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Effects of 12 weeks of high intensity circuit training on
abdominal fat, physical fitness, blood lipids, and insulin resistance

in middle-aged obese women

Won-Beom Park, Hyun-Seok Cho, & Man-Gyoon Lee*
Kyung Hee University

[Purpose] The study examined the effects of a 12-week high intensity circuit training (HICT) on
abdominal fat, physical fitness, blood lipids, and insulin resistance in middle-aged obese women.
[Methods] Thirty obese women, aged 32-48 yrs, were recruited and randomly assigned to either HICT
group (TR; n=15) or control group (CON; n=15). Subjects in the TR group participated in HICT of
which resistance exercise and aerobic exercise were performed with a duration of 40 min/session and
3 sessions/wk for 12 weeks, whereas subjects in the CON group were asked to maintain their normal
life patterns. Dependent variables included abdominal fat area, body composition, physical fitness, blood
lipids profiles, and insulin resistance index. Analysis of variance with repeated measures with Bonferroni
corrections was used to compare the outcomes between two groups. [Results] Main findings of the pre-
sent study were as follows: 1) compared to the CON group, the TR group had significant reductions in
overall (i.e., body mass index and percent body fat) and abdominal obesity (i.e., waist circumference,
total abdominal fat area, visceral fat area, subcutaneous fat area, and visceral fat area-subcutaneous fat
area ratio), 2) compared to the CON group, the TR group had significant improvements in health-related
physical fitness (i.e., muscular strength, muscular endurance, muscle power, flexibility, balance, and cardio-
respiratory endurance), and 3) compared to the CON group, the TR group had significant improvements
in fasting lipids, glucose, insulin, and insulin resistance. [Conclusions] The current findings of the study
suggested that HICT would be an effective exercise intervention to improve metabolic complications as-
sociated with obesity and poor physical fitness in obese middle-aged women.
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Table 1. Physical characteristics of subjects (Mean+SD)
Variables TR CON )4
Age (yrs) 40.93+6.06 39.13+4.29 356
Height (cm) 160.19+4.95  162.83+£5.91 195
Body weight (kg) 68.05+8.98 68.49+5.19 871
BMI (kg'm?) 26.56+3.13  25.85tl.64 443
Fat mass (kg) 23.27+4.73 22.38+2.38 .520
%BF (%) 34.08+2.84 32.61+1.55 .088

BMI: Body mass index, %BF: Percent body fat.
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Fig 1. Subcutaneous fat area(left) and visceral fat area(right).
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71& o] &3t tldate] ¢ F4 @ (antecubital vein)
A 15 mle AHd S AF skt AF e A2 72t
o] EA g nheh 3 uA AE FH EE A
A 92 FH dof A7 E o438t 3,000 rpm
o2 1081 A E st 4 (plasma) = EH
(serum)= ¥o} B FHo| Yo] B4 A|742] -70°C<]

= o
4 AES ol g3t B AdA- B F 2
] 2H| Z (total cholesterol: TC), Z/3A% (triglycer-
ide: TG), U= ekl 29 28| = (high-density lipo-
protein cholesterol: HDL-C), 18] 1 A2 & A ¢t =
o 28 Z (low-density lipoprotein cholesterol: LDL-
C)& A3 TCE direct assay® cholesterol oxi-
daseE ©]-&¢t 38} ke AP 2 EA T TG =
A& 2AYE o] &8t AHgw417] (Olympus AU 2700,
Olympus, ¥¥#)2 #4384 th. HDL-C+ direct assay
2 AUGPAE o] &ato] A7 F Fankgel ofet
AE JA=H 519 th. LDL-CE direct assay= I4F
Sl A & FANSS doA HASH 89

=
WG AES ol g3t A&dl

e -

A A Ee FHE

(fasting plasma glucose: FPG)3} Z& <1< (fasting

plasma insulin: FPI)<& &% 3t th FPGE A& £417]

(Olympus AU 2700, Olympus, Y ¥)E o] &3] Hexoki-

nase Wy o2 BX319 31, FPIE W9 241744 (Klecsys,
1

Roche, 2291 2) & o] -8te] 17]3eh4] 3wl e] 4
(electrochemiluminescence immunoassay) &2 &4

at%l o, FPGoF FPIE th9 ¥4 (Matthews et al.,
1985) <l skl HOMA-IR(homeostasis model of as-

sessment for insulin resistance)= AF=3&}Si T}

HOMA-IR =
FPI(uU-mlY) x FPG(mmol- £-1)/22.5
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Faste] FA T € (@3hH Y= 7S oA 9
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T2 AN, F(F)8dde T F §F9 A
A% (lat pull down, seated row, cable press down,
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AABIAoH = (8)8Yd= A9 55 959 A&
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FEE AP EE 4$ 1 RM(repetition maximum)
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o] AFdA ¥& BE deolHe SPSS PC+ for
Windows (version 23.0) & o] -&3&to] £33t} 72t &
SRR 71 & A FE AASH] skl 1t (Mean) 2t
#7912} (standard deviation: SD)E AH&3sIG T F 3
2k, el A B o] Sl 24 9

A7z}

Sho] WHE o AFEA L AN ST ke Fa, 2 B9 w3} $2A510] TAFA, VFA, SFA, 223 V/S
= et At 4asgol folahl e, E

ol FE, R g9 A JEAG] fR A 2
3

H
T2 Al F AL 2 Aol e T5 TR, a7 o £FH D] TAFA, VFA, SFA, 18132 V/S7F frof st
R4 R e Aol 5 1SR ¥4 A FaHtKFig. 2, Fig. 3, Table 2).

