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Increased waist circumference has shown to be more strongly associated with cardiovascular
disease risk factors. The purpose of this study is to investigate the association between exercise
capacity and cardiovascular risk factors among obese types in adult men. The subjects of this study
were a total fifty—four obese persons and obesity criteria is body mass index (BMI)=25 kg/m?.
Diagnostic criteria for obesity was defined as a waist circumference of =90 cm. The BMI in the
obese subjects, as judged by the presence or absence of abdominal obesity, were classified into
two groups (non-AQ: without abdominal obesity group, AO: with abdominal obesity group). AO
presented lower total exercise time, metabolic equivalents (METs) than Non-AQ. AO showed slow
HRR (heart rate recovery) response. HRR was negative correlated with BMI, body fat mass, waist
circumference. AO had a high heart rate and a low cardiac output in submaximal exercise stage 1~

2. In conclusion, AQ’s (with abdominal obesity groups) total exercise time, METs and HRR are lower
than Non-AQ. HRR is related with BMI, body fat mass and waist circumference.
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analyzer)& ©]-8-3F Inbody 4.0 (Biospace Co., Seoul, Korea)2-
T FEAH A A, Ale, AASEE S7g6k ik AlEEAS
£ A5 (kg)/7(m)2] FA)S Hgstg o, o Eals 5 ol
Fobdas AR SUAIA A s viel Aol A A -AA =
e e o] 2|7 b e] A 3 3 ZA5kGih JEol
Sl FRololM a7 7P W Fits Skl o, dok

}

OFe AP 1087 SPRE 3 H 42 WA 2 Atgct,

w
ot
)
=l
X
>~
R

o 2
fot
©

TAIAH|Q, hs-CRP (high sensitive C-reactive protein),
HDLEHAEE, IDLEAAEE, FEA2HE, A
(triglyceride), 3-8 glucose), &4Kuric acid)}& 248142
™, Apolipoprotein A1, Apolipoprotein B+= Immunoturbidimetric
H(KAMIYA, US.A)fl o3t @754 i o & Z4s)qdct g9t
A A(hemoglobin Alc) HAR= Variant I (Bio Rad, U.S.A)E ©]-&
sfo] 3175 oh A 3 2nkE T2 9 (high performance liquid chro-
matography, HPLOW O & Z4t3It}. NT-proBNP (B-type
natriuretic peptide)}x= Cobas E601 analyzer (Roche Diagnostics,
Germany) AH|E o]&sto] 7] efeH4 =g A EAH(ECLIA)
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o7 2439t 2ledS Modular analytics E-170 (Roche,
U.S.A)0 = 74019 o, Ql&dl A9/dS UER= Homeostasis
Model Assessment of Insulin Resistance index (HOMA-TR)=
[fasting insulin (uIU/mL) X fasting plasma glucose (mmol/L))/22.5
& ALk
4, XL SUMASHT AL

Hx AW FHAES e FUHE Sl 2o e
(ankle-brachial index, ABD®}F #+9-2 I € E 7
(cardio-ankle vascular index, CAVDE VaSera VS-1000
(Fukuda Denshi, japan)& o|-§-3to] Z4s1elct. A4S o
AP ebflollA 1581 PYAIZ] £ sensors 7HI £ AZE
2192 At i rof] Zar SIS i $hAke] 92 ABICF 2}
= ABl= SAA 0.8 FoJet Ato| 7} glojA], -5 AR e &
SRR AR R 0]-881 %I EH1.1540.10 vs 1.15£0.10,
£=0.923). T3t CAVI= &A}0] 9230} 2o F-0f ek 2po 7} glof
A 92 CAVIE AR AROFHTH7.04£0.96 vs 6.97£0.95,
7=0.056).

PRI

5. 33X 2S5FotdAL

SERsHAR= EFl=d(Medtrack ST 55, Quinton Instrument

Co., U.S.A)& 0]-8319] Bruce Z2EZ0] ulel &5 5 35 714
O BAES £EE STMZCH, &5 F AEH R 1275
TS AR 2 AN &5 T 1R E R RS
71585 om, TREE o GAGE )it Aot B
STk &5 $ 95 7] WH3-2 30 ~4027T BAES 0% oF
ol 7HEA Avhrt EdlEdo] e8] HE 5 g AE Aol 5
3|1 18, 3E, 5B e AR, ok AlRE SAokltt

(American College of Sports Medicine, 2009).

