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Comparition of physical fitness, metabolic syndrome risk factors,
and resting metabolic rate according to body mass index
and percent body fat in 20s females
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Kyung Hee University

[Purpose] The present study compared physical fitness, metabolic syndrome risk factors, and resting
metabolic rate (RMR) according to body mass index (BMI) and percent body fat (%BF) in 20s females.
[Methods] Fifty-one women in their 20s were recruited and assigned into three groups, ie., normal
group (rF18), normal weight obesity (NWO) group (zF18), and obesity group (rF15) according to BMI
and %BF. Physical fitness, metabolic syndrome risk factors, and RMR were measured and compared
among three groups. [Results] Main results were as follows: 1) Physical fitness were not significantly
different among three groups. 2) Regarding 1-RM, arm curl and leg extension were significantly lower
in normal group and NWO group than obesity group. Leg press was significantly lower in normal
group than obesity group. 3) Regarding metabolic syndrome risk factors, there were significant
differences in waist circumference, ordering from low to high such as normal, NWO, and obesity
groups. Systolic blood pressure and diastolic blood pressure were significantly lower in normal group
and NWO group than obesity group, while HDL-C was significantly higher in normal group than NWO
group and obesity group. 4) Regarding RMR, absolute values of RMR such as VO,(m{-min”), RMR
(Kcal'min™), RMR (KJ-min™), and RMR (Kcal-day™) were significantly lower in normal group and NWO
group than obesity group. On the other hand, relative value of RMR such as RMR (KJ-kg'FW-h") was
significantly higher in normal group than NWO group and obesity group. [Conclusions] It was
concluded that obese women showed increased risk of metabolic syndrome and low relative RMR level,
and NWO had similar problems. Active health management through physical activity and dietary
control should be committed to NWO individuals because the NWO has possibility of high risk of
metabolic syndrome and reduction of metabolic rate from 20s even though there was no problem in

their external appearance.
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Centers for Disease Control and Prevention,
2016). oldZe] A @Izt AF Ao Ay
2 7P42™ (Lee & Lee, 2016), $H& 414 2E0|
FrbEA] ggow AT BdEd ol yepdtt o= Al



AFA 7L B odolwA AALEO] o} Urt B[Rk &
AS JehE= AAAS ¥)9H(normal weight obesity:
NWO)& %3t (Renzo et al., 2010), = &2 <
AAAA JeEH, Il = o] & &3] ntE H]¥ko]
2ta g3t (Jeon et al., 2015).

NWOE &34 Ae3 BMIZF B 9lel dA ek &
< 5 & Ao R Qlst AAE] B
HAEY =& S v|sH (De Lorenzo et al.,
2006), 1 A3} Akt ZA A vhekek thAb Al
@O] Uehte Aoz HusAtHRenzo et al., 2010).

CNWOE dukutz) nfdsiA 2 =o =30 A3}
}\Egﬂ)\oﬂ zgﬂ NEREEEE AR 14548
o] T7HY Ad&d Aggo] Islu o] AESET
E 3712 olofzlge Aot (Batsis et al., 2014). ]
oF #A3}, Jeon et al.(2015) IR B2 NWO
T AR el Blste] A pFo] v A& A4
I g3 A EAo] fosiAl dslsof gitka B

Atk o<} A A7zt A% ﬁii Azt s =

429 fshs Aol HA7I7L HAS W 4F Ak
W &S ol FH 990 @ HuEHItHKim et al.,

2013). WM NWO= 4k} s et tiaby A
o= QA Hofof gt o] & df&d}r] 9l gk thekd WY
o] Zxlojol & Aoltt.

v gkl 7|13k theket thabe AskE A)dsky] S8l
Ae A 2480l AFAoln, o5 1‘43} U A4
FI} 2] 2 7] 1Y #HAE
5 ?-u—ol"jr McNeil & Doucet, 2012). €< ofly=] &

H|gS A EHE 840 712 A (resting metabolic
rate: RMR), S2419 €% &3 (thermic effect of a
meal: TEM), 2283 414 &52] 4% &3} (thermic
effect of a physical activity: TEPA)7} 9th(Stiegler
& Cunliffe, 2006). ©] ¥ RMRZ AA|7]5<] 4]
Zo% Hage] dFozA dY A iﬂ]‘%’ﬁﬂ 60
~T0%°l OH%E]— M ERE
et al., 2004).
AveE, AR e

7] & oheket &"Loﬂ ot JaS wret(Kizilay et
al., 2016).