31992 ™ | Bonferroni correctione 31t &% <A ol AA 9 AR BEste] ARAGFE Ae A
e —8— TR
450 —. cré{_\' 10 —n- CON
I
100 4
400
80
350 0 |
= e o=
é 300 1 E, 70
B
= # =
250 1 J 1
50
200 0
150 . *i% 30 . _.
Pre Post Pre Post
Fig. 2. Changes in total abdominal fat area Fig. 3. Changes in visceral fat area
Table 2. Changes in abdominal fat area (MeanSD)
. Tests
Variables Groups A% )4
Pre Post
# Fokok
To tazl abdominal fat area TR 299.16+£55.74  243.83+65.32 -18.50 G]Eg;p (l)%)%)w
(em’) CON  317.9994.09 313.90+84.29 129  GroupxTest 000"
TR 80.08£19.53  59.33+21.99 2591 Group 829
Vls%eral fat area Test 000"
(cmt) CON 73.41+£29.88  69.74+24.24 -5.00 GroupxTest 0007
# sHeokok
Subgutaneous fat arca TR 219.08+47.45 184.50+54.66 -15.78 G]{;);ltp .88%++
(em?) CON  244.58+71.05 244.16+68.92 0.17  GroupxTest 001"
:t :t ok _
Visceral fat arca/ TR 0.38+0.11 0.34+0.13 10.53 Gfgip ,(1)(3)421++
subeutancous fat arca CON 030£0.09  0.29+0.09 333 GroupxTest 040"

#: Significant difference between two groups.
p<{.01, p<.001: Significant difference between pre and post-test.

*p.05, "TpC.01, Tt p(.001: Significant main effect and/or interaction.
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g2 A A3} #dste LDL-CE A3 TC, TG, 1

H etz Arre] Fazgol fostA
=3 TC9 TG7F o8k 74
°] HDL-C7} frefstAl it

P =

g3, A%
(Table 5).
olsd XA #dste] FPG, FPI, 28] 2 HOMA-
[RAIA H o}t AAte] A aztgo] o 8kA YR,
SEAe FPG, FPI, 18] 2 HOMA-IR®] 2|31
AAE At Table 6).
TEHTAA Yehd 5 Wk o] Jad

"l H qul
29l 07)7], AAte|He]w 7], gopiEeto 23] 7], AZ B3 A3} TAFA, VFA, 28] 1L SFAZF AR &
2]l EA e wA 71 7t skl SUHE oM, A o 247 frof ek A g RBA (r = 648, 1 = 548, 1 =
SAHFE FEHEH FARE BFolA Fof et 626)8 EHL Vogmax@r—t— 52 dHAA e =-.727,
7}= A TTable 4). r=-.583, r=-717)% ZItKTable 7).
Table 3. Changes in physique and body composition (Mean£SD)
Variables Groups A% p
Pre Post

]?( ody weight TR 69.9+10.7 66.1£10.2 -5.44 GTr;):tp '.gggﬂ+
(ke) CON 69.6+6.9 69.5+6.1 -0.14 GroupxTest  .000""
Body mass index TR 27.3+4.1 25.843.9 -5.49 GTrg;p ggéw
(kg'm) CON 26.442.1 264422 0.00 GroupxTest 000"

TR 24.4+6.0 214558 7 -12.30 Group 894
gft)mass Test 000

& CON 23.143.4 23425 346 GroupxTest 002"

Percent body f TR 34.643.3 31.9439 -7.80 GTrg;ltp ggzﬁ
0 .
() CON 33.0£1.9 32.0£1.8 ’ -3.03 GroupxTest 014"

TR 41.6+4.5 41,0443 -1.44 Group 326
Fat-free mass Test 098
(ke) CON 42734 427431 0.00 GroupxTest  .054
Wit circumference TR 89.0+7.8 82.1+8.6# -1.75 GTrg;p 8(3) (1) -
(cm) CON 92.5£9.0 922487 -0.32 GroupxTest 001"
Hip circumference TR 100.7+6.3 99.7+6.3 -0.99 G]E;):tp ggg
(cm) CON 102.146.3 103.2+6.1 +108  GroupxTest  .027°

TR 0.9+0.0 08+0.1# -11.11 Group 005~
Waist-hip ratio Test 0007

CON 0.9+0.0 0.9+0.0 0.00 GroupxTest 005"

#: Significant difference between two groups.
<05, p<.01,

“p(.001: Significant difference between pre and post-test.

*p.05, "TpC.01, Tt p(.001: Significant main effect and/or interaction.
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Table 4. Changes in physical fitness (Mean£SD)
. Tests
Variables Groups A% p
Pre Post
Left grip strength TR 24.85+443  283843.17 14.21 G]Egslip .gz(()h
(ke) CON 2668+4.11  26.44+4.93 090  GroupxTest 004
Right grip stengh TR 26.55+4.65  28.09+3.90 5.80 GTrgsltp . gz}g
(ke) CON 2720441 26.87+4.08 121 GroupxTest  .157
. TR 15931137 24602952 ™ 54.43 Group 094
Sit-up Test 000"
(rep) es e
CON 13.7149.02  14.6849.27 7.08 GroupxTest 000
Standing long jurp TR 121.53+18.96  134.72+14.71 10.85 G]I:gsltp .(9)3?
(cm) CON  127.87+13.69 129.18£18.73 102 GroupxTest 018"
. TR 14185770  17.30£6.52° 22.00 Group 223
Sit-and-reach Test 029"
(cm) CON 12474841  11.99+8.69 385  GroupxTest 004"
One leg standing with eyes-closed TR 17.96+1328  31.46+23.22 75.17 GTrg;p .(2)2(3)
(sec) CON 195251070  18.70+13.19 420  GroupxTest 0357
TR 31.08+3.00 3357327 7 8.01 Group 730
VO,max T 000"
(ml-kg"-min™") est 000"
CON 3232+1.85  32.98+1.93 2.04 GroupxTest 000
*: Significant difference between two groups.
“pC.05, "pC.01 Tp{.001: Significant difference between pre and post-test.
005, "TpC.01, Tt p(.001: Significant main effect and/or interaction.
Table 5. Changes in blood lipids (Mean+SD)
. Tests
Variables Groups A% )4
Pre Post
# *k
Total choestro TR 185.00427.69  167.81+19.77 929 GTrg;p . é(%
(mg-dl") CON 188932030 187.26+16.27 088 GroupxTest  .043'
. ) TR 87.83+31.38  62.28+17.79° ™ 29.09 Group 028"
Lriglyceride Test 076
(mg-dI") CON  98.61431.09  101.86+48.57 330  GroupxTest 025"
Low density lipoprote-choleteo TR 120.67+24.44  117.84+15.50 235 G]E;):tp ?g %
(mg-dl’) CON 1266722613 121.47+31.24 411 GroupxTest  .696
# -+
High desity lipoprotein- chlesterol TR 56.58+5.89  58.5248.22 343 GTrg;p g 51 ;
(mg-dI") CON 50921185 46691072 " 831  Group<Test  .004™