AJuk4 3 (heart rate recovery, HRR)S &% & L 93t Xt
AldkEollA] -5 AL 257 1R Aleha=E W 4o
geJstei o (Cole 5, 1999), #s52< Uetd= dArg
(metabolic equivalents: METS) A=} AL EE 083
75kt
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M Z&21}F HAR= Sequoir 256 (Acuson, Mountainview, CA,
USAYgH|E o]-8-51¢] 5 MHz T4 AR-5H] M-mode A 353
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2 7|23} 4] 193] BFeKstroke volume, SV), AlHHsEK cardiac
output, CO) ASE (American Society Echocardiography)o 4]
H-ok= ol what Z7gsksict

7. NMEAe|

E 3o RE g SPSS 12.0 A Z&E13M(SPSS Inc,
Chicago, IL, U.S. A)Q o] g-sto] 71& BA| X (mean, SD)E A9
o, Byt fgof e 559 32 AEH QR Aol&
AS3H1 H*}O# A AHZFEA (One way ANOVA)» AAISHATE
3 55 AT ARz BAS HSSH] Sl

O O] A%

Pearson's correlation analysisS A3} 00, B4 2] §-0]55
2 p<0.05 & AHEL

Hofl 2 MM S42| K10

H]TE -5 of] wh-2 oA Ate] A4 4 E/4J-2 Table 13+ e AlE

gl oJgf| vivto g P TR} 5 BRI FEE
(AO)2 184, YRS FHISHA] ¢ wH(Non-AO) 36791
o}, HRE A} 5 EREEEE] f-5H(AO vs Non-AO)o] e <1,
7], EEAR= Zel7t gl o, A -4, A AR Non-AO
TR A0 A F-2J8HA = A bt ti(p<0.05). E3 812 &
g, 9ol &, 8l2l/d "ol EdHi= Non-AOw K th A0l A
FroloHAl = ATHp<0.001).

2. HIZH R0 M2 o2 fIE219 X10|

vk G- of w2 AP $19 g 919] Aol Table 29} 2t H|
Tk Y2} BH B[R] G-5(AO vs Non-AO)9| oledl o

Table 1. Physical characteristics of the subject according to the
obesity types

Variable Non-AQ (n=36) AO (n=18)
Age (years) 48.7+9.7 52.3+9.6
Height (cm) 170.4+6.0 169.2+5.5
Weight (kg) 76.2+9.2 78.8+8.6
BMI (kg/m?) 26.2+2.1 27.5+1.9*
Body fat mass (kg) 18.4+4.2 21.2+3.4*
Waist circumference (cm) 84.4+31 89.8+£14.3*
Hip circumference (cm) 949+36 100.8+4.1"
WHR 0.93%0.03 0.97+0.03"

Obesity was defined as body mass index 25.0 kg/m? abdominal
obesity was defined as waist circumference =90 cm.

Values are Mean=*SD.

AO, abdominal obesity; BMI, body mass index; WHR, waist-hip
ratio.

*p<0.05, " p<0.001.
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SFEM A, E, HOMA-IR= HzE 2pol 7} §lgieh. Hnlnhe:
SRR HIUHAO) T E TR FHISHA] ob-2- B]HHAH(Non-AO)
Zto] HDLZAEE, LDLEHAHE, 2 AEE, S84,
84k hs-CRP, TRAJAHQLE gt Afol7} %i?i . Eob
Apolipoprotein A1, Apolipoprotein B, NT- pro BNP, CAVI, ABI
= Yeizh o]} gl 0.2 Uehgh, AuEEe Yuzt Aol
) S, 18] S5 Non-AOTIA] 916 3 vk
CHp<0.05).

3. H|2t {0 [E 25532 K10

HIYHE-g o]l w2 254172 Non-AOw-0] AO-E e} 71 A

F UERtom(p<0.001) (Table 3), METS:E Non-AOw0] A0
Hoh =7 Yehdti(p<0.001) (Fig 1). T2EZ 1942} 2049
A9] Ak Non-AOwETH AOwolA =71 Yebtow(p
<0.05) (Table 3), FFA] AlHhr, QFFA] =5719} o]eh7] Eet,
oA /\] Alas ﬂg_h 111;]_-71_} j(].o]7} gj\% 7og 14-1:4-

o AlEk, 2t =719k ol ey "o, &
L Al7E oL, Ak B2 AOw R
LERGTH p<0.05) (Fig 1).
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Table 2. Cardiovascular risk factors of the subject according to
the obesity types