RMRel 932 F= o2l 7K 22 & AAT 3
AR o] 7MY T8 o2 HuHnt, o|9f
3lo], Ruggiero & Ferrucci(2006)+ RMR3}F A A4
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F 7t felet ZA deaA (positive correlation)
7} 9otz sk, McMurray et al.(2014)& 3
ARG} vR o] RMRS AR A3 ARk
w2} RMRe] A€ tha Bskel o™, Johnstone et
al.(2005)& AAEETE o2} AR BEg RMRe
% Y= T Buslet. o) 2E Hg dFES
A A BRk of e} A Ak gk RMR2Z Al U
o #AVE sibe Ae AR ded st adl
% e A5 445719 WhE Al&e] ¥stE RMRe]
0o ks = Ao g ¥t Davidsen et
, 2007). webs] A2 Wsrt 7 kg Al wigk
ﬂ 12‘”0 P27 RMR= %38k Zlo] ¢ 52
3t (Henry et al., 2003). o|¢} 2& H& 18is}o]
o] dFdM e BE A7t ¢E7]d RMR= &%t
=5 oM RMR 4= S8 /9l 2 219 Aol
£ FHaskstazr 5}“

RMR®] #|&2{Q1 4 % L A 2 72
FH 9219l FAo H]gto 2 o]ojx| = F P8 h
u#o] RMRe & 722 48 7401 ol
&t} (Speakman & Selman, 2003). NWO<
T2 HoldH 9 AgE Bt AF 7”@ 517
o 242 X7t YolAH, 2 A3 RMRo|] %elA|
BMIdl| ®lgte] & AALES Uepd 7HsA el
123 O]Q‘r 2E FAAQ FHs A7 AA A&E
A5 A% 7k HAd wE g2 FAA sl
< Cﬁﬂﬁ 7+ A dgke] YA o] wg- Eotd &
A7) wiZeol 200589 RMRe] & g &shA H7}
sta #Elete Aol a8t Leeners et al., 2017).

3‘4% S FAZE §lo] Holxgk A 2= H|wke

THEE NWOS A< 99st7] 98t NWO
ﬂ At 2B oF, 3 A4, ded A3, a8
A APAAG 93 e0s AR Al FEAT
(Renzo et al., 2010; Batsis et al., 2014; Jeon et

, 2015). 23y NWO, & vlEH|HAE gidoez
0}04 AR 998907 RMRE #71e A v
T F=e Aol RMR—Q e upe} o] 4
Uz 2] 7Y & FEoRA Bk o R E A%
cd & 9%s 14 740?& -r%*ﬂ" up, o] A
NWO9| §4& olgfst=t & =&l % Aoz 7]
Hr}. o] AFolME= 200 o é o= sto BM
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T CHAHRE

o] AT dAtE Groll AFdte 20t o4 519
o]t A Renzo et al.(2010), Kim et al.,(2014),
Jeon et al.(2015), Z2]3L Lim et al.(2016)9] A+
£ #ast] AFstgen, BMIZF 25 kg'm™® gkl
A AAEEC] 28% olskel A (Normal) 18
%, BMI7} 25 kg'm * ] gho] A A A2 -Eo] 28% o]
Aol NWOR 189, 283 BMIZ} 25 kg'm™ o4
oltA AAHEC] 28% ©]F<l Ob681ty 1o 15H o
2 skt 4 Ao gidA e # A A+
(De Lorenzo et al., 2006; Jeon et al., 2015);* 2
ato] B 737 (effect s1ze)E et frole
A4Y 80%= A% F 8% F RETE ’&%ﬂ%’i‘ﬂr.
Ao oA A9 E;‘Ur Ao ot F Tt
, ol oldllsta ApEH o7 A v}t
ot AZFH AAbEYA & e T Add 371
sttt AT tidAte] AAE §4-E (Table 1ol Al
Al ke o

g

A o)} HER AABE, FA, 193 $3E F
A ov], AZ AT, 2
}_

2% ZRYNE BE 7 48N § DRES £F
T FEL, 1247 o1 FHL Sl TAIZ o} 4
2 A% PN LEFTS ol §ole] Yo owE
@ 5 AL HL IASEE 492209 RURE 37
A9t 24e A7 w2Ad o) ANEge
27 7 294 e Lxs $E2 747} 22-23°C
o 40-60%2 fAlsle. §

—_

N
1L

) A

2L 52 duk AAA (Samhwa, 3 & o] &
sto], 2l Bl Hoigh a2 A AAlellA] Al
AdE BER 3 & A5t AeS A4 AAA
&(CAS-150, @)% ol &stod, 7H& 545 41
A HIEE g & S0t AT (kg) = A< A
F(m?) o2 Yro] BMIE 4H&sisith.