#: Significant difference between two groups.
p<.01, Significant difference between pre and post-test.
*p{.05, "t p<.01: Significant main effect and/or interaction.
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Table 6. Changes in surrogate indices of insulin resistance (Mean+SD)
Tests
Variables Groups A% p
Pre Post

. TR 96.73+6.49  89.67+7.53 -7.30 Group 652
Fastlng_lplasma glucose Test 256
(mg-dl’) CON 93112525  95.23+12.07 228 Group<Test 040"
. - TR 745+324 51882844 7 -30.47 Group 033"
Fasting pllasma insulin Test 131
(WUml) CON 9.55+5.28 10.0145.92 4.32 GroupxTest 027
TR 1.7620.74 1.18+0.69% -32.95 Group 036"
HOMA-IR Test A77
CON 220+1.24 2.50+1.85 0 13.64 GroupxTest 032"

HOMA-IR: homeostasis model of assessment for insulin resistance.
#: Significant difference between two groups.

*p< .05, Wp( .001: Significant difference between pre and post-test.
*p<.05: Significant main effect and/or interaction.

Table 7. Correlation coefficients among amount of change from pre-test to post-test of abdominal fat area, percent body fat,

and VO,max variables in the training group (Mean+SD)
ATotal abdominal AVisceral A Subcutaneous APercent AVO;max
fat area fat area fat area body fat
ATotal abdominal fat area - 8417 969" 648" 727"
AVisceral fat area - 682" 548" -.583"
A Subcutaneous fat area - 626" -7
APercent body fat - -445
AVO,max -

At amount of change from pre-test to post-test: p{.05, ~p<.01

= 9 gk ol abA HAas gt Raustdth s QEY E

goldd FAE A&TAE 16573 AAE Maillard et

= xgo| s} al.(2016)9] ATolME 1% Qe E o)y F et

A RF TAFAZ VFAS] frof e 7harh Ul gk 12

B2 A BMISF AA & Hste JdHA F7 £B-EES A3 Kim et al.(2014)9] o)A

2 oS3kt SlojA] B T Fa3 8l QA T AT TAFAS SFAE #osH #Zawda,

Th(Nordstrom et al., 2016). 55 A& W74 2|42} 3 VFA 9A] ZHas e 43S Ho FA{ G v a sl

st Aoz R, AFH 952 (computed tom-  ERE ko] AubA ol bad 850 FHA JIF

ography: CT)& E3lo] TAFA, VFA, 18] 1 SFAR & S F Aoz Jehgth

¥t} (Ryo et al., 2014). By vyl gy Ao

Zhang et al.(2015)-& thekgt

3 27 794
Z

-
A A Yehgtha 2 aE 9l o™ (Slentz et al., 2005: Irving
7} et

>=
[e) T
W e STl E SFA et al., 2008; Coker et al., 2009), Thre] ATl 2

[e]
R
gt



244  Won-Beom Park et al.

HITE & o2 S5 T BFA o] ase A
o2 HuEtH(Park et al., 2003; Ismail et al., 2012;
Maillard et al., 2018). Z22ju} T v]gk 44 S tld e
2 2B E £8Eol B5 A, 539 Ui Akl w] |
= e A7l B8] wid, o] ok 2
AT IS Ao R S5 A LatE AR 2
A dHE o2 7|tE o]d o] AFM = F

5t o4 & o 2 HICTE 53 54 AWz
H3stE gtotalr] flste BHYE = A

r_f‘l > rlo rlr
r
T

jas

clgd 48 ABAAE S 2 A3 TARA
VA, SFA, 283 V/S B0 et dael 454
o] frelabl hebon, o] RE Welo] ST
felsA 421908 of 7 S Y ER BT

: qd
*JX}% 4 A& Efolyd 114X 7S Eo
(PT) 402 FEAEE 7] widd oS 43
A FHM +E TAT A= F5F A A6
= Wl A v ol i ARE =E2E 5 9%
olf7} frta HddEh

MRITAO| e

o] AFA 12533 HICTE A3 23 53
4 Az, BMI, AAWE, 18a AAREC] fofst
25Tk o]+ 1253 A A8 HICTE F3to] A
BMI, 18] 3 A A o] o8t/ s itk B
Sperlich et al.(2017)9] A+ A3} 2 125319 #4t
A EBEES 55 AS, BMI, 22| a AR o]
gt ZAEATa Bgk Contro et al. (2017)9)
T Aztel dA g, o] }e] ATES Tkl 1A
| Az AR e ZHael] o) - Z3A

X o

EN
ofx

’

e L

DT SR
olgbm FEE 4+ Yor, ok FRLE £ AP §4
2850 oaiel Al S Eo] YE AL w 8
A},

a2y 71diel 2l o] AFolM e AR TFe Fol gt
S7F7F UEh A = 963kt o] ¢ ##ste] Dudgeon et al.
(2016)& +5< B8 F48 A Ha7F vebd 4%
AA e ol gk F7H7 el AU 5] A
2l YA Aty 289 Z&0] 717 Wi

2 ool & B

1 FET. o] AFlM = %%@%9] A5l 5.44%
AaE ARl 12.3% #HARFoRM A4 TG0l
WAL, ARG o] 1.44% HaE AR 29
27 d Aol fFolshl S7Hd Aoz yehd
AA TS o b FPAA 92 g Aoz
AT AL F ol T7HE Helii e A
e T T @A A7} o] FoiHok dpa Hugh

Devries & Phillips(2015)¢] A+ A& 1t &
T HICT & @4 A3 of o] }E AR W] WstE
B} sk et 5 A7 .3 " T
sl e Erl"?— ‘ﬂ] 1 Hrbeta gAbs TS
a17] 913t 7o 2 &4E o] $hai(Gierach et al., 2014),
CTZ &4 141” X] IR} FRARA T =& Aoz
‘JrEPXkJﬂ (Baria et al., 2014), sie]=dl 9] Famte g ®
5 Ake] St 71Qlste] A7le 2he AWl
‘%Héga 3 o2 BuE ok (Moliner-Urdiales
et al., 2013). o] ATl -] &gl =g 9 WHR
o] o8kl HAH vhA | JPol == frof et WAl
%o} WHRE T e =d9 ad ot
. o<} #3te] Esan(2018)& 12
Alet A7} 2] =8 ¢ WHRO]
8]’M-T7—, Sanal et al.(2013)
23} 32 Y 9 Yol
ﬂi’i i '5‘}“ ol AT
fre < HICT
Fol=d|

ﬂi
b
ﬁx

o et

Mo it

OHTL

N

=

L

ok

ox.