Variable Non-AO (n=36) AO (n=18)
Insulin (uU/mL) 6.3+4.6 7.1+2.5
HbA1c (%) 5.7x0.5 59+0.6
Glucose (mg/dL) 94.9+181 99.9+15.5
HOMA-IR 1.5+x1.33 1.7+0.59
HDL-cholesterol (mg/dL) 50.4+13.5 48.3+9.5
LDL-cholesterol (mg/dL) 127.7+28.9 127.8+34.3
Total cholesterol (mg/dL) 200.1+31.8 197.7£36.6
Triglyceride (mg/dL) 164.6+100.9 169.2+72.9
Uric acid (mg/dL) 6.2+1.2 5.8+1.1
hs-CRP (mg/dL) 0.34+1.1 0.12+0.10
Homocysteine (umol/L) 15.2+10.4 12.9+3.9
Apolipoprotein A1 (mg/dL) 133.2+19.8 130.6+21.3
Apolipoprotein B (mg/dL) 102.4+19.6 100.3+21.1
NT-pro BNP (pg/mL) 19.8+20.3 10.6x4.5
CAVI 6.88+0.96 7.41x0.91
ABI 1.15+£0.11 1.16%+0.08
SV (mL) 83.6+13.8 73.8%15.6*
CO (L) 49+0.7 48+1.1

Values are Mean+SD.

AO, abdominal obesity; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin Alc;
HOMA-IR, homeostasis model assessment of insulin resistance;
HDL, high density lipoprotein; LDL, low density lipoprotein;
hs—CRP, high sensitive C-reactive protein; BNP, B-type natriuretic
peptide; CAVI, cardio—ankle vascular index; ABI, ankle-brachial
index; SV, stroke volume; CO, cardiac output.

*0<0.05.
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p<0.05), 32 Ed(r=-0.300, p<0.05)2}22]

Egi o], METs A 8 2]Ed(r=-0.293, p<0.05)2}
ﬁl@L%ﬂ§¥£A*P TS LRI, AlEk 952 42

<0.05), AAEHr=-0.365, p<0.05), 3}2]

Table 3. Exercise capacity of the subject according to the obesity types

Variable Non-AQO (n=36) AO (n=18)
Total exercise time (min) 10.2+1.2 8.2+19"
Resting HR (beats/min) 60.1£8.0 64.0+109
Resting SBP (mmHg) 121.1£132 1203+13.8
Resting DBP (mmHg) 76.5+12.8 79.0£10.3
Resting RPP (mmHg-bpm)  7,280.9+1,240.4 7,696.9+1,671.8
Stage 1 HR (beats/min) 100.1£11.8 108.3+12.1*
Stage 2 HR (beats/min) 117.0+14.1 126.9+13.9*
Maximum HR (bpm) 159.9+19.1 154.8+9.6
Maximum SBP (mmHg) 172.3+233 164.3+17.2
Maximum DBP (mmHg) 82.4%11.5 82.7%£13.2

Maximum RPP (mmHg-bpm) 22,283.9+5072.7 22,758.4+3,748.0

Values are Mean=*SD.
AO, abdominal obesity; HR, heart rate; RPP, rate pressure product;
SBP, systohc blood pressure; DBP, diastolic blood pressure.
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E8(r=-0.327, p<0.05)2} FAZOZ {23t 9] AHTAE
R otk Table 4).

1%
20014 1) 28] SYAHE 78 Z2 73 3% 7§43 (National

Cholesterol Education Program Adult Treatment Panel III,
NCEP ATP 1D} 20059 Al A= A (International Diabetes

Federation: IDF)Ol|A] tARS 3 Atte] Har g0 2 3]2] &
SBR[ A7) Ee] A A 1 S840 AR ok

204 ok 50 *

15 E 40

- s L
2 5 %
T £ ]
14
5 Z 10

T T
Non-AO AO Non-AO AO

Fig. 1. Difference of the METs, HRR according to the Non-AQO and
AO in obesity adult man. AO, abdominal obesity; METs, metabolic