2) AxTA

A3 & %@.71(}( scan plus, Jawon Medical,

ZIAEH oz AATFA B
2335 7&“&‘& B4 43 35 44N

o
o2 i i rSL'

53 =1 Ay Ue 3 g
A AG el A Fto] M= el HEatA A8t
BE e S5 flste] Kulgta 548 A otal, & o2 &0l & o BE JPEA EY
i 7zt 2314 gttt 14 S dde 34 A Bl A GAE7IR e R A AR E 7PEAl F2A o
Table 1. Physical characteristics of participants (mean+SD)
Variables Groups P
Normal (#=18) NWO (#=18) Obesity (7=15)
Age (yr5) 22.72+1.49 23.102.00 22.80+1.70 248 782
Height (cm) 159.88+4.68 161.3345.55 160.7124.66 381 685
Body weight (kg) 51.16+4.18 59.53+5.08° 67.65+6.74° 39.056 0007
Body mass index (kg'm) 20.06+1.52° 22.84+1.16° 26.14+1.59° 74422 000
Percent body fat (%) 23.2942.56° 29.69+1.51° 32.5742.13° 85.167 000
Fat mass (kg) 11.99+2.06" 17.67+1.71° 22.1343.52° 69.426 000"
Fat-free mass (kg) 39.1742.50° 41.85+3.74° 45.5243.52° 15.335 000

NWO: normal weight obesity: ***/X.001: a, b, c¢: different alphabet indicates a difference between groups
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(1) 1-RM
=< W7kl 1-RM AARE
Z-& chest press, arm curl, lat pull-down, leg
press, leg extension, 83 leg curle]t}
(Heyward, 2010). A+ WdA7F £5480] A&
20l A& Astste] £ AdE Foluak Hujst
Hato|A AAe HUREE3+E Brzycki(1993)9
1-RM 124/\1 01] 3| 36}04 1-RM< Ak %s}%{
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FG EATel ofFate] thEa Zo] M5
AW (triglyceride: TG)2 Modular analytics
(Roche, 2Y)E o] g3l A2 or X901
w1 = Al e ~H & (high density lipoprotein-
cholesterol: HDL-C)& &AH] AW S o] &3lo] F4
O}oﬂ on FEAT(fasting plasma glucose: FPG)
£ glucose oxidase "' (Beckman glucose analyzer

H )E—E :T@ ]'}\AE]'.

5) RMR
37 A8 2a3e & 308t A5SE o thy
RMRZ 439t 7128471 (Ultima CPX, Med
Graphics, 7]=) & o] &3t 4583 VO,, VCO,, 1
2] 1 RER(respiratory exchange ratio) & %4
o} 453 A7} F upA R 3029 A o] 83to] ol
;ﬂ]A]ﬂ Weir 345 483l RMRS 43193l (Lee et
. 2009), A¥E tofet Te= kst AlAleHIT
} RMR(kcal) = ((1.1 x RER) + 3.9] x VO,

A== g

o] AFdx d& RE Az SPSS PCH for

Windows(version 23.0)% -‘3: 18T, 7F kel 7]

= TAIFE A st i (mean) 2 A
(Standard deviation: SD)& Ab=sliet. Al ek 7t
of Fat zolE A Hste] LR FEA (one-
way ANOVA)< AAlstg o, /_é?l 7kl $rel et o]
7F e AT HAafroAk Wl (the lea

st significant
difference: LSD)E o] &3] /‘}—?F— HEE AN
. ZE AR F94F(0)S 052 AFsH.

A7 At

Normal, NWO, 18] 3 Obesity] Al F& 7t &
© Agdd WA fog Aoyt YrhA|] ekskth
(Table 2).

1-RM3} ##3to] Normal# NWO2| arm curl %
leg extension®] Obesityel H|dte] FoJ3hA woko
® Normal9 leg press’} Obesityell H]ste] 2]3}
A gk, Al e 7t chest press, lat pull down,

a8l leg curle Y3t Aol7t YERA &sith
(Table 3).

HAsE fdela) gaste], selsde Al J
o Zholl I3k Zo)7) 9o, Normal, NWO,
2] 2 Obesity 2.2 YA YERYTH Normal® NWO
°] SBP % DBP7} Obesityel Hl8te] foalA 2ot
t}. Normal®] HDL-C7} NWO<}t Obesityoﬂ H| &t
T =T Al Jet 7l TGS FPGE #<]8 At
o]7} YEh}A] &kt Table 4).

RMR¥} #dste], RMRY Adigte #9718 VO,
(m'min™"), RMR(Kcal'min"), RMR(KJ-min "),
Zl2 RMR(Kcal-day )¢ 7% Normale] NWO$
Obesityll vl3le] foaiA vskeh, Wi RMRe] &
22 37k RMR(KJ kg 'FW-h'1) 9 2% Normal

o] NWO$ Obesitydll Hlate] fFolstA &3ttt Al 3

@ 7l RMR(n¢-kg "min?), RMR(KJ-kg-h™),
RMR(KJkg’lFFW-h’I) RMR(Kcal-kg'-day™),
I8]3 RERE fr9l gt #bol7t glltTable 5).