My e
> o

flo Ho
ol
Of
2\[’1 =
oy
TE
B2
Ho 32
2oy
o o R oao
B
E
0\

iCh
=
N
N
o
o
1o,
ofr
e

>
-

1o
_QL
o
it
=,
N
N
El

lo,
O
X
ui
m

ro offt

o
I
B

Ho

o >
e IS Mo
ol
X
= o or
rlO ‘:01'
k)
o &
=
i
L
=
_EL
| 02
o_u FO

o,
k)
=

>
>
ol
i o, 2 offt

ok

o
4o

ooft 3oy =2
o
_—\1405‘_,&,‘?,&

V=

(V-]

H=io| s}

o] A= HICTE ¥
QA3l7] flste] 2, ZA|F

a8 ﬁﬁﬂﬂ?&ﬂ ; 437}3}31

=]
a'ﬁ_ule_:!,%o‘jklyﬁi‘ S

A (Volaklis et al., 2015), ©] ﬂ-_r%ﬂ/ﬂ

otedo] fofsHAl F7HE A F9H L SEHE A
Bt} o9t 22 Ade 55 Solo] 2] gty

Aotz B mk MaPAE(Sculthorpe et al., 2015)9] 2



245

o, &d

2

°
ol

7k A9l glof Hlael] AR

[e)

5

7

-

=2

High intensity circuit training and abdominal fat
A

=

ALE A EH de Camargo Smolarek et al. (2016)°]

g

TEE BRH B WP S o s W B e i oM NE W T T I
ﬂwdhszmu%m.x .NuﬂAM,_m_,__lmMMm_ﬁuﬁodﬂ_Enw% ﬂqor_ﬂ;obia;o o g
Tegs SPrd © pPIK T e o™ e s oy
FEL XSt EhokdSTag oo mE S F SR
— 2 o o = g T ook w2 2w _kom__mqﬁ}ﬂ‘Hw__AO
o X Moo N X T P H ° e BN Q5
Moovﬂmr%%sﬁnﬁ/numomwﬁﬂ%?%( ~E =n oo oo MY =K
B ML T o Moo ® 805w T NE oo R I T [ (R
roﬂﬂ,%mwio,wﬂaﬁmﬂmmaa_m%ﬂ%wo%%% e g
ﬂvﬁe?o L]NrLﬂﬂo,:o;d_ﬁMb\ o&oq\&o, s my dldﬂOldﬂ EHEO
ﬁemﬂmﬂwo,wv_ﬁﬁ%ﬂadrﬂﬁw%ﬁ%wmﬂwﬂu. Mﬁ%ﬂimmﬂm%
phad e Redmale Tms Fo XX w N gy
Tl R PR AR L D Rbw g S FRES Mg
DO mEg AL E L E LY o o3& o o LA
- EEWArOﬂ_EHO_H E‘UFLH‘W‘DI yﬂp —_ ,Juz#.o BX
O_EMzTﬂﬂaﬂoPo‘mu‘ﬂldﬂA_ﬂH}%]MEM\WK ,ALFI&WZAOCE,HOUQ
o Bar g L B S o S G RT o o MR E s SRy
ofiiﬁz_o_:__lx*ou‘lo ,MM@OT OEMO#ﬂoﬂAH,mW;o‘FL - Hoﬂa%]FMMlTEﬂo
%o waﬂxotkoxnnmﬂl%ﬁl Tt S AN o =N s T N
N - e S < NN I o SO T & U
W e e T B AW S omx WN g e — 2 O R o gy ZE L
=T X P o X C of Lyl R o5 E 7l = et S AN
Z@M_AW@H%NQNo#E&o%ﬂ%mAﬂ%oT%mﬂ.,oo»omﬂ KT Xﬁa;ou‘o@tﬂrﬁﬂ
Mg geThmgNEET T T mdgag K g odsn LW
D e Sl Bl el I T e ol e S B T = =l G
SRR ERIT O ORMRONMNTWTTRANCT M F oW T AR T
T ol 1o o B o 3 T %o MWERFIREPN S PpF T 3RS AR Y
T 5 mEdﬂﬂLMoIdﬂaﬂo MMﬂMﬂQMﬂylﬂHz_owﬂwa_._nﬂ% oF T R W X oo NE
— T Euoﬁo_LaaTﬂoqu ATo#aaiﬂ@ﬁaﬁdmﬂ eaT_.fi dlwr.,on_rmﬂzTﬂ - ol
S w ﬂﬁ]}wdiﬂﬂboiéﬂ aumﬁcllwr%a_.wz#oﬂo_ = B0 F gy N TE N
il By ~ WTamNER IR S o R B
=o o @&M%(Hi%_/ .ﬂ%bt}mﬂt]i_ﬁo i CC T ©O% o
e BmMNFDETEL RTINS P pERTg WHEE TN
Nk OF or e R M e mr D T K o ¥ H T E X T %o o q}oDAToI
1044 ﬂdr‘_hmﬁﬂbtmﬂnﬁ ‘OI_MME‘NIEonKaﬂaJIWHAWNEﬂLWo E]EO_Hmﬁﬂowm.deﬂo
wo o © E oo o o T op o oy > D No— 0y N oy X
rio BN oW O 0o T FoHE s nimes B o g o=
= ﬂ.mmm_ozm%xh% Mﬂ%ﬂ%%ﬂo_ewlﬂgaﬁ W] F W T
PSS FPrliapdil® gTolapaperibk® MY CFF gy
S wE e Eels Dl ed i aee T ad ola TRc g e
» 2 Wﬂwﬂﬁ%%%wﬂ ThEoRgoEgPETys 9P Ew g H
2 B me o X eI W o P o G
° 9 ﬂ,ll_fﬁv "= 1__/|,._‘|2#EO.AL.OL‘NE0 ) mﬂAEomNE ,M\_toT
= & T X N.vl,ur\_.ﬁﬂ_/ - 25 _ 9 .ﬂ_Tﬂ,A HE,IOT\_I&I.A —_ _vL o
g W oa S I i i e R RS R Y i S S
w g %ME%%%ﬂmﬁ%o__mmm%%%ﬂT.%ﬂwrﬂ %ﬂwm%wm%er
bo 5 .HlﬂWQoI]VLmele_.mw%e%ﬂfﬂmo.qwmm%ﬁuﬂiaﬁ W ol o
ROB T =g h O XN x® g Egelag R T d T g oo <
kW FT T FARIM g g §H S FFRNT Fm TR Lo
T ET 2R OT o godmo EXxm@op® w0 ®IWE o
MﬂOMﬂa‘Nﬂ_EOAT nZo‘mlaTﬂAAEﬁﬁ.UlAeﬂmlﬁaﬁﬂ_sumﬁooqqqoi .FIMMOE@.Lﬂ
WA =T = ool o om Jo s M or o W W T o MW W =W W ok I+