*p<0.05, p<O 001. equivalents; HRR, heart rate recovery. *p<0.001, *p<0.05.
Table 4. Correlation between exercise capacity and cardiovascular risk factors
Exercise capacity
Variable Total exercise time METs HRR1 Maximum RPP
r D r D r e, r p
BMI (kg/m?) -272 046* -.261 .057 -.327 .018* .075 .605
Body fat mass (kg) -257 .063 -.239 .084 -.365 .007* .058 .688
Waist circumference (cm) -.300 .031* -.293 .035* -.327 .018* .075 605
Insulin (uU/mL) 114 482 -.260 116 014 934 -.260 116
HbA1c (%) -.296 .046 -.287 .053 -.229 126 -.063 681
Glucose (mg/dL) -.165 234 -.150 278 -.071 610 -136 .335
HOMA-IR .063 .690 .088 .579 .027 .864 -.295 .064
HDL-cholesterol (mg/dL) 150 279 128 .356 248 .071 -.029 .837
LDL-cholesterol (mg/dL) .048 .730 .061 662 191 166 .051 720
Total cholesterol (mg/dL) .083 552 .099 476 154 266 .071 615
Triglyceride (mg/dL) -.062 654 -.047 .736 -.310 .022* 119 401
Uric acid (mg/dL) 47 .290 161 245 .017 902 .071 616
hs-CRP (mg/dL) .090 552 123 417 -187 213 -.301 .047*
Homocysteine (umol/L) 074 .600 .089 .529 -.297 .032* .099 490
Apolipoprotein A1 (mg/dL) 175 225 160 249 204 139 =124 .379
Apolipoprotein B (mg/dL) -.007 .960 .014 919 .041 .769 .046 745
NT-pro BNP (pg/mL) .040 780 .040 781 110 445 -.097 .509
CAVI -222 267 -247 213 -.032 .873 .004 .983
ABI -.091 653 =121 548 183 361 -.017 934

METs, metabolic equivalents; HRR, heart rate recovery; RPP, rate pressure product; BMI, body mass index; HbA1c, hemoglobin Alc;
HOMA-IR, homeostasis model assessment of insulin resistance; HDL, high density lipoprotein; LDL, low density lipoprotein; hs—CRP,
high sensitive C-reactive protein; BNP, B-Type Natriuretic Peptide; CAVI, cardio—ankle vascular index; ABI, ankle-brachial index.

*p<0.05.
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(Expert Panel on Detection, Evaluation, and Treatment of

High Blood Cholesterol in Adults, 2001; Alberti 5, 2005). =3t
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(Gillz} Malkova, 2006).

Alak= v H(noninvasive) 2.2 A8 WA 7152 44 9L
A

[¢)
F-83F 2| 3O THF T} AL, 2007). -5l 23t 28417

= | -
& B e 7l mE A 7 Falihal g sk A
49 WA O] ggate] o3t phgol, 2E A9 1oL 28
tol] Aluk4 3] (heart rate recovery: HRR) F-117H417 <] A
SHEE e AREA A88A AR AT o] gt

(Arai 5, 1989; Imai 5, 1994). E3] Al557H= w4739 &
T S7FokL B Al S S A sk o] g AlHk o] Eat
S 2 A A A 2852l otk EQlthZahorska-

Markiewicz -5, 1993; Shishehbor &, 2004).
2 Aol A BRI FHERE H|gko A g Al 35
He-S Bl o, Adk ol 82 A AR, AR, e
=

S )

b0 AHHAE Bt ol & disStollA lel=H7t
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s LR ARk 318 H oItk A3 dtel Aol Aato]
CHAL 2011). o]€F 22 A=A A 7] 5ol WsT dekat
ok op et duklofA = Al Aeke] £Y Al el s
AA| =] 2L glo] ERBTRS: FHES v|vktol A A 83 Agto] T 3
oFst A o & UElthla Rovere 5, 1998; Schwartz, 1998).

AHAE = A o] $2 A LSS 57 ol whE AlEt
T AAT8] F7Fske BHE 25 ol e Ak S ERRS
Kol Zlo] odub#]Ql E4ole(Tuttle¥t Horvath, 1957).

2 AN TRES 19A S 29 A 9] &5 F At &
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EApo)7t Gl AL R bt AlerE 13] Brsagat Al Ek
O] O & Y=, EH5uTRS 5RFsEA] o2 H]Rktof] H]s)

ERHTRE FRIE B]Tol A | djshe-F(submaximal exercise)
ol 1 ~2A| 9] Algkrt= =71 13] BRESRS LRo Al X 0 & H] g

Kol A0 yepgth T3 2o Auke=
7 2ol 7} QLo SEA7He R AURS SHlel B]uko]
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A a7 vebgdthe A B gl e s e HEs= 2
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AR O HHuThE FUE R 49 W 2R A0l 5y
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