£ 9

ToAE A 54 F Hlags fste] o4,
o7 171 AR 7], 22l eolslg o s
1715 @*10}04 o8, 2479, ¢y, 283 &
e BRI, wA e RIS AAletel B

g o] A Al Ak 2ol el Apo]7h YEpbA] 2
. Cyrino et al.(2013)& A|5o] =oldd ujz}

g gk SUskAI R, AR GA] EobA] 7] wfZe
o] frolgt Atol7t YehA| &= & ditka Hust
CAA o] Aol Normal(39.17+2.50 kg)el
13kl NWO(41.85£3.74 kg)$t Obesity(45.52+
3.52 kg) 9] AAHEFo] =A YEhY T HRkthe] 2
o]l =2 Ao| goAN, AWE Eg Normal
(11.99+ 2.06 kg)ell Hl3ted NWO(17.67+1.71 kg)
9} Obesity(22.13+3.52 kg) 7} =4 et 229 £
ofgk ato]7} YehA] @2 o2 sjAdt). o] g e

2 rd o ¥
XLJEAO-Er
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Table 2. Comparison of physical fitness among three groups (mean+SD)
. Groups
Variables Normal (7=18) NWO (=18) Obesity (7=15) F P
Left grip strength (kg) 22414413 24.08+4.35 25.67+4.95 2192 123
Right grip strength (kg) 23.49+4.50 25.39+4.80 25.79+4.51 1223 303
Sit-up (reps'min’) 28.28+11.72 27.28+11.79 26.53+8.87 105 .900
Standing long jump (cm) 152.43+22.40 148.21+27.64 147.58+22.91 199 820
Left leg standing with eyes closed (sec) 39.53+26.59 30.10+19.57 32.09+23.29 807 452
Right leg standing with eyes closed (sec) 39.15+33.86 33.76+£20.53 36.56+18.42 200  .820
Sitting-trunk flexion (cm) 17.16+6.17 14.25+8.55 19.05+6.86 1.831 171
NWO: normal weight obesity
Table 3. Comparison of 1-RM among three groups (mean+SD)
. Groups
Variables Normal (7=18) NWO (=18) Obesity (=15) F P
Arm curl (kg) 9.58+2.46" 12.2243 .24 17.0145.80° 14.615 0007
Chest Press (kg) 24.82+13.14 30.79+16.36 38.46+17.67 3.086 055
Lat pull-down (kg) 30.16+10.60 35.04+12.30 39.03+7.22 3.006 059
Leg press (kg) 105.13+36.84° 131.62471.24° 168.24+62.44° 4780 013
Leg extension (kg) 59.04+17.91° 66.4623.07° 83.23+17.08° 6.376 004~
Leg curl (kg) 42.53+20.57 44.59+26.54 61.12+34.19 2231 118
NWO: normal weight obesity: *&.05, **&.01, ***P{.001: a, b: different alphabet indicates a difference between groups
Table 4. Comparison of metabolic syndrome risk factors among three groups (mean+SD)
. Groups
Variables Normal (7=18) NWO (7—18) Obesity (=15) F P
Waist circumference (cm) 69.28+4.70° 75.7843.50° 79.68+6.11° 19.983 000"
Systolic blood pressure (mmHg) 106.72+10.25 109.39+6.32° 117.87+13.45° 5202 .009”
Diastolic blood pressure (mmHg) 72.00+7.12° 71.2247.57* 79.27+11.52° 4065 023
Triglyceride (mg-dl™) 78.11+37.30 79.39+26.00 88.00+34.22 429 654
HDL-C (mg-dl'™") 68.67+15.79° 59.06+10.84° 57.40+10.32° 3.954 026"
Fasting plasma glucose (mg-dl™) 85.06+7.25 88.11+7.75 89.47+7.21 1.564 220
NWO: normal weight obesity: HDL-C: high density lipoprotein cholesterol
*R.05, .01, **KX.001: a, b, c: different alphabet indicates a difference between groups
Table 5. Comparison of RMR among three groups (mean£SD)
. Groups
Variables Normal (=18) NWO (7—18) Obesity (=15) F P
VO, (ml-min™) 129.75+20.61° 145.71424.56° 155.98+23.80° 5496 007 **
VO, (ml-kg"'min™) 2.54+0.35 2.47+0.48 2.3240.39 1.161 322
VCO, (ml'min™) 121.31£20.71° 134.51420.73% 147.57+23.08° 6.159 004 **
RER 0.94+0.04 0.93+0.07 0.95+0.04 595 556
RMR (Kcal-min™) 0.64+0.10° 0.72+0.12° 0.77+0.12° 5716 006 **
RMR (KJ-min™) 2.67+0.43" 2.99+0.49" 3.22+0.49° 5718 006 **
RMR (KJ-kg'-h™) 3.14£0.45 3.04+0.59 2.88+0.49 1.058 355
RMR (KJ-kg'FFW-h") 4.10+0.61 4.33+0.83 4.27+0.71 494 613
RMR (KJ kg 'FW-h™) 13.64+2.68" 10.2942.11° 8.88+1.67° 20427 000 ***
RMR (Kcal-day™) 920.81:+147.70°" 1031.37+168.19° 1109.73+168.81° 5740 006 **
RMR (Kcal'kg'-day") 18.0142.58 17.47+3.36 16.5142.76 1.095 343