H 7hd

17 e

Btk HDL-CY 72 $ 4

9
S

S 2283,

9

ol 2]

2}

=

T TC TG7F 9]

TC, TG, LDL-C, 18] 2 HDL-C7} ¢
o AT FAE 2

_‘I

A
g



246  Won-Beom Park et al.

Aol fola (p( .01) a8 W STl A
3.43% <7VYE o =M H‘:/}IL]- Arre] Az 2+go] g2t
A dehdt(p=.004) &% Edlold9 237} frogdch

1 FAE 4 9l
S o] AT E TEHDY FAHE B4

LDL-Ce| ol g ®st7} vehA] &skeh. A<t vpe}

Zo] LDL-C7} B2 A8 7oA &5 Edo]d

ato] 7haE Ao YEPgAI T BE AoA Td3t
A7 Y& AL o, o] 9 #Hdte] Ho et

(2012)& 1252 v YU & dd o s ¢35

Algt A3k LDL-CE] st ®svt gldcha

1, Franklin et al.(2015)% 857 ¥ 744 w2t

oz 8¢5 A% 27 LDL-CY 72

317} g1tk 2 8litt. Goldberg et al.(2011)

o,

ﬁH
O_u

flo rE’L
‘oo Mo rE o @ mx ¢

TS 5ot gade AF 1 ke @ LDL-C 7F 0
meg-dl! A8 Baskglon ]* T AA e R
© LDL-C F3|&] 7)/d el #|gh4 o] AL on| i},

o] dFdA e EEHTE AFe] 3.8 kg ¥ 3 LDL-
C712.83 mg~d1 ' 7+~ 50] Goldberg et al.(2011)¢] F
Ao v gk S Bt a8y o] o 2 A7
IFE TS ASE A w32 s 5 A A
Q] Mgt S died 4 gl7] Wi A 9wt
AHKim et al., 2014). o]dl| B3}e] Tambalis et al.
(2009)2 &% Edleldo] TC TGY #ade & 9
&5 AT, LDL-Ce 5oz 3 HslEA e
Zetha Baste] of A7) AnEs JAs. oF
T g 739 v ¥ v AEo] o e
= A4 549 HglE Bop ddstA BM5te %

il

re el

AeTE T80l 7O 7 o] FA7)A]
ol oA 1 FEt StEE A O]E}(Goodpaster
et al., 2003). o] AFolM = 1257 A A HICT7F <1

=d Ao v X & & gefstr] fate] ded A
a4 A%< FPG, FPI, 28] 2 HOMA-IRS &% 319
o = FPG, FPI, 2212 HOMA-IR 2% &
o3t Z.%iEM 13 Aol MAE Aoz eyt

A& 3lo] Aminiliari et al. (2017)& $d 3%

WS e s e 39 55 A ATl
A FALRSER TG B3 E A Tl M FPGPF <8t
A A5 A3, HOMA-IRS A E5- e, Fikae
AT, 281 EFEEAY BRAA FosA i
Hglon, 53] BTN 7 & Zo A4S
Bt Bustrt. ojgk e A ed AP
AF7} 5 T net e 2 HETE A
S ulaty | o] AT A 1237 FA 5T AGA
e EHA R FA 7] Wil ey A A
A7t EF fsHA MAE el £ FS nH o=
et

o] Aol e SEH T A5l 5.44%, AR
13.30%, 218 sl Edl7}t 7.75% #a® A& 1
& o, °l AL A ZAg HICTZ} AW A HALS =

Asta 5 /A ‘M %E% 77 +r

=
°

g, ol & Eokﬂ

|
4 €] “h% = O‘ﬂ‘ﬂc} N8k Eﬂ Eﬁmla‘rt Ag 9
napA Rt -5 Edoldel ofate] e Qled A3
N Et RF= A @17l Atk & 9l
= Le et al.(2016)¢] & 18t o] ¢} 22 g3}
=3 X] 511 e o= AL she w87 A7t

o
o
e
153

=
AN
=N
e

%Or;
o 4

—~ o t)r_g:

ﬁm;ro

Nrirqig

ol 2
O ™)
>~L0¥i
0% 3
o
TR
2 4
om\mérﬁ
T i
z l"gumg
Bl - I

2
<
S
g

B

o
rlr
o
o,
ol
{
12
ox
r
&)
)
]
T
;L\.u
o
)

e
i)
N
3
i
=
£

o
W
S o o e
50
O,

4 24 2

J
Hr
o ox
i7 11-4 or
KO
(
o,
5 oM E oo

lo
2
)
o
i
rlo
J
=
N
o
ofX
N
N
1o,
o
3
o,

f
Hr o
D)
05

(Irving et al., 2008). T3},
G 7ML=, 53] VOsmax®]
A1 g gFS n| W (Wong et al., 2004). o] A+
o Azte} M3 ?i?«] EJ_E‘ Z3EH . FdodA
A 5 2] F7te A A

5 Eelond & Bo0el 4

¢

°

2
= o 2L AN



F w30z Adeda 4eg 4 9o
4 &

ol A9 BAHE 127709 DYE £BLEF] 3
MR el gel By Ay, AT, A, BF A4, 79
2 Q& A A E Gl el FH3kE Aol
th o] A7oN Qe A3E acksto] 7 %e e
2,

