd, doze AU tAEE 771 1
BABAE AT HE2HE-E ste UM b
A g B Qle RS U o EgL
7V Bestelet e, o g BEIHY #HERZ
filek 22 dESo| ojd B Fgstelg sy
#r.

o

N

A 783

1. W] Pasman, VM Blokdijk, FM Bertina, WPM
Hopman, HFJ Hendriks. Effect of breakfast, differ-
ent in carbohydrate composition, on hunger and
satiety and mood in healthy men. International
journal of obesity. 2003; 27: 663-668.

2 2785, vk fxlol| Ao} 35 AW ha 4} 2%
370 83 20024 7 seds) AR,

3. e ok e ARG whe 7] Zehabere) v]
TIT. T B A FAFAD Aol
. 2001: 1-9.

4. Laura E Matarese. Indirect calorimetry: Technical
aspects. Journal of the American Dietetic Asso-
clation. 1997; 97(10) :154-160.

5. k= 4% At M T2 WAL 1998 88-

Ao} S £

121.

6. o1, &P FRHILEE A& FHAL 2000
310-338.

7. Guiton & Hall. Textbook of Medical Physiology,
9th edition. USA: W.B. Saunders company. 1996:
906-910.

8. Hau} 9} 99 21417] FFE 2. e wEAL
2000: 137-164.

9. Janet Schebendach. The use of indirect calorimetry
in the clinical management of adolescents with
nutritional disorders. Adolescent medicine. 2003;14
(1): 77-85.

10. David C. Nieman. A new handheld device for
measureing resting metabolic rate and oxygen
consumption. Journal of the American Dietetic

Association. 2003; 103(5): 588-593.

11. Simon Bursztein, David HElwyn, Jeffrey
Askanazi, John M. Kinney. Energy metabolism,
Indirect calorimetry, and Nutrition. USA: Wil-
liams & Wilkins. 1989: 27-84.

12. ER Gibrey, P Murgatroyd, A Wright, S Jebb, M
Elia. Measurement of total energy expenditure in
grossly obese women: comparison of the bicar-
bonate-urea method with whole-body calorimetry
and free-living doubly labelled water. Interna-
tional journal of obesity. 2003; 27: 641-647.

13. Foster G et al. Resting energy expenditure, body
composition, and excess weight in the obese.
Meabolism. 1988; 37(5): 462-472.

14. Hunter D, Jackson T, Lewis D, Benotti P,
Blackburn G, Bistrian B. Resting energy expen-
diture in the critically ill, estimation versus
measurement. British Journal of Surgery. 1988;
75: 875-878.

15, AR, A dhate] 22 QA g eketz] A

103



g ge e A3E Als

16.

17.

2000; 93).
98 dvx 3 g digegesiA.
2000:9(3).
o, 254, Wy, Hxn|, o4& Ay

- A g FEAL 1997: 217-228.

18.

19.

20.

21

.

Anja Bosy-Westphal, Christine Eichhorn, Doris
Kutzner, Kirsten Iliner, et al. The age-related
decline in resting energy expenditure in humans
is due to the loss of fat-free mass and to alter-
ations in its metabolically active components. The
Journal of Nutrition. 2003; 133(7): 235-236.

Zimian Wang, Stanley Heshka, Dympna
Gallagher, Carol N. Boozer, Donald P. Kotler,
Steven B. Heymsfield. Resting energy expen-
diture-fat-free mass relationship: new insights
provided by body composition medeling. the
American Physiological Society. 2000; 239: 539-545.

|8, olrls, A, &5, o Bs YEBE.

A€ WFEAL 1999: 110-133.
Widdowson EM. Nutritional inviduality. proc
nutrition society. 1962; 21: 121-128.

. Blackburn GL, Kanders BS. Obesity patho-

physiology psychology and treatment. Chapman
& Hall. 1994.

. Ravussin E, Bogardus C. Relationship of genetics,

age and physical fitness to daily energy expen-
diture and fuel utilization. Am J Clin Nutr. 1989;
49: 968-975.

Astrup A, Buemann B, Toubro S, Ranneries C,
Raben A. Low resting metabolic rate in subjects
predisposed to obesity: a role for thyroid status.
Am J Clin Nutr. 199; 63: 879-883.

. Kiortsis DN, Durak I, Turpin G. Effects of a

low-calorie diet on resting metabolic rate and
serum tri-iodothyronine levels in obese children.

104

26.

27.

28.

Bur J Pediart. 1999; 158: 446-450.

Berke EM, Gardner AW, Goran MI, Poehlman
ET. Resting metabolic rate and influence of the
pretesting environment. Am | Clin Nutr. 1992; 55
626-629.

Donnelly JE, Pronk NP, Jacobsen DJ, Pronk &,
Jakicic JM. Effects of a very-low-calorie diet and
physical-training regimens on body composition
and resting metabolic rate in obese females. Am
J Clin Nutr. 1991; 54: 56-61.

Fricker J. Energy-metabolism adaptation in obese

- adults on a very-low-calorie dirt. Am J Clin Nutr.

29.

3L

32.

33.
. Evkimet. EHAS KR A& A EBAL 19

35.

37.

1991; 53(4): 826-830.
o)&%- HTA R A7 ANAF. 7 9 &3]
2001; 22(11): 128-133.

. Wensier RL Do. Adaptive changes in metabolic

rate favor weight regain in weight-reduced indi-
viduals? An examination of the set-point theory.
Am | Clin Nutr. 2000; 72(5): 1088-10%4.

Grace Brooke Huffman. Intermittents vs. contin-
uous sibutramine for weight loss. American
Familiy Physician. 2002; 65(3): 975-976.

W Philip, T James, Ame Astrup, Nick Finer,
Jannik Hilsted, Peter Kopelman, Stephan Rossner,
Wim HM. Saris. Effect of sibutramine on weight
maintenance after weight loss: a randomised trial.
The Lancet. 2000; 356 : 2119-2125.

ul el HEE mBE A& AHAL 1997 385416.

84.
AR Y, B4 3, o] T4 vt T3 FHA nE.
Fo] 2] 9 7+8k3]x). 1995; 3(1): 141-155.

AR, S84 vl A S 2F F

9| 22 9 ¥ 7et3) ). 1993; 3(1): 299-314.
AEE HH FEE Qe E3AE 1997 310318,



38

39.

o33 =Y H oJAel p2-adrenergic re-
ceptor, [B3-adrenergic receptor, G protein f3,
ACE, MTHFR gene 08/ A7 7 &dign oz}
9 Belgs} uaEty B8 20034042

Xie JT, Aung HH, Wu JA, Attel AS, Yuan CS.
Effects of American ginseng berry extract on
blood glucose levels in ob/ob mice. Nippon
Yakurigaku Zasshi. 1988 ; 91(1): 9-15.

40.

41.

ERCSIEL PR

Kobayashi Y et al. Capsaicin-like anti-obese
activities of evodiamine from fruits of Evodia
rutaecarpa, a vanilloid receptor agonist. Planta
Med. 2001; 67(7): 628-633.

Boozer CN. Herbal ephedra/caffeine for weight
loss: a 6-month randomized safety and efficacy
trial. Int J Obes Relat Metab Disord. 2002; 26(5):
593-604.

105