NWO: normal weight obesity: RER: respiratory exchange ratio: RMR: resting metabolic rate:
01, **R.001: a, b: different alphabet indicates a difference between groups
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Holt} o]} ##slo], Demmer et al.(2016)
o 2R 2] o FA gRAACE At
gk ak otk A v o] mE d= Uiy
F&2 H718 Kim et al.(2013)& QA F7]
Fol 7P =2 20 At g W
ol d& 3kA g o] Hlgk of Fof we} SIE
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T Al Ak 7ol o gt 2fol 7t JepA] @kt &
2 AT 57159 93-S wor (Fernandez-

Santos et al., 2015), <5} vl-¢- LA #AHo| =
Aoz Bu¥AdHNedelikovic, 2009). wehA o]
T Al [k 2ol AA e S 71t 2
el gt Aol 7h JepA] &t dset Moz A
el @ o] frof ek xfo] 7} gl ol & AHE
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(¢} pad
M Al Fe 2l frol gt Apol 7 vEhA] eiskth. B
PAL A 28 9 17584 e e #dol
Zom, ol &% Efelde B ddE + Aot
(Zhuang et al., 2014). 23y o] A9 A=
S88 5 Ego|dd Foig Aol gI7] wEel of
A 29 9 35584 7159 Fo3 o] sllE A
olgta wtslo] Al Fek Tholl HEA] 23t zfe] 7}
ARS Aoz FEtt. Kim et al.(2013)2] A
ME &5 Edold Zdo| gle tgA 49 7235 v
ok ol whEh S A el HEA ] fol gk Aol
7F 9ld Aoz yeht o Aot dAsAT

TS H7s] flste] S3 3 Yol g Ry
S| 71 A= Al ek 2k fro) gk atol 7} vrebubA] %%k
t} o9} 2 A= Normal# Obesity 7Hl] £4

o] $olgt ztol 7}t itk B33 So & Choi(2010)
o] Ao} AA| g}, o]of tiste] AT met fFAE
H) 23 Castro-Pifiero et al.(2013)2] Aoz A
T A4 7h ol g FHEATLE gle AeE Ba
HA A T2 oy Al 59 2IA 217
AR dole] oJakg grom (Woll et al., 2013), AlA]

T 2 AL fle Aer addy
o] del &= T, o] Aol 4T A et
Zrell A o] ol g apol7F ehtA] eisktt. NWOs<t

1-RM2| H|x2

o] Ao A Al ek 7t 1-RM< Bl 3t 22 arm
curl, leg press, 12| 1 leg extensionolA f<]g+ 2t
o] 7} Yebskem, Obesity, NWO, Z12]a Normal &
° 2 =7 Yelth. Chest press, lat pull-down, =
211 leg curldM = At 71 o)/} EAA 02§93}
A& AT Obesity, NWO, 2] Normal £<
2 A Jehde 28 Bt

Lafortuna et al.(2005)- Normal¥} Obesity&
o= AAFAL Hd2E S 345k vlusg 23
Obesity2] A|AW#o] Normal®th o} g o]
O =4 Yelgtia Bauste] o] o] Axet dA|s)
AT}, Vaara et al.(2012)& AR Hdi<d 3+
o froe A AdHAAZE vk FAsATh AA=
o] AFAME Al ek 2F 29| ato]= A F<| Aol o}
Abe sl o 2 Yetth o] y&-& T3, 3
o] Ted] AR HlEete] EolAE FoR
Ho|z|gt v|wkate] A5 F7HA o2 13 E Fito] ot
o BAEY. o]ek #AHEtY | Hughes et al.(2001)&

B DT LA A o] AlF vl st
of ol ARk AFUH] 2o §&L WojXitta %
kel

e Aol4 &% Edolgez dae vehd Aol of
W71 W) AAe 2705 Ashh e A5l
ol Fgsheint

ol
b Apolzt Zh FAke| whgt AdolstAl veyth. o=
1-RM 34 Al &2l tiet 283 F2e] do| o ¢

< wron (Ritti-Dias et al., 2011),
Z2HEA] A5 FAE FAA tiek B Bt 719l
ato] A 2 37 2 F dvke Kim et

)
©
i)
k>



al (2002)¢] %743} 2 glo] AT} o] A7l v
A 5490l AQow], 54 Aol Edlold B4
o ZAgel AR WEe Mzd Fel volwr}

9]

=& lat-pull down¥} leg curlellA Al et kel
gk Aoz} A ogid Aoz dudd 3% #d
& dFde B BEE 22 HALE st Hd2Y
AALY] dol2E ned Favt S Aot