,_.
Ho
offt
m
10

o] TAFA, VFA, SFA, 18] 3 V/S7}
=3

o] A%, BMI, AR, AAWE, 82
Ro] f2l8tAl A At

o8 A7 iy §d4, 39
HA o] frolshA g At

of TC TG7F HrolahAl #HAas At

°] FPG, FPI, 12 12 HOMA-IRo| 2|

10
ol
-

DO
o
o
N
s
32

i
=
[
M, o
B o

)

oX,
ot o T ww
ST
o, Mo
Rl offt
1:[>"E>—4‘
o
= F

o
C

o
(a0
1o 1o

Ho Mo
offt offt
2,

_O‘Lt
=
ol
[
ki)
32
T

i
s o ot

=

o
gL_"
T

>,
>,
ol
=
oy

19

o

1o,

ofN
S

offt
O

o,
>

H o
k)

yo
10
Joo o o
N O_D:"
r\o " N
o 2 >
2 ‘:01' )
B
Mo X
ot o
A=)
XL
o

e
4
rik
Ho
offt
lo,

p
™ fo
ook _Ilﬂ‘.
013; o
4o
ox
i_ll‘
iy
Roger b

N
N
[0 o
Mgy
I U
o M
— ¥ ox o
)
)
v

rir

ol
RURRY|
ne
o I

Mo =\
_0|L
lo, vy ox
o,
ko ¥ 2

ox X
N

ol
_Y‘_l‘
i
N
= o
rJ
2
|o
fu
=
=
Qﬂ,

offl ofL

ofy
B
e

ok
lo,
rﬁ

b
o

xS

ol
o,
%0,
32
iuj
ot
ok
)
o o
o
et

o gt
N,
of

S,
ofy
=2
o™
r
-
gQ
r 2 ol
oM or 2 e oo my o )y

ol i
ut
v
-

offt ol S
1o

o o o]

o poly
ol

Ho i

offl

fo

oX!
i,
5

LT A S < R
= =

I=J‘
qr dr
T
B dp ol -
+ 4
N

o

e,

Ho

=
ol

American College of Sports Medicine (2009). American college
of sports medicine position stand. Progression models in
resistance training for healthy adults. Medicine and Science
in Sports and Exercise, 41(3), 687-708.

Aminilari, Z., Fararouei, M., Amanat, S., Sinaei, E.,

High intensity circuit training and abdominal fat 247

Dianatinasab, S., AminiLari, M., Daneshi, N., &
Dianatinasab, M. (2017). The effect of 12 weeks aerobic,
resistance, and combined exercises on omentin-1 levels and
insulin resistance among type 2 diabetic middle-aged
women. Diabetes and Metabolism Journal, 41(3), 205-212.

Baria, F., Kamimura, M. A., Aoike, D. T., Ammirati, A., Leister
Rocha, M., de Mello, M. T., & Cuppari, L. (2014). Random-
ized controlled trial to evaluate the impact of aerobic exer-
cise on visceral fat in overweight chronic kidney disease pa-
tients. Nephrology Dialysis Transplantation, 29(4), 857-864.

Coker, R. H., Williams, R. H., Kortebein, P. M., Sullivan, D. H.,
& Evans, W. J. (2009). Influence of exercise intensity on
abdominal fat and adiponectin in elderly adults. Metaboilc
Syndrome and Related Disorders, 7(4), 363-368.

Contro, V., Bianco, A., Cooper, J., Sacco, A., Macchiarella, A.,
Traina, M., & Proia, P. (2017). Effects of different circuit
training protocols on body mass, fat mass and blood para-
meters in overweight adults. Journal of Biological Research-
Bollettino Della Societa Italiana di Biologia Sperimentale,
90(1), 10-12.

de Camargo Smolarek, A., Ferreira, L. H. B., Mascarenhas, L. P.
G., McAnulty, S. R., Varela, K. D., Dangui, M. C., de Barros,
M. P, Utter, A. C., & Souza-Junior, T. P. (2016). The effects
of strength training on cognitive performance in elderly
women. Clinical Interventions in Aging, 11, 749-754.

Devries, M. C. & Phillips, S. M. (2015). Supplemental protein
in support of muscle mass and health: Advantage whey.
Journal of Food Science, 80(S1), A8-Al5.

Dudgeon, W. D., Kelley, E. P, & Scheett, T. P. (2016). In a
single-blind, matched group design: Branched-chain amino
acid supplementation and resistance training maintains lean
body mass during a caloric restricted diet. Journal of the
International Society of Sports Nutrition, 13(1), 1-10.

Esan, J. A. (2018). Effect of Circuit Strength Training Programme
on Waist-to-Hip Ratio of College Students. Cypriot Journal
of Educational Sciences, 13(3), 340-348.

Franklin, N. C., Robinson, A. T., Bian, J. T., Ali, M. M,,
Norkeviciute, E., McGinty, P., & Phillips, S. A. (2015).
Circuit resistance training attenuates acute exertion-induced
reductions in arterial function but not inflammation in obese
women. Metabolic Syndrome and Related Disorders, 13(5),
227-234.

Gierach, M., Gierach, J., Ewertowska, M., Arndt, A., & Junik, R.
(2014). Correlation between body mass index and waist
circumference in patients with metabolic syndrome. ISRN



248 Won-Beom Park et al.

Endocrinology, 2014, 1-6.

Goldberg, A. C., Hopkins, P. N., Toth, P. P,, Ballantyne, C. M.,
Rader, D. J., Robinson, J. G., Daniels, S. R., Gidding, S. S., de
Ferranti, S. D., Ito, M. K., McGowan, M. P., Moriarty, P. M.,
Cromwell, W. C., Ross, J. L., & Ziajka, P. E. (2011). Familial
hypercholesterolemia: Screening, diagnosis and manage-
ment of pediatric and adult patients: Clinical guidance from
the National Lipid Association Expert Panel on Familial
Hypercholesterolemia. Journal of Clinical Lipidology, 5(3),
S1-S8.

Golding, L. A. (2000). YMCA Fitness Testing and Assessment
Manual. Human Kinetics: Champaign, IL.

Goodpaster, B. H., Katsiaras, A., & Kelley, D. E. (2003). En-
hanced fat oxidation through physical activity is associ-
ated with improvements in insulin sensitivity in obesity.
Diabetes, 52(9), 2191-2197.

Guilherme, J., Garganta, J., Graca, A., & Seabra, A. (2015).
Influence of non-preferred foot technical training in reduc-
ing lower limbs functional asymmetry among young football
players. Journal of Sports Sciences, 33(17), 1790-1798.