B

AT A8 8RS vy st thAES
89S Hlwsh An Al o 7ol dj2]E8, SBP,
DBP, 8]31 HDL-CellA 23k 2to] 7} et

e Ed9 A5, Al Jdt 2t fof gt 2fo] 7F el
o Obesity, NWO, Z8]1 Normal <22 =4
Ebttl. Dalton et al.(2003)& &2l &9 BMI Ztel
froet A ZaaArt ivta B3skla, Chan et
al.(2003)& slel=d7t Ale 9 BMIsH @3¢ #d
o] Atk Bu3l o™ De lorenzo et al.(2007)<
AL oAl 44 Obesity, NWO, 28|12 Normal &
o= st 24 Uetdtta Baste] of AF-¢
Ao} dA &Y. ol BMISH AAWE 25 v
A ete 71eela, AFH EHS FAF 2 (Heo
et al., 2014), slgEd £ BFuE Frishes A
F2A AT BT BAZ 7] WEQ] AeE AR
Ao webd AF oz YdE Obesity, NWO,
2]1 Normal £22 d=d7l 24 vehd A2 o
o] M A3 Aot dAste AoE AdEr

o] AFellA Estel 45 BMISH AAHER &3
Al S 2k o3 Afol7h YRt om | Obesity 7}
NWO$ Normaldll Hlated folatA #A Webst
Kuwahara et al.(2014)2 BMI9] 771 dst <
o7 ojofzittn Huslion, ki o AFeA
BMIZ} 7F% =99 Obesity2l d<to] o2 Heto] v
3l =4 vehd Aoz FeE, o] AeA Normal
I} NWOo| H]8ke] Obesity] ol +9aHA =4 Y
Egtot BE ko] ko] FA S Ao, o
= Ak Aol giF-E 20t Zubo| 7] witelet
ket ol g #sto], Madeira et al.(2013)2
& 9 ¢ Obesityst NWOo 2t st Hl&

o %
E|

=R
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Ao 7lgech,

Ge AzAd Aol e duAdezA F
g ~El &3 o3t H 4 FHAA e, HDL-C9
= I #A7F Ak (Allam-Ndoul et al., 2016).
53], TGS HDL-C& tAtES Aol vl §- Faet
Holo 2 4 A tH(Serra et al., 2017). o] A7l
A BMISF AAGE e} /e Al ek Zhel] TG
ol gk abol 7k yehA] eksktt. o] A2 A4S oY
o2 83 AT Normal, NWO, 183 Obesity
7k TG §93 2Fe)7} filtka B33k De lorenzo
et al.(2007)¢] Aot dA g}, o]e BE A7}
Slg A7) of Ao tiF- 200 Z2ke] A2
HZo|7| wFolgta ded} ot 204 #& o
9
]

A 22 TG A st et 38kA W7} YA
o] H) o] gebd 4= 9lthE Ding et al.(2016)9] F
A& meidof gt} o] AT M WA LS nE &
JotA] stz Wil A} ajAe] Algto] 9lon, T
A 2 WA S Rl et T4 A3t
839

HDL-C9| 7% BMIS}t AR & wpe} 723 A
A el fogt Aelzb Uehgen, NWO<
Obesity7} Normalel st frefahA| @A Vbt
HDL-C& AeA At F& Jolie] Ze
E5 AR MES T 9T S e 2 ZUnHER
A A ZH 2 E AblA wS a3 dEE g3
&} (Allam-Ndoul et al., 2016), HDL-C& WAA
wro] ozt g #eo] 9l Aoz HuEdtH(Ding
et al., 2016). o] AFel|A TGE Al He ztel] Foet
Zpol7b YEepA]  @kAITE HDL-C+  NWO$
Obesity7} Normalell Hlate] frejstA wiA| vehd ot
2 'S BT ole AW & TG FF0lg=
WA o] WFo] ow HDL-C7} Yold 4 itke
Miller et al.(2011)9] F4o=2 dF A o] 7}53}
oh A3 vke} o] o] ATl WAE oA
o} FEste] SH8A e9kr] wiEel A s Aol Al
Aol AR NWO9 Obesity9 HDL-C7} Normal
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Bop o vehd 2 dAR e s 2 onrt ko #
ST o] A= NWOS 7% 84 ' A7} o]
Holz|nk ojn] dutuintz} e £FEo 2 hA A E
Wxsta Qlvhe 7Hsd s Boae 9usle daea
HetE

o] AtollA] Al Fek 7holl FPGE vlwet A%} frol 3t
Zpo] 7F YEhA] 29ttt De lorenzo et al.(2007)<
A& A4St 2 Normal, NWO, 283l Obesity
bl FPGE Hlag A3} o] gh zfo]7} §igitta B
afo] o] Ao Ao}t X8ttt ol = A7 200
2] & of Aol 7] wiitoll FPG7F /g ¢l qlof
Uehd A3eta Alsdn, ey o g Bhdste], FS
A FoNM FPG A& &A417F 915 4 UAI T B Rt
o] Futyl= A§- olv] A o= EA7F 2 < itk
B3 Allam-Ndoul et al.(2016)¢] Jd+Z2HE F5
glof st AA R AAHEC] =& A5 ded A4
o] =7 Yehdtl= E1(Matsubara et al., 2002)7
lom o] Aol Obesity?t NWO EF AA|HE0] =
%71 “H—‘rc’ﬂ Aedd Aol ostelo] & 7tede A
Holth o] AFox ZE AW (fasting plasma
insulin: FP)< Z438A o} d&d AP AR
(homeostasis model assessment of insulin re-
sistance: HOMA-IR) & ﬁ7}§ T A7) wZel 2
o Ao A} ek, B Qled AP Bt FE
Al Sst] Hlaste 5 ?i? I 239

ol e U&-& T, 200 944 tld o2 BMI
o} AR g wpet ek Al Je T AT 9
d99lS Hwd A3 Obesityolld 7FE =2 9o
Uelsith, 22jy HDL-C9 7% Normaldl| ®|3te]
NWO$} Obesity7b elstAl WA delgen, o
NWO7} QA A7 RUAZFE Obesitys} H]53H

T tAY 938 wE22 & dte b S AAE

z‘sl-r/}. A X]T/}- 25 A= _f'z_ Hzﬂ Qo] o] A HJHOH
Alem o] uldAte] Aol 20t Zxuko|7] Wi
olgtx et &5 FA AFelA Fd o]Fe] AF
AN ATE s B} W 2ol e AoR
At ETH

—|‘

RMR2| H|u

of AFellAe 20 A= td o2 BMISH AAY

ol Mg} A4 A At 7t RMR#A WS
stqem, 1 A7 VOo(md-min), VCOy(ml-min™),
RMR (Kcal'min"), RVMR(KJ-min"), RMR(KJ-kg™
FW-h'!), 2812 RMR(Keal-day )ollAl <] &+ zto] 7}
[B1 305 e=
A 2ol frof ek zko] 7k e #Ql 2 RMRY
A zkel slE=EE VO (ml-min™t), VCOy(mé-min™),
RMR(Kcal'min?),  RMR(KJ-min'), Z2lx
RMR(Kcal-day )¢ 7% Obesity®?t NWO7}
Normaldl H]3le] §oletA =4 Uehdt). olgh &
atod, RMR3} A% 7& 1 T3 A4 aAA} 9o
] (Lecheminant e . 2009), AT AGAl &
HE V0.9 WA &3301 At HnE k(e Silva
et al., 2016). AF¥ET ol AAFd2 RMRY
HAE FHE oy 7K AP AFE AwEdy,
Ruggiero & Ferrucci(2006)+= RMRj} A A Wk 7E
o Solgt ARBAI} vt BEustE ., Herbert &
Neuh(2001)& AR L3 RMRoﬂ °é & m
1 B3}, o)l MY AT ArE Festd, Al
=, AR, agla ARl $7HE45E RMRO
T3 Z7HETE AS & S gk wekd Al VO,
(me'minH)E wEez A" RMR(Kcal-min?),
RMR(KJ'min?), 2832 RMR(Kcal-day )¢ 2%
NWO# Obesity7} Normaldl v]gte] =gton o=
NWOS$ Obesity A%, AA W=, 18] AR|Heko]
Normalol H|gle] ¥9k7] wjiolela s},
o] AFoA AFE RMRE 27|3h= RMR
(Kcal'kg -day )& Al At 7holl 93 o] 7} Y}
L}x] oFokt} ole} Besled, Heymsfield et al.(2002)
AATF w2 ALl Aol S Hit HEsiA Tt
%0}71 A3t AFE RMRS Hlwd 4 Obesity?
AZFo] g 738l Normal® RMRY zte]7}
e 8 & 9lem, 233 Normalkth ol
F ot Baakle}. o]& Obesity 4% & A5
o Jste] 2HEE V0.9 A 35t =& B A S
‘ﬂl 5L =4 gue AS 9l (Carneiro et
. 2016), ol 2L e NWOINNE FAMsHI
UrEME}. 3, o] AFolA AA LY RMRE 2v]
3= RMR(KJ kg 'FFW-h?) &3 Al gt 2be] #9]
g Aol 7k YEhIA] ekgith. o Ag Ao M E AR
WiFo] 245 RMRe| Eopdthn HuH AT