Hagner, W., Hagner-Derengowska, M., Wiacek, M., & Zubrzycki,
L. Z. (2009). Changes in level of VO2max, blood lipids, and
waist circumference in the response to moderate endurance
training as a function of ovarian aging. Menopause, 16(5),
1009-1013.

Ho, S. S., Dhaliwal, S. S., Hills, A. P., & Pal, S. (2012). The effect
of 12 weeks of aerobic, resistance or combination exercise
training on cardiovascular risk factors in the overweight and
obese in a randomized trial. BMC Public Health, 12(1),
704-713.

Irving, B. A., Davis, C. K., Brock, D. W., Weltman, J. Y., Swift,
D., Barrett, E. J., Gaesser, G. A., & Weltman, A. (2008). Effect
of exercise training intensity on abdominal visceral fat and
body composition. Medicine and Science in Sports and
Exercise, 40(11), 1863-1872.

Ismail, I., Keating, S. E., Baker, M. K., & Johnson, N. A. (2012).
A systematic review and meta-analysis of the effect of aero-
bic vs. resistance exercise training on visceral fat. Obesity
Reviews, 13(1), 68-91.

Kang, H. J.,, Lee, Y. S., Park, D. S., & Kang, D. H. (2012). Ef-
fects of 12-week circuit weight training and aerobic ex-
ercise on body composition, physical fitness, and pulse wave
velocity in obese collegiate women. Sofi Computing, 16(3),
403-410.

Kim, H. J., Kang, C. K., Park, H., & Lee, M. G. (2014). Effects

of vitamin D supplementation and circuit training on in-
dices of obesity and insulin resistance in T2D and vitamin
D deficient elderly women. Journal of Exercise Nutrition and
Biochemistry, 18(3), 249-257.

Kim, J. W, Ko, Y. C, Seo, T. B., & Kim, Y. P. (2018). Effect of
circuit training on body composition, physical fitness, and
metabolic syndrome risk factors in obese female college
students. Journal of Exercise Rehabilitation, 14(3), 460-465.

Kim, Y. Y., Lim, S., Choi, S. M., & Lee, M. G. (2012). Effects
of 12 weeks of aerobic and resistance training on ab-
dominal fat, physical fitness, adipokines, and inflamma-
tory markers in female elderly patients with type 2 dia-
betes. Korean Journal of Sport Science, 23(3), 489-501.

Klika, B. & Jordan, C. (2013). High-intensity circuit training
using body weight: Maximum results with minimal invest-
ment. ACSM’s Health and Fitness Journal, 17(3), 8-13.

Konow, N., Azizi, E., & Roberts, T. J. (2011). Muscle power at-
tenuation by tendon during energy dissipation. Proceedings
of the Royal Society B: Biological Sciences, 279(1731),
1108-1113.

Korea Institute of Sport Science (2014). Report for Develop-
ment of Model of Fitness Certification Centers.

Le, S., Mao, L., Lu, D., Yang, Y., Tan, X., Wiklund, P., & Cheng,
S. (2016). Effect of acrobic exercise on insulin resistance
and central adiposity disappeared after the discontinuation
of intervention in overweight women. Journal of Sport and
Health Science, 5(2), 166-170.

Lee, M. G, Park, K. S., Kim, D. U., Choi, S. M., & Kim, H. J.
(2012). Effects of high-intensity exercise training on body
composition, abdominal fat loss, and cardiorespiratory fit-
ness in middle-aged Korean females. Applied Physiology,
Nutrition, and Metabolism, 37(6), 1019-1027.

Lee, O.,Kim, S. S.,Kim, Y. S., Son, H. J., Kim, Y. M., & Choi, B.
Y. (2008). Correlation between YMCA step-test and maxi-
mum oxygen consumption (VO,max) as measurement tools
for cardiorespiratory. Epidemiology and Health, 30(1), 73-81.

Lizcano, F. & Guzméan, G. (2014). Estrogen deficiency and the
origin of obesity during menopause. BioMed Research
International, 2014.

Lord, S. R., Ward, J. A., & Williams, P. (1996). Exercise effect on
dynamic stability in older women: A randomized controlled
trial. Archives of Physical Medicine and Rehabilitation, 77(3),
232-236.

Maillard, F., Pereira, B., & Boisseau, N. (2018). Effect of high-

intensity interval training on total, abdominal and visceral



fat mass: A meta-analysis. Sports Medicine, 48(2), 269-288.

Maillard, F., Rousset, S., Pereira, B., Traore, A., Del Amaze, P. D.
P, Boirie, Y., Duclos, M., & Boisseau, N. (2016). High-
intensity interval training reduces abdominal fat mass in
postmenopausal women with type 2 diabetes. Diabetes and
Metabolism, 42(6), 433-441.

Matthews, D. R., Hosker, J. P, Rudenski, A. S., Naylor, B. A,,
Treacher, D. F., & Turner, R. C. (1985). Homeostasis model
assessment: Insulin resistance and B-cell function from
fasting plasma glucose and insulin concentrations in man.
Diabetologia, 28(7), 412-419.

Ministry of Culture, Sports and Tourism (2017). Investigation of
Status of National Physical Fitness.

Moliner-Urdiales, D., Artero, E. G., Lee, D. C., Espaiia-Romero,
V., Sui, X., & Blair, S. N. (2013). Body adiposity index and
all-cause and cardiovascular disease mortality in men.
Obesity, 21(9), 1870-1876.

National Health Insurance Service (2017). Annual Report for
Statistics of Health Screening in 2016.

Nordstrom, A., Hadrévi, J., Olsson, T., Franks, P. W., & Nordstrom,
P. (2016). Higher prevalence of type 2 diabetes in men than
in women is associated with differences in visceral fat mass.
The Journal of Clinical Endocrinology and Metabolism,
101(10), 3740-3746.

Ogwumike, O. O., Arowojolu, A. O., & Sanya, A. O. (2011).
Effects of a 12-week endurance exercise program on adi-
posity and flexibility of Nigerian perimenopausal and
postmenopausal women. Nigerian Journal of Physiological
Sciences, 26(2), 199-206.