H o



(Blundell et al., 2015: Hopkins & Blundell,
2016) °] A%E52 RMR] Aozt ofn|ste oA,
AR RMRS v wshd AlA gl wheh 2 Afo]
7} A Y AHolth, A=, RMRE B 414 14
A AAglo] AA el vlste] F7HETh B e
g 4 it

o] AFelA] RMR¥ #dste] 71 Fa3 dae
AALFE RMRAA Yepytth. of A4 RMR
(KJ'kg 'FW-h™)2 Normale] NWO$} Obesity .t}
folstA =4 Jehd RMRE Aulgtde b2 s
HAt &, AALFT RMRE g7l vlete] vl2h|
Wb gk gke] 745 o UHA UEhd Zlo|th. ole} #
A3le] Indumathy et al.(2015)& Obesity7}t
Normal®th HA W Aoz Qs A|Fo] &1,
o] Z Qg AT AA ] vl &o] Yolx] RMRe &
ko] Holxltta Hastgitt. o]¢h 2 Az A4
Hhego] vrold & RMR Adlgke] 1 soldith= A
< 9u]8lH (Herbert & Neuh, 2001), ©] 7ol
Normal®] AHA¥eke] 7h wek7] wfiEo]l RMRO 4
digte]l 7H =A U A Ay, ol A A+
o] Axte}l gttt NWOS Obesity: Normal Hth
AA o] o =& AAWEOR Qlet F7tHE
Azol VO.o Auats =92 ¥ AXWEFE RMRY
T Yol o] 2 WA 4§ H|uto] 0% o3hE Ao
2 $HEY. 59, o9 22 ulx&e Ayt I
The EE nEHIRHEY dehdths A nhEr ik
A7) F= AA ol Atka AdEn

o] AFdX Obesity, NWO, 128]3 Normal <
2 VO] Auhigte]l =4 vehskem, Al VO.E &
gt AR EA UEh} VCOy/ VO, Bl &R RdH e
RERE Al A& bl frofgh zko]7} glodth, Absh ~E
2] 2 (oxidative stress)7F VCOell vl&lste] S7heth
£ Renzo et al.(2010)8] 4% 13T o, du|gr
o] g3te] mEH|TAl M E =& VO, 2 l3le] VCO,
7b S7HE AL AL 2EHAE A S7MAE 7HeA
ol gtk A7zt AA VO 7t =stA S7HEW
VCOy E3t S7tem, o] & Qleto] 4hsl ~Ew| 29} 3
A A Ad e AsE 4 AvH(De Lorenzo
et al., 2006). 53], o] A7 Ao} Zo] =& FF
o] VO3 VCO7F 7131 8 45, NWO= Obesity
o} 3 AlFiH] &0l W& RMRI 34 Atst ~E
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g2 9 oASFTe] 98 Uehd 7hsAlol wig 2
tH(Siervo et al., 2015). o] AFolA Aks} AE# A
ARE AFH o7 FH51A| kol afAel| A= A
gh w2 eke] A Absh 2EY o)k giAE Shel| tf gt
z7] #2|7F BLF Aoy, o] FAH LR 5]
g & A7 a9

g FAAFeZ Kol NWOS 7% RMRY
Aulgke]l =of A TAZL gle Aog ddsly]
ot 22y NWoel AXdFd RMR 417} Normal
of Hlste] folstA o}, o] g 2 thal&o] A5t A
W e 75 vlRke] Hap ogkd Jhgsde] At &
, e 7S AR o] S7FEFE A Blste] 25
gol o 27 Fasn, AxEEFe] ¥ & £ez 7t
=m, RMRe] o A 9olAl= A2 HuEglenz
(Siervo et al., 2015) 20t} oA mj2nr|vkate] 79
RMRE 23t gab&e] 715 913 2 w3o] 4

FHojof & Aot

W ol

2 &

o] Ao E 20Ul 442 BMISH AA W&ol weh
Normal(n=18), NWO(n=18), Z28]1 Obesity(n=15)
o Al AeE AT o, Al Ak el AY, diASF
+ 9ga9l, 1ga RMRE Hla - #4319t o] o
Toll A A& Al Hek bl ol gk Zfo] 7h YA &
kL, Obesity®] 1-RMe| froJstA|l EA Uty o
At f1d ey sk, sglEe7t Normal,
NWO, Z2]a Obesity o2 WA Yehga,
NormalZ} NWO<] SBP % DBP7} Obesityl |3}
f9atA wekew | Normal®l HDL-C7F NWO$9
Obesity®ll Hlste] 2817 =3tth, RMR#Z} #d s,
RMRY AU 7t-& Normale] NWO$2 Obesitydl| v}
o o3t EkAITE, RMRE 432 Normal©]
NWOS®}F Obesityoll Hlste] folstAl =34t

o] At AE Fg|H™, 20t 94 Obesity<]
A5 Agoll= TAZE AR AT 85T =1
AA Y RMRo| Yol tiAbgo] W Ao = ey
om NWO g HDL-C7} Normal®l H]3l| Yo At
A RMR F°] Obesity9} H]5et 02 B e}
Ue 5 duhuizte} fAg BAE S etk A&
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< & Stk NWOE 984 #4171 §lo] HolA|wt 20
5E dASTTe W  gALEe] ZAart ek 7
ol AR 20u5E HA3 AASE o] xH &
St A=A e a7EY. & BMIS AlA
Eoll 2738t Normal, NWO % ObesityE 723}
ol ARl et 443 7S A L5k, AA
Jole HHo g Hy gi e & WS A
& A47F SAH
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