Park, S. K., Park, J. H., Kwon, Y. C., Kim, H. S., Yoon, M. S.,
& Park, H. T. (2003). The effect of combined aerobic and
resistance exercise training on abdominal fat in obese
middle-aged women. Journal of Physiological Anthropology
and Applied Human Science, 22(3), 129-135.

Paoli, A., Pacelli, Q. F., Moro, T., Marcolin, G., Neri, M.,
Battaglia, G., Sergi, G., Bolzetta, F., & Bianco, A. (2013).
Effects of high-intensity circuit training, low-intensity circuit
training and endurance training on blood pressure and lipo-
proteins in middle-aged overweight men. Lipids in Health
and Disease, 12(1), 131-138.

Romero-Arenas, S., Martinez-Pascual, M., & Alcaraz, P. E.
(2013). Impact of resistance circuit training on neuromus-
cular, cardiorespiratory and body composition adaptations
in the elderly. Aging and Disease, 4(5), 256-263.

Ryo, M., Kishida, K., Nakamura, T., Yoshizumi, T., Funahashi,

High intensity circuit training and abdominal fat 249

T., & Shimomura, I. (2014). Clinical significance of visceral
adiposity assessed by computed tomography: A Japanese
perspective. World Journal of Radiology, 6(7), 409-416.

Samuel, V. T. & Shulman, G. 1. (2016). The pathogenesis of insu-
lin resistance: Integrating signaling pathways and substrate
flux. The Journal of Clinical Investigation, 126(1), 12-22.

Sanal, E., Ardic, F., & Kirac, S. (2013). Effects of aerobic or com-
bined aerobic resistance exercise on body composition in
overweight and obese adults: Gender differences. A ran-
domized intervention study. European Journal of Physical
Rehabilitation and Medicine, 49(1), 1-11.

Santos, D. A., Silva, A. M., Baptista, F., Santos, R., Gobbo, L. A.,
Mota, J., & Sardinha, L. B. (2012). Are cardiorespiratory
fitness and moderate-to-vigorous physical activity inde-
pendently associated to overweight, obesity, and abdominal
obesity in elderly? American Journal of Human Biology,
24(1), 28-34.

Sculthorpe, N., Herbert, P, & Grace, F. M. (2015). Low-
frequency high intensity interval training is an effective
method to improve muscle power in lifelong sedentary
aging men: A randomized controlled trial. Journal of the
American Geriatrics Society, 63(11), 2412-2413.

Slentz, C. A., Aiken, L. B., Houmard, J. A., Bales, C. W., Johnson,
J. L., Tanner, C. J., Duscha, B. D. & Kraus. W. E. (2005).
Inactivity, exercise, and visceral fat. STRRIDE: A randomi-
zed, controlled study of exercise intensity and amount. Journal
of Applied Physiology, 99(4), 1613-1618.

Solanki, R., Bhise, A., Shukla, Y., & Prabhakar, M. (2015).
Effects of high intensity circuit training using body weight
on aerobic fitness and muscular endurance in college stu-
dents. Physiotherapy, 101, e1418-e1419.

Sperlich, B., Wallmann-Sperlich, B., Zinner, C., Von Stauffenberg,
V., Losert, H., & Holmberg, H. C. (2017). Functional high-
intensity circuit training improves body composition, peak
oxygen uptake, strength, and alters certain dimensions of
quality of life in overweight women. Frontiers in Physiology,
8, 172-180.

Takeshima, N., Rogers, M. E., Islam, M. M., Yamauchi, T.,
Watanabe, E., & Okada, A. (2004). Effect of concurrent
aerobic and resistance circuit exercise training on fitness
in older adults. European Journal of Applied Physiology,
93(1), 173-182.

Tambalis, K., Panagiotakos, D. B., Kavouras, S. A., & Sidossis,
L. S. (2009). Responses of blood lipids to aerobic, resist-

ance, and combined aerobic with resistance exercise train-



250 Won-Beom Park et al.

ing: A systematic review of current evidence. Angiology, Journal of Physiology-Heart and Circulatory Physiology,
60(5), 614-632. 113(12), 1831-1837.

Vaziri, N. D. & Liang, K. (2004). ACAT inhibition reverses Wong, S. L., Katzmarzyk, P. T., Nichaman, M. Z., Church, T.
LCAT deficiency and improves plasma HDL in chronic renal S., Blair, S. N., & Ross, R. (2004). Cardiorespiratory fitness
failure. American Journal of Physiology-Renal Physiology, is associated with lower abdominal fat independent of body
287(5), F1038-F1043. mass index. Medicine and Science in Sports and Exercise,

Volaklis, K. A., Halle, M., & Meisinger, C. (2015). Muscular 36(2), 286-291.
strength as a strong predictor of mortality: A narrative review. Zhang, H., K Tong, T., Qiu, W., Wang, J., Nie, J., & He, Y.
European Journal of Internal Medicine, 26(5), 303-310. (2015). Effect of high-intensity interval training protocol

WHO (2018). Obesity and Overweight. on abdominal fat reduction in overweight Chinese women:

Willis, L. H., Slentz, C. A., Bateman, L. A., Shields, A. T., Piner, A randomized controlled trial. Kinesiology: International
L. W, Bales, C. W., Houmard, J. A., & Kraus, W. E. (2012). Journal of Fundamental and Applied Kinesiology, 47(1), 57-
Effects of aerobic and/or resistance training on body mass 66.

and fat mass in overweight or obese adults. American

1257ke] 1A% £ihegol T vt A4 55 A, A,
o

o
9% A4 % A&

‘ Aol vl A Ak
sfely - =M . 0|2HR(Y3|HEm)

(B3) o] A9 2Ae 33 vt A4S giog 1257 a4 £9-&%(high intensity circuit
training: HICT)o] 8% 4, AA74, A, 85 A4, aglu d&d Agdd nAe 9&& Fystke 2
olth, (Mhd) AAMFEo] 30% ol4olaL, AFo] 32~4841¢1 Fd H|wk oJA 302 AAsle] HICTO o]
dhe S5 Y SAd T 247t 1584 FAEY s S5 =

3, o]
2 A" HICTE 39 40%, F 33], 12533 AAgh vhd | Ex1 8 e

Al : g
TR AW, AEe &, aeln 23 A A& A AR TR Aer AEAE F T



	Effects of 12 weeks of high intensity circuit training on abdominal fat, physical fitness, blood lipids, and insulin resistance in middle-aged obese